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-'939 fz - / / - / id  ±±$> -M :_e_tB7 
« i j 

JU  ̂1 d 10E 

'JU. ̂  ̂  1881 

/Axr&r_&:.- ;usiL'» o j jg j -  ' '  

'• -9^ • >IR :::̂  1^7 j[ 

;j _ 

-940 
/3-/^ -t-2-

. il 
; .S4-1 _= 9i-6. -37- • UL 5,mi 

U±t~i£2r ]*«.. * 2 M7 

jj jDJL-ifjliE- L>3i-j3XdL^*.2^«7 

__...,of ...:•. 

;! -942 5^47 j<?o -130^ ;JW.ii:i 'iM7 
-.918 

.... <M~]3Q=%qi. V*** * »»< 

- 9 ^ 9 " '  t t r t  

O* 1 1 1967 
- Il 

•• ••• << 

__.„9 .̂4 ML \ s mi il 

-945 { 2 z y -  3 ^ - y < ?  J* 25 1987 

/>-.o^-/?r-JV 

Jl 

il *"* 

:29W 

» -i 
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/ Zse^- . A3?-V<i.-ŷ r >L. i3:'.yt987 

568  J W - .  a  O l a "  

• J JUL 3 0*987 ji 

z1 JUL ??• 1S87 ... 

-—--5-83- T : " 
".530 /lSS-2i'yLJ-r-3Lf Wi J'7^ 

5"9i ^ ' 0 !987 

592. MY-a.-yo Aus-  > O - W S 7  

AUG. •]• 01387 
"'593 
.-594 ia]£-iUr3D 

5S5 /^//— 

-,596 

AUG. \ 1 1987 

i j  

AUG. 1 1 1987 -570_ | I _ JUL; 3.1 1987• jj 
-57i QTQ i J U L 3 " l i v 9 7  i j  

~ 5 7^ ^^ ^ 

^ .^57c:' JUL'3 J 1987 j i  

-574 //df~2aQ~38 j AUS. 0 3 1987 - ;: 

AUG. 1 1 1987 

AUG. J i igfr? ;! .-.ISQV-
598 ' 

...•599 ^diZ-fL-VO HUG. V •-• !Sf)7 

" 600 j 4UG' 1';:? 1987 

JUL 3- 1 1987 

AUG. M 1987 

I 5*75 //Sf j AUS- 0 3 1387 1 

• \Vmi. 

Sawai Ex 1005 
Page 865 of 4322



OlO 
li SAMPLE # BOOK DATE BOOK ^ s/y DATE 

...626_j V?JAUS-2 1 1987 

/ZV3 '.V.9.v.3cMUG.2 ;987 

wf-Aj-n 
•uar̂ /yy-'j./ /ue. i 2 , g 8 7  

tfAjlS ' Au?' ' 3 ̂  

* tto'/SO'XC?. { : AUS' 1 3 1987 j 

•AUG. t 3 1987 ;! 

AUG. \ 2 1987 i! 

_6£7 = 
.-'..-628.-: ^: 2̂̂ l's;2 ; -57 

- 629 • AUS. \ 3 1987 'AUG. 2 4 1987 ; A3£-76^/_ 
„€30 /jL/'f-/Qd.~ f? AUS. 2-4 1987 

—-Z63.i A.u.s'_25 1987 

^:632 C r ^uU-MH AUG. 25-1987 

--iijjB *^25 1987 

. m. 26 198-1 

-•SSS' ceo-'/sJ-?" AU6-271987 

—...|i - > -^-636 OCO-WVaJ ^ ̂7 

//S8-3~Sb-^ J AUG. 3'1981 • 

' \ ; _f' S ' ' 
3! //SB-aS'j'/'i' Aue:. 1  4 1987 || 

: AU6.-:l ;4 I8fl7 il 

~  i j  

) /G>57-//'7- f 

mi-n(..',7\ • • AUG.- 1 7 1987-
i.987 

• ^9- fV'X?. . i AUG.: 17 IS37 j P^^7' //SB '/7jllO *06.= 27 1987 
!! 

1 1638 AUG.2S «>•-

o<?> - ̂  iAU6. 1 8 ft 87 i! • ; 
J l  639_ ~/57-£ ̂  AUG. 2 8 1987 

-J ;„64O_ (̂ /SJZZL^L *** 281987 

_ /°l//-/87r3& AUG. 2 8 1987 

-642^ AUG. 28 1987 

J343 • _ O/O - £-cJ-iT AUG. 3' 1 19 87 

J J  

.  1  8  ,  9 8 7  '  

^ 7 / Q-^T '35' ..... 

I bob'-i'si-̂ ",'. 

i! 

.641 . 
!i 

• 1599: i" ̂  i 

'AW-i 91957 
I !  

^644_ /±37'iM-̂ gr AW..31 ^ 

!! --645 /joe _ fff ^ 

G46 j/jyr-^-^jsEP.pi 1987 

.647 
\/^i% JOO^ AUS. 201987 ,, 

,! 

? I 1987 
ii 

AUS. 2 0 1987 }Alt:joo^) _ 
^ 'AUS. 2 1 .1987 

.<2t i _ 

- SEP. 02 1987 

P. 0 3 1987 • 

ii 

,.648 ^"**330 

z'sr f/ /. •" j 

A" J.- AUS 7 

lev lit- r  ' « »  

'AUG ^ '."r!7 \/^/?-//A-/6 SEP. 0 3 t987 ii 

Ccrz-v 5 

. ?v-i» 

Sawai Ex 1005 
Page 866 of 4322



{LI .:0 ?' J ; iJ s;)K •: • i-W-

3 \̂ .826 I 001.. ._?i/.(/..,z ?. ii 
..802 . | HAY 2 9 19W 

^ .803 iy^ tit -"2.Z/-2/ ^AY ,2 9 196* j 
,  / • •  • •  W  ^  •  « l  »  « .  -  ,  |  

-  A  97^ - 5  /i7- V f /  wt 3 0-1#M 

-,805 :''AL3.0.,!l!W 

HAY ' - 0 4  

•a i j  5" / JUN. . 82T /?.'.3-?.3.0~}. 
JUN. •41W* /66j-40-2J 

•..828 

I „829 Zr-_ Jl-ia 

9.3.° r 2£6:3_f_. 

r.832 ^^7.2̂ -/. 2̂  |JUf'- e i w  

,.833 ^ . ®1,w 

••:.804-
...830 

' ...831" 
JUN. 6 1934 

,.806 JUN. 6 1984 

m 3'0'*M 

• _ . . •• " .. MM 301SM ,S.os m.^a3M : •• 

-809 MAY' 3'0ttM„_ 

®i.P... .?.. ^L.3...̂ ..1#®1-.... 

~ r : ^ _  . .  

»»•— 

.,•.8.34... 9tL:t2 .̂>L. 

.^,635.. 
,.'836 / • j l O - ' X t / - ^  JUN _ 7-1984 

:.?837- 't^±-%ii-sX ,̂:..Jr̂ 84 

.(*n-2-riL\<k)'S 
lo lZ .s iu i /y f '  m.J.iW* 

AIH. 7 1984 

812 
'  •  '  r  - j  I  Vsfti ,.813 

 ̂ -.(\r JJ f 19W i -.814 
t  • 

840 
^-.2^.. 3 n*U 

it.• 

-,wm. Q.^84 

JUIi B 190* • 35"  ̂3 • 

.... 

L -816 
M . A Y 3 ' ' 1 # M '  i i  V ' JUN. 6 1984 ' £•'*. 

.^-r\ !W1« y .  

-843 _ 
.. .844 

 ̂ Wi ''wy_3', 1984 

-3̂ 9... faft'/yr-'ti ("fT 3j'.,9i4 

t -821 

. .P. m.. 

.1 .̂4?. /Qb̂ jOOj^_. j JUN. a usi 

_-84S ̂ y.sthl 
84.7 

_ ..848 iG'/d:±^-5\ 

:.849 
/oM-f0 ~l ] 

l;. 

jS 

:... vg?cP<r-/k [••"•• J ? 1984 j! .._ 

I: -ggg pyy-z/.l 
I .  :-823 ryX:l!/__ 

. lUN^ _Q_1.iB4 
• II 

1*84 

• ?:«34 
. siUM- . l  

% •  . •  

"Sg4 Idto.llL**') ̂  JUN. ) I 1^84 

850 I" 1825 ;jfi .' :. 1964 • 
- /9^ ^ 3 1 1934 

siaasiBSM 

• '%t _. 

Sawai Ex 1005 
Page 867 of 4322



Exhibit H 

Sawai Ex 1005 
Page 868 of 4322

 

Exhibit ll

Sawai Ex 1005

Page 868 of 4322



S
A
L
T
C
O
D
E
 

I
N
T
.
R
E
G
.
N
O
 
S
A
H
.
N
O
 

C
H
E
M
I
S
T
S
 

D
I
S
C
L
 

S
U
B
M
I
T
T
E
D
 

CH
EM
.N
O 

UN
IT

 

K
A
T
R
A
W
A
L
A
 

W
A
T
T
A
N
A
S
I
N
 

2
5
4
9
6
 

1
1

-2
6

-8
4

 
2
9
9
-
8
4
 

S
A
H
-
0
6
3
3
6
6
 

1
0
7
9
-
1
1
1
-
1
9
 

K
A
T
H
 

L
&
D
.
 

K
N
O
W
N
?
 

N
O
 

N
 

MP
 

B
P
 

P
R
E
S
S
U
R
E
 

O
T
H
E
R
.
P
H
Y
S
.
 D
A
T
A
 

*»
 

fi
 

O
I
L
 

S
O
L
.
 

C
O
D
E
 

D
 
O
R
 
E
 
O
R
 
C
 

0
 

D
M
A
 
O
R
 
E
t
O
H
 
O
R
 
C
M
C
 
S
U
S
P
E
N
S
I
O
N
 

D
E
T
A
I
L
S
 

H
O
 
^
 H
O
7
 
^
 

0
 

S
C
R
E
E
N
S
 

H
 

H
 

C
S
I
 

N'
 

N
O
T
E
S
 

S
E
E
 
L
O
N
G
N
O
T
E
 

K
E
E
P
 
R
E
F
R
I
G
E
R
A
T
E
 

E
R
Y
T
H
R
O
:
T
B
R
E
O
=
9
5
:
5
 

FO
R

M
 D

E
S

IC
N

E
9 

B
r 

B
A

R
C

ZA
 

MW
 

5
8
-
5
1
2
 

C
O
M
P
A
R
E
 

W
I
T
H
 

C
2
9
 
H
3
5
 
N
 0
4
 

S
A
H
 

4
6
1
.
6
0
6
 

M
A
D
E
.
 

F
R
O
M
.
 

R
E
G
N
O
 

2
5
4
9
5
.
0
 
A
)
E
T
H
Y
L
A
C
E
T
O
A
C
E
T
A
T
E
/
L
D
A
 
B
)
E
t
3
B
/
N
a
B
H
4
 
C
)
C
H
3
0
H
 

A
M
O
U
N
T
S
,
 m
g
 

0
.0

 
1
4
.
5
 

0
.
0
 
S
C
A
L
L
E
N
 

S
U
M
.
 

S
Y
N
T
H
 
2
5
4
 9
1
+
2
5
4
9
2
 

>
2
5
4
9
3
 

>
2
5
4
 9
4
 

>
2
5
4
9
5
 

>
2
5
4
9
6
 

Sawai Ex 1005 
Page 869 of 4322



C
H
E
M
I
S
T
S
 

D
I
S
C
L
 

S
U
B
M
I
T
T
E
D
 

S
A
L
T
C
O
D
E
 

UN
IT

 
I
N
T
.
R
E
G
.
N
O
 

C
H
E
M
.
N
O
 

S
A
H
.
N
O
 

K
A
T
H
A
W
A
L
A
 

W
A
T
T
A
N
A
S
I
N
 

2
9
9
-
8
4
 

0
5

-1
7

-8
5

 
2

6
0

8
0

 
K
A
T
H
 

1
1
2
7
-
0
1
1
-
3
4
 

S
A
H
-
0
6
3
5
4
8
 

L
&
D
.
 

K
N
O
W
N
?
 

N
O
 

1
3
3
2
9
.
0
 

N
 

MP
 

B
P
 

P
R
E
S
S
U
R
E
 

O
T
H
E
R
.
P
H
Y
S
.
 D
A
T
A
 

N.
 

O
I
L
 

S
O
L
.
 

C
O
D
E
 

C
 
O
R
 D
 
O
R
 
E
 

O.
 

C
M
C
 
O
R
 D
M
A
 
O
R
 
E
t
O
H
 

D
E
T
A
I
L
S
 

V
'*

,. 
H 

m
o
 

HO
 

O
 

S
C
R
E
E
N
S
 

C
S
I
,
 
C
S
T
C
,
 
C
S
T
V
 

N
O
T
E
S
 

S
E
E
 
L
O
N
G
N
O
T
E
 

P
U
R
E
 
E
R
Y
T
H
R
O
 
C
O
M
P
O
U
N
D
 

K
E
E
P
 
R
E
F
R
I
G
E
R
A
T
E
 

FO
R

H
 

D
E

SI
C

N
E

D
 

BY
 

B
A

K
C

tt
 

5
8
-
5
1
2
 

M
H
 

C
O
M
P
A
R
E
 

W
I
T
H
 

C
2
7
 
H
3
1
 
N
 0
4
 

S
A
H
 

4
3
3
.
5
5
2
 

A
M
O
U
N
T
S
,
m
g
 

M
A
D
E
.
 

2
6
0
7
9
.
0
 

F
R
O
M
.
 

R
E
G
N
O
 

2
4
5
4
0
.
0
 
A)
- 
L
D
A
 
B
)
 
2
4
5
4
0
 
C
)
 
n
-
B
u
4
N
F
 

4
.
8
 

2
.0

 
4
.
8
 
S
C
A
L
L
E
N
 

2
6
0
7
6
 

>
2
6
0
7
7
 

>
2
6
0
7
8
 

>
2
6
0
7
9
+
2
4
5
4
0
 

>
2
6
0
8
0
 

S
U
M
.
 

S
Y
N
T
H
 

£ 

Sawai Ex 1005 
Page 870 of 4322



U
N
I
T
 

D
I
S
C
L
 

S
A
L
T
C
O
D
E
 

C
H
E
M
I
S
T
S
 

I
N
T
.
R
E
G
.
N
O
 

S
U
B
M
I
T
T
E
D
 

C
H
E
M
.
N
O
 

S
A
H
.
N
O
 

K
A
T
H
A
W
A
L
A
 

W
A
T
T
A
N
A
S
I
N
 

2
9
9
-
8
4
 

0
5
-
1
7
-
8
5
 

2
6
0
8
2
 

K
A
T
H
 

S
A
H
-
0
6
3
5
4
9
 

1
1
2
7
-
0
1
1
-
3
7
 

L&
D.

 
K
N
O
W
N
?
 

1
3
3
2
9
.
0
 

N
O
 

N
 

MP
 

B
P
 

P
R
E
S
S
U
R
E
 

N-
r, 

O
T
H
E
R
.
P
H
Y
S
.
D
A
T
A
 

O
I
L
 

S
O
L
.
 

C
O
D
E
 

C
 O
R
 D
 
O
R
 E
 

C
M
C
 
S
U
S
P
E
N
S
I
O
N
 O
R
 
D
M
A
 
O
R
 
E
t
O
H
 

D
E
T
A
I
L
S
 

o-
S
C
R
E
E
N
S
 

C
S
I
 

0:
 

N
O
T
E
S
 

S
E
E
 
L
O
N
G
N
O
T
E
 

O
H
 

P
U
R
E
 T
R
A
N
S
 
L
A
C
T
O
N
E
 

C
O
N
T
A
I
N
S
 
S
O
M
E
 I
M
P
U
R
I
T
I
E
S
 

K
E
E
P
 
R
E
F
R
I
G
E
R
A
T
E
 

fO
W

J 
D

E
SI

G
N

£D
 B

Y
 B

A
R

C
ZA

 

5
8
-
5
1
2
 

M
W
 

CO
MP

AR
E 

WI
TH

 
C
2
5
 
H
2
5
 N
 0
3
 

S
A
H
 

3
8
7
.
4
8
3
 

M
A
D
E
.
 

F
R
O
M
.
 

R
E
G
N
O
 

2
6
0
8
1
.
0
 
A
)
B
u
4
N
F
,
T
H
F
•
B
)
C
H
R
O
M
A
T
O
G
R
A
P
H
Y
 

A
M
O
U
N
T
S
,
m
g
 

2
.
0
 

0
.
0
 
S
C
A
L
L
E
N
 

S
U
M
.
 

S
Y
N
T
H
 

2
6
0
8
1
 

>
2
6
0
8
2
 

Sawai Ex 1005 
Page 871 of 4322



D
I
S
C
L
 

C
H
E
M
I
S
T
S
 

S
U
B
M
I
T
T
E
D
 

S
A
L
T
C
O
D
E
 

U
N
I
T
 

I
N
T
.
R
E
G
.
N
O
 

C
H
E
M
.
N
O
 

S
A
H
.
N
O
 

P
A
T
E
L
 

W
A
T
T
A
N
A
S
I
N
 

2
9
9
-
8
4
 

0
9
-
2
1
-
8
7
 

W
A
T
T
 

3
0
4
4
1
 

1
2
0
6
-
1
7
6
-
4
3
 

S
A
H
-
0
6
4
9
3
3
 

K
N
O
W
N
?
 

L
&
D
.
 

N
O
 

N
 

MP
 

BP
 

P
R
E
S
S
U
R
E
 

O
T
H
E
R
.
P
H
Y
S
.
 D
A
T
A
 

H
 

H
 

J
 

H
O
.
 
?
 

H
O
 

x
*
 

S
O
L
.
 

C
O
D
E
 

D
 
O
R
 E
 O
R
 
C
 

N
*
 

0
 

D
M
A
,
E
t
O
H
,
 C
M
C
 
S
U
S
P
E
N
S
I
O
N
 

D
E
T
A
I
L
S
 

0
"
 

S
C
R
E
E
N
S
 

C
S
I
 
C
S
I
C
 
C
S
I
V
 

N'
 

N
O
T
E
S
 

S
E
E
 L
O
N
G
N
O
T
E
 

E
R
Y
T
H
R
O
:
T
H
R
E
O
 
>
 9
5
:
5
 

R
E
F
R
I
G
E
R
A
T
E
 

FO
RM

 
D

E
SI

C
H

E
D

 
B

Y
 

B
A

R
C

2A
 

6
2
-
3
2
0
 

M
W
 

CO
MP

AR
E 

WI
TH
 

C
2
7
 
H
3
1
 
N
 0
4
 

SA
H 

4
3
3
.
5
5
2
 

3
0
4
4
0
.
0
 
A
)
 
E
T
H
Y
L
A
G
E
T
O
A
C
E
T
A
T
E
 B
)
 E
t
3
B
,
M
e
O
H
/
T
H
F
 
C
)
 H
O
A
c
/
M
e
O
H
 

A
M
O
U
N
T
S
,
m
g
 

M
A
D
E
.
 

F
R
O
M
.
 

R
E
G
N
O
 

5
0
.
0
 

5
0
.
0
 
S
C
A
L
L
E
N
 

S
U
M
.
 

S
Y
N
T
H
 

3
0
4
3
7
 +
 2
4
2
1
4
 

>
 
3
0
4
3
8
 

>
 
3
0
4
3
9
 

>
 
3
0
4
4
0
 

>
 
3
0
4
4
1
 

SA
J 
x
 

N*
 

Sawai Ex 1005 
Page 872 of 4322



D
I
S
C
L
 

C
H
E
M
I
S
T
S
 

S
U
B
M
I
T
T
E
D
 

I
N
T
.
R
E
G
.
N
O
 

S
A
L
T
C
O
D
E
 

UN
IT
 

S
A
H
.
N
O
 

C
H
E
M
.
N
O
 

P
A
T
E
L
 

W
A
T
T
A
N
A
S
I
N
 

2
9
9
-
8
4
 

0
9
-
2
1
-
8
7
 

3
0
4
4
2
 

W
A
T
T
 

N
A
 

1
2
0
6
-
1
7
9
-
3
0
 

S
A
H
-
0
6
4
9
3
4
 

K
N
O
W
N
?
 

L
&
D
.
 

N
O
 

N
 

MP
 
2
1
0
.
0
 P
L
U
S
 

B
P
 

P
R
E
S
S
U
R
E
 

I 
O
T
H
E
R
.
P
H
Y
S
.
 D
A
T
A
 

H
 

H 
N

* 
S
O
L
.
 

C
O
D
E
 

D
 
O
R
 E
 
O
R
 C
 

N
*
 

HO
, 

HO
 

O 
D
E
T
A
I
L
S
 
'
 
D
M
A
,
E
t
O
H
,
C
M
C
 
S
U
S
P
E
N
S
I
O
N
 

O
 

S
C
R
E
E
N
S
 

C
S
I
 
C
S
I
C
 
C
S
I
V
 

+
 

N
a
 

N
O
T
E
S
 

S
E
E
 
L
O
N
G
N
O
T
E
 

E
R
Y
T
H
R
O
:
 
T
H
R
E
O
 >
9
5
:
5
 

R
E
F
R
I
G
E
R
A
T
E
 

FO
RM

 
D

E
SI

C
N

E
D

 
B

T 
B

A
B

C
U

 

6
2
-
3
2
0
 

M
W
 

CO
MP
AR
E 

WI
TH
 

C
2
5
 
H
2
 6
 
N
 
N
a
 0
4
 

S
A
H
 

4
2
7
.
4
8
 

M
A
D
E
.
 

3
0
4
4
1
.
0
 
N
a
O
H
,
 0
 D

EG
'.

 
F
R
O
M
.
 

R
E
G
N
O
 

A
M
O
U
N
T
S
,
m
g
 

5
0
.
0
 

5
0
.
0
 
S
C
A
L
L
E
N
 

3
0
4
4
1
 

>
 
3
0
4
4
2
 

S
U
M
.
 

S
Y
N
T
H
 

\̂J
 

^
 J 

Sawai Ex 1005 
Page 873 of 4322



D
I
S
C
L
 

U
N
I
T
 

C
H
E
M
I
S
T
S
 

C
H
E
M
.
N
O
 

S
U
B
M
I
T
T
E
D
 

S
A
L
T
C
O
D
E
 

I
N
T
.
R
E
G
.
N
O
 
S
A
H
.
N
O
 

P
A
T
E
L
 

W
A
T
T
A
N
A
S
I
N
 

2
9
9
-
8
4
 

0
9
-
2
1
-
8
7
 

W
A
T
T
 

3
0
4
4
7
 

S
A
H
-
0
6
4
9
3
5
 

1
2
0
6
-
1
9
0
-
4
1
 

L
&
D
.
 

K
N
O
W
N
?
 

N
O
 

N
 

MP
 

B
P
 

P
R
E
S
S
U
R
E
 

F
 

O
T
H
E
R
.
P
H
Y
S
.
D
A
T
A
 

H
 

S
O
L
.
 

C
O
D
E
 

D
 O
R
 
E
 O
R
 
C
 

H
 

x
*
 

•v
 

H
O
.
 
?
 

H
O
 

D
M
A
,
E
t
O
H
,
C
M
C
 
S
U
S
P
E
N
S
I
O
N
 

D
E
T
A
I
L
S
 

O
 

S
C
R
E
E
N
S
.
 

C
S
I
 
C
S
I
C
 
C
S
I
V
 

O-

N'
 

NO
TE

S 
SE

E
 

LO
N

G
N

O
TE

 

E
R
T
H
R
O
:
 
T
H
R
E
O
 
>
9
5
:
5
 

R
E
F
R
I
G
E
R
A
T
E
 

FO
R

M
 

D
E

SI
G

N
E

D
 
M
 

B
A

R
C

ZA
 

6
2
-
3
2
0
 

CO
MP
AR
E 

WI
TH
 

MW
 

C
2
7
 
H
3
0
 
F
 
N
 0
4
 

S
A
H
 

4
5
1
.
5
4
3
 

3
0
4
4
6
.
0
 
A
)
 E
T
H
Y
L
A
C
E
T
O
A
C
E
T
A
T
E
,
N
a
H
/
B
u
L
i
 
B
)
 E
t
3
B
,
C
H
3
0
H
/
T
H
F
 
C
)
H
O
A
c
/
 

C
H
3
0
H
 

A
M
O
U
N
T
 S
,
m
g
 

M
A
D
E
.
 

P
R
O
M
.
 

R
E
G
N
O
 

2
0
.
0
 

2
0
.
0
 
S
C
A
L
L
E
N
 

S
U
M
.
 

S
Y
N
T
H
 

3
0
4
4
3
+
2
4
2
1
4
 

>
 
3
0
4
4
4
 

>
 
3
0
4
4
5
 

>
 
3
0
4
4
6
 

>
 
3
0
4
4
7
 

k
O
 

5C
; 

i 

Sawai Ex 1005 
Page 874 of 4322



I
N
T
.
R
E
G
.
N
O
 

S
A
L
T
C
O
D
E
 

S
A
H
.
N
O
 

S
U
B
M
I
T
T
E
D
 

. U
N
I
T
 

C
H
E
M
I
S
T
S
 

D
I
S
C
L
 

C
H
E
M
.
N
O
 

P
A
T
E
L
 

W
A
T
T
A
N
A
S
I
N
 

3
0
4
4
8
 

0
9
-
2
2
-
8
7
 

2
9
9
-
8
4
 

S
A
H
-
0
6
4
9
3
6
 

N
A
 

1
2
0
6
-
2
0
1
-
3
0
 

W
A
T
T
 

K
N
O
W
N
?
 

L
&
D
.
 

N
O
 

N
 

MP
 

B
P
 

2
2
5
.
0
 P
L
U
S
 

F
 

PR
ES

SU
RE

 

I; 
OT

HE
R.

PH
YS

.D
AT

A 

H
 

D
 
O
R
 E
 O
R
 
C
 

S
O
L
.
 

C
O
D
E
 

H
 

HO
. 

H
O
 

D
M
A
,
E
t
O
H
,
C
M
C
 
S
U
S
P
E
N
S
I
O
N
 

DE
TA

IL
S 

s
* 

0
 

S
C
R
E
E
N
S
 

C
S
I
 
C
S
I
C
 
C
S
I
V
 

o
 N
a
+
 

N
 

N
O
T
E
S
 

S
E
E
 L
O
N
G
N
O
T
E
 

E
R
Y
T
H
R
O
:
 
T
H
R
E
O
 >
 
9
5
:
5
 

R
E
F
R
I
G
E
R
A
T
E
 

FO
SH

 D
E

SI
G

N
E

D
 

B
Y

 
B

M
tC

U
 

M
W
 

6
2
-
3
2
0
 

C
O
M
P
A
R
E
 

W
I
T
H
 

C
2
5
 
H
2
5
 F
 
N
 
N
a
 

S
A
H
 

0
4
 

4
4
5
.
4
7
 

MA
DE

. 
3
0
4
4
7
.
0
 
N
a
O
H
,
 
0
 D
EG

..
 

R
E
G
N
O
 

A
M
O
U
N
T
S
,
m
g
 

2
0
.
0
 

2
0
.
0
 
S
C
A
L
L
E
N
 

SU
M.

 
SY

NT
H 

3
0
4
4
7
 

>
 
3
0
4
4
8
 

-

Sawai Ex 1005 
Page 875 of 4322



Exhibit I 

Sawai Ex 1005 
Page 876 of 4322

Exhlhil l

Sawai Ex 1005

Page 876 of 4322



1 

tH '  

v wi. 

Sawai Ex 1005 
Page 877 of 4322

Sawai Ex 1005

Page 877 of 4322



SANDOZ, INC. 
E. HANOVER, NJ. A 

;• 

Dec. 3, 1984 Dr. R. Damon DATE: FROM: 

Prof. T. Scallen 
TO: 

HMG CoA REDUCTASE SCREENING PURPOSE: 

PRECAUTIONS &/OR 
SPECIAL INSTRUCTIONS & SOLVENTS QUANTITY COMPOUND No. . 

#63-36 4 (25.489) 

63-365 (25490) 
63-366 (25496) 

63-369(25512) 

CMC. DMA. EtOH (jtefyigerate) 

CMC, DMA j "RfrOH 

CMC. DMA. EtOH '(Ref riaftrat-.ft^ 

6mq 

IQma 

14.5mq 

3 • 9nig DMA 

1 

#63-162/3(25500) lOma 

63-270/2(25501) lOmq 

DMA j. Rf-hannl (Tl+firi gg-raJ-p) 

: (Rftfri gptrat-p) CMC 

H. Lukas 
FOR LABORATORY USE ONLY 

82374/80 {Rev. 1) 
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A SANDOZ, INC. 
E. HANOVER, N.J. . JSy 

June 3,.198 5 Dr. R. Damon DATE: FROM: 

Prof. T. Scallen TO: 

HMG CoA REDUCTASE SCREENING PURPOSE: 

PRECAUTIONS &/OR 
SPECIAL INSTRUCTIONS & SOLVENTS 

CMC. DMA. EtOH (Refrigerate) 

50/D . 

QUANTITY 
7. 5mq 

COMPOUND No. 
fl6 3-518/2(RN 26020) 

6 3-537/Na (RN 26039)  19rag 

' 63-547 (RN 26075) 
26080) 

jS6 3-549(RN 26082) 
63-550/Na(RN 260831 
63-551(RN 26084) 

6.  Omg DMA 
2.  Omg CMC, DMA, EtOH (Refrigerate) 

2. Omg 

5 12mg 
20mg 

CMC. DMA, EtOH (Refrigerate) 

DMA ; 

CMC, DMA, EtOH (Refrigerate) 

63-552/Na(RN 26085) 22mq 

63-553(RN 26086) 

63-554/Na(RN 26087) 24mq 

6 3-555/Na(RN 26088) 5.Omg 

63-556(RN 26093)_ 
63-558/Na(RN 26098) _ 

63-559 (RN 26106) 

2 Omg 

(Refrigerate) DMA v/ 

14mq CMC. DMA. EtOH (Refrigerate) 

DMA 
5mg DMA 

63-550/2~Na(RN 26-108) 0.6mq 

63-563 (RN 26127) 

DMA 

IQiug DMA 

63-564/Na(RN 26129)' lOmg 

63-565 (RN 26128) 

63-566(RN 26148) 

63-567 (RN 26149) 

63-568 (RN 26157) 

DMA 

lOmg DMA 
lOmg DMA 

2.  7mg DMA 

25mg DMA 

63-560 (RN 26107)  5mg Water 

H, Lukas FOR LABORATORY USE ONLY 

82374/80 (Rev. 1) 

• * x U*! 
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SANDOZ,  INC.  
E .  HANOVER,  N.J .  &S 

O c t .  2 ,  1 9 8 7  D r .  R .  D a m o n  DATE:  FROM 

P r o f .  T .  S e a  H  e n  TO 

H M G  C o A  R E D U C T A S E  S C R E E N  PURPOSE 

PRECAUTIONS &/OR 
SPECIAL INSTRUCTIONS & SOLVENTS COMPOUND No.  QUANTITY 

H ^-SOe/Ua • ( R N  3 0 3 9 3 )  

(RN 3b^^T)  

(RN 30^2)  

( R N  I Q h k l )  

(RN 30^^8)  

i£ t i_3J^6 l4_  

r.RM 30^8S)  

8  0 . 0  m g  50 /W 

CMC.  DMA.  E tOH (Ref r ige ra te )  t>hz333. 
6 -̂q̂ ^ /Na  

50 .O 'mq  

i t  50 .0  mo 1 \ 11 
! 1 

ikaii 11 11 20 .0  ma  > 1 

64-936 /Na  ( i  11 ( i  20 .0  mq 11 

CMC,  DMA (Compare  wi  t h  162-526  & . #64-727)  

(Refrigerate) Compare with 62-526 

iMti/Na P. .  6  mg 

1  . 5  ma  

f  
64 -^8/Na M i t  

Qr 58- .512  and 6AT727 

) 

FOR LABORATORY USE ONLY 
* 

H . I u k a s 
82374/80 (Rvv U 
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X 
3X \ 

ADMINISTRAnv.. 
SERVICES 

SANDOZ 
.RMACEUTICALS CORP. MAIL SERVICES REQUEST 

DEPT: ? RE C L I \ .BLDG. # 
R E S  .  

DATE: EXT: rlOM: 
HON'OR'A L'JK-AS ^ 0 3  1 0 / 2 / ^ 7  . 7  C  3  ! «  

5 6 7 8 9 

IDENTIFICATION 
(JOB) NUMBER 61529 COST UNIT 

8  1  U 1  0 1 2  

^ STATE REALISTIC 
^HDATE NOT RUSH. 

ASAP, ETC. MAILING DATE REQUESTED: TYPE OF MAIL (CHECK DESIRED BLOCKS): 
• APPROXIMATE ARRIVAL DATE SHOULD BE 
Z MOST ECONOMICAL WAY 
• FIRST CLASS MAIL"' 
• AIR MAIL 

•A'* Ek OVERNIGHT SERVICE 
*' • UNITED PARCEL ~ 

• REGISTERED MAIL 
• CERTIFIED l&IAIL' 
• RETURN RECEIPT 

KX NO Y YES VALUE: INSURANCE NEEDED 

ITEM DESCRIPTION & QUANTITY OF EACH: 
(SPECIAL INSTRUCTIONS] 

ADDRESSEE: 

P r o f .  T .  S c s l l c n  
D e p t .  O f  B i o c h e m i s t r y  
S c h o o l  o f  M e d i c i n e  
U n i v e r s i t y  o f  N e w  M e x i c o  
A l b u q u e r q u e ,  M e w  M e x i c o  
3 7 1 3 1  

H a n o v e r  s a m p l e s  7  

FOR L A B O R A T O R Y  U S E  O N L Y !  

DATE: 10/2/^7 ITEMS FOR MAILING WILL BE RECD. FROM: 

DORSEY SANDOZ 
SALES REPRESENTATIVES 
REGIONAL MANAGERS 
AREA SALES MANAGERS 
TECHNICAL REPRESENTATIVES 
MANAGERS, GOVERNMENT AFFAIRS 
MEDICAL SCIENCES LIAISON 
MANAGERS 
MEDICAL SCIENCES LIAISON 
HOSPITAL REPRESENTATIVES 
AREA HOSPITAL SALES' MANAGERS 
IN-HOUSE DISTRIBUTION-^ 

DATE RECEIVED WORK ORDER / • ""7 MISCELLANEOUS INFORMATION 
7 

DATE RECEIVED MATERIAL 
\ i 

DATE DISPATCHED \!/-

2A SUPPLY COST 

/ WEIGHT 

TOTAL PIECES 

PREPARATION TIME 

/  .  /  -  X —  TOTAL POSTAGE 

White — Mailroom; Canary — Returned to Originator when job Is completed. 82100/83-1 IRev. 7) 

. Vv-i 
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Title-f P'Date 

y Cont'd From-

A 
Pro{. *•• t *• • 

bllbi I i * 
2 

i 

T 1 r" -Li. I mf-

5F)H-0633b6 2 5 4 9 6  
4 ! : 5 i .J?AIENXJkNCL' 

:  TRADEMARK DEPT I  
•Ml • 

re. ...... • 

t 

1̂ ' iTFB 
--rl •a. 

^ o 0 '11 
H H ri 

•U-i 

K 

j— -?• 

.fr,  

15; i 

TESTS? :KEH«NQ. 

J.tTa. 

T "T + 1079-111-19 
! 

j J LJ i . JflTE H0L.H6ICHT 

11-26-84 481.606 
U* !20! 

0J3CL.N0.  CHEMISTS 7  K f l T H R W f l L f l  
W f l T T f l N f l S I N  

< 299-84 
1 

i TESTSl RMOUNTS - pS] 0 . 0  C S I  1 4 . S  -  0 . 0  S C R L L E N  

25; M I C R O S O M A L  A S S f l T  ( S C f l L L E N )  

+4 '/. INHIBITION 
•~~r——..i__ C O N C .  QflTE DATE DATE 
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? r o « s  
i I l *  CCi 

I r? 
TitJe: -n vivo singl* dos® assay to test-for inhibition of 
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37-uZ O. 03 0,4S J. 

-C Vc iC-^ 5i- 2 UNO.! L'0?£& 
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590 . STD = * 128.6 
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IJ.:I: :KOl.eS?£ROL BIOSYNTHESIS INHIBITION SCREEN . 

LIPID HETASOLIfifl DBPARTJiENT 
HMGR SCREENIN'J UNIT ' 
S>ndoz Sesearch Inatiiyte 

t»r. P. Weinstein. Depsc t rn®nt head 
Ms-. R • ?.*sponf I b 1 e Technician 
M s .  E n  r ' f c '  \ . 'oaw S^i«f."jns ib l* 1 nv^s '•. x £>. cc-f 
£'. N. . rt.u/fi.. AJK 

3 
{i 

<«•' T»: 
10 

rKCSS^-OOc 
DATE 
•2cN. ':• • 'ir.i i 

C" : 
'' J j. .. T i T i -r ; in '.w-;. i-ingir dose &sssy 

•-..i•?syn- i s by 'jcmpounds s 
j?.i tsst rcr Jnhibiticn or 
§•-295. "ji-S-JS. "t-?-?-?? •"vj1 «*<••» 

i i  
rij?).-cs«i J'+t'-r in: :•.* ih-j ir.vivc. cr •.es* c;.mpounds in .'-ts 

•MI oh-: I 7= 4.s c ? ! b't o-iynt hes i s . 1" 15 .X :—i... 
Si 

S * p * f i i  - J ^ s i s n :  I N  V : V O  C H O L E S T c f t O L  S I O S Y N T H E S S S  I N H I B I T I O N  
I'TC'C'-J? jrivivc singi-r ^css 5-ssa.y ».«t I nhi fc i t ion- or 

.n^thoc; 7-10/001. Stoel: solytlcns and di2ucic-n£ 
cfaj&iir*--.! in 0.5% CflC. sdainistersd p.c. Ifal/IOOjn u«»^h;. 
r!i-*.s bl*^ vi» ctfotiv! i«cisl-?r. '.i$inf hexobarblxb I .er.ssthesia. 
r.r,iA->i .j** win t"? in compl ifrnc* with ARC c^Vvlvticns. 

• t'uratSa-r. * J hr, No/$fowp » S. No of ?roups 8 i*, U'CR r*ts. 

?0ri?OUND ri£«3MC. DOSE STOCK WORKING SOLUTION sr.J 
tTf/kc ft(/£Omi sto^k «.s. to iSr.l 

20 

• '"fet 
SAT* 

ri l-s •rent ro 

2 UNPILUTEf-ei-25? •2$277 i 
5 -- l f  25.  i z - i i  0.3 *̂1* A, Z t 

i I 
•u :s-2- o. i 1,5 

I 
25-50 •i4-?j3 iOiiiT i 'JND I LUTED !: 

31-3* H — 0.3 4. S 
111 S0 

' !,: i 
37-A2 0.1 l . S  

a$-ae 204A1 a UNDILUTED I 

45-54 0,3 4 . 5  
A 

:s ss-ec C«. i  1 . 5  —^—I— 35" i.-J... :...\ 
•9i.*eo 3.0SSS- 0 . 3  4 . S  !h - A 

jjt 
!; •fT-Ta t* + o. 1 • ̂ 5 

:- -7A O.03 C.46 
SS 1 B ~£-8A COf** I c 1 40 f 
I ) «  
!i: 

) j:» 
::1 St 

iff" 

[ Performed by- ..••-
\ f-h-t-k-
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:•» 

'»• • 
;.-, . -• 

• • Jj. .^aA'TxICSDf^^KS fy 
&' 

Titfe- \ <_.. ». 

^ •>-:lL;hl P r 0'-

—jnfd.Ffom- ': c 

137 *•. ; "\ 

-- • -.v tw--v...v;- ̂  »• * 

r^M : 
•tl 

I -.;c^^5H9S^rv •• - >—^r,- >V ' •. TU-VJT ••• 4<̂ (v • -r •XA 

; ••« 

1 s: 

UJ-
! i ( ' 

INVIVO* CHOLESTEROL SYNTHESIS INH1 ' 

RAT COMPOUND REGNO DOSE nCl/dl STATISTICS 
. og/kg 

- •?—i BLANK 
1AC-STANDARD 

7 
20176 * EFFfC* 99 

J.®i_li 
1 CONTROL 
1 CONTROL 
3 CONTROL 
A CONTROL 
$ CONTROL 
6 CONTROL 
79 CONTROL 
*0 CONTROL 
81 CONTROL 
82 CONTROL 
63 CONTROL 
64 CONTROL 

983 
6?i.e 
211.0 
60.9 

515 MEAN -

I 6*6 STD 
S78 55 
934 

£* 3S4 
750 
3A7 
eiA 
54$ 
672 

15 

714 

64-298 
64-298 
fifc-SBS 
64-296 

cA-sse 

28277 1.00  
1. 00 
1.00 
1.00 
i. 00 
1.00 

MEAN a 
STD « 

151.7 Z03 
8 28277 331 113.6 

46.4 
€.3 
<.01 
'77 

If; 20= 
26277 
28277 
2S277 
28277 

S2 SE 
10 7S t t 
2 i 71 f P 
12 KCHG = 115 

13 c.a-2$6 
14 >34-296 
13 64-298 
15 64-298 
17 6«-296 
15 *4-298 

12277 . 300 
. 300 
.300 
.300 
. 300 
. 300 

311 
264 
257 
507 

MEAN » 
STD 

235.1 
Si.t 26277 

28277 
S 

SS 33.2 
6.3 
<•01 
-65.0 

25 a 
20277 t 
28277 ! 14 P 
23277 SCHG « 157 

IS 64-238 
64-296 
64-298 
84-298 
64-298 
84-298 

C162 77 
26277 
26277 

. 100 MEAN a 306.7 
ai.s 
33.3 

•301 
20 STD , 100 387 

248 
392 
499 
426 

21 . 100 
. 100 
. 100 
. 100 

SE 
iSbT" 22 26277 4.1 » _ a 

23 2S277 
26277 

<.01 
-12. 1 

P 
24 XCHG s 

64-=«33 
64-533 
64-9^3 
64-9^ 

64-923 

25 30447 
'?04A7 
.•?04 4 7 
304 4 7 
304 "7 
30*^4 7 

i . 00 830 
275 
136 
534 
288 
447 

MEAN = 428.J • 
253. A 
103.5 

2 c 1.00  
1. 00 

STD S 
27 S£ 
28 1 .00  2. 0 t 

35 2* I. 00 N. 5. 
•36.3 20 i . 00 XCHG = 

3: !?«»-S55 
*4-922 ' 
64-S.>3 
6a-*32 
64-053 
64-533 

JOaiT" . 300 
. 200 

E20 M£AN = 
STD = 

SS7.4. 
?2 304^7 

304a7 
30447 
30447 

646 
SSS 
596 

100. s 
41.0 
1. 6 

N.S. 
-17.0 

33 . 300 
.300 
. 300 

SE 
34 
?£• 
?6 

t 
368 3 40; 30447 .300 619 XCHG a 

r 
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Title-
138 P0*.Wyw/CO 

.Co.ntid From? — j ̂ ••) 
•••* 4»  ̂

-s'" 

INV1VQ CHOLESTEHQL SVKTHES i S INH f BITI ON SCREEW •; ^ ; j 

nCj/dl «..• STATISTICS •••- .j .. 

"s* •: •' 

5 

RAT COMPOUND REGNO DOSS 
ag'kg 

i—^ 

:—;— 6A-$33 
6-#-333 
6A-933 
64-S33 
6A-933 
64-933 

547.0 
147,2 
60.1 

• . 37 MEAN « 
i*; 

30AA7 
30447 
30447 
30AA7 
30447 
30447 

. AOO 

. 100 

. 100 
, 100 
. 100 
.100 

5S6 
3$ STP 735 8 

|/" ' 39 SE 370 
10 AO 1.5 t 370 a 

1 j 4L 591 N-. S. P 
<•2 %CHG = -16 .6  652 

ii3 64-935 
eft-gaa-

30441 
30441 
30441 
30441 
30441 
30441 

1 . 0 0  
1. 00 
l.O'O 
1.00 
1.00 
i .00 

MEAN » 230.0 
78.2 
31.9 
S.A 
<.01 
-es.a 

182 
44 STD 307 

64-925 SE 186 a 
ad 64-935 

64-335 
321 
124 

c s 
15 47 

48 64-932 %CHG e 261 # 

-54-435 
*4-035 
t«-c,35 
54-SF35 
D&-935 
64-335 

472.2 *9 50441 
30441 
50441 
?0441 
304a 1 
304a l 

.300 

.300 

.300 

.300 

.300 

.300 

MEAN « 
STD 

776 
50 17S.5 

73,3 
232 

51 530 SE 
2.1 413 * 

20 53 N.S. 344 
43d 

P 
-26.7 54 XCK<S = 

£ 
8a-S35 
64-935 
i«-S3S 
•34-935 
64-935 
$4-535 

55 30441 
30441 
30441 
30441 
30441 
30441 

. 100 

. 100 

. 100 

. 100 

. 100 

MEAN = 
STD = 

428.2 
US. 1 
43. 6 
3. 1 
<. 02 

-36, 3 

411 
56 320 
57 SE 296 e 
58 426 
59 621 P 

« 
25 SO . :00 %CHG = 495 

I! 1 
62-320 
52-320 

3055$ 
30559 

165.6 
107. 1 

el .300 
. 300 
. 300 
. 300 
. 300 
.300 

SO • MEAN = 
STD = 107 62 

si-Sfco 
62-320 
S2-520 
62-320 

30559 . 63 222 SE 43. 7 
30555 60 64 6.8 \ 

30559 
30S59 

<.01 
-75.3 

217 • 65 P 
327 *CKG s 6c 1 

30 
30559 
30559 
?05S9 
30559 
'ivS59 
30§5e 

62-320 
62-320 
52-320 
62-320 
62-320 
62-320 

. 100 

. 100 

. 100 

. 100 

. 100 

262 MEAN = 331.7 
165.7 " 
74..1 

67 
STD 434 es k 

569 SE' 70 
ll: 166 

22S 
t 3.5 71 

e* <.01 
-SO.® 

P 
100 604 *CHG = 72 

SK *i :• 
35 62-320 •;-0559 

30&5S 
30559 
30659 
305S9 
20559 ' .030 

.030 

.030 

.030 

.*030 

.030 

421 MEAN = 445,1 
54. 1 ' 
36. 4 

73 
472 STD 62-320 

32-320 
62-320 
62-320 

7A 
s K 571 SE 75 

374 3. 1 I 75 
517 •-.01 

-33.8 
12-09-67 

• 77 
•76 

P cr 315 61-320 SCHG = 
Computed 

SH : -SO 
U-

> Kf: 

T. 
•m J 

'y-r̂ ' 
Performed by-
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B456S 29851 280-35 > 
29652 280-85-= 
2974^ 101-85 > 
29743 101-85 > 
29744 101-85 > 
29744 101-35 > 
29745 101-85 = 
29756 298-85 > 
2 9 8 3 5  5 7 0 - 8 3  
29836 570-83 > 
29839 367-86 > 
29840 367-86 > 
29841 367-86 > 
29904 280-85 = 
29927 387-85 > 
29942 .366-86 ' 
30004 280-85 = 
30627 100-85 = 
30877 100-85 = 

1 09-JUN:-87 
.16 15-JUN-87 
.3 0 5-MAY-87 
.3 OS-MAY-87 
.3 05-MAY-87 
.3 05-MAY-87 
.48 14-JUL-87 
7 . 5 — S1 7- 055 

917-140 
917-066 
917-068 
917-068 
917-089 
917-111 
917-113 
917-141 . 
917-126 
917-159 
917-159 

9 1 7 - 0 6 5  
64569 
54602 
64602 
64604 
64604 
6 4604 
64608 

£? 17-081 
917-050 
917-050 
917-051 
917-051 
917-086 

.34 09-DEC-87 
1 09-JUN-87 

. 1 09-JUN-87 
1 09-JUN-87 

• 1 09-JUN-87 
2,6 18-SEP-87 
10 18-SEP-87 

« 58 16-DEC-87 
* 2 23-OCT-87 

,.16 19-FEB-88 
,09 19-FEB-88 

64638 
64639 
64640 
64641 
64642 
64673 
64686 
64691 
64722 
64723 
64723 

SAHNUM REGNO PATENT R ED50 EDATE REF 

4 7 2 3 
84723 

30766 100-85 = 
30009 100-85 = 
30059 295-84 > 
30765 295-84 = 
30060 295-84 = 
30067 298-84 = 
30068 298-84 = 
30146 260-85 = 
30199 295-84 = 
30280 3847-85 = 
30769 384-85 = 
30378 366-87 > 
30379 366-87 > 
30393 280-85 = 
30772 280-85 = 
30441 299-84 > 
30447 299-84 = 
30488 299-84 > 
30623 298-84 = 
30629 101-85 = 
30630 101-85 s 

.22 19-FEB-88 

.36 18-SEP-87 
.1 14-JUL-S7 

.016 19-FEB-88 
,016 20-OCT-S7 
.11 01-JUL-87 
.04 i 9-FEB-88 
.74 I3-OCT-87 
,1 12-OCT-87 

.07 09-DEC-87 
,08 19-FEB-88 
.3 06-OCT-87 
.3'06-OCT-87 

.045 05-JAN"-88 
.1 l5-JANr-88 

J. 09-DEC-87 
.49 0 9-DEC-87 

1 0 9-DEC-S7 
.1 19-FEB-88 

.76 05-JAN-88 

.09 19-FEB-88 

917-159 
917-107 
917-090 i 3 4 7 4 4  

6 4  7  4  5  
i S  4  7  ' I  5  
6 4 7 4 7  

917-154 
917-127 
917-087 
917-165 
917-123 
917-119 
917-135 
917-167 
917-119 
917-120 
917-150 
917-155 
917-138 

6  4 7 4  8  
6 4 752 
6 4 8 1 6  
6 4 8 4 4  
6 4 8 4 4  
6 4 8 9 6  
6 4 8 9 7  
6 4 9 0 6  

J 5 4 9 0 6  
6 4 9 3 3  
6 4 9 3 5  
6 4  9  3 6  
V 4 9 9 9  
6 5 0 0 2  
6 5 0 0 3  

917-138 
917-135 
917-168 
917-144 
917-159 

SAHNUM REGNO PATENT R ED50 EDATE REF 

6 5 0 0 3  
8 6 6 6 5  
8 7 4 6 9  
3 9 8 2 6  

3  1 7  2  2 3  
3 8 0 3 4 9  

-80820 

1 0 1 - 8 5  5 
102-82 > 
101-82 > 
101-82 > 

30902 
25887 
26362 
29587 

.06 19-FE3-88 
06-MAY-87 
06-MAY-8 7 
06-MAY-87 
20-MAR-84 

917-170 
10 917-056 

917-056 
917-057 
*3 3 2-183 

10 
10 

24022 16 
23591 102-82 > 10 i3-AUG-K7 

1 S - A L :G- IS 7  
1W-AUG-KV 

y 1 7 - 0 9 8  
2 9 5 8 8  i  0 2 - 8 2  >  
2 9 5 8 9  • : 0 2 - c 2  >  

1 0  0 1 7 - 0 9 8  
• 0 y - 7 - 0 9 9  

l - r \ )  r o c o r r i s  s e l e c t e d .  
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Dat$ 4^< 3'Pfoi. 83 Title-
Cont'd From- % 17 cte -o 

vt rr„T— 

: J~?2. rcji-Lv̂ m' 
-S  ̂

-
i : : i • ! -

) 5 
iy-c: 

• -g^.. sd?uiirrisr^: WT 
_^. j---—; j-r-j—r" 

.tFiTIiX : 10! 
' V 

: . 1 ̂  ̂  • : 

:.__^ij^ 5 

 ̂ -  ̂ .C ?!r 
' ^r\: (ffiUSAj 

15: 

QjpAn ip^c O yS^g- . X^n ;  ̂
QiaVg.^ , <--j^4iWS^.___^'!hri-eA .ChddAj) 
Z3>r=lyii|W .2..e.Ci5iaA!..ci jWxA^.„,. yy^|l-vi / O—^ 

1 .!rje^ JAMSC-. . .._S_h^r^.A 
-Acwjl rlW-̂ 1 •4rfcr^M..?..̂ cL  ̂ . IA/0LV.SJQ4€A .. .VL?...^ •Vr+z .h£&TzfA 

; . .. .Clr?«t.rrl. . v>?ê \%L!r'). 
\ - -  r  :  •  : —f-r-r-  • • - - - T i  

.. %-tC* ,C ; w^Vr. r. r.-j ̂ |i *̂ 4-
f\V^£Uuk. pu.— u^M^AivC M , ...Qc^b^J.._ '̂t1> . 

d.̂ A.<f--..̂  liftfifixfcj ..£!££&&$ <0  ̂ =  ̂? i ^<£-9^-
—— .... p-^-. v -P-.  .  —J . u—. -.- -. .. ..! U . 

-« !̂ i-!»kfes ; jo erif 
- r -  4"t3)  ̂T  -f "^ : ' 

; 20). 

; .-GO- '• 
OM^-rl* .~ 

i_a 
i ,;30 
• 

I :•—-O : - 0  
**»»*KnK3Br.V LLiV-

_ L^L._ 

A _.cj^06— ^^XV" vrtlTrisg 
Q » 

c^_ 

><feS2 •^VT^.- <' . jyxMUW 

'—j-- :C i W ' N tt cj - L4I •' 
CJ_S >34.701 i-M -^TV— ' .•-:-/--%-3 £?̂ -'--

;JfT,?7pin^-! —>w..(. .I . q.S-rr. ̂ ,,.̂  
Ksnrpw— .-.-x*— 
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A-  •Z&'-V) PrQj. .!* Title ate 

Cont'd From If % Ut cf C= 
<& >4^ ' 1 OW^ 

M'll - 4 -2-S- l O " "  5 '• 'If {^Xtr ? ? • 

. l̂ o.C _̂35ir.3.€ 
Tdd-P^V 

' ̂  

wZ^J G o jgQ jTO: 
#, OOwJl.-. 

1 
•10: 11 

; {  

H 
£ ^ y~?. ^ S'L .. Qî -:̂ !-̂ " 

,£§sy\ ).£.-.x>Aih..s 
rt eO>^ftfgJ ; 

"To }2 « C" jr C ^4 i ^"v 2.v*^r^ C-'i-'t'H: 
^ i • «4«. »^T. ttmrn , I , I •'. • I»11 • » I . .1 

_; pAJLi^^L... ^.;^^v... 
„ —l£Lr. srs?. 

•s! jc: THIS' aS" n 
>«--̂ .3.2. -TH 

A ^ f, ^ 
' h 

1.̂ 11. 

1 i4-
'20 H :. • "v 

• O 
i! 

: ..bit dbr/J^.ig.^; : ^y.. . ?_{ 
....fcfl!^ , {ZrHov : Vvo'tU Ce. 

pwiV>»^:.W..-/S»^5ia.JS t:\.^-tf^- R . - . 
Q^-b 

:-4 
"f* Y^VAX- \  ^  

'£;^3 Yyi i.c/Tfc • ••v,|. 
:30: i 

-  | S .  

'%-r—-4 "H—- c\ 
*1' 

c»ri6^»-i?fe^: ̂  •o!? 
— 

35 •>>4\ C' W "  

L ..j' ..y : 
J <\]*t. 

%^y: e>l 40 
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2^>2.Lt 

C\$jr-

-?>^ §—•Co...'.!̂ ,a."i? it.. J, .r̂  
, ^ 

9'i.  ̂7' o 'O: •aJks K..̂ '?'v,'ife \ *?.:. S 
^ i 

i 

. WLVX :^A^rv5:,i. 0NjLC^4rrct I 0̂ ••- • 4£. .  . .  c^ 
/ '^V<w . 

^5:  
I 97! •••r 

V ^ 

r*b>r Ot: •*• 

.*.—:.*« 

20: 
iJSfarrde..^'.. oi v-V 

C/ 
Cov> **& .«>sr 

L^' M w,^4; ^ 
^-^£2: J 

---<!-• ^ ^ rrj r̂D fis) 
ft... LTS .̂ ) •T~ 

<S?-t5v^ 
cn . Cj :YeW 

..^Kr^^s -r:.  y..  
-/-̂  r.>f.i.\e3 A, 

n * v̂1 • 

r^n*. 
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g'yLa-fr? Prot, Title-Date 

Cont'd From" 

4>K: r— 

L'-fc+i 

^A-sx0]: . 
. . . 

C-\ 
1 

H* 5 
• 1 i» SV7.'> 

„. rxoG-
T i l l -

e> r C 

I'S Jr C-O.' 0. ̂  A ̂  9K3.4QO 
€) "Vy -̂; 

-to |4.o.5—\oS-<i V; -...V?^ , .C-V^V^..... .VN^V^Og&A* eja^<i,). . 
cifcteVv\d .  StJM s^'^taol. . PWVNV\^S^ . .  .ow^- 1 5 .  

1^> . ..MtittX-ck- .*M -{i T?-

%S7'2-.. o^r-
gr 

1 0  • - r  

U^-h . ..- \A~. 

• \ [  
•» 

'7  ̂ * 
i i | 
• ^ •: 

il 
— «- .ii | 

*! -rv*" 
,.-0:.i..... . ••• > • ^ 

/• S 

20. /{ r-1 

• O 
•** .•,••.•• 

PrdJUjA. V'A. \g, Qoi^dfced.. ! 

H CJ , WKArt-,---«Afr*^ • • ..:-rWW/vfa../I ^vy^.... :25  ;  

^ 4 0  Y • T^U ̂ vO C. Ml-^2 x ^ • 
•• •ySlr^^.Al'i'' <£(•) ® ' • Ito- ±"'9^^ ^Va-'e'S^ isj 
tfvaA^'(y eli**,s^iVQ«0 » M- . . 

JieAfei.' •sUt-o* <*p) 1  1 -s.;...:<> oi - T 3,/J^ W  
. . ̂  ^ . . v. t - ._.... 
-^tArv'Wd CAO _ ^Vo^o-dA^ Wei. ' 

v s J l x i F fvo^v^. . §:H=rr? aiw—\ ,.:... qS./^. ' 
c  7 ' ° ^ .  :̂̂ ....7.A,.>7, ^ /i-

• .4* •*» 

V 

35.7'! 
H . \ +*+****++•* 

, . C ! M i M | O I ! !' ' 
f tivt-s-'-r' .~-«.-vw«»........ .-.-l-«-' .>-w r .**•* ' r-*1"*-•""L . 

-I —• ••! :~-U-.ri:—^b~- --l-:̂ ' 
! !.. -1- I -; 40 

'.to 

|2a^ Qv-O-iry 

f̂abigs? 
Performed by-

! Cont'd to-Witness-

. 'i*jt 
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124 I Date Pro). 
Title-

Cont'd From 

% 
*§•£- C ]  -

'^oCi^ o ̂  V 
^ 1  C^H..  .(O/.CI \ o 

313 JiC^r-n llS0 

..-.-̂ 1-
10.  

. c  c?' ^ A ^) jyv? "Ŝ   ̂WdgH\^^3o 
..." icC/^ _ 

^D; ^MJL. •ST 

15-

9" •t 'TV 

_5^ 
.—T !̂ _c?l<vM^-
-1. . 

^PHa-vo^p VO "ctfySrv^^i <3W' s r?_ MiiTlov^ £»QIV^ 
— — . --' I ....• • . . -,...«»- • • • .*m~—•• I ! •  I  __«••• . kA . . ...._» ', . , 

, ^C^VY?O(^C,O^; 2^1 
., f;j±o^ l j  .V^vvo -V-  ̂

,?r(^!fl'V,J.._<kJli.a^i .-tk.* \;  C th. -viy*C^.r.jjv( v-^J>_ 

• \zaC ^ o <v>vy • '(/Jn3 < 

<̂ J? : U Ŝĉ N-^-

ĉ :. c^t. fJasT. ii ' c _.„ .C t̂lk . 
lr»f> ^_... Si^tc^l .... . f * "t 

20: 'N~"'3 

•7^2 

Sd 5̂ / 30 c? 

35 

40' 

r 
^7 "5 Performed by-

£5 
}<£&<-> | Cont'd to-Witness 

- •>* i 
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167 
Title-Pro]. Date 

*• 

Cont'd Frofn- ........p 3T 9* \ «. \" c>~e. c jr*. o (2k iTT^ 

! 

U* —^>(Vy fi:® 
C 

PS - f y - U :  / ^ ?  
•....A.,.„3>iyi.s»,c>. 

Te'STrriwAAST 4 

ibt •• . 9 ^  . M 

U-z... . ?: 

/Vt.ov^w W.^.s . t^G^he^ J .QJ?* C-.^ TrJ 
..<^...^ >y•. \ '<;• ̂  

^•^rr?^-:; 
<«• •> •  •  

/ o© • C o  • r.c?;t.W ; &<__ 
ŝ : . 

•  ̂ NS* w .?v* 

• x!*5 — — -rc4 ^ 

i—XASL .£4^ •: 
rTPO^vv . VJr l \ Oicg'  ̂s: 

, . ^LSG-A^tU^O <r-
5.,-

H.0 : 
•/•• 

CA^-VL \T0 
^ v o - ^ ? ,  .  . f t f r i  ..T}A1 CMi 

oDndrr^v^ - • O  ̂cara.̂ ...  ̂
). JL_ : . . J L . . _ . .  .v^vit: .TPha.wY ; 

...•^loj^V Cal u^ vi Cv^V/• UJU^.S _ rOv^— . 

^ . S/ '4:?3 
... ^ T TAS 

''.Sj.V 
*• ^J.p5^^XLJ  ̂̂  

r^kji.. - ^- *&^.,s":"; "'""""r"r~i_ 

Vn 

. V^?-V\V) i-e-"^* 

it- ?fe 

t <. 

3̂̂  ' Ps-M ^Z -̂p 
Witness- /^tc^ 

Performed by-

Hont'd tri-
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1 -ij S^»t: 

^nffiSw^a^roir^Hs^BBluwiBBfe 
•Tn-TWifiW'^TitllM^ ^i, 

IfiWJ 
^rUBSMR? 

ill 

173 O t̂r'̂ 0 Prpj. Date Title- • 
Cont'd Prom- . 

w* "(Qj2 &-
(V.cv.Off 1 i c cH TS3-51 If 

V 
—JO.. 

5 

C f ^ ^ . > J p P  

._:—\3,.ffl/-.i;i5'7-.̂ E 
-.. . . p./Y* i NJb>dtHi 

. (U>^.:£feew : .-

'•<$S=z!£i _.. cIToRj i?;! h [ 
.. ...... __Co. '"o \).££^(te\ 
.„..(S.o Wi.. + \(»-yyJL.„ . 

^ ' 

15 

i —fe^ijisc: -. ,.. 

A. i ,  

-±?) . Q^f- o0c . .T^...\A'0.&'l ! j IP-

.  .*  i?  

. , C 3 ĉG.oi 
arr^._.Q.̂ ^1 

, " - • -C£IV*-4_ , caJt- . <yv*... i 
. .<N̂ so.lr: . -H? ^ArL.) . 

- • .  .CPI^ .T. 
. i _cfc. ,. 
Jcoî  dL^Vv 0 '̂ 

•• : vUffi 
ROTT^V 

ll i il 
-Cm 

;25 :' 
>*C . r 

. . fc ! H : M . 
• • • ~p̂ .T 

<**.. -7L22fcldS-,tiS '!i 

:"';j=4W^^4 

•kJ: . ..Q&twv 

"I n } : 

-;.... i^.-'v . -
1 

- —£,* • • ».% 
•;VJN 30 

#• • . — S J< *9*̂ 1 

J ^ 
Cjiort CJs* hctvhai ŝ> 

CjU^^lAia^.-.-JyvHriv H^P ) w»-.̂ -7: dk?-  ̂ v 

^LAr^.. -yelIOtO . . <j7«c*-w>—.> :•-
i \  

c=^ 

• r I < ;| •36 

_ _  . . . .  ,  
5"l^^"vvii f c  ^ i _  * '  

: ; -yv^4"40 

?v 50";' 
.y .̂̂ r.?;.. r^-g1 NTAH?* VT . ' 

!i 
'PP 

^^^"cAsV^.. „:..toil, y #)<*»>$&>& .l-r.£J'.% 
W>-11 kAAP ' •nvn-v t 

a Wy..« ... <2') 

. .^.«« • r*" ' 

. ..>y\4. ̂ .. ::-

10 IMW 

Performed by-

pK_}~i<Usz. Cont'd to-Witness-

. ?v^« 
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SlilWM 
t£<A lit V^^gKg^J; 

2£2SSB *5*eW Etsfaa 

177 im 

:! ' 

ate Proj. 
j Title-

'-̂  -j 
ont'd From- ; * \  

^Oib' 4 f  \  |  - i  VhrfOb, 
'•tC"* 

';-;*| JIJ .^<Xi • ^ N' S 5 : | 
r •» ^ t 

gu^c N;OJr...'. j * .  

" i'« 
yY1 .^1 

O 

C 0 -
;  \ 2 \  jaoe yv>< 

4̂ ) o | ̂  

M • ^ 

: l  
•• i.^ 

*  i >  i 

is-
i i  
"i : 

< -0>iQM^4 •  i J !  Tu ; ^ a; . ^ 
£0^0  ̂  ̂ .V-t-g-V^M.- i  ̂r'3g?.fc^?C- : C . " 

•SAWd cd, «"ti' ^_.. . . 
'1; 

20i ] 
I 

[ 
xdpsaes i; 

;  < • . !  CI fP rj  ! n 
— •  . . I .  . , t  -„,, •• '• 

• ! 'Ti'^ 

• i I 
• ; - i i  •25. ,-£p. • a . t - i i  
i l l  

Q* 
.••* ' \ ' ' s*  I i'i""';'f .-7? 

; .•.w'i .'i. 
I < rr "" rSCA '• «•! l> / f »••• j  

"i^ <»•••' •? 

! v 
I 30. 

. -i Pj HjxA .̂ci ; i 

£̂lL 4̂5 

— * . tW . . 
tiVi ^1 C/v^ 

/ 
/? . c^ o v -e ..MeU#**7—£^09  ̂

^ . C.Uo<£- *02-r:5â  / r 

41 
TK^-CVY•: * • ^ ̂  f  ̂  ̂  ^ ^ •  

gjrtAjty.. . 
, ^vV" 

/ / 
35 

'i [ <j~ • o  
...\X>rr: A>^.. .Vvi^. 

1 

40 
1 

« 

f 

(2CM ' "?-) 

rmz  ̂
Performed by 

Witness- /•" 
TOTAL P.05 

ry ?. 
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.5 

180 Date "? - X S- - Sp pro^ Title-
w'C 

j Confd From-

W .  . .  CHO 1 
•̂ -f. 1 VkpVLg. <c T5> 

2.0 ^^,IP 5 • 
. ... ^ 3 

*7  ̂v^'v" "To -

?• 4nlv\x>Aa . ...".: 5?k.V~i—£&'. 

xAO.&-j.22'.33 ! J-i— 
o. 

Ii: • 

15. 
|| 

7" /̂ 

JSObfr*.. VWA1^ (iQ ov^ UTftoJb^A jCt! 
ii | 

Jl 
20 1 

....! (r^rv .. A Vy » 

c 1  H : N M O - - - :  I 25 '.̂  
Kt-4ciJT£dI 

PPMndf>^. iI L .U.ij.4. •,—..-r *" 
.  - i — \ r :  

Calc. • 
vS ~ {- ^ 

i 

.. -../p: T-'-p^ 

d....hj'Hi. .-r ^4 ^-C'h^kciJkJh- C^JU? . , " H w  ;  

. p^.fi..„..jdU.._ fe't^\cp5!L.^s2i : pi^cwqVi I'W cnul-sku/^^U^cA 
. . ...SE/i .^2.9 (. Pot-r „.fe_d^4<u£S'. 

-S/QVOvo, oJl^'c^.. ..jro ty>^yiih£v) Ovo'i^. .r^^S-ibAv^-
KU>C.. ><A^'ofs. CI^C6-t,SO-'34? ny™£?Y&& 

s. 

30; 

I i 
.35: 

5 I HV.c o^. 1.. ^ " % *y^ 

S«.bH ^y>teL^^5,..d^/i.vv.'-..Wt^ tozfitf 
QA^ \X'0 VW3 .^llcvo. . CUftg- ̂ ^3. ..V22£ 

J.J . r.. .. _ -y^V _. ... 
CWV() -w^ CfJ-tof. f^©-4v; . ^JK«,?S0 _ 

I;, ">. 5. 7o. a rv,..̂ . C.?S-.4y/;.: ; <L\ie>'(r\.^.-.i^?.__.. 

I •40 

5K  {!^rC\, tr-S-1*) 

•̂ PeAM  ̂fF Performed by-

Witness- ! Cont'd to-
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3sd 
178 

Date 7^9 Proj. Title. 

! Cont'd From 
jr~ 

v t, \. 

_^-^3 

= l' 4.ij__fi. 
c; ^.^2 a. 

10 

--{̂ L'VxC^̂  
fo lVv &AA^- -r—-

A-^pgyv/g \AAl'y . ../h 15 OviC . ^a- f 
C-1 

!•'»• t. I fc' • * 
!r 

: ; 
• M— .1. 

20 • (as J TTT 

:0 itp—— 

•• .CD -j-kM- ^ 
" ' ' :  .  . j ^  

.Qri-rsed ....pJr .^r1"! 

««•<•« ••>•••••» ,m 

»at'lP'li 

25 
1 

ffroT 4s, v<2.f\ .dft 1 „„,tA>'P^^4cL^  ̂
. ..Coit̂ kkj .Y^&sU'W^.. 

- . ( p . c r y W ^ i  .  ̂ . f t ?  

;v 

7t 
30 

.^39 \G1 IGVO 

-CA-Zx̂ w 4-̂ ' •  ̂
r 

5l£3'.0. ̂  
... q.S^ 

a. 1.̂ - iSf 

-US4.I . :— 

^  ^  c :  'YYN  ̂ Cr\ \ 

>n'VwV' 
ij 

35-

C t 1 c^wvvv^ 

fcO ' oi^Q \ZAfcr.\9.frrS.V). ..TC-^ ^^ 
^Gj): 

. 

$-^ro.. 
... .„.E2Js|L^Ui\i.«A.."?.... 
... ..ĵ SLroJkiffiS-^S VIA 40-

£.,<r>- . 

" Ipv^j ^eJ^\ ^^-^9 
l̂ PgAZ*, 

Performed by-

Cont'd to-Witness-
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183 .i -] 
i Tltle-Proi ssi . d From-

... «P.F 
CHO i i i  

. . P V  

. "V̂  +f-Ĝ  

cnz 
/  I T  \ i  •  

' C| 

»i«> 

' il-«.^S—... ' "f 
•ii 

• •:; •ii 
^ i^ctA- n.t-dd. . 'li-.Ld >.9. **>-

iZto'Q S ^rtvyrtiJlg. ; 

?,aSJ«a«^. ZV ; 
f - v  . _ _  

.TrP.'VS^AAJ^_. .t...^, \ •^._?^V^— 

• . ! i 

•2AS •:iti 
•€ 
1* j • 

'^ii . !y 
.-at 

;. ^;o6-^i3_?T )to... 15 
ill 
i l l  * 

.. •• t 
? . ]KQc3r J: firb..ovc .. -Qtvoi^ •W^C-.. 

^•Vfi-nPF: L^) . _.: . 
. ..jstu-X*. ISA .  .cmU) P™_ 

.....Sb^Ltuhfol ... toots. Sf/^ ..J^l+eorec^ jfV. 
0^"  ̂ . 

g.O.v^a... ^Q_ U ^ S 5.. . c L A i f c L  . . . c / U  *  .c<v  ̂ . 
^ -^v^. ...}Al&k. <zJ\iJ£?-

.1s 1 (S0S;.oj. J9f»{ ^ .\/Vt^u...i'<vV^^ 

The, i>r^,.i:_ ^64^, ..,. 

•v 
•It • 20 "j 
M 

><A 

Wc : | (X,. . . .^I, 

• •• ^w, • ̂  4s 
". :• \  » •  

YSD .'Wv t/vl 

:':j- cA'.: 

30 a" 

 ̂ ;• 

35 5 

•'i 
9 

... ...j 

. .^ f 

(AhsJ, F 
^̂ 7 !2 Performed by-

Witness« Cont'd to-
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183  
Date '̂S" ̂  Pro^ Title-
Cont'd From-

3A<n 

. 

rs> i 
\ 

' "5 ̂ 1 

ta. o 1; &'.» ->6 I = .(.) <Zo% [ Qd- e>>  ̂ T" 
•—;| : 

" '̂ ' 

l";s.(YX_iae*t-*/ /fel 
• • • 

w^vce-
* 0 ' '  ',' • ' 

•  i  
 ̂ ,'t 
i 

... ̂ 31.1' i«, a.fi-; .\x> 
* 5 

>  f t  
ri.x©. vv«6- vs:v-: 2_,L.'. IIS ch&i,' ^ '.^.f 
^ A-..r; (V\.. PkA^-hf . CqV - i i « - F ; . ,  .  a-ĉ  

II 20 

•  . ? >  

I . - 5? 
• M 

' '"T 
- » «  /  

25 
ri 

• •.. L_«__— . -— ... 

/VddULal*! ^ C vvJl juy^^"y?r?i^4 -r^:T Okdcli^ ^ 
. cirpe QWfr: ...fO.<zS^t..i , i/ĵ ewKecA.. 

F-^ css.'u r) 
As . dfrv-va^-fi . . ^ve. .. cFoo^v . v -̂.i AM 4.^.^ .. 1 

_2̂ :/.. i . gr̂ 'vie . yeil*^ 
(h'l Ci^og- 75^3 .̂. v'v ,y\'*XY V^s„ wxh^" =; 

•fj 

y>\̂ .&' . .r3. .H-.Sr 4 
• 

TKe^..:. iv 9.6 7^ J 
'. Vi 

S3rz&.c\-. Vwo^.s-'i QJD.S-'.*-^ ...Kn«.4.c •• 
i .t.5~2,S"^ 

35 

• *1 

i n 
40 

T^TTS^T"^  ̂
cK~pU  ̂  ̂

Pertormed by-

Witness- i Cont'd to-
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i 

I 

185 ate ^ Proi. 
-ont'd From-

Title-

• o 

•̂ 1= ••u 
I C-H Cs . ^TT: 
fuy. 7-fp 

'fnslvAjiJvwt 
1 

( l  

•Ml 

10 '• 1 
, I -k & ̂ i.  j 

 ̂ -• .5> 62. 
.̂ J'llASAVJL.. - ^ . - 15 ŷ ) 

ih r S 

Jj 
• •'<$# 

r i! 
f t'' 

15 
_.. .-yvi 1V, . (/TA^ ̂  s'lif 

fa A ...rfrc .. 
t-' '. Or^'Vp, ^ .^..^wv H 

• •; • 

1! 20 

•  * i  ii IIIIII'I) " li'miniMf rrr-fr i c  -R ; M "O' 
• ' '?•*•.*<• ~~~T -r-.~ j 
Vsnnrm-Jhl J  i  ' ' "•»; T * • 

:o; _ j^-. t . . . .  

• • CD • • • -H^-— 25 i ' 1 v' | 

/ I  •  11; 

Ciyw*len 6-- ^^ Ccse>1 . /?') 
1 <4-) — f-

^.r ... 1% 

J . 
•'i 
rf • . . .Ggi'dis . .  1 3̂ ' 

yrwi^v -VMS \y 

(>. =- ; 

9^^ 
'TWeffvy - 1/ o<3. « .rtm' 

35 

^r|.. Ow^tivv*- . l oo  >*\L .3?  
:. •  ̂ cvw •̂ p-'L c. <3 O' • 

«di 
• ..sz&iA*..'. .A?>vvs^. ^afer. 

""Cj : -> • 

,» .. i. .—!•-
— : 

| •*?; 

• e- o -

; • 

performed by-

^ f l̂AjL̂  i Cont'd to-Witness-

• . ?»_», 
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.•a* i 'Jt£&* |.Vj»?;«a .-.jjniKjva'cj; ssy 
186 i Date 9 ̂  ^ " ̂ 7 

! Cont'd From-

Prpj. Title- .  

F, — ĵO. <$£ -•-
i |: ^-^oS-b.— 

s 
5 : 

__AA9 . , .... 

:o t>Q"7""Taia&I-T̂ 'c-^i  ; 
amh>ft<^.hdl-»-J2^^y (jL.ri(S-i A^fi. ̂ JS:3J2..4lih»iy^; 

^4 : • -« :JW<-iA*HS ^-J--
keSUhtBeUnI./k*y:->. - .4 f S. T&i. C—r 

• • 

10 

"• u • 
rt . 

15; 

)o.O! Sr. JS.-̂  

So-. A . . W N - '  J l  ;  . ,  
-QLdcU&cl : is^- ~JLC. TOrrti... c__Q_.£=!/i^r -' 

JL: -n,^ v'n • 
,..Cf.-'1-Q-iv* ; 

Pbftltfv^ .v 
20! 

•JuiWj OJAVT^ ,  ̂** ̂ ' 

ftp, $A^__...LC/L. . P'f \^  !. . . .  
)>s ...JO... .yyjL. ci-VV; "̂ Ytfr-' -..OvJldlksi, S.Gj_?m: .̂.... $*'/*• 

ev"%fc— ri o  O .C.̂ J3i.v^^\-f_l feC .  . ,  . ,  .  
h.srrr\G.%&r*JUwLS-> .tirC1- .  ̂ . .. 

<ag»-gy2d 
l/L...oloaCG.I£AJ. . .-in ^ K A j  •  V e p j ^ ^  '  

-^.feufe^ vwi» g ; :  .  ; .-  .  

iP^-edi.:.-..-i= o r v ~ . - O . . r b ? ;  Qa^lr- .Ow%p 
-..r^i.. ..LlLr. i _  Cotay' :  ̂

:.i- /to. doŷ - . . 

•uV: ty 

25 

30 

• qt; 

35 

—. —• ~— -i~-r^ y-- •• '• 

. ;..©: 

? /? • 

«*-' 'l-'T-'S-T 

• SV-^v^d l  .  . . f e . r r J^C.^L.  
-PAX ^..,.X...fe îJsfv̂ cL.. t/v ^ti; v.-fc...;.. CMJTK . Ov^KAfi 

••-<!rsnŝ '  ̂ . 

40 

3̂" (<U^ 
7̂̂  

^^87 Performed by-

1 Cont'd to-Witness-
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^5286 
SltiS: 

m fefc 
§ tSiiiii bSaffiSS 

187 Date ISh'̂ O Proj. 

Cont'd From- ^ 

Tltle-

^'VV1ry-S'-/ 
. c i xo firr ) fe?--

*< 
'^V3. ^ ' =- <=| vy>^_ /v̂ . 

5 

e ̂ 3.7̂ .̂ 1 il__£M„"̂ iY'..?. .̂ ..Thejâ  

.. 0"ji dGidi sHvSfeV _..t®_€?_l. ....£ IftV-tj: - .T^Cifyv^ 
-Ŝ Ŝ A i-V^"-9- -S-cxllWi 
infect J ScAiofs.. ..(^©AjkidL . CfWrK : <d7iv^. gCKiz-e. .^. ........ ̂  
.  . ^ f e W c r ^ J  '^y.^heJ.S-^ %*- 7 . 1^9^- /if) 

. P-o'Vavc!,̂ ? . CA^VS.W , .io. ̂ rv̂ f̂ -̂SSir . %S":2~-

. KJJZWOVO Q-?\ . ,. (p-Î U, . . Slk. Ci^-cTlnA^ . 
: i.-^! Pei-7 gcx;v« . /...... „ w. ̂.. v . 

*f£Movp <^0\ci c c;.. .S.7^ 7^.^. Sc.\«.G,.6r .ly^S.tVyŷ  ysft-K^'yts 
•ftet'oyt?... ^.^.^o^vo^ci fj 

10 «i 

if 

Qĵ v&Ty 1;̂  ._:.dfth&S—. 
'11 20' 

h 
' t~"C* t R !" N O" f-

MHM II I JiaiOTI 

vsi v^f-^ fy*** 
Fh.tn/»t^t^4ir->- --

!*?y>-uS7-fc'hi•••"r'". j • 

Crt'c. -rvrM 

25 (| 

.4 SO*; Oift.&SiJ-
4 5®; .-if.iflS. 

d f c > £ . .  

. .Ct-AC-: . . .. i\: 

• ?i 

30; 

i 

35' 

?{ 
; | 

40 

i r 
i T ;  

K^ 

Performed by-

TO ^ A TOTAL P.14 
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i*mST 
DEC lo 1992 

fit 49-111-0 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

WATTANASIN 

INTERFERENCE NO.: 102,648 
102/975 V. 

EXAMINER-IN-CHIEF: 

FUJIKAWA ET AL MICHAEL SOFOCLEOUS 

ti REQUEST FOR EXTENSION OF TIME 

DEO/ 1992 

aminer-in-Chief 

HONORABLE COMMISSIONER OF PATENTS AND TRADEMARKS 
WASHINGTON, D.C. By.., 20231 

ATTENTION: EXAMINER-IN-CHIEF: URYNOWICZ 
BOX INTERFERENCE 

SIR: 

Pursuant to the provision of Rules 635 and 645, Fujikawa 

hereby requests an extension of time in which to take cross-

examination . of Declarants in the above-captioned patent 

Interferences. The Junior Party has presented testimony with 

respect to priority in the above-captioned Interferences. The time 

for cross-examination expires December 15, 1992, and the parties 

have been unable to schedule a time convenient to complete cross-

examination. The parties are in agreement that the cross-

examination may run concurrently with the rebuttal testimony of the 

Senior Party, as well as the Senior Party's period for affidavit 

testimony, set to close February 25, 1993. Further, the parties 

• -"V-ic 
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2 

haVe agreed on a tentative date for cross-examination to begin of 

January 12, 1993. Accordingly, this extension of time is sought on 

good cause, will not require the rescheduling of any of the dates 

set in Paper No. 59 in Interference 102,648, or Paper No. 5 in 

Interference 102,975, and will facilitate timely completion of 

testimony. 

Counsel for Junior Party Wattanasin has discussed this Motion 

with undersigned Counsel, and the parties join in requesting this 

extension of time. 

In the absence of EIC Sofocleous, the above proposal was 

discussed with EIC Urynowicz. The EIC indicated that on the above-

stated grounds, this Motion would be granted. The assistance and 

cooperation of the EIC Urynowicz is deeply appreciated. 

Accordingly, grant of this Motion, extending the time to take 

cross-examination testimony of the Junior Party's Affiants to 

February 25, 1993 is respectfully requested. 

Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 

^fe^ven B. Kelber^"— 
Registration No.: 30,073 
Attorney for Fujikawa et al 
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CERTIFICATE OF SERVICE 

I hereby certify that true copies of: 

1. REQUEST FOR EXTENSION OF TIME 

2. CERTIFICATE OF SERVICE 

were served upon Counsel for Wattanasin as follows: 

Diane E. Furiaan 
SANDOZ CORP. 
59 Route 10 
E. Hanover, New Jersey 07936 

via first-class mail, postage prepaid, this 10th day of December, 
1992. 

2 
EN B. KELBER 
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DocKet Number: 

IN THE UNITED STATES PATENT AND TRADEMARK OCTICg 
BEFORE THE BOARD OF PATENT APPEALS AND INT ERF ERECQAHF 

WATTANASIN 
and 
INTERFERENCE NUMBER: 102,975 # 

V. 
EXAMINER—IN—CHIEF: 

MICHAEL SOFOCLEOUS FUJIKAWA ET AL 0 

FUJIKAWA ET AL REQUEST FOR CROSS •EXAMINATION Opppi\/pn 
OF DECLARANT WATTANASIN V CU 

DEC 7 1992 

BOARD OF PATENT APPEALS 
AND INTERFERENCES 

HONORABLE COMMISSIONER OF PATENTS AND TRADEMARKS 
WASHINGTON, D.C. 
BOX INTERFERENCE 

20231 

Sir: 

Pursuant to the Decision of the ETC (Paper Number 59 in the 

'648 Interference, Paper Number 5 in the '975 Interference) counsel 

for Fujikawa et al hereby files its pro forma Request for Cross-

Examination of Declarant Wattanasin, submitted pursuant to the 

provisions of Rule 672. 

Undersigned counsel has already talked to counsel for the 

Junior Party, and has agreed that the deposition may be conducted 

at headquarters of the assignee in interest, East Hanover, New 

Jersey. 

Respectfully submitted, 

OBLON, SPIVAK, MCCLELLAND, 
MAIER & NEUSTADT, P.C. 

F. Oblon 
Attorney of Record 
Registration Number 24,618 

Fourth Floor 
1755 Jefferson Davis Highway 
Arlington, Virginia 22202 
(703) 521-5940 

Steven B. Kelber 
Attorney of Record 
Registration Number 30,073 
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CERTIFICATE OF SERVICE 

I hereby certify that true copies of: 

FUJIKAWA REQUEST FOR CROSS-EXAMINATION 
OF DECLARANT WATTANASIN 

1. 

CERTIFICATE OF SERVICE 2. 

were served upon Counsel for Wattanasin as follows: 

Diane E. Furman 
SANDOZ CORP. 
59 Route 10 
E. Hanover, New Jersey 07936 

via first-class mail, postage prepaid, this 7th day of December, 
1992. 

( 

s! mm B. KELBE: 
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BOARD Or PATENT 
APPEALS & 

INTERFERENCES 
49-111-0 

EC 15  1992 
IwE . A. i IN THE UNITED 8TATE8 PATENT AND TRADEMARK OFF 

BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

WATTANASIN 

INTERFERENCE NO. : 102,648 
V. 

EXAMINER-IN-CHIEFX 

MICHAEL SOFOCLEOUS FUJIKAWA ET AL 

FUJIKAWA NOTICE OF INTENT 
TO ARGUE ABANDONMENT/ SUPPRESSION OR CONCEALMENT 

37 CFR §1.632 

HONORABLE COMMISSIONER OF PATENTS AND TRADEMARKS 
WASHINGTON9 D.C. 
BOX INTERFERENCE 

20231 

SIR: 

Pursuant to the provisions of the. above Rule, Fujikawa hereby 

serves notice it intends to argue that Wattanasin, Junior Party, 

has abandoned, suppressed or concealed whatever actual reduction to 

practice of the Count of the above Interference is made out by the 

priority evidence submitted by Wattanasin. 

Respectfully submitted, 

OBLON, SPIVAK, MCCLELLAND, 
MAIER & NEUSTADT, P.C. 

Q 
Steven B. Kelber 
Registration No.: 30,073 
Attorney for Fujikawa et al 

Fourth Floor 
1755 South Jefferson Davis Highway 
Arlington, Virginia 
703-521-5940 

22202 
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CERTIFICATE OF SERVICE 

I hereby certify that true copies of: 

1. FUJIKAWA NOTICE OF INTENT 
TO ARGUE ABANDONMENT/ SUPPRESSION OR CONCEALMENT -
37 CFR §1.632 

2. CERTIFICATE OF SERVICE 

were served upon Counsel for Wattanasin as follows: 

Diane E. Furman 
SANDOZ CORP. 
59 Route 10 
E. Hanover, New Jersey 07936 

via first-class mail, postage prepaid, this 15th day of December 
1992. ' 

2: 
B. KELBER 
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Case No. . v-0-71Ol/CONT/Int. 
Patent 

JIN THE UMITED STATES PATENT AND TRADEMARK OFFICE 
IFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 415 

* 

DEC! H 14 
% 1992-

& $ 
.SIN 

• 102 f 975 Interference Nos 

Examiner-in-Chief: M. Sofocleous 

v. 

FUJIKAWA et al. 

NOTICE OF DEPOSITION PURSUANT TO 37 CFR SSl»672(b) r  l>673(e> 

The party Wattanasin hereby serves notice that the party 

Fujikawa shall take cross-examination by oral deposition of. the 

following affiant for the party Wattanasin on the date and at the 

place below-indicated: 

Affiant; Sompong Wattanasin, Ph»D. 

Tuesday, January 12, 1993 

Sandoz Pharmaceuticals Corporation 
Patent and Trademark Department 
25 Hanover Road 
Building b 
Florham Park, NJ 

Date: 

(—•) 

f 
C ;  

Location: 

c,: 
C'° —; 07936 

f a  m 
Undersigned counsel for Wattanasin certifies that the afcSove ̂ r. 

represents the mutual agreement of the parties reached in oral 

conference. 

Respectfully submitted. 

Diane E. Furman 
Attorney for the Party Wattanasin 
Registration No. 31,104 
201-503-7332 

SANDOZ CORPORATION 
59 Route 10 
East Hanover, NJ 07936 

I hereby certify that this correspondence is being 
deposited with the United States Postal Service as 
firsr class mail in an envelope addressed to: Commts* 
sioner of Patents and Trademarks, Washington, D.C. 

DEF:rraf 

December 11, 1992 
(Date of Deposit) 

pjang K* Fnrman 
Dame of 
fj Regist 

cant, assignee, or 
Representative 

Date of Signature 

natti 

- •' -N-i. 
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CERTIFICATE OF SERVICE 

It is hereby certified that a true copy of the paper 

entitled: 

NOTICE OF DEPOSITION PURSUANT TO 37 CFR §§1.672(b), 1.673(6) 

was served on counsel for the party Fujikawa et al., this 11th day 

of December, 1992, by postage pre-paid first-class mail addressed 

to the following: 

Obion, Spivak, McClelland, Maier & Neustadt, P.C. 
Attn: Steven B. Kelber, Estg. 
1755 South Jefferson Davis Highway 
Crystal Square 5, Ste. 400 
Arlington, VA 22202 

J/m 
Diane E. Furman 
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• V •*- 'I,, * • •* • k.*. 

MAILED f& f / fcAfEHT 

. WEpmtBicte 
C 10 Ip fy  

*• <>>' 

DEC 2 4 1992 

BOARD OFPATCNTAPP|US 
ANOiNTERFERENCES 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

49-111-0 

WATTANASIN 

INTERFERENCE NO.I 102,648 
102/975 

• 

V. 
EXAMINER-IN-CHIEFS 

MICHAEL SOFOCLEOUS FUJIKAWA ET AL 

ii py jh !r t f  REQUEST FOR EXTENSION OF TIHE 

DEC^ I 1992 
HONORABLE COMMISSIONER OF PATENTS AND TRADEMARKS 
WASHINGTON, D.C. Byv 20231 

iner-in-Chief 

ATTENTION: EXAMINER-IN-CHIEF: URYNOWIC2 
BOX INTERFERENCE 

SIRS 

Pursuant to the provision of Rules 635 and 645, Fujikawa 

hereby requests an extension of time in which to take cross-

examination of Declarants in the above-captioned patent 

Interferences. The Junior Party has presented testimony with 

respect to priority in the above-captioned Interferences. The time 

for cross-examination expires December 15, 1992, and the parties 

have been unable to schedule a time convenient to complete cross-

examination. The parties are in agreement that the cross-

examination may run concurrently with the rebuttal testimony of the 

Senior Party, as well as the Senior Party's period for affidavit 

testimony, set to close February 25, 1993. Further, the parties 

lllfe 

®sl 
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VI 

o. 
Case No.-oOO-7101/CONT/lNT, 
Patent 

IN THE UNITED STATES'PATENT AND TRADEMARK OFFICE 
BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

RECEIVED 

— -MV 8 
BOARD OF PATENT APPEAU 

interference Nos. IMiW* 102,MINTERFEREN9E® ̂  
Exawiner-in-Chiefi M. SofocleouB 

m 
WATTANASIN 

v. 

FUJIKAWA et al. 

WATTANASIN MOTION FOR LEAVE TO PRESENT ADDITIONAL TESTIMONY 
37 Cm SI,635, Sl.651fc) (4) 

In response to the Fujikawa "Notice of Intent to Argue 

Abandonment, Suppression or Concealment - 37 CFR §1,632" dated 

December 15, 1992> in the above-captioned interferences, the party 

Wattanasin hereby requests leave to present additional testimony 

in connection with the allegations set forth in said notices. 

Specifically, Wattanasin respectfully moves for designation 

of a testimony period for Wattanasin to present evidence by 

deposition or affidavit going to the absence of abandonment, 

suppression or concealment of the Wattanasin invention, 

particular, the period of January 4, 1993 to February 1, 1993 is 

suggested. 

In 

REMARKS 

status of the above-oaptioned interferences is as The 

follows I 

Testimony-in-chief of the party Wattanasin, originally set to 

close December 15, 1992, has been extended for purposes of 

cross-examination to February 25, 1993 (See Paper No* 71, Int. No. 

102,648;, Paper No. 16, Int. No. 102,975). 

9/2" d W1 dhld 'Ibd 'ddCO ZOQhldS 81:21 EG* 80 Nbf 

' -"Vo. 
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Case 600-7101/CONT/INT. 
Int. Ho* 102,64$, 102,975 

Motion for Add- Testimony 
page - 2 -

Therefore, by prior agreement of the parties and with the 

approval o£ the EXCr the period for the Wattanasin testimony-in-

chief is already set to run concurrently with the Fujikawa et al. 

rebuttal and affidavit testimony periodf> i*e« to February 25* 

1993# 

The party Wattanasin has presented its testimony with respect 

to the issue of priority during the Wattanasin affidavit testimony 

period/ which closed November 15, 1992. 

The SIC will note that Wattanasin, as junior party, has 

adduced for the record, for priority purposes, documentation of 

activities relating to an actual reduction to practice of the 

Wattanasin invention from prior to the Fujikawa priority date of 

August 20, 1987 up to a date of about December 9, 1987* which is 

approximately 15 months prior to the filing of the Wattanasin Rule 

60 parent application on March 3. 1989, 

340)» 

(See Reaord, pp. 110; 

Fujikawa et al. in their Rule 632 notices have now raised for 

the first time in these interferences an allegation of abandon1-

ment, suppression or concealment of the Wattanasin invention-

As a first matter, these Fujikawa notifications ' are wholly 

devoid of specificity or particularity as to the basis for the 

allegation of abandonment, suppression or concealment. 

9/E'd Wi QKIb 'Ibd 'daOD ZOGhlbS 6T:2T £6/ 80 hid-T 

* " '-.v • 

Sawai Ex 1005 
Page 931 of 4322



Cage 600-7101/CONT/INT.. 
int. No. 102,648, 102/975 

Motion for Add* Testimony 
page - 3 -

Wattanasin requests, first of all, that the party Therefore/ 

Fujikawa indicate with specificity the basis for its allegation of 

abandonment, suppression or concealment. 

Secondly, Wattanasin respectfully requests an opportunity to 

defend against the allegation of abandonment, supression or 

concealment of the Wattanasin invention by taking additional 

testimony in connection therewith. (Preferably, the substantive 

basis for said allegation will be sufficiently defined by Fujikawa 

et al. on a timely basis to permit Wattanasin to present testimony 

responsive thereto.) 

Under the circumstances t it is believed consistent with the 

purpose of 37 C?R SI.632 —* that is, to foster full and fair 

adjudication of the issue of abandonoent, suppression or 

concealment (see MPEP 2332)— to afford Wattanasin an opportunity 

at this time to present such additional evidence. 

Furthermore/ given the fact that the period of the Wattanasin 

testimony-in-chief has already been extended to February 25, 1993 

for purposes of cross-examination, it is not believed that 

designation of an additional Wattanasin testimony period to run 

from January 4, 1993 to February 1. 1993 would • require 

rescheduling of either the above date of February 25, 1993, or of 

any of the other dates set forth in Paper No. 59 in interference 

No. 102,648 or Paper No* 5 in Interference No. 102,975. 

3/V94 W1 <3Klb 'IWd 'daco ZOdNUS 6T:2T £6/ 90 Nyf 
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o 
Case 600-7101/CONT/INT» 
Int. No. 102,648, 102/975 

Motion for Add* Testimony 
page - 4 -

Therefore, in the interest of justice in permitting 

Wattanaein to adequately respond to the charge of abandonment, 

etc. now being raised for the first time by Fujikawa et al., and 

without foreseeably affecting the testimony periods already set 

and agreed to by the parties/ it is respectfully requested that 

the EIC designate a period for Wattanasin testimony on the issue 

of abandonment, suppression or concealment of the wattanasin 

invention. 

Undersigned counsel for Wattanasin has today conferred with 

Hr. Steven Kelber, counsel for Fujikawa et al./ who has indicated 

that the party Fujikawa will oppose this motion. However, there 

is agreement by counsel tor the parties that the cross-examination 

of Dr» Sompong Wattanasin, now set for January 12, 1993, may be 

rescheduled -for another time in the Wattanasin testimony period 

depending on the disposition of this motion. 

Accordingly, grant of this motion to set a period for 

additional Wattanasin testimony on the issue of abandonment, 

suppression or concealment of the Wattanasin invention, 

preferably to run from January 4, 1993 to February 1, 1993, is 

respectfully requested* 

Respectfully submitted, 

Diane E. Furman 
Attorney for the Party Wattanasin 
Registration No. 31,104 -
201-503-7332 

SANDOZ CORPORATION . 
59 Route 10 
East Hanover/ NJ 07936 
DEF;rmf 
December 31/ 1992 

I htrrty ctftlfy that iMs eormponddOM Is beta? 
4epc*!t«tf with tht United States Postel Service ss 
first class mall In *n anvciope addressed to: Commis* 
elonsr et Patents and TredemarkSi Washlnflton, D.G. 
aozst, on Deceniber 31/ 1992 

jpato of OsposhT 
^iane E>ifurmn 

N&^pfAPpUpflt, Bssisnee. 
JiMrste/mRepraseMMtvik 
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CERTIFICATE OP SERVICE . 

It is hereby certified that a true copy of the paper 

entitled: 

WATTANASIN NOTION FOR LBAVS TO PRESENT ADOITXOHAL TESTIMONY 
37 CFR SI.535/ 51*651(01(4^ ' 

was served on counsel for the party Fujikawa et al., this 31st day 

o£ December 1992, by postage pre-paid first-class mail addressed 

to the followingt 

Obion; SpivaJc, McClelland, Maier & Neustadt, P.C. 
Attn: Steven B* Kelber, Esq. 
1755 South Jefferson Davis Highway 
Crystal Square 5, Ste. 400 
Arlington, VA 22202 

ifau 
' Diane E. Furman 

/ S/S'd m QKid 'ibd -daoo zoowys \z\z\ es, 80 wwr 
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Case No. 600-7101/CONT/INT. 
Patent 

RECEIVED 
IN TOE UNITED STATES PATENT AND TRADEMARK OFFICE 

BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCE^^ g ^ 

Interference NOB. 102,648, 102/975 .— 
WATTANASIN B 

v. 
Examiner-in-Chie£i M. Sofocleous FUJIKAWA et al. 

AFFIRMATION OF PILING AND SERVICE 

I hereby certify that on December 31, 1992 the below-indicated 

paper; 

WATTANASIN MOTION TO PRESENT ADDITIONAL TESTIMONY 
37 CFR §1,635* S1.651{cW4> 

a copy of which is attached hereto, was deposited with the United 

States Postal Service as first-class mail, in an envelope addressed 

Commissioner of Patents and Trademarks, Washington/ D.C. 20231, 

Box Interference. 

to 8 

I also certify that on December 31, 1992, a copy of the above 

paper was also served on counsel for'the party Fujikawa et al., by 

postage pre-paid first-clasB mail directed to the following addressi 

Obion, Spivak, McClelland, Maier & Neustadt, p.c. 
Attni Steven B. Kelber, Esq. 
1755 South Jefferson Davis Highway 
Crystal Square 5, Ste. 400 
Arlington, VA 22202 

This paper and its attachment are being telefaxed this 8th day 

of January 1993, tot 

The U.S. Patent Office, Box Interference, (703) 557-8642, 
attention M. Sofocleous (EIC); and 

Counsel for the party Fujikawa et al., at (703) 413-2220* 

Respectfully submitted, 

Diane E. Furman 
Attorney for the Party Wattanasin 
Registration No. 31,104 
201-503-7332 

SANDOZ CORP. 
59 Route 10 
E* Hanover, NJ 07936 
Atts 5 pages 
January 8, 1993 
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*-7$ 49-111-0 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

WATTANASIN 

INTERFERENCE NO.: 
INTERFERENCE NO. : 
EXAMINER-IN-CHIEF: 

102/648 
102,975 V. 

MICHAEL SOFOCLEOUS FUJIKAWA ET AL 

FUJIKAWA ET AL OPPOSITION TO 
WATTANASIN* S MOTION FOR LEAVE TO PRESENT 

ADDITIONAL TESTIMONY 

HONORABLE COMMISSIONER OF PATENTS AND TRADEMARKS 
WASHINGTON, D.C. 20231 

BOX INTERFERENCE 

SIR: 

Fujikawa opposes Wattanasin's Motion for a new testimony 

period, in which to present additional testimony, apparently 

related to the issues of abandonment, suppression or concealment. 

It is respectfully submitted that the Wattanasin Motion, presented 

pursuant to the provisions of 37 CFR §1.651(c)(4) is procedurally 

inadequate, and substantively in error. Accordingly, the Motion 

must be dismissed, or in the alternative, denied. Each of these 
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arguments is developed, sequentially, below. 

I. FACTS 

In Paper No. 59 (Interference 102,648) and Paper No. 5 

1992, Junior (Interference 102,975), both mailed September 22, 

Party Wattanasin was given a two and one-half month testimony 

That period closed December 15, period for its case-in-chief. 

1992. 

Prior to December 15, 1992, Wattanasin presented its testimony 

in the form of Declarations, as to which Fujikawa requested the 

opportunity for cross-examination, 

extend the period for cross-examination, 

agreed to extend Wattanasin1s period for testimony-in-chief. 

On December 15, 1992, in accordance with the provisions of 37 

CFR §1.632, Fujikawa filed Notice of its Intention to Argue 

Abandonment, Suppression or Concealment at final hearing, based on 

the testimony-in-chief presented by the Junior Party. Wattanasin 

does not complain that the Notice is in any way in error, or 

procedurally improper. 

Apparently, on December 31, 1992, Wattanasin filed a Motion 

for Leave to Present Additional Testimony. That Motion is alleged 

The parties have agreed to 

The parties have not 
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to be responsive to the Notice of Intention to Argue Abandonment, 

Suppression or Concealment filed December 15, 1992. The Motion was 

not received by undersigned Counsel until January 7, 1993, in 

response to a call made by undersigned Counsel to Counsel for 

Watt anas in, inquiring as to the status of the Motion proposed in an 

earlier teleconference. 

ZZ. ARGUMENT 

The Wattanasin Motion is Procedurally Inadequate A. 

Wattanasin1 s Motion is respectfully submitted to fail to meet 

the standards of the Rules. Specifically, although Wattanasin 

requests an additional testimony period, Wattanasin fails to 

describe the evidence it desires to present during that additional 

testimony period, save to describe it as "going to the absence of 

abandonment, suppression or concealment of the Wattanasin 

invention." See the Motion, page 1. Wattanasin does not indicate 

what type of testimony it will present, nor the particulars of that 

testimony. Fujikawa respectfully submits that not only is 

identification of the specific testimony sought to be presented by 

Wattanasin a prerequisite to the relief sought, but support for the 

ability of Wattanasin to present such testimony, confirmed by 
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appropriate Declaration, would be desirable. 

It is well established that all Interference Motions, 

including those presented pursuant to 37 CFR §1.635, must set forth 

both a statement of the material facts in support of the Motion, 

and a full statement of the reasons why the relief requested should 

Specificity and particularity is important in 

proceeding pursuant to 37 CFR §1.637(a), which is specifically 

cross-referenced in Rule 635. The requirement for specificity is 

substantial. Jacobs v. Moriarity. 6 USPQ 2d 1799, 1801-1802 (PBAI 

1988). A review of the Wattanasin Motion reveals it to be devoid 

as to any details of the testimony sought to be presented. It is 

not clear whether the testimony will be presented via deposition or 

affidavit. Indeed, the Motion requires both. See page 1. If 

be granted. 

presented via affidavit, it will require additional time in which 

to take cross-examination. Moreover, and of greater importance, 

the Motion fails to indicate what facts Wattanasin will attempt to 

Indeed, the Motion is devoid of even a bare assertion that prove. 

Wattanasin can adduce any evidence responsive to the issue of 

abandonment, suppression or concealment, 

prerequisite prior to the extraordinary testimony period sought by 

Wattanasin. 

Surely, such is a 

It is respectfully submitted that it has long been the case 
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that in order to secure an extraordinary testimony period, beyond 

that originally provided for proof of priority, the movant should 

and desirably accompany the set forth the facts to be proven. 

Motion by affidavit sufficient to establish the movant's ability to 

Revise & Caesar. Interference Law and Practice, 

This long-standing directive finds 

prove the same. 

Section 458, page 1962 (1947). 

contemporary echoes in the decision Hanaqan v, Kimura. 16 USPQ 2d 

Specifically, like Wattanasin herein. 1791 (Comm. of Pats. 1990). 

the party Kimura filed a Motion for permission to take testimony in 

a period the movant would not otherwise be entitled to. In the 

Motion, Kimura explained, in some detail, the nature of the 

testimony sought to be presented. 16 USPQ at 1792. Although the 

Motion was decided pursuant to the provisions of 37 CFR §1.639(c), 

there does not appear to be grounds for applying a different 

standard to Rule 639 and Rule 651. Indeed, Rule 651 has a "good 

cause" requirement not present in Rule 639, which presumably would 

require a higher standard. Note the petition for a testimony 

period was denied in Hanaaan. for, inter alia, failure to describe 

the facts to be presented, identify the individuals to be called, 

and the absence of any declaration stating the factual testimony of 

the individuals to be presented. 16 USPQ 2d at 1794. 

For failure to meet the simple standard of proof required of 
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a Motion, Fujikawa respectfully submits the Wattanasin Motion for 

an Additional Testimony Period must be dismissed. 

B. If not Dismissed, the Wattanasin Motion must be Denied 

As the sole "good cause" for an additional testimony period, 

Wattanasin appears to be urging that the filing of a Notice under 

Rule 632 automatically gives Wattanasin an opportunity to present 

additional testimony. The sole authority Wattanasin relies on is 

Neither that section, nor any other statute, 

regulation or case decision supports the conclusion that the 

appropriate response to the Notice required by 37 CFR §1.632 is the 

reopening of testimony. Specifically, testimony should be reopened 

only where the issue of abandonment, suppression of concealment 

comes as a surprise to the Junior Party. Nothing of the sort has 

been demonstrated in the current Interference. 

E.P. 2332. M 

Indeed, Wattanasin1 s Motion makes it quite clear that prior to 

the close of Wattanasin's testimony period. Counsel for Wattanasin 

was aware that Wattanasin^ proof of priority ended approximately 

fifteen months prior to the filing of the Wattanasin effective 

filing date of March 3, 1989. 

Accordingly, Wattanasin was on notice, prior to the close of its 

See the Wattanasin Motion, page 2. 

Li:1' 

• -fm 
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testimony period, that there was a fifteen-month delay between its 

proof of reduction to practice and the date for filing of a patent 

application. Well prior to Wattanasin's testimony in this case, it 

had been established that a fifteen-month delay is not per se 

reasonable, absent mitigating facts. Engelhard Corp. v. M.C. 

Canfield Sons, 13 USPQ 2d 1561 (DC NJ 1989). 

M.P.E.P. 2332 indicates that Rule 632 was instituted to avoid 

surprise at the briefing stage. Indeed, section 2332 makes it 

clear that under prior practices, the Junior Party would not be 

aware of arguments relative to abandonment, suppression or 

concealment until receipt of the Senior Party's brief, a point in 

time at which it would be too late for the Junior Party to contest 

the issue. Wattanasin Suh v. Hoefle. 23 USPQ 2d 1321 (PBAI 1992). 

does not even allege the presence of surprise in this case, which 

might warrant the reopening of testimony addressed in the M.P.E.P. 

section referred to. 

Rather, Wattanasin appears to be in the position of the party 

seeking a reopening of testimony in Issidorides v. Lay. 4 USPQ 2d 

1854, 1859 (PBAI 1987). Specifically, Wattanasin was aware of the 

large hole in its proof, but decided to take the risk that Fujikawa 

would either not see that hole, or not take the appropriate action. 

Having rested its evidence with knowledge of a fifteen-month 
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hiatus, and electing to run the risk with respect thereto, 

Wattanasin cannot now be heard to reopen testimony for the purpose 

of presenting evidence that is not even fairly described in the 

Wattanasin Motion. Quite simply, there is no support in the rules 

or law for this repeated attempt at a bite at the apple. 

Wattanasin can hardly be ignorant of the requirement that a 

party attempting to rely on an earlier conception and reduction to 

practice, such as Wattanasin, must prove that earlier invention was 

by one "who had not abandoned, suppressed or concealed it." 35 

U.S.C. §102 (g), first sentence. Thus, Wattanasin knew the task it 

had to meet, and quite simply elected to risk the silence of its 

proof as to its extended hiatus with regard to the invention in 

question, apparently in hopes that Fujikawa would not raise the 

same as an issue. While Wattanasin now suggests that it can 

present the necessary proofs, the type of proof to be presented is 

not even hinted at in the Motion. It would be highly inappropriate 

to present such evidence in reply to this opposition, as the 

provisions of 37 CFR §1.637 must be met in the motion itself, not 

the reply. 

The requirement of presentation of good cause to reopen 

testimony period is hardly new. See Turner v. Bensinaer. 1903 CD 

53, 102 OG 1552 (Comm. 1902) and Brill v. Ubelades. 1902 CD 220, 99 
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That requirement is codified in 37 CFR 06 2966 (Comm. 1902). 

§1.651(c). Wattanasin ignores it. 

While the precise issue of whether or not a filing of a notice 

pursuant to Rule 632 automatically gives the opponent the right to 

an additional testimony period does not appear to have been 

addressed, the legislative history of the rules, and prior case lav 

it was the intention of the drafter of Rule 632 is instructive. 

that: 

Early notice will eliminate the need for the 

party moving to reopen the testimony period. 

49 FR 48416 (December 12, 1984). This is true even though it is 

clear that a notice under Rule 632 is timely even if filed ten days 

after the period for testimony closes. 57 FR 2698. Quite clearly, 

both sides are on notice, absent some surprise not alleged in the 

Wattanasin Motion, that in those cases where abandonment, 

suppression or concealment may be proved by the absence of any 

activity on the part of the Junior Party for a substantial period 

of time, that abandonment may be an issue if appropriately raised 

pursuant to Rule 632. 

As noted above, Wattanasin does not indicate the nature of the 

-
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proof it intends to submit, much less whether or not it was 

available during Wattanasin's original testimony period. It is 

respectfully submitted that prior case law indicates that if the 

material could have been presented during the original testimony 

period, the excuse of surprise, that the party seeking a new 

testimony period did not realize it would be required, is 

insufficient. Weber v. Kunz, 209 USPQ 864, 866 (POBI 1980). To 

the same effect Weber v. Kunz. 211 USPQ 637, 638-639 (POBI 1980) 

holding that the party's original showing should be as complete as 

possible. 

The Interference decision in Rexroth v. Gunther, 202 USPQ 837, 

838 (POBAI 1978) specifically deals with a party's request to 

present evidence responsive to the issue of abandonment, 

suppression of concealment. Specifically, the opportunity to 

respond by the presentation of evidence is not granted where the 

Junior Party had knowledge that the issue might be raised. 

Clearly, Wattanasin, having recognized the substantial hiatus in 

its own evidence without any indication of the same from Fujikawa, 

Further, the burden was 

on Wattanasin to explain this hiatus initially, as the burden is 

always on the inventor to explain an unreasonable or excessive 

delay. 

was aware that the issue might be raised. 

Horwath v. Lee. 195 USPQ 701 (CCPA 1977). As a general 
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matter, in this and other cases, additional testimony of the type 

sought to be presented by Wattanasin is permitted only where all 

possible steps have been taken to make sure that such testimony is 

Davis v. Reddv. 191 presented in the original period provided for. 

USPQ 866, 867 (POBI 1976). 

Accordingly, Wattanasin was on notice during its original 

testimony period that it had the burden to explain the substantial, 

and per se, unreasonable delay between its alleged reduction to 

Wattanasin does not practice, and its effective filing date. 

or of the hiatus in the indicate it was unaware of that burden, 

Wattanasin does not make any showing that it proof offered. 

attempted to prove activity during the period in question, and was 

unable to, or indeed even assert that the testimony it now seeks to 

present was unavailable during its period for testimony-in-chief. 

Having failed to described with particularity the testimony 

Wattanasin now seeks to present, and failed to present good cause 

as to why it could not have earlier been presented, Wattanasin's 

The same is Motion for a new testimony period must be denied. 

respectfully requested. 

Requiring Wattanasin to Specify.its Argument is Improper 

Apparently, Wattanasin finds in the rules a requirement for a 

C. 
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Senior Party seeking to preserve its opportunity to argument 

abandonment, suppression or concealment not self-evident from 37 

Specifically, pages 2-3 of its Motion, Wattanasin 

indicates that the burden is on Fujikawa to provide the necessary: 

CFR §1.632. 

Specificity or particularity as to the basis 

for the allegation of abandonment, suppression 

or concealment. 

Therefor, Wattanasin requests, first of all 

that the party Fujikawa indicate with 

specificity the basis for its allegation of 

abandonment, suppression or concealment. 

Secondly, Wattanasin respectfully requests an 

opportunity to defend against the allegation 

of abandonment, suppression or concealment of 

the Wattanasin invention by taking additional 

testimony in connection therewith (preferably 

the substantive basis for said allegation will 

be sufficiently defined by Fujikawa et al on a 

timely basis to permit Wattanasin to present 
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testimony responsive thereto. 

The final sentence of the above quotation is a non seauitur. 

Wattanasin is seeking a testimony period, yet it does not even know 

what the testimony it seeks to present is! 

grounds for denying the Wattanasin Motion, 

absolutely no support, any where, for the argument that Fujikawa 

This, in itself, is 

In any event, there is 

must provide additional specificity to support its Notice under 

Indeed, Rule 632 is just that, a "notice" provision, to 

As noted above, the burden rests on Wattanasin to 

Rule 632. 

avoid surprise. 

present a full proof in accordance with the provisions of 35 U.S.C. 

Fuj ikawa is §102(g), either the first or second sentence, 

obligated only to give notice that it takes issue with the adequacy 

of Wattanasin*3 proof in this regard, and Wattanasin concedes that 

More is not required of Fujikawa. Fujikawa has indeed done so. 

D. Summary 

Having failed to specify, with any particularity at all, what 

type of evidence Wattanasin seeks to present, having failed to 

establish that Wattanasin could not have presented the evidence it 

now seeks to present during its testimony-in-chief, having conceded 

that it was aware of the fifteen-month gap in proof offered in its 
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testimony-in-chief, and having conceded that it is not even yet 

aware of what type of proof it will offer (see Section C above), 

Wattanasin has failed to present the good cause and compelling 

argument required by the rules for an additional testimony period. 

Accordingly, the Motion must be dismissed, or in the alternative, 

denied. 

Respectfully submitted, 

OBLON, SPIVAK, MCCLELLAND, 
MAIER & NEUSTADT, P.C. 

Steven B. Kelber 
Registration No.: 30,073 
Attorney for Fujikawa et al 

Fourth Floor 
1755 South Jefferson Davis Highway 
Arlington, Virginia 
703-521-5940 

22202 
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CERTIFICATE OF SERVICE 

I hereby certify that true copies of: 

FUJIKAWA ET AL OPPOSITION TO WATTAKASIN1 S 
MOTION FOR LEAVE TO PRESENT ADDITIONAL 
TESTIMONY 

1. 

2• CERTIFICATE OF SERVICE 

were served upon Counsel for Wattanasin as follows: 

Diane E. Furman 
SANDOZ CORP. 
59 Route 10 
E. Hanover, New Jersey 07936 

via first-class mail, postage prepaid, this,13TH day of JANUARY, 
1993. 

STEVEN B. KELBER 

Attorney Docket No.: 49-111-0 
49-125-0 DIV 
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49-111-0 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
BEFORE TEE BOARD OF PATENT APPEALS AND INTERFERENCES 

WATTANASIN 

INTERFERENCE NO.: 102,648 
V, 

EXAMINER-IN-CHIEF; 

MICHAEL SOFOCLEOUS FUJIKAWA ET AL 

HfcUhiVcL? 

FEB 1 m NOTICE, 37 CFR §1.671(a) 

BOARD Or APF^A:..3 
A?VD 

HONORABLE COMMISSIONER OF PATENTS AND TRADEMARKS 
WASHINGTON, D.C. 20231 

BOX INTERFERENCE 

SIR: 

Pursuant to the provisions of the above-captioned Rules, 

Fujikawa hereby serves notice of its intention to rely on the 

Affidavit of Masaki Kitahara - Patentably Distinct Subject Matter, 

and the Supplemental Declaration of Kitahara, filed and served June 

As copies of both 

Declarations have been served, the Declarations are deemed filed 

11 and August 11, 1992, respectively. 
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Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 

Steven B. Kelber 
Registration No.: 30,073 
Attorney for Fujikawa et al 

Fourth Floor 
1755 South Jefferson Davis Highway 
Arlington, Virginia 
703-413-3000 

2 2 2 0 2  
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CERTIFICATE OF SERVICE 

I hereby certify that true copies of: 

NOTICE, 37 CFR §1.671(a) ! •  

2 .  NOTICE, 37 CFR §1.682 WITH REFERENCES IDENTIFIED BELOW: 

Medicinal Research Reviews, Vol. 11, No. 2, 121-146 (1991) 
J Med* Chem. 1990, 33, No. 1, 21-31 
J Med. chem. 1990, 33, No. 1, 31-38 
J Med. Chem. 1990, 33, NO. 1, 52-60 
J Med. Chem. 1990, 33, No. 1, 61-70 
J Med. chem. 1990, 33, NO. 2, 758-765 
J Med. Chem. 1991, 34, NO. 1, 357-366 
J Med. Chem. 1991, 34, No* 1, 367-373 
J Med. Chem. 1991, 34, No* 9, 2804-2815 

1. 
2 .  
3. 
4. 
5. 
6 .  
7. 

H h U f c i V f c U  8 .  
9. 

FE3 1 ]993 
CERTIFICATE OF SERVICE 3. 

iSQASO Or PATENT APPEALS 
were served upon Counsel for Wattanasin as follows: AMD 

Diane E. Furman 
SANDOZ CORP. 
59 Route 10 
E. Hanover, New Jersey 07936 

via first-class mail, postage prepaid, this 1ST day of FEBRUARY, 
1993. 

/ 

-"STEVEN B. KELBER 
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49-111-0 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

WATTANASIN 

INTERFERENCE NO.: 102,648 
V. 

EXAMINER-IN-CHIEF$ 

FUJIKAWA ET AL MICHAEL SOFOCLEOUS 

:.Ub!vc:U 
NOTICE, 37 CFR §1.682 

FES 1 1993 
HONORABLE COMMISSIONER OF PATENTS AND TRADEMARKS 
WASHINGTON, D.C. BOARD Of PA'I'HNT APrEf.l 20231 

AND 
BOX INTERFERENCE 

SIR: 

Fuj ikawa et al hereby serves notice pursuant to the provisions 

of 37 CFR §1.682 that the following printed publications are 

introduced into evidence: 
. i 

Medicinal Research Reviews, Vol. 11, No. 2, 121-146 (1991) 1.  

2 .  J Med. Chem. 1990, 33, No. 1, 21-31 

3. J Med. Chem. 1990, 33, No. 1, 31-38 

J Med. Chem. 1990, 33, No. 1, 52-60 4. 

5. J Med. Chem. 1990, 33, No. 1, 61-70 

6 .  J Med. Chem. 1990, 33, No. 2, 758-765 
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J Med. Chem. 1991, 34, No. 1, 357-366 7. 

J Med. Chem. 1991, 34, No. 1, 367-373 8 .  

J Med. Chem. 1991, 34, No. 9, 2804-2815 9. 

The publications 1-9 referenced above are relevant to the issue of 

actual reduction to practice, and conception, of the subject matter 

of the Count in the above-captioned Interference. Specifically, 

these publications relate to measurements of the activity of 

specific HMG-CoA reductase inhibitors, the demonstration of which 

is a prerequisite to demonstration of an actual reduction to 

practice, purportedly shown by the Junior Party in the above-

captioned Interference. 

Pursuant to the provisions of Rule 682(a)(4) and Rule 682(b), 

copies of the publications identified above accompany this notice, 

and have been served on the Junior Party. 

Respectfully submitted, 

0BL0N, SPIVAK, McCLELLAND, 
MAIER & NEUSTADTx P./CT? 

•Swven B. Kelber 
Registration No.: 30,07 3 
Attorney for Fujikawa et al 

Fourth Floor 
1755 South Jefferson Davis Highway 
Arlington, Virginia 
703-413-3000 

2 2 2 0 2  
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J. Med. Chem. 1990, 33, 21-31 21 h 
9 (B*); IR (KBr) 3600-3000 (NH2, OH), 1750, 1600 cm"1 (C—Cf-

C—N); UV 253 nm in 0.1 N HCI; NMR (diinethy\'d6 sulf
oxide) 5 11.05-10.95 (s, 1 H, 7-OH, D20 exchangeable), 7.10-6.90 
(br, 2 H, NHo, D20 exchangeable), 4.95-4.80 (m, 1 H, H-l'), 
4.70-4.50 (br, 1 H, CHjOtf, D20 exchangeable), 3.50-3.40 (d, 2 
H, CtfaOH), 2.32-1.55 (m, 7 H, H-4', CH2CH2l CHH'). Anal. 
(CtoHuNeCVl^SHsO) C, H, N. 

(:fc)-c;s-[4-(5,7-Diamino-3iiM,2,3-triazolo[4,5-tf jpyrimi-
din-3-yl)-2-cyclopenteny)]carbino] (Ua). Compound 9a (267 
mg, 1 mmol) was processed as described for compound 6a with 
a reaction time of 20 h at 60 0C. The residual mixture was 
absorbed onto silica gel (2 g); it was packed into a column (2.0 
X 10 cm) and elated by CHCla-MeOH (15:1) to yield 1 la as white 
crystais, 204 mg (83%). The crude product was recrystallized 
from ethanol-water (2:1) to yield Ha: mp 240-242 0C dec; MS 
(30 eV, 240 0C) m/e 247 (M+), 229 (M+ - 18), 217 (M+ - 30), 151 
(B+); IR (KBr) 3600-3100 (NH2, OH), 1700, 1650, 1600 cm"1 

(C—O, 0=0, C—N); UV 253,283 nm in 0.1 N HCI; NMR 
(c.methyl-dg sulfoxide) 6 7.80-7.20 (br, 2 H, NH2( D20 ex
changeable), 6.50-6.30 (s, 2 H, NH2, D20 exchangeable), 6.15-6.10 
and 5.95-5.90 (dd, 2 H, CH=CH vinyl, J = 5.0 Hz), 5.65-5.55 
(m, 1 H, H-l'), 4.75-4.65 (t, 1 H, CHjOH, D^O exchangeable), 
3.55-3.40 (m, 2 H, CK2OH), 2.95-2.85 (m, 1 H, H-4'), 2.65-2.55 
(m, 1 H, CHH') 11.90-1.80 (m, 1 H, CRHO- Anal. (C10Hl3N7-
O-HjO) C, H, N. 

(±)-cis-t3-(5,7-Diamino-3J7''l,2,3-triazolo[4,5-d]pyrinji-
diii-3-yl)cyclopentyl]earblDOl (lib). Compound 9b (268 mg, 
1 mmol) was processed as described for 9a to yield 220 mg of lib 
(88%), which was recrystallized from ethanol-water (1:2) to afford 
pink-white crystals', mp 223-225 QC; MS (30 eV, 250 ®C) m/e 
249 (M+), 218 (M+ - 31). 151 (B+); IR (KBr) 3600-3100 (NH2, 
OH), 1700, 1600 cm"1 (C«C, C-^N); UV 253,283 nm in 0.1 
N HCI; NMR (dimethyl-de sulfoxide) i 7.85-7.25 (br, 2 H. NH2, 
D20 exchangeable), 6.50-6.30 (s, 2 H, NHj, D^O exchangeable), 
4.95-4.85 (m, 1 H, H-l'), 4.65-4.60 (t, 1 H, CH^Otf, 0*0 ex
changeable), 3.50-3.40 (d, 2 H, CtfjOH), 2.35-1.60 (m, 7 H, H-4', 
CHjCHj, CHH'). Anal. (CioH14N70) C, H, N. 

Acknowledgment. This work was supported by Public 
Health Service Grant CA23263 from the National Cancer 
Institute. We gratefully acknowledge the valuable assis
tance of Jay Brownell. 

Registry No. la, eiSeS-SO-?; lb, 65898-98-8; 2a, 122624-72-0; 
2b, 78795-20-7; 3a, 122624-73-1; 3b, 122624-74-2; 4a, 122624-75-3-, 
4b, 122624-76-4; 5a, 122624.77-5; 5b, 122624-78-6; 6a, 118237-87-9; 
6b, 118237-86-8; 7a, 118353-05-2; 7b, 112916^0-1; 8a, 118237-88.0; 
8b, 120330-36-1; 9a, l22624'79-7; 9b, 122624.804; 10a, 122624-81.1; 
10b, 122624-82-2; 11a, 122624.83-3; lib, 122624-71.9; 2-amino 
4,6.dichloropyrimidme, 56.05.3; p-chloroaniling, 106.47-8. 
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Reductase Inhibitors. 1. Effects of Structural Modifications at the 2- and 
5-Positions of the Pyrrole Nucleus 

ide 
vlS 

TT1 

di 
le) 
l z )  
ex 

1 B. D. Hothr* D. F. Ortwine,* M. L. Hoefle, C. D. Stratton, D. R. Sliskovic, M. W. Wilson, and R. S. Newton -40 
'al. g Parke-Davis Pharmaceutical Research Division, Warner-Lambert Company, 2800 Plymouth Road, 

Ann Arbor, Michigan 48105. Received January 25, 1989 
>y-

E m A novel series of tran£-6-(2'pyjTo)-l-yUthylM-hydroxypyran-2-ones and their dihydroxy acid derivatives were prepared 
and evaluated for their ability to inhibit the enzyme HMG-CoA reductase in vitro. A systematic study of substitution 
at the 2- and 5-positions of the pyrrole ring revealed that optimum potency was realized with, the 2-(4-fluoro-
phenyD-^isopropyl derivative 8x (Table 111), which possessed 30% of the in vitro activity of the potent fungal metabolite 
compactin (1). A molecular modeling analysis led to the description of a pharmacophore model characterized by 
(A) length limits of 5.9 and 3.3 A for the 2- and S-substituents, respectively, as well as an overall width limit of 10.6 
A across the pyrrole ring from the 2- to the 5-substituent and (B) an orientation of the ethyl(ene) bridge to the 
4-hydroxypyran-2-one ring nearly perpendicular to the planes of the parent pyrrole, hexahydronaphthalene, and 
phenyl rings of the structures examined (Figure 3,0 m 80-110°). Attempts to more closely mimic compacting polar 
isobutyric ester side chain with the synthesis of 2-phenylpyrroles containing polar phenyl substituents resulted in 
analogues (Table III, Son-p) with equal or slightly reduced potencies when compared to the 2-((unsubstituted or 
4-fluoro)phenyljpyrroles, supporting the hypothesis that inhibitory potency is relatively insensitive to side-chain 
polarity or charge distribution in this area. 

The discovery that the fungal metabolites compactin (I)1 

i and tnevinolin (II)2 are not only potent inhibitors of the 
ted j enzyme HMG-CoA reductase (HMGR), the rate-limiting 

i enzyme in cholesterol biosynthesis, but are also effective 
hypocholesterolexmc agents in man3 has led to a plethora 

B )ve 
am 
Jid i 
3r) 
BU n M I H, | 
.25 
jal. 

a). 

! \y-
of publications describing synthetic and biological studies 
of close structural analogues.4 

/as 
>us 

HQ XX ite 
ion 
}V, 
IT)  F. (1) (a) £ndo, A.; Kuroda, M.; Tsujita, Y, J.  Antibiot. 1976,1346^8. 

(b) Endo, A.; Kuroda, V.; Tanzawa, K. FEBS Lett. 1976,72(2), 
323-6. (c) Brown, A. G.; Smsle, T. C.; King, T. J.; Hassen-
kamp, R.; Thompson, R. H. J. Chem. See., Perkin Trans. 1 
1976, 1165-9. 

(2) (a) Endo, A. J. Antibiot. 1979,32,852. (b) Alberts, A.; Chen, 
J.; Kuron, G.; Hunt, V.; Huff, J.; Hoffman, C.; Rothrock, J.; 
Lopez, M,; Joshua, H.; Harris, E.; Pachett, A.; Monaghan, R.; 
Currie, S.; Stapley, £.; Albers-Schonberg, G.; Hensens, 0.; 
Hirshfield, J.; Hoogsteen, K.; Liesch, J.; Springer, J. Prac, 
Natl. Acad. Scu U.SA. 1980,77(7), 3957-61. 

(3) (a) Therapeutic response to Lovostatin (Mevinolin) in Non-
Familial Hypercholesterolemia. J- Am. Med. Assoc, 1986,256, 
2829. (b) Vega, L.; Grundy, S. J. Am. Med% Assoc. L987, 
257(1), 33-38 and references contained therein. 

ati 

.90 ,CH3 

,0 
CH3 I: R « H (cwnpaain) 

H: R « CHj (mevinotin) 

The disclosure of a series of very potent 6-(o-bi-
phenylyl)-substituted 4-hydroxypyran-2-ones (III) by 
WHlard et al.5 led us to hypothesize that the key structural 

H ill !&1. 

lo-
sd 
•bd 
'he 
np (4) For a review, see; Rosen, T.;Heathcock,.C. Tetrahedron 1986, 
52 42 (18), 4909-51. 

3 
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S-
ft 

Scheme 11° Scheme Ia 

Method A CHO CN 
I I 

F^COCHrrCH, • RjCHO —^ ^COCHJCHJCORJ X f 3 t 2 
a (method A) Method B jjgg 3 b. e 

1 - k (irwriod C) R2C0CH2C02CH3 3 
0 (a) 3-Benzyl-5-(2-hydroxyethyJ)-4-n)ethylthia2oIium chloride, 

EtjN, 70 'C. (b) NaH, R,COCH,Br. (c) NaOH. CH3OH. 

6 5 

1 d. e (method S) 

X f " X f  HO. 
feature possessed by all of these agents was a large lipo
philic group held in a particular spatial relationship with 
respect to the 4-hydroxypyran-2-one moiety. Indeed, ex
amination of CPK models of these inhibitors suggested 
that the ortho phenyl ring might occupy the same space 
as the isobutyric ester moiety of compactin and mevinolm. 
This hypothesis is supported by the 100-fold loss in po
tency found on hydrolysis of the isobutyric ester group,® 
as well as the suggestion by Nakamura and Abeles that 
this portion of mevinolin fits into a lipophilic pocket in 
the active site of HMGR normally occupied by coenzyme 
A.7 If this were true, then any connecting group that 
served to hold the lactone and the lipophilic moiety in the 
correct spatial relationship might be sufficient for potent 
inhibition. To investigate this, we selected the pyrrole ring 
as the anchor for various connecting groups, since there 
appeared to be sufficient synthetic methodology to allow 
for the simultaneous introduction of a variety of 2- and 
5-substituents. By varying the steric and electronic 
properties of these substituents, modifying the connecting 
group, and employing a molecular modeling analysis, we 
hoped to discern, at least in part, the optimal spatial re
lationship between the lipophilic group and the 4-
hydroxypyran-2-one moiety and use this information in 
the design of potent HMGR inhibitors. 

We herein present our initial investigations into this 
series of inhibitors that define the structure-activity re
lationships at the 2- and 5-positions of the pyrrole nucleus 
and in the connecting group to the lactone ring. Also 
reported is the molecular modeling study and associated 
pharmacophore model, which describe conformational 
requirements of the side chain and steric requirements at 
the 2- and 5-positions of the pyrrole ring. 

Chemistry 
Our general synthetic strategy entailed the preparation 

of a suitable 1,4-diketone (3, Table I), either by the thia-
zolium salt chemistry developed by Stetter (Scheme I, 
method A)a or by alkylation of a jS-keto ester with an a-halo 
ketone followed by hydrolysis and decarboxylation (me
thod B). The Stetter reaction proved to be the more 
versatile and generally higher yielding of the two. Paal-
Knorr cyclization with S-aminopropionitrile or an ot-amino 
acetal provided the pyrroles in good yield (Scheme II). 
"Hie one exception was l-(4-fluorophenyl)-5,5-dimethyl-

HO 

f 0 

7 
a (a) HjN-X-CN, HOAc, reflux, (b) DIBAL-H, toluene, -78 8C. ' 

(c) aqueous HC1. (d) H-N-X-CHfOEt),, toluene, cat. p-TSA, re-
flux, (e) -CHJCO-CHCHJCHJ, THF, -78 0C. (0 n-BojB, NaBH4> 
-78 "C. (g) H3O2. OH", (h) Toluene, reflux, (i) H2N-X-OH, 
HOAc. (j) CHjSOjCl, pyr. (k) KCN, DMF-H20,100 "C. 

Scheme III 

t.g.c. h 

I 6 —•- I Yr*' "'iV' Ri fit 

8 9 

"X/ X f  HO, 

Hj.Pd-C r r •Hj Hj 
// H 

6v Su 

Scheme IV 
HO, rr HO. tr 

SBrj r r 
;H3 •HJ 

v\ // A h CHjO 

Bit, n,p 

hexane-l,4-dione (3q), which was extremely resistant to . 
cyclization. After considerable experimentation, it was 
found that treatment with ethanolamine in acetic acid 
resulted in an exothermic reaction from which the pyrrole 
was isolated in 84% yield. Mesylation and displacement 
with potassium cyanide in DMF/H2O afforded the re* , 
quisite nitrile. Reduction of the nitriles 5 with DIBAL-H : 

produced the desired aldehydes 6 in good yields (Table II). • 
Condensation of 6 with the dianion of methyl or ethyl . j 
acetoacetate under the conditions of Weiler9 afforded the • 
corresponding alcohols 7. Sih et al.w reported the re
duction of a related 5-hydroxy-|i?-keto ester in their syn- : 
thesis of compactin in which little stereoselectivity (2:1 
erythrorthreo) was found employing either sodium or zinc 
borohydride. We, and others,5® have found excellent se- ^ 
lectivity (>10:1 erythrorthreo) employing the procedure 
of Narasaka and P&i,11 in which 7 was complexed with a l 

trialkylborane prior to treatment with borohydride at low J 
temperature. The resultant boronate was hydrolyzed with ; 

Si, m, o 

(5) (a) Wtllard, A.; Novello, F.; Hoffman, VV.; Cragoe, E. USP 
4459422. (b) Stokker, G.; Hoffman, W.; Alberts, A.; Cragoe, 
E.; Deana, A.; Gilflllan, J.; Huff, J.; Novello, F.; Priigh, J.; 
Smith, R.; Wllard, A. J. Med. Chem. 1985, 28, 347-358. (c) 
Stokker, G. E.; Alberta, A. W.; Anderson, P. S.; Cragoe, £. J.; 
Deana, A. A.; Gilflllan, J. L.; Hirshfleld, J.i HolLz, W. J.; 
Hoffman, W. F.; Huff, J. W.; Lee, T. J.; Novello, F. C.; Prugh, 
j. D.; Rooney. C. S.; Smith, H. L.; Willard, A. K. J. Med. Chem. 
1986, 29, 170-181. 

(6) Endo, A J. Med. Chem. 1985, 28, 401-5. 
(7) Nakamura, C.; Abeles, R. Biochemistry 1985, 24, 1364-76. 
(SJ (a) Stetter, H. Argew. Chem., Int. Ed. Engl. 1976, IS, 639. (b) 

Stetter, H.; Kuhlmann, H. Chem. Ber. 1976, 109, 2890. (c) 
Stetter, H.; Schreckenberg, M. Chem. Ber. 1974,107,2453. (d) 
Stetter, R; Kuhlmann, H. Synthesis 1975,379. 

(9) Huckin, S. N.; Weiler, L. J. Am. Chem. Soc. 1974, 96, 
1082-1087. 

(10) Warig, N. Y.; Hsu, C. T.; Sih, C. J.«/. Am. Chem. Soc. 1981, 
103, 6538-6539. 

(11) (a) Narasaka. K.; Pai, H. C. Chem. Lett. 1980,1415-2418. (b) 
Ibid. Tetrahedron 1984, 40,2233-2238. 

Sawai Ex 1005 
Page 958 of 4322



jj. 

I 
I Journal of Medicinal Chemistry, 1990, Vol. 33, No. 1 23 Inhibitors of Cholesterol Biosynthesis. 1 

Table II. 2,5-Disubstituted Pyrrol-l-yl Carboi- or Benzaldehydes 

CHO 

I 
YV4 R, 

? ° 0°  V 
^ o 

% yield"^ 
Rj (method) Rt X no. 

63 (A) CH, 4-FCsH, 6a 

56(A) CH, -q 4.FC6H4 6b 

35 (A) CHj 4-FC8H4 6c O •s 
LOO eon tcsa 

Figure 1. Correlation between CSI and COR ICJO'S. 65(A) 
34(C) 
45(A) 
27(A) 
60(A) 
32 (A) 
56 (A)' 
37 (A) 
68 (A) 
58(A) 
50 (A) 
23(A) 
60(A) 
63(A) 

-CHJCHJCHJ- 4-FC6H4 
-CH(CHJ)CH2- 4*FC6H4 

-CHJCHJ-
-CHJCHJ-
-CHJCHJ-
-CHJCHJ-
-CHJCHJ-
-CHjCH,-
-CHjCH,-
-CHJCHJ-
-CHJCHJ-
-CHjCH,-
-CHJCHJ-
-CHJCHJ-

CH3 6d 
CHtCHjJj fie 
CH3 4>FC(H4 I 6f 

Ph CHj 6g Table I. Substituted 1,4-Diketones 
4'PhC6H4 
^-CHaOCsH, 
4-ClCeH4 
3-FjCgH^ 
5-CHjOCeHf 
2-CH30CeH4 
2-naphthyl 
1-naphthyl 
cyclohexyl 

6h CH, 
R,COCH2CH2COR2 CH, 6i 

3 CH, 6j I CH, 6k % yield* 
(mmHg), 0C (procedure) 

bp CH, 61 I R. RJ no. CH, 6m 
9 CH, J-'* 80(A) 

66 (A) 
73 (A) 
44 (A) 
57(A) 
38(A) 
80(A) 
51 (A) 
55 (A) 
83 (A) 
76 (A) 

Ph CH3 100 (0.1) en 
I CH, 4-FCeH, 

4.PhC8H, 
4.C1CSH, 
4-CH30C$H4 

3-F3CC6H< 
3-CH3OC,H4 

2.CH3OC#H4 

2-naphthyl 
1-naphthyl 

CH3 46-8 6o 
CH, CH, 109-112 

116-8 (t.O) 
6p i'j 6 

3d* CH, CH, «q 3 Se4* CH, b 
i CH, 3f b X CH, 143-5 (0.2) 

133-5 (1.0) 
3? ? 
3h CH, CH, 22 (A) -CHjCHj-6r 3i CH, 87-8 
3J CH, 105 (0.1) 

CH, 3k 114-6 (1.0) 
69 -CH,CH,-
6t -CHjCHj-
6u -CH,CHj-
6v -CHJCHJ-

6w -CHJCHJ-

6x -CHJCHJ-

6y -CHJCH,-

6z -CHJCH,-

6aa -CHJCH,-

6bb -CHJCHJ-

6cc -CHJCH,-

6dd -CH,CHr 
6ee —CHjCHj-
6ff -CHjCHj-
6gg -CHjCHj-
6hh -CHjCHj-
6ii -CHjCHj-

PhjCH 
4-FC6H4 
4-FC«H< 

4.FC6H4 
4.FC6H4 
4-FC5H4 
4-FC6H4 
4-FC6H, 
3-FC8H4 
2-FC6H4 
2,4-FjCeH, 
2-CH,OC6H4 
2^(CH30)aC6H, 
2^-(CH3)2C6H, 
2-[(CH3)2CHO]C6H4 CH(CH^J 

2-ClC6H4 

CH, 32(A) 
92(A) 
42(C) 
46(A) 
25(A) 
34(A) 
22 (A)-

55(A) 
CH(CH^ 29 (A) 
CH(CH3)J 17 (A) 
CH(CH^2 20 (A) 
CH(CHa)2 42 (A) 
CH(CH3)2 36 (A)-
CH(CH3)2 43 (A) 

79(A) 
CHfCH,), 46 (A) 
CHtCHaJj 41 (C) 

CH(CH3)2 

CtCH,), 
CHJCJHJJJ 

cjxlopropyl 
cydobutyl 
cyclohexyl 

13 

98(A) 3: CH, b 
Sj 

3mM 88 (A) 
61 (A) 
89 (A)-55 (B) 
58 (A) 
56 (A) 
54(A) 
75(A) 
65(A) 
51(A) 
25 (B) 
53 (A) 
90(B) 
95(A) 
77(A) 
71 (A) 
68(B) 

cyclohexyl 
PhjCH 
4'FC6H4 

4-FC6H4 

4-FC8H4 

4-FC6H4 

4-FC6H4 

4-FC6H, 
4-FC6H< 

4-FC6H4 

CH(C2H5)2 

3-FC6H4 

2-FCgH4 

2,4'F]C(H3 
2.CH3OCsH4 

2,6-(CH,0)aC6Ha 

CH3 110 (4) 
3a CH3 b CF, 
3o C2H5 

CH(CH3)2 133-5 (1.0) 
C(CH,), 108-9 (0.2) 
CH(C2HS)2 132-3 (0.2) 
cyclopropyl b 
cyclobutyl 132-5 (1.0) 
cyclohexyl 150-5 (0.1) 

b 
3p 
3q to 
3r 

'H « 38 
id { Z 

ile 3u 
3v CF3 b nt 
3"* CHtCjHjJj 79-83 (0.2) 

CH(CHJ)2 b  
CH(CH3)2 b  
C H ( C H 3 ) 2  b  
CH(CH3)2 138-141 (0.2) 
CH(CH3)2 160-2 (2) 

3 K ;Q JJ 3y a), i 
lyl [ 

Q 3z 
3aa •Hj 3bb ;he CH(C2H^2 60 (A) 6jj -CHaCHj- CH(CJH5)2 

1 All spectral data were consistent with assigned structures. 
Purified by silica gel chromatography. 

re- "Isolated yields after chromatography on silica gel. bAll compounds 
possessed 1H NMR spectra in accord with assigned structure (aldehydic 
proton, singiet, i 8.95-9.65). eMp70-3 cC. ''Mp 104-6 ®C. Anal. C, 
H.N. 'Mp 105-7 0C. AnaL C, H, N. 

yn-
2:1 

aqueous peroxide and base.12 The dihydroxy acids were 
then lactonized by refluxing in toluene with azeotropic 
removal of water. Generally, the lactones were crystalline, 
s^:n that the small amounts of the cis lactone stereoisomer 
^ present were easily removed by recrystallization, pro
viding >95% of the racemic trans stereoisomer (8). The 
conversion of 8u to 8v was accomplished by hydrogenation 
over Pd-C at 1 atm (Scheme III). Finally, the phenol 
analogues 8k, Sh, and 8p were prepared from the corre-

inc 
se- sponding methyl ethers 8i, 8m, and 8o by BB^-mediated 

demethylation (Scheme IV).13 

Biological Results 
The target lactones (8, Table III) were saponified and 

tested for their ability to inhibit HMGR employing two 
protocols. Method I14 (cholesterol synthesis inhibition 
screen, or CSI) measured the rate of conversion of [14C]-

ure 
,h a 
low 
vith 

. 96, 

'.981, 

(12) A detailed examination of this reaction has appeared: Ka-
thawala, F.; Prager, B.; Prasad, K.; Repic, O.; Shapiro, M.; 
Stabler, R.; Widler, L. Helu. Chim. Acta 1986, 69,803-5. 

(13) McOraie, J.; Watts, M.; West, D. Tetrahedron 1968,24,2289. 
(14) Diigan, R.; Slakey, L.; Briedis, A.; Porter, J. Arch. Biochim. 

Biophys. 1972,152, 21-7. 

i 
.. (b) 
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I 
i 
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Figure 2. CA-MSEQ-D energies calculaied Tor comparable orientations of che lactone side chain. Dashed lines represent less potent analogues 
(8jt  82, Sbb, 8cc, and 8nn; CSI ICJO > 5 ^M). 

aside from a length limitation of the 2-substituent (see the 
molecular modeling section below), no obvious structure-
activity relationships could be discerned. Optimum po
tency resided in the 4-fluorophenyl analogue, 8f. With 
2-substitution held constant as the optimal 4-fluorophenyl, 
potency increased with increasing length of the 5-sub' 
stituent from methyl (8f) through cyclopentyl (8aa) to a 
maximum with isopropyl (8x) (length » 2.5 A; see mod
eling section below). Potency decreased thereafter to a low 
of >100 with 5-cyclohexyl substitution (8cc). 

With 5-substitution held constant as the optimal iso
propyl, additional variation of the 2-phenyl substituents, 
now keeping within the length limit of 5.9 A suggested by 
the modeling analysis (See-mm), failed to improve the 
potency over the 2-(4-fluorophenyl)-5-isopropyl derivative, 
8x. Indeed, an additional "front-to-back'1 width limitation 
(Figure 3) may be apparent with 8ii and Smm, which 
project significantly greater bulk in, these directions than 
the other analogs. Finally, of interest is the 2-(4-fluoro-
phenyl)-5-trifiuoromethyl analogue 8dd, whose high po
tency may be due in part to stabilization of the pyrrole ring 
by the electron-withdrawing trifluoromethyl group, an 
aspect to be addressed in future communications. 

These results, combined with results from the molecular 
modeling study, confirmed our belief that 8x possessed the 
optimum substitution pattern, since structural modifica
tions at the 2- and 5-positiohs, as well as variation of the 
bridge to the lactone ring, led to decreased potency. A 
similar conclusion can be inferred from the examination 
of other 5-membered ring heterocycles reported in the 
patent literature.17 

acetate to cholesterol employing a crude liver homogenate 
derived from rats fed a chow diet containing 5% chole
styramine. Method II15 (CoA reductase inhibition screen, 
or COR) was a more specific screen employing a partially 
purified microsomal enzyme preparation to measure the 
direct conversion of D,L-(NCJHMG-COA to mevalonic acid. 
The biological activities are reported as IC8o values and 
as a ratio to compactin, which was employed as the internal 
standard in each testing protocol. Compactin consistently 
displayed an IC50 between 0.02 and 0.03 MM. The IC50 
values from the two assays were moderately correlated (eq 
I,16 Figure 1). 

log (ICM, COR) = 0.81 (±0.09) log (IC50, CSI) - 1.32 
(1) 

n = 36 ,  r 2 « 0.70, F = 81, s  -  0.39 

Structure-Activity Relationships 
As very little was known about heterocycle-containing 

inhibitors at the outset of this study, our strategy was to 
systematically examine each portion of the structure, 
keeping the 4-hydroxypyran-2-one ring intact. Initially, 
the optimum chain length between the lactone and the 
pyrrole ring was determined. A two-carbon bridge (8f) was 
superior to either a three-carbon (8d) or aryl spacer (8a-c) 
(Table III). This is consistent with the findings of Stokker 
et al.5b 

Holding the bridge constan.t as ethyl, the structure-ac
tivity relationships of the 2 and 5 pyrrole substituents were 
explored. With 5-methyl substitution (8f-w), high potency 
was conferred by bulky cycloalkyl 2-substitutents (8s-v). 
Among 2-(substituted-phenyl)-5-methyl derivatives (8f-r)f 

(16) Compounds 8c and 8cc were assigned ICW values of 100 
so they could be included in the correlation. 

(17) Kathawala, F. G. WIPO Patent WO 84/02131, 1984. 
(15) Kita. T.; Brown, M; Goldstein. J. J. Cl in .  Inves t .  1980, 66, 

1094-1100. 

J - -"..**3, 
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Table III. trorw-6-(2-Pyrrol-l-ylalkyl or -aryl)-4-hydroxypyran-2-ones 

HQ tf •;>V n 
R, m A a 

e 

relative 
ICW,4': jtM, logIC,* potency,'* ICJO,5-* MM, loglCjo, 

COR 
% 

X R, R. CSI CSI COR mp, 0C yield forznula,, CSI no. 

4-FC6H4 CHJ 155-7 8a C^H^FNOj 0.10 32 20 -4.7 

: 4-FC6H4 CHa 8b 54-7 29 CJJHJOFNOJ 0.01 63 -4.2 24 -4.6 

I CH3 4-FC6H< 6c 142-5 21 CnHjoFNO, >100 -4.0 <0.01 >100 -4.0 
» o 

CHj -CHjCH2CH:-
-CH(CH3)CHj- 4-FC6H< 
-CH^CHa-
-CHjCHj-
-CH,CH2-
-CH^CH,-
-CHjCHj-
-CHiCHj-
-CH,CH2-
-CHJCHJ-
-CHjCHj-
-CHjCHj-
-CHICH2-
-CHjCHj-
-CHjCHj-
-CH^CHj-

-CHjCHj-

4*FC6H< oil Sd 41 CI9H„FN03 
CJ.HMFNOJ 
CJSHJOFNOJ 

53 . -4.3 0.02 
CH(CH3)2 

CH3 
CH3 • 

8e 167-9 30 0.50 5.0 -5.3 40 -4.4 
4-FC6H« oil 8f 32 0.51 -6.3 0.90 2.8 -5.6 
Ph 89-91 29 

104-7 35 
95-96 50 
118-121 28 
161-2 

8g CtgHjiNOj 1.4 -5.9 0.40 13 -4.9 
CH3 0 8h 4-?hCflH< 

4<MeOCgH4 
4.C1C6H4 
4-H0CsH< 
3-F3CC8H4 
3-MeOC8H, 
3-HOCsH4 
2-MeOCsH, 
2.HOC«H« 
2-naphthyI 
1-naphthyl 
cyclohexyl 

Cj^HuNOa 
Cl9HMN04 

CtgHioClNOa 
Cl8H2lNO, 
C.sHjoFjNOa 
C^H^jNQ* 
Cj8HjIN04 
CwHoNO^ 
C.sHj.NO^ 
CJJHJJNOJ' 
CaHjjNOa 
ClflH„N03 

23 0.10 23 -4.6 -4.6 
CHj 8i 28 12 -4.9 0.10 -4.6 

8j CH3 0.20 3.2 10 -5.0 -5.5 
CH3 8k 2.6 -5.6 6.3 1.0 -5.2 
CH3 81 oil 65 1.5 -5.8 0.30 5.4 -5.3 
CH, 8m j 106-9 21 

144-5 
112-3 38 
140-2 
foam 30 
137-8 21 
129-130 25 
125-3 20 

2.5 0.80 11 -5.0 -5.6 
CH3 8n 12 -5.0 1.9 -5.7 1.40 

So CH3 2.1 -5.7 0.90 25 -4.6 2 
Sp CH, 30 2.5 -5.6 1.10 -4.5 
8q CH3 16 0.10 3.6 -4.8 -5.4 

CHa Sr pj,es 0.70 4.0 1.8 -5.8 -5.4 
6s CH3 0.69 0.50 -5.6 -6.2 2.2 

CH3 St CjgHjjNOa -5.8 1.10 5.8 -5.2 1.4 
the 
jre-
po-

8u CH3 -CHJCH,- 135-8 13 CMH^NOJ' -5.9 1.3 U0 3.2 -5.5 Yith 
ijiyl, | 
sub- I 
to a g 
icd-
. low 

*v -CHjCH -̂ CHj 136-9 68 CWHHNOJ -5.6 2.3 2.3 -5.6 1.10 

[ 

-CHjCH,-
-CHJCHJ-
-CH^H,-
-CH2CH2-
-CHJCHJ-
-CHjCHj-
-CH2CHa-
-CHjCH,-
-CHjCHj-
-CH,CHj-
-CHjCH^ 
-CHjCHj-
-CH^CHj-
-CH2CH}-
-CHJCHJ-
-CH^CHr 

9mm -CHiCHr 

Ph2CH 
4.FC«H< 
4'FC6H4 
4-FC<H4 
4.FC«H4 
4-FC8H4 
4-FC8H4 
4-FC6H4 
3'FCgH< 
2-FCsH< 
2.4-FAHa 
2-MeOCeH, 
2,6.(MeO),C,Ha CH(CH3), 
2.5-Me2C«H3 
2-iPrOC8H< 
2-CLCeH4 

CH3 8w 129-132 
CH(CH3)2 105-6 
C(CHj)3 117-8 
CH(CiH5)» 107-8 
cyclopropyl foani 
cyclobutyl 88-9 
cydohexyl 64-6 

33 CJJHTJNOJ 
34 C^H^FNOa 
24 CjtHjgFNOa 
36 CaHajFNOj 
22 CmHJ2FN03 
5 CjtHMFN03 

30 C^aFNOa 
58 C,8HnF4N03 
40 CwHwFNOa 
9 CaoHaFNOs*. 
8 CajHaFtNOj 

16 C^HnNO* 
36 CaHjjNOj 
25 CaHaNOj1 

12 CaHjtMV" 
25 CJOHJ^CINOJ 
34 CaHaNO/ 

-4.9 8.9 13 0.10 -5.4 iso- 3x 0.23 0.40 -6.4 30.2 -6.6 
mts. 8y -5.8 1.6 1.70 1.8 -5.7 

; d by 8z 20 -4.7 0.10 32 -4.5 
Baa 2.2 -5.7 1.30 2.6 -5£ the 8hb -4.8 17 a20 tive, 

ition 
8cc -4.0 >100 <0.01 >100 -4.0 
8dd CF, oil 0.25 -6.6 8.0 0.63 -6.2 
See hich CHtCHj), 

CH(CH3), 
CH(CHJ)2 

CHtCHa), 

87-9 -5.9 1.3 1.8 2.6 -5.6 
8ff oil 3.2 -5.5 0.9 chan 1.8 -5.8 
See 75-7 -5.8 1.6 1.5 >2.6 -5.2 ioro-

i po
ring 

>, an 

Shh oil 2.2 -5.6 1.0 5.6 5.2 
8ii foam -4.7 19 0.2 87 -4.1 
8jj CH(CH^a 

CH(CH3)2 
CH(CHa)a 

oil -4.9 0.2 12 16 -4.8 
8kk oil 3.2 -5.5 0.9 
811 foam 3.2 -5.5 0.5 9.1 -5.0 

CHtCHaJj oil -4.6 9.6 -5.0 0.2 25 ;ular n jthe 
D fica-

:H. f the 
Son -CHjCHr CHtCjHi), CH(C2H5)2 oil CjiHj^NOa >100 20 -4.0 <0.01 

-7.6 100 /• A I compactin - 0.026 0.025 -7.6 ition 
'Analytical results are within ±0.4% oC theoretical values unless otherwise noted. ^Cholesterol synthesis Inhibition screen; a measure of the rate 

pf conversion of (HC)acetate to cholesterol employing a crude liver homogenate. eICw values were deterxnioed with four dose levels of each inhibitor 
the assay systems described in ref 14 (CSI) and 15 (COR). ^Calculated as follows: (IC30 of test coinpound)/(ICgo of compactin determined 

^multaneously) X 100. 'CoA reductase inhibition screen; a measure of the direct conversion of D,L-[14C]HMG-COA to mevalonic acid employing a 
Partially purified microsomal enzyme preparation. fC: calcd, 75.62; found,75.12. 'C: calcd,72.92; found, 72.50. AC: calcd, 69,54; found, 71.37; H: 
^Icd, 7.01; found. 7.54. 'C; calcd, 74.33; found, 74.78. 'C: calcd, 71.66; found, 72.09. *C: calcd, 73.69; found, 72.09. 
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,s*0H r o. 
CUiyKtM) 
out sf tn* 
pUnt of PirrtU 
(a « 90*1J0*). 

.0 

J® 
Jr 9 

fellS 
I 1 

mpactln 

Sin eoiMtraints: • lt» Wun S.9 A 

4j • !»»» tntn J.) K 

4j - 1«t> trun 10.6 A 

/ 
fe> m Figure 3. Summary of conclusions from the molecular modeling 

study. 

Molecular Modeling 
In order to identify the required spatial relationship 

between the lipophilic group (represented by the substi
tuted pyrrole, phenyl, and hexahydronaphthalene ring 
systems) and the 4-hydroxypyran-2-one moiety, quantify 
steric tolerances across the pyrrole ring, and evaluate the 
relationship between potency and the polarity (charge 
distribution) of the side chains, selected analogues from 
Table III, compactm (I), and the potent biphenyl inhibitor 
III were modeled by using the CAMSEQ-H program pack
age18,19 (Table IV; see the Experimental Section). Con
formational preferences of the ethyl (or ethylene) bridge 
to the lactone ring, size of the Ri and Rj substituents 
(Table IV), and charge distribution were compared to 
potency in the CSI screen (at the outset of this study, 
affinities in the COR screen were unavailable for the 
majority of the analogues studied) in order to develop a 
pharmacophore model for HMGR inhibition. 

Lactone Side Chain Conformations. For reference 
purposes, calculated energies for the 0°, 90°, 180°, and 
lowest energy conformations of 0 are summarized in Table 
IV. Figure 2 depicts the calculated energies for individual 
conformations. From Figure 2, all of the modeled com
pounds, including compactin (I), the biphenyl analogue III, 
and the less potent analogues 8z, 8bb, 8cc, and 8nn, can 
adopt an eneretically favorable conformation where the 
ethyl(ene) bridge is nearly perpendicular to the parent 
pyrrole, benzene, or hexahydronaphthalene ring systems. 
Indeed, for the potent derivatives St and III, the Calcula
tions show that the out of plane (6 =» 80-110°) orientation 
is the only one allowed. In addition, the reduced potency 
of the feri-butyl (8y) over the isopropyl (8x) analogue may 
be explained by the fact that the out of plane conformation 
{6 = 110°) of 8y is calculated to be energetically disfavored 
over the in-plane (0 = O-VO0) orientations. 

Thus, it is concluded that a conformation of the 
ethyl(ene) bridge to the 4-hydroxypyran-2-one ring out of 
the plane (90-120°) of the parent ring systems is consistent 
with increased potency as o HMGR inhibitor. Interest
ingly, this corresponds to the calculated minimum energy 
and not the X-ray conformation^ of compactin. The X-ray 
conformation represents a secondary minimum at $ -

\ / 
An et 

Figure 4. Charge distribution of compactin and selected ana
logues. Hatched and open spheres represent positive and negative 
charges, respectively. Sphere size is proportional to the magnitude 
of the atomic charge. . 

24.6®, 1.2 kcal/mo! higher In energy, probably due to 
packing interactions. 

Steric Tolerances. In determining steric tolerances, 
the substituents were somewhat arbitrarily assigned. 
Larger substituents such as substituted phenyl, nor-
bornenyl, and the isobutyric ester on compactin were 
placed at Ri (Table IV); small alkyl groups were assigned 
to R2. Changing the assignment would affect the conclu
sions regarding these tolerances. Low-energy, extended 
conformations of the substituents were used in the distance 
calculations; other orientations of flexible groups such as 
CH(C2Hs)2 could produce different distances. 

The maximum lengths of Rx and R2 and the overall 
width of the molecule across the parent ring system from 
Rj to Rj are given in Table IV. The calculations show a 
clear dependence of CSI potency on all three distances 
summarized in Figure 3. High potency (IC50 < 1.6 ^M) 
is observed only for those analogues whose (a) maximum 
length of Ri (Figure 3, di) is <5.9 A (Table IV: compare 
8f and 8j), (b) maximum length of (Figure 3, is <3.3 
A (compare 8x and 8z or Snn), and (c) overall width 
(Figure 3, rf3) is <10.6 A (compare 8y and 8bb), Other 
analogues not included in Table IV reinforce the length 
constraints at R^ the 2-naphthyl analogue 8q (c^ = 6.40 
A) is less potent than the 1-naphthyl (d1 - 4.20 A), and 
.the para-substituted derivatives 8h and 8i possess reduced 
potency. 

Charge Distribution. Initially, it was hypothesized 
that the spatial orientation of polar regions with relatively 
large partial charges within the molecule might be con
nected to CSI potency. Compactin contains two distinct 
regions of relatively large partial charges corresponding 
to the 4-hydroxypyran-2-one ring and the isobutyric ester 
side chain (Figure 4). The potent inhibitors 8f and 8x 
also present relatively large partial charges, albeit weaker 
in strength, in roughly the same region as this side chain. 
However, attempts to increase potency by more closely 
mimicking the polar regions associated with the isobutyric 
ester of compactin with the more polar 2- and 3-(methoxy 
and hydroxy)phenyl analogues 8m-p resulted in equipo-

(18) (a) Potenzone, R., Jr.; C&vicchi, E.; Weintraub, H. J. R,; Hop-
finger, A. J. Compul. Chctn. 1977, J, 187. (b) Potenzone, R., 
Jr.; Hopfinger, A. J. A Demonstration of the CAMSEQ-II 
Software System In DHISW Publ. (FDA) (U.S.), Issue FDA 
78-1046, Structural Correlttlions of Carcinogenesis and Muta
genesis, 1978, pp 102-10:1. 

(19) In-house conversion of thu program to run on an IBM 3033 
under MVS/TSO (J. \V. Vinson, unpublished work). 
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Table IV. Results of Modeling Studies on Compactin and Subttftuttd Pyrroles 

HO, •O 
» 

m 

C 
8 

n i r 8 

aaxlaum 
lengths. 

mntimmn 

overall 
width, A . _ 

180° min en ctmf (R, to R,) R, R, 

lactone side chain 
rotations, CAMSEQ energies6 

\ 
A ICJO," 

other rotations' 0# 90° R, RI no. 
\ 

I^SI 5.0 -37.10' -41.43' 100' 60%-42.92' 10.12 S.S8 2.48 i ge 4-FCJH4 (a-Me)- CH(CHj)i 
\ 

also bond from a-Me 
to lactone aide chain 
(ram 0° to 60* by 20° 

5.0 -46.93' -27.09** IOC 0a,-46.93; 

0.51 -40.92 -39.2? -10.03 0°,-40.92 
10.12 • fie ^FCgHt (a-Me)' 

\ 6f 4»FCSH^ 

8} l-CICsH, 

CH(CHJ)J 5.58 2.48 6s above 
5.58 1.50 Bethyl group (Rf) from 

0° to 60* by 10° 
7.66 CHj 

\ 

9.33 5.89 1.50 u above 10 CH, 
67.11 -44.98 -16.40 90*. -44.98 7.22 3.64 1.50 bond from Ri to pyrrole 

from 0* to 360* by 20* 
CH, 1.4 8t* 

d ana-
jgative | gf-

."nitudc ri 
7.87 4.27 1.50 es above 19.63 -43.65 -15.01 70% -44.65 

/£>• 
CH, 1.4 

10.12 && 2.48 [^CHJ 0.40 -46.64 -45.06 46.29 0*,-46.64 CHICH,), ;} 8* 4-FC«H< 

lue to K 
Si 1.6 -47.77 -24.10' 100 0®, -47.77 10.20 5.58 2.48 C(CHj)} j Sy 4-FC#H< ances, g 

igned. \ 
\, nor- ; all bonds Itom 0° to 

60° by 20® 1 i were » 
signed R 82 4-FC6H, 
onclu- | 
ended b 
istance 
•uch as 

hCl 10.99 5.58 3.74 20 -52.35 -50^7 100 0", -52.35 CH(CIHJ)J 

tennina) methyls set 
to a staggered 
confonaatlon 

10.62 5.58 3.35 bond from Rj to pyrrole 
from 0* to 360* by 20® 

11.92 5.58 4.33 bond from Rj to pyrrole 
from 0° to 360° by 20° 

9.41 3.74 3.74 tee compound 8; above 
8.81 5.66 150 

| 
17 -46.46 -44.32 6.01 60°.-46.64 8bb 4.FC«H, 

Sec 4.FC<H< 

I inn CHtCjHa), 

cydobutyl 

cyclohexyl 

CHtCjHj), 

I overall 
'.n from 
show a 

100 -51.76 -50.31 100 O", -51.76 
it 

100 100 -47.28 100 100*, -54.31 
0.026 10.17' -56.04' IOC I20'.-61.74' t I HO, X f  .  itances d Ha-

.6KM) ? 
ximum ^ 
•)mpare 
is <3.3 g 

. widths 
Other | in 
length & 
= 6.40 b 

Aj, and | 
-educed | 

hesized | 
.'latively 1 

A- +• M I 'CSIscreen (aee Table III). ^Counterclockwise rotation of 8 ftomO to 180" by 10', \mfess otherwise noted, 9t«rti»g from the in-plane conformationahown 
DVSXinCV | (atoma A, B, C, D in 0 cis orientation). Stcric and electrostatic (using charges calculated via the CNDO/2 methodj terma were used. EnergiM w io kilocalo-
jondingg ^/mole. * At each conformation of the lactone aide chain, rotations were performed on the marked bonds from 0® to 180* by 20®, unless otherwise indicated. 
rtC ester I Sub»*ituted phenyl rings at R, were held perpendicular to the pyrrole. 'R stereoisomer. '? was scanned fwm 0® to 250* by ID®. fS stereoisomer. '6 = UO* 
"and 8* ! f[0nfci^,er'"4609 A£ndo isomer, 'Exuisomer. ' 8  «• 70° conformer, -46.93 kcaJ/moI. * Chair form; equatoriaJ attachment to pytiole. 'flwas scanned 

'echain- I more potent, analogues. In addition, compounds 
> closely | COnt^'niiig bicyclo moieties at R] (8t-v) demonstrated that 
0butyric [ a Poiar substituent in this area (or an aryl ring, for that 
nethoxyf ijatt®r) was not required for CSI potency at the 1 jrM level. 
equipo-S us* ^ Is concluded that CSI potency is relatively in-

aHj 0 

terminal alkyl groups 
sat to a staggered 
coDfonsaticn 

8.74 5.52 1.50 bond from R* (Me) to 
phenyl from 0® to 60® 

"by 20®; bond fcom Rl 
{4-F,3-MeCeHj) to 
phenyl from 0® 
(biphenyt coplanar) to 
90® by 15® 

0.01 100 -48.89 100 130'. -52.92 HQ IT 
F. 

N?-

CKj 

sensitive to the polarity of the group at Rj. 

Conclusions 
A series of 6»{2-pyrrol-l«ylethyi)-4-hydroxypyran-2-ones 

(8) has been identiified as inhibiting the enzyme HMG-CoA 

•* ^^3^. 
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reductase (HMGR). By measuring the inhibition of 
HMGR in vitro, the 2- and 5-substituents on the pyrrole 
ring have been optimized, thus obtaining a compound (8x) 
that possesses 30% of the in vitro potency of the potent 
fungal metabolite compactin. 

From a molecular modeling study, it was determined 
that so long as the 2- and 5-substituents did not interfere 
with the ability of the ethyl bridge to the lactone ring to 
attain an out-of-plane conformation (& " 90-110°), and the 
substituents were within the distance contraints given in 
Figure 3, one could expect to achieve potency at the 1 iim 
level in the CSI screen. Attempts to enhance potency by 
mimicking partial charges in the polar isobutyric ester side 
chain in compactin failed. It is concluded that there are 
no strong electronic requirements for binding in this area. 

In addition, the reduced potency of Sw, 8ii, and Sram 
relative to other substituted phenyl derivatives suggests 
a steric intolerance off of one of the ortho phenyl positions 
of the R2 substituent. One other noteworthy observation 
is that substitution of the 5-isopropyl with tiifluoromethyl 
produced an analogue, 8dd, of essentially equal potency, 
(Table III: compare 8dd with 8f and 8x). This suggests 
the desirability of an electron-deficient pyrrole ring and 
a possible direction for future exploration. Efforts to 
further optimize the inhibitory potency of this series will 
be reported in subsequent publications from these labo-
ratories. 

Experimental Section 
Unless otherwise noted, materials were obtained from com' 

mercial suppliers and were used without further purification. THF 
was distilled from sodium and benzophenone. All organic extracts 
were dried over MgSO< except where otherwise noted. Melting 
points were determined on a Thomas-Hoover melting point ap
paratus and are uncorrected. Infrared spectra were determined 
on a Nicolet MX-1FT-IR spectrophotometer. NMR spectra were 
determined on either a Varian EM-390 spectrophotometer or a 
Varian XL-200 instrument. Chemical shifts are expressed as parts 
per million downfield from internal tetramethylsilane. Elemental 
analyses for carbon, hydrogen, and nitrogen were determined on 
a Perkin-Elmer Model 240C elemental analyzer and are within 
0.4% of theory unless noted otherwise. HPLC analyses were 
performed with a Varian 5500 unit equipped with a Reodyne 7126 
loop injector, a Dupont variable wavelength detector, and an 
octadecykilane column (AUtech C18 600RP, CHJCN-HJO eluant, 
60:40, v/v) interfaced to Varian 402 data system for computation 
of peak areas. All starting materials were commercially available 
unless indicated otherwise. 

Preparation of l-{4-F2uorophcnyl)-5-methyl-l,4-hexane-
dione (3p). Method A. l-{4-Fluorophenyl)-2-propen-l-one (43.0 
g, 287 mmol) was mixed with 31.2 mL (344 mmol) of isobutyr-
aldehyde, 28 mL (200 mmol) of triethylamine, and 14.5 g (58 
mmol) of 2-(2-hydroxyethyl)-3-methy!-4-l>enzylthiazotium chloride. 
The mixture was stirred at 70 0C under nitrogen for 12 h, cooled 
to room temperature, and partitioned between ether (500 mL) 
and water (100 mL). The aqueous layer was further extracted 
with ether (300 mL). The combined ether extracts were washed 
successively with water (200 mL), 2 M HC) (2 X 100 mL), and 
brine (100 mL) and dried. Filtration and concentration to dryness 
in vacuo provided an oil which was distilled (bp 115-120 ®C, 0.2 
mmHg) to provide 36.7 g (58%) of the title compound which 
solidified On standing: 90-MHz NMR (CDCl^ 61.15 (d, 6H,</ 
= 7 Hz), 2.7 (septet, 1H, J = 7 Hz), 2.8 (ro, 2 H), 3.05 (m, 2 H), 
7.12 (t, 3 H), 7.95 (m, 2 H). An analytical sample could be obtained 
by recrystallization from hexane, mp 51-3 °C. Anal. (CIJHJJFOS) 
C, H, N. 

Alternate Synthesis of 3p. A mixture of 2-methyM-pen* 
ten-4-oneBd (2.0 g, 20 mmol), ^-fluorobenzaldehyde (2.4 g, 20 
mmol), 2 mL (14 mmol) of triethylamine, and 1.0 g (4 mmol) of 
2-(2-hydroxyethyl)-3-methyl-4-!)enaylthiazolium chloride was 
stirred under nitrogen for 5 h at 70 0C, cooled to room temper* 
ature, and partitioned between ether (200 mL) and water (50 xnL). 
The water layer was extracted with ether (200 mL). The ether 
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extracts were combined, washed successively with water (50 mL), 
2 M HC1 (50 mL), and brine (50 mL), and dried. After concen
tration to dryness in vacuo, the residue was flash chromatographed 
on silica gel with hexane-ethyl acetate (20:1 v/v) as eluant, af
fording 2.6 g of 3p, mp 47-49 0C. 

Method B. To a suspension of hexane-washed NaH (6.5 g, 
270 mmol) in dry DMF (300 mL) at 0 0C under dry nitrogen was 
added a solution of methyl 4*methyl-3-oxopentanoate (37.5 g, 260 
mmol) in 100 mL of dry DMF. When gas evolution had subsided, 
a solution of 2-bromo-4/-fluoroacetophenoiie (260 mmol) in dry 
DMF (100 mL) was added dropwise over 60 min. The mixture 
was allowed to warm to 25 "C overnight, poured into ice-cold 2 
M HC1 (300 mL), and extracted with ether (2 X 200 mL). The 
organic layer was washed with water (3 X 50 mL) and brine (50 
mL) and concentrated to dryness in vacuo. The crude product 
was dissolved in 800 mL of 3:1 THF-water and treated with NaOH 
(24 g, 600 mmol), and the mixture was stirred overnight The 
solution was made acidic with 6 N HC1 and extracted with ether 
(2 X 300 mL). The ether extracts were washed with water (50 
mL), bicarbonate (50 mL), and brine (50 mL) and dried. Dis
tillation provided 40 g (69%) of 3p. 

Preparation of 2-[2-(4-Fluoroplienyl)-5-(l-niethyl-
ethyl)-lZf-pyrrol-l-yl]-l-cyanoethane (5, R, = 4-FPh>Ra = 
CH(CH3)2, X = -CEkCH*-). A mixture of 3p (365 g, 1.65 mol), 
3-aminopropionitrile l/rfumarate (234 g, 1.83 mol), and 1 g of 
p-TSA in glacial acetic add (1800 mL) was stirred and heated 
at reflux for 8 h. After cooling to room temperature, the solution 
was poured into ice water (3 L). The solid that formed was isolated 
by suction filtration and recrystallized from isopropyl ether and 
hexane (212 g, mp 75-78 eC). The filtrate was extracted with 
ether (2X1L). The combined ether extracts were washed with 
water (1 L), saturated aqueous sodium bicarbonate (until gas 
evolution ceased), and brine (500 mL) and dried. Filtration and 
concentration to dryness in vacuo afforded a solid which was 
recrystallized from isopropyl ether to provide a further 98 g of 
the title compound (310 g total, 73%): IR (KBr) 2990,2249,1566, 
1522,1484,1219,1162,847, 782 cm-1; 200-MHz NMR (CDC13) 
6 1.30 (d, 6 H, J = 7 Hz), 2.32 (t,2H,</ = 7 Hz), 2.92 (septet, 
1H, J = 7 Hz), 4.22 (t, 2 H, J = 7 Hz), 6.00 (d, 1 H, J « 3.5 Hz), 
6.10 (d, 1 H, J = 3.5 Hz), 7.0-7.4 (ro, 4 H). Anal. (CWH,7FN2) 
C, H, N. 

Preparation of 3-[2-(4-Fluorophenyl)-5-(l-methyl-
ethyl)-l£r-pyrrol-l-yl]propanal (6t). A stirred solution of the 
above intermediate (200 g, 780 mmol) in 1500 mL of CHjCIj at 
ambient temperature under nitrogen was treated dropwise with 
936 mL of a 1.0 M solution of diisobutylaluminum hydride 
(DIBAL-H) in CH2CI2 over 4 h. The resulting mixture was stirred 
overnight at room temperature, and then the excess hydride was 
destroyed by cautious addition of methanol. When gas evolution 
was complete, the solution was carefully poured into 1500 mL 
of vigorously stirred ice-cold 2 M HQ (exothermic). The emulsion 
that resulted was extracted with ether (2X1L), and the combined 
ether extracts were washed successively with water (500 mL), 
saturated aqueous sodium bicarbonate (2 x 500 mL), and brine 
(500 mL) and dried. The solvents were removed in vacuo, and 
the residue was flash chromatographed over silica gel, eluting with' 
hexane-ethyl acetate (10:1, v/v) to provide 6t (187 g, 92%) as 
a colorless oil: IR (film) 2930,1720, cm-1; 90-MHz NMR (CDCI3) 
« 1.25 (d, 6 H, J « 7 Hz), 2.50 (t, 2 H, J = 7 Hz), 2.85 (septet, 
1 H,«/ « 7 Hz), 4.20 (t, 2 H, J = 7 Hz), 5.90 (d, 1 H, J = 2J> Hz), 
6.03 (d, 1 H, J - 2.5 Hz), 6.0-7.3 (m, 4 H), 9.45 (s, 1 H). 

Preparation of Methyl 7-[2-(4-Fluorophenyl)-5-(l-
methylethylVUf-pyrroH-ylJ-S-hydroxy-S-oxoheptanoate (7, 
Ri 4-FPh, Rj = CH<CH3)1, X * -CE^CHj-). A stirred sus
pension of hexane-washed NaH (2.17 g, 91 mmol) in anhydrous 
THF (200 mL) at 0 0C under nitrogen was treated dropwise with 
a solution of methyl acetoacetate (8.9 mL, 82 mmol) in anhydrous 
THF (150 mL) over 30 min. When gas evolution was complete, 
n-butyllithium (39 mL of a 2.1 M solution in hexane) was added 
dropwise. The resulting solution was stirred for 30 mm and then 
treated dropwise over 30 min with a solution of 6t (19.4 g, 74.9 
mmol) in anhydrous THF (150 mL). The solution was stirred 
for .an additional 1 h and the reaction was quenched with saturated 
aqueous NH4CI (100 mL), followed by 2 M HC1 (100 mL). 

The resulting mixture was partitioned between ether (500 mL) 
and water (100 mL). The water layer was separated and extracted 
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A solution of KCN (1.54 g, 23.6 mmol) and KI (1.16 g, 10 mmol) 
in water (12 mL) was added dropwise to a stirred, 70 0C. solution 
of the mesylate (4.0 g, 18 mmol) in DMF (36 mL). The resulting 
solution was heated under reflux for 24 h, cooled, and poured into 
ice water. The mixture was extracted with ether (2 X 200 mL). 
The combined ether extracts were washed with water (50 mL), 
2 M HC1 (25 mL), bicarbonate (2 X 50 mL), and brine (25 mL), 
dried, and concentrated to dryness in vacuo. Plash chromatog
raphy of the residue on silica gel, eluting with hexane-ethyl acetate 
(20:1, v/v), provided 2.8 g (88%) of the title compound: 90-MHz 
NMR (CDClg) b 1.42 (s, 9 H), 2.20 (t, 2 H), <7 = 2 Hz), 4.30 (t, 
2 H, J « 7 Hz), 5.90 (d, 1 H, <7 = 4 Hz), 6.00 (d, 2 H, <7 = 4 Hz), 
6.9-7.4 (m, 4 H). 

Prepartion of 6-[2-(2-Bicyclo[2.2.2]oct-2-yl-S-methyl-li!f-
pyrrol-l-yl)ethyl}tetrahydro-4-hydroxy-2i3'-pyran-2-one (8v). 
To a solution of 8u (0.3 g, 0.91 mmol) in ethyl acetate (10 mL) 
was added 0.03 g of 10% Pd-C. The mixture was evacuated, 
placed under a balloon of hydrogen (1 atm) at room temperature, 
and stirred overnight. The suspension was filtered through Celite 
and concentrated to dryness in vacuo, and the solid residue was 
recrystallized from isopropyl ether to afford 0.21 g of 8v (68%), 
mp 135-139 eC. Anal. (C^HaNOa) C, H, N. 

General Demethylation Procedure (Preparation of 8&). 
BBrj (11 mmol) was dissolved in 8 mL of CH2C12 and added 
dropwise to a solution of 8m (1.2 g, 3.64 mmol) in 100 mL of 
CHgCls at -20 eC under dry nitrogen. The mixture was stirred 
for 2 h, and then a further 2 mmol of BBrs was added. The 
solution was allowed to warm slowly to 0 "C, poured into saturated 
aqueous bicarbonate (500 mL), and extracted with ethyl acetate 
(2 X 200 mL). The combined organic extracts were washed with 
10% aqueous bisulfite (50 mL), saturated aqueous bicarbonate 
(30 mL), and brine (30 mL), dried, and concentrated to dryness 
in vacuo. Flash chromatography of the residue provided 450 mg 
of impure phenol. Two recrystallizations from isopropyl ether 
provided pure Sn, mp 110-111.5 0C. Anal. (CigHstNOJ C, H, 

HMG-CoA Reductase Inhibition Assay 1: The Cholesterol 
Synthesis Inhibition Screen (CSI). The procedure is a 
modification of the protocol developed by Dugan et a).14 Male 
rats (type CD from Charles River) weighing 300-400 g were kept 
in*house for at least 1 week before the day of the experiment. For 
3 consecutive days before being used, they were fed a diet of 5% 
cholestyramine (by weight) in normal ground chow. On the day 
of the assay, the rats were anesthetized with ether and sacrificed. 
Their livers were removed, weighed, and placed on Saran Wrap 
on ice. Hie entire livers were minced and diluted with 2 volumes 
of ice-cold pH 7.4 homogenizing buffer (0.1 M KPO*, 0.004 M 
MgClj'GHgO, 0.001 M EDTA, and 0.01 M 2-mercaptoethanol). 

Liver homogenates were prepared by use of five to six passes 
of a Teflon pestle in a 50-mL glass homogenizer. The homogenates 
were pooled and centrifuged at 5000g for 10 min at 4 °C. Initial 
supematants were pooled and centrifuged at 20000g for 15 min 
at 4 CC. Final supematants were carefully drawn off, avoiding 
the loose pellet and lipid layer, pooled, and kept on ice. One* 
milliliter aiiquots of this crude microsomal preparation were used 
for the assay. 

Compounds were dissolved in 2 mL of toluene and sonicated 
if not fully soluble. The mixture was treated with 2 mL of 0.1 
N NaOH and stirred constantly for 2 h in a water bath at 45-50 
eC. Any remaining toluene was blown off under a stream of 
Approximately 6 mL of 0.1 N NaOH was added and the saponified 
drug placed on ice immediately. If the salt had crystallized, it 
was sonicated to achieve as uniform a suspension as possible, lite 
pH was adjusted to 7.4 with HC1 and the volume brought to 10 
mL with HjO. One-milliliter aiiquots were frozen in dry ice-
acetone and stored at -70 0C. 

On the day of the screen, drugs were dissolved in 1 mL of 0.1 
N KOH and diluted with 11 mL of homogenizing buffer to make 
a 2 mM stock solution. If necessary, sonication was used to achieve 
a solution, or in some cases, a suspension of drug. The 2 mM stock 
was diluted 1:1 with a mixture of 1 mL of 0.1 N KOH and 11 mL 
of homogenizing buffer. The resulting 1 mM solution was further 
diluted with homogenizing buffer alone to produce a series of 10. 
x stocks from 10"6 to 10"3 M. The sodium salt of compactin was 
used as a reference compound in every assay in a concentration 
range of 10"9 to 10"6 M. 
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1 with ether (300 mL). The ether extracts were combined, washed 
with brine (50 mL), and dried. The solvents were removed in 
vacuo, and the residue was flash chromatographed on silica gel, 
eluting with hexane-ethyl acetate (5:1, v/v) to yield 19.9 g (64%) 

. of the title compound as a colorless oil: 200-MHz NMR (CDCI3) 
51.28 (d, 6 H, J = 7 Hz), 1.55 (m, 2 H), 2.45 (m, 2 H), 2.6 (br s, 
1H, J - 2.5 Hz), 7.0-7.4 (m, 4 H); IR (film) 3520,2966,2873,1749, 
1716, 1518,1223, 1159, 845, 815, 767 cm"1. 

Preparation of Cracs-6-[2-[2-(4-Fluorophenyl)<'5-(l-
methylethyl)-lJir-pyrrol-l-yl3ethyl]tetrahydro-4»hydroxy-
2ff-pyran-2-one (8x). Air (30 mL) was bubbled by syringe 
through a stirred solution of n-BusB (58 mL of a 1 M THF 
solution) in dry THF (50 mL) containing 19.9 g (53 mmol) of the 
above intermediate at room temperature. The solution was stirred 
for 18 h at room temperature and cooled to -78 0C, and sodium 
borohydride (2.27 g, 60 mmol) was added in one portion. The 
mixture was stirred for 60 min at -78 0C and warmed to 0 0C for 
90 min. A mixture of water (10 mL) and methanol (10 mL) was 
carefully added (gas evolution). NaOH (3 M, 60 mL) and 30% 
H202 (30 mL) were added simultaneously to the mixture from 
separate dropping funnels. The vigorously stirred mixture was 
held at 0 CC for 60-min and then at room temperature for 2 h. 

The mixture was partitioned between water (300 mL) and ether 
(300 mL). The ether layer was extracted with 10% aqueous NaOH 
(50 mL). The aqueous layers were combined, acidified with 
concentrated HC1, and extracted with ethyl acetate (2 x 500 mL). 
The ethyl acetate extracts were combined, washed twice with brine 
(100 mL), and dried. Removal of the solvents in vacuo yielded 
12.5 g of an oil which was dissolved in toluene (500 mL) and heated 
at reflux with azeotropic removal of water (Dean-Stark trap). The 

: cooled solution was concentrated and the residue flash chroma
tographed on silica gel, eluting with hexane-ethyl acetate (5:1 v/v) 
to yield 11 g of a colorless solid. Recrystallization from isopropyl 
ether yielded 9.5 g [52%) of 8x, mp 104-105 eCl which was a 97:3 
mixture of diastereomers by HPLC: 200-MHz NMR (CDC))) 6 
1.30 (d, 6 H, J = 7 Hz), 1.5-1.9 (m, 4 H), 2.60 (m, 2 H), 23$ (septet, 

\ 1 H, J = 7 Hz), 4.0-4.3 (m, 3 H), 4.45 (m, 1 H), 5.98 (d, 1 H, J 
, = 2.5 Hz), 6.08 (d, 1 H, J = 2.5 Hz), 7.10 (m, 2 H), 7.33 (m, 2 H); 

i I IR (KBr) 3440, 2966,2870,1690,1518,1268,1223,1075,837,773 
1 § cm-1. Anal. (CMH^FNOJ) C, H, N. 

Preparation of 2-[2-(4-Fluorophenyl)-5-(l,l-dimethyl-
. | ethyl)-lif-pyrrol-l-yl]-l-cyanoethane (5, R! - 4-FPhf R* = 

C(CH3)3, X = -CHjCHg-). Glacial acetic acid (125 mL) was added 
in one portion to a stirred solution of 3q (66 mmol) and etha* 
nolamine (27 mL) at ambient temperature. A vigorous exothermic 
reaction ensued (the internal temperature rose to 95 0C). When 
the exotherm had subsided (TLC indicated reaction almost 
complete), the solution was stirred and heated at reflux for 30 

) ! 
N. 
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L min (TLC indicated all starting material was consumed, but a 
in new high-/?/ spot had appeared). The reaction mixture was cooled 

to room temperature and poured into ice water (200 mL). The 
aqueous mixture was extracted with ether (2 X 500 mL). The 
combined ether extracts were washed with water (2 x 200 mL), 
saturated aqueous bicarbonate (2 x 200 mL), and brine (100 mL), 
dried, and concentrated to dryness in vacuo. Flash chromatog
raphy of the residue on silica gel, eluting the ethyl acetate-hexane 
(10:1 v/v) provided 10.7 g.of 2-[2-(4-fluorophenyl)-5-(lfl-di-
niethylethyl)-l/J-pyrrol-l-yl]-2-ethanol product (62%) and 5 g 
of a high-/?/ material which appeared to be the corresponding 
O-acetate by NMR (3 H, s, 5 2.05). The high-/?/ fraction was 
stirred with NaOH (2 g) in CHaOH (50 mL) and water (10 mL) 
for 2 h. The solution was concentrated, diluted with water (20 
mL), and extracted with ethyl acetate (2 x 200 mL). The ethyl 
acetate extracts were washed with brine (50 mL) and dried. 
Filtration and concentration to dryness in vacuo provided a further 
3-7 g of the above alcohol (14.4 g total, 84%). 

Mesyl chloride (1.93 mL, 25 mmol) was added dropwise to a 
stirred solution of the above alcohol (5 g, 19.1 mmol) in pyridine 
0.5 mL) cooled in.an ice bath. The mixture was stirred for 2.5 
" at 0 *c, warmed to room temperature, poured into water (300 

[ ftL), and extracted with ether (2 X 300 mL). The combined ether 
* ^tracts were washed with water (50 mL), 2 M HC1 (50 mL), 

bicarbonate (2 X 50 mL), and brine (SO mL), dried, and 
centrated to dryness in vacuo. The crude mesylate was used 
without further purification. 
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JIM DL-3-hydroxymethylglutaryl-coenzyme A {glutaryl-3-wC) 
(stock, 7.4 /iM unlabeled; HMG-CoA + 0.68 /tM lMCJHMG-CoA 
(4.5 nCi/nmol)', final concentration 8.9 pMK 

Resuspension buffer (70 pL) + microsomal solution (20 pL; 100 
ng protein) + drug (10 fiL) = 100 pL. 

Incubation buffer (90 ^L) + [wC]HMG-CoA (10 ML) (final 
addition) = 100 ph. 

Total volume of assay mix = 100 + 100 ML = 200 nh. 
The assay solution was yortexed and incubated in a shflking 

water bath at 37 0C for 60 min. Tennination of the reaction was 
accomplished with 30 pL of concentrated HCL Conversion of the 
[uC]mevalonic acid to the lactone form occurred in a water bath 
for 30 min at 37 0C. Conversion of [MC]mevalomc add to the 
lactone form occurred during refrigeration overnight. To each 
reaction tube was added DL- [ 2-3H J mevalonic acid lactone 
(10000-15000 cpm + 200 fig of unlabeled mevalonolactone) as an 
internal standard to correct for incomplete recovery of ["CJ-
mevalonate. After vortexing, an aliquot (50 pL) from the assay 
mix in each tube was put over a AG 1-X8 (200-400 mesh) formate 
form anion exchange resin column. The mevalonate was eluted 
with 3 X 750 pL of water into scintillation vials. Scintillation 
cocktail (Beckman Readi-Solv, 10 mL) was then added to each 
vial. The vials were vortexed and allowed to equilibrate for 1 h. 
Standards for the ["CJHMG-CoA, (3H] mevalonolactone, and 
acid-inactivated microsomes (blank) were also isolated by column 
separation in a Hewlett-Packard Model 3320Tricarb scintiUatlon 
spectrometer set for double label counting at maximum efficiency. 
Standards for [14C]HMG-CoA, pHJznevalonolactone, and acid* 
inactivated microsomes (blank) were also isolated by TLC, 
scraped, and counted. Calculations were performed in the usual 
manner taking into consideration crossover of 3H into the NC 
channel and visa versa, as well as dilution factors and specific 
activity of [uC]HMG-CoA used. Reductase activity was expressed 
as picomole of [wC]HMG-CoA converted to (l4C]mevalonic acid 
lactone/milHgram of microsomal protein per minute. Compactin 
was used as a reference compound at concentrations of IG"9 and 
10~7 M to determine the concentration at 50% inhibition from 
control value. Drugs were tested for their inhibitory characteristics 
at four concentrations run in triplicate. Statistical significance 
from control values was determined by using Dunnett's t test. 

Molecular Modeling. Selected analogues were modeled by 
using an in-house modified version17 of CAMSEQ-II18 operating on 
an IBM 3083 machine. The structure of compactin was obtained 
from published115 X-ray data; the structure of pyrrole came from 
a compendium80 of minimized structures. Coordinates for other 
groups were extracted from the library of fragments within 
CAMSEQ-II. Structures III and 8 were built to attaching the side 
chain containing the 4-hydroxypyran-2-one ring (coordinates for 
which were copied from the X-ray structure of compactin) to the 
benzene and pyrrole rings, respectively, and adding the other 
substituents. -Side chains were rotated to remove steric contacts. 

After CNDO/2 was employed to generate atomic charges, 
counterclockwise rotations (unless otherwise noted, from 0° to 
180* by 10®) were performed using the SCAN module about 0, 
starting from the in-plane conformation shown in the structure 
at the top of Table IV (atoms A-B-C-D coplanai). The con
formation of the 4-hydroxypyTan-2-one ring was held fixed 
throughout these calculations. Steric and electrostatic energy 
terms were used. At each conformation of 0, the conformational 
flexibility of the 2- and 5-substituents was investigated (Table 
IV; column headed by "other rotations"), including energy 
evaluation, to insure that a low-energy conforxner of B was selected. 
Both the endo and exo isomers of tbe norbornenyl analogue 8t 
as well as the R and S isomers of Se were modeled. The axial-
attached isomer of See proved to be sterically hindered and was 
not included. Figures 1 and 2 were generated by using the SAS-
GRAPH program package.21 In eq 1, the number in parentheses 
is the standard error of the regression coefficient, n is the number 
of compounds, r is the correlation coefficient, F is a significance 
test, and s is the standard error. 

Assay Conditions. The assay was carried out in duplicate 
in 16 X 125 mm screw-capped tubes. The reaction mixture 
contained the following, on ice (initial concentrations): 0.1 mL 
of 20 mM NAD, 0.1 mL of 20 mM NADP, 0.1 mL of 200 mM 
glucose 6-phosphate, 0.5 mL of 0.12 mM niacinamide, and 0.2 mL 
of the 10 X drug stocks. Controls were also run with 0.2 mL of 
a mixture of 1 mL of 0.1 N KOH, plus 11 mL of homogenizing 
buffer in place of drug. One milliliter of the crude microsomal 
preparation was added immediately after the drugs, to give a total 
volume of 2 mL. Final drug concentrations were 10~* to 10"' M, 
or in the case of compactin, 10™6 to 10"* M. The samples were 
warmed at 37 aC for 5 min before adding the radioactive precursor. 
[l-uC]Acetate was used in the amount of 2.88 jiCi per sample, 
plus 98 fimol of sodium acetate as cold carrier. When (3H]-
mevalonate was used, the amount of 0.5 ̂ Ci per sample with cold 
carrier was added to make a total of 0.2 MIDOI per sample. Volume 
of radiolabel per sample was 100 ML. After receiving radiolabel, 
samples were incubated at 37 9C for 1 h and treated with 2.5 mL 
of 10% KOH in ethanol, and the saponification was carried out 
at 70 0C for 2 h in a water bath. After cooling to room tem
perature, the nonsaponifiable lipids (cholesterol accounts for 
approximately 80% of nonsaponifiable lipids; the remainder are 
methyl sterols) were extracted by shaking the samples with 4.2 
mL of hexane for 10 min. After phase separation, 2 mL of the 
he.xane layer was diluted with 8 mL of Handifluor and counted. 

Percent inhibition was calculated as follows: 1.0 - (drug 
cpm/control cpm). Control refers to the samples that received 
buffer only. From a plot of percent inhibition versus the log of 
the drug concentration, the IC^was determined. Every assay 
yielded an IC^ for the reference compound, compactin, thus 
providing a comparison for the other compounds as well as a 
standard to check for consistency between assays. 

HMG CoA Reductase Inhibition Assay 2: Co-A Reductase 
Inhibition Screen (COR). This procedure is a modification of 
that reported by Kita et al.15 Male Charles River (CD) rats 
weighing 200-300 g were fed a chow diet containing cholestyramine 
(5%) for 3 days in order to increase levels of liver microsomal 
HMG-CoA reductase. Between 9 a.m. and 10 a.m., fed animals 
were anesthetized with ether prior to a midline incision to open 
the abdomen. Traverse cuts were made to the left and right of 
abdominal cavity exposing the hepatic portal vein. A syringe with 
a 22-gauge needle containing 10 mL of exsanguinating buffer (40 
mM Tris, 0-25 M sucrose, 0.3 mM EDTA, 5 mM dithiothreitol 
(DTT), pH 7.2) was injected into the portal vein after cutting the 
inferior vena cava. Prior to excision, the liver was cleared of blood 
by perfusion with exsanguinating buffer. Immediately after ex
cision, the liver was added to ice-cold (4 eC) pH 7.4 buffer (0.3 
M sucrose, 5 mM DTT, 50 mM leupeptin, 5 mM EGTA, 1 mM 
PMSF). Approximately 1 g samples were taken from the largest 
lobe and homogenized with 10 strokes of a tight«fitting Potter-
Elvehjem homogenizer. Each homogenate was centrifuged for 
15 min at 12000# in a Servall refrigerated-automatic centrifuge 
(SM-34 rotor). The supernatant was decanted and respun under 
the same conditions. The resulting supernatant was removed via 
pipet, with special care being taken not to remove any of the 
mitochondrial-rich pellet. The supernatant^ were then pooled 
and centrifuged with a 50 Ti or 60 Ti rotor in a Beckman L8-80 
ultracentrifuge. After ultracentrifugation, the pellet was mixed 
with ice-cold KH2P0< buffer (0.2 M, pH 7.4), homogenized, and 
stored in liquid nitrogen at 10 mg/mL microsomal protein. 
Microsomes maintained in liquid nitrogen retained HMG-CoA 
reductase activity for up to 1 year. Each pellet was resuspended 
in a solution of 0.3 M sucrose and 10 mM 2-mercaptoethanol and 
frozen immediately in liquid nitrogen. The aliquoted samples 
(500 ML) were then stored at -70 0C for no more than 1 month. 
For each microsomal isolation, an activity/xnicrograzn of micro
somal protein curve was determined so that the amount of mi
crosomal protein utilized in each assay was in the linear part of 
the activity curve. 

Assay Conditions. Frozen microsomes (see above) were al
lowed to slowly thaw on ice. Assay solutions were prepared as 
follows: 

A. Resuspension buffer: 0.2 M KHjPO* buffer, pH 7.4. 
B. Incubation buffer: 0.2 M KHjPO^ buffer (stock, 3 M 

KHjPO^SHjO, 1 M KHjPO^, final 2 M); 0.01 M EDTA, 12 mM 
dithiothreitol; 40 mM glucose G-phosphate; 4 mM NADPH; 0.45 

>1' 

Jr 
/ 

(20) SYBYL Standard Fragment Library, generously supplied by 
Tripos Associates, St. Louis, MO. 

(21) SAS Institute, Inc. SAS/GRAPH User's Guide, Version 5 Ed
ition; SAS Institute, Inc., Gary, NC, 1985. 
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7y, 123185-09-1; 7z, 123185-10-4; 7aa, 123185-11-5; 7bb, 
123185-12-6; 7CC, 123185-13-7; 7dd, 123185-14-8; 7ee. 123185-15-9; 
7ff, 123185-16-0; 7gg, 123185-17-1; 7hh, 123185-18-2; 7ii, 
123185-19-3; 7^, 123185-20-6; 7kk, 123185-21-7; 711,123185-22-8; 
7mm, 123185-23-9; 700, 123185-24-0; 8a, 123185-25-1; 8b, 
123185-26-2; 8c, 123185-27-3; 8d, 123185-28-4; 8e (stereoisomer 
1), 123185-29-5; 8e (stereoisomer 2), 123185-49-9; 8f, 104568-74-3; 
8g, 105356-37-4; Sh, 10456&^l-2; 8i. 104568-78-7; 8i. 123185-30-8; 
8k, 123185-31-9; 81,10456&-80-1; 8m, 123185-32-0; 80,123185-33-1; 
80,104568-77-6; 8p, 123185-34-2; 8q, 104568-83-4; 8r, 10456&-82-3; 
8s, 104568-79-8; 8t (stereoisomer 1), 123355-04-4; 8t (stereoisomer 
2), 123283-97-6; Su, 123185-35-3; 8v, 123185-36-4; Sw, 104568-85-6; 
8x, 104568-73-2; 8y. 104568-76-5; 82,123185-37-5; 8aa,104568-75-4; 
8bb, 123185-38-6; 8cc, 123185-39-7; 8dd, 104568-92-5; See, 
123185-40-0; 8ff, 12318541-1; 8gg, 123185-42-2; 8bb, 10535&38-5; 
8ii, 123185-43-3; 8jj. 123185-44.4; 8kk, 123185-45-5; 811, 
123185-46-6; 8mm, 123185-47-7; Son, 123185-48-8; 
EtCOCHaCOjMe, 30414-53-0; CFjCOCHjCOjMe, 83643-84-9; 
m-FCgH^COCHJBr, 53631-18-8; (CH^jCHCHjCOjMe, 42558-54-3; 
p-FC6H4COCH2Br, 403-29-2; 2,6-(MeO)jC6H3COCH2Br, 
123184-19-0; 3-benzyl-5-(2-hydroxyethyl)-4-methylthiazolium 
chloride, 4568-71-2; 2-(2-hydroxyethyl)-3-methyl-4-benzyl-
thiazolium chloride, 123184-18-9; 3-ammopropiomtrile lfr{u-
marate, 2079-89-2; 2-[2-(4-fluorophenyl)-5-(l,l-dimethylethyl)-
l/f-pyrrol-l-yl]-2-ethanol, 123184-86-1; 2-[2-(4-fluorophenyl)-
5-(l,l-dimethylethyl)-l//-pyrrol*l-yl)-2-ethyl methanes ulfonate, 
123184.87-2; methyl acetoacetate, 105-45-3; cholesterol, 57-88-5. 

Supplementary Material Available: CAMSEQ-I! energies 
calculated for individual conformations of 9 for compounds ap
pearing in Table IV. The data are plotted in Figure 2. Also, a 
description of the format of a CAMSEQ-H MOL file, followed by 
MOL files giving x, y, z coordinates for the conformations of 
compounds I, III, and 8x used in the pharmacophore model (7 
pages). Ordering information is given on any current masthead 
page. 

ili 
k I 

I 

) 

5 [ 

y 
e 
4 i 
n ? 

d- y 

c, 
,81 ? 
!C 

£5 J lid 
tin 
nd 
)m 
.ics 
ice 
sst. 
by 
on 
led 
om 
her 

I hin 
.ide 
for 
the (1 
.her Inhibitors of Cholesterol Biosynthesis. 2. 1,3,5-Trisubstituted 

[2-(Tetrahydro-4-hydroxy-2-oxopyran-6-yl)ethyl]pyrazoles icts. 
ges, » 
0 to I 
j t  6 ,  
ture 
con-
ixed 

D. R. Sliskovic,* B. D. Roth, M. W. Wilson, M. L. Hoefle, and R. S. Newton 

Parke-Dauis Pharmaceutical Research Diuision, Warner-Lambert Company, 2800 Plymouth Road, 
Ann Arbor, Michigan 48105. Received March 16,1989 

ergy | 
onal B A series of l,3,5-trisub$tituted pyrazole mevalonolactones were prepared and evaluated for their ability to inhibit 

the enzyme HMG-CoA reductase in vitro. Since previous studies suggested that the 5-(4-fluorophenyl) and 3-(l-
methylethyl) substituents afforded optimum potency, attention was focused on variations in position 1 of the pyrazole 
ring. Biological evaluation of analogues bearing a variety of 1-substituents suggested that, although most substituents 
were tolerated, none afforded an advantage over phenyl, which exhibited potency comparable to that of compactm 
in vitro. 
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We previously described a series of 2,5-disubstituted 
Pyrrole mevalonolactones whose 3,5-dihydroxyheptanoic 

| acid derivatives were shown to possess varying degrees of 
j intrinsic 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-
i CoA) reductase activity in vitro.1 Structure-activity re-
I lationships (SAR) for this series of compounds were de

termined, and the preferred substituents in the 2- and 
5-positions of the pyrrole nucleus were found to be 4-
fluorophenyl and 1-methylethyl, respectively. This paper 
describes the synthesis and biological activity of a series 
of 1,3,5-trisubstituted pyrazole mevalonolactones2 with 

i 

(2) During the course of this study, a series of trisubstituted py
razole mevalonolactones were reported to inhibit HMG-CoA 
reductase by J. R. Wareing at Sandoz Pharmaceuticals Corp. 
U.S. Patent. 4613610. 

•id by 
( 

(1) Roth, B. D.; Hoefle, M. L.; StrnUon, C. D.; Sliskovic, D. R.; 
Wilson, M. W.; Newton, R. S. Submitted to J. Med. Chem. 
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Ackoowledgment. We are indebted to E. H. Ferguson 
and C. S. Sekerke for conducting the enzyme inhibition 
assays, to Dr. S. Brennan, T. Hurley, and D. Sherwood for 
HPLC analyses, to Dr. P. A. MacKellar and staff for 
analytical and spectral determinations, and to P. Carr and 
D. Sandy for manuscript preparation. 

Registry No. 1 (1^ * Ph), 768-03.6; 1 (F^ = 4-F-C6H4), 
51594-59-3; 1 (Rv = 4-Ph-C6H4)> 42575-U-l; I (Rv = ^Cl-CsH^, 
7448-87-5; 1 (Rj = 4-CH30*CgH4), 744^8^4; 1 (Ri= S-PsC-CgH^), 
123184-14-5; 1 (Ri = S-CH^-C^), 51594-60-6; 1 (Rj = 2-
CHsO-CfiH^), 77942.10-0; 1 (R, « S-naphthyl), 4452-06-6; 1 (Rt 
= 1-naphthyl), 22422-69-1; 1 (Rj = bicydo(2.2.1]-hept-5-en-2-yl), 
100234-78-4; 1 ̂  = bicyclo(2.2.2|-oct-5-en-2-yl)1123184-15-6; 
1 (Ri« cyclohexyl), 2177-34-6; 1 (R, = PhjCH), 93021-71-7; 1 (Rx 
= CHtCjHjJs), 123184-16-7; 1 (R, * 2-F-CfiH4), 89638-21-1; 1 (R, 
= 2,4-Fa-C^3), 123184-17-8; 1 (R, * CHlCH^j), 1606-47-9; 2 (Rj 
= CHj), 75-07.0; 2 (R, * CHtCH^), 78-84-2; 2 (R^ = CH^HsJj), 
97-96-1; 2 (Rj = cyclopropyl), 1489-69-6; 2 (Rj = cyclobutyl), 
2987-17-9; 2 (Rj = cyclohexyl), 2043-61-0; 2 (R2 = CtCHaJa), 
630-19-3; 2 (R2 = 4-P-C<H4), 459-57-4; 2 (Rj = CjHs), 123-38-6; 
3a. 583-05-1; 3b, 123183-95-9; 3c, 63472-37-7; 3d, 53842-12-9; 3e, 
2108-54-5; 3f. 123183-96-0; 3g, 123183-97-1; 3h, 104562-48-3; 3x, 
123183-98-2; 3j, 123263-79-6; 3k, 70353-45-6; 31,123183-99-3; 3m, 
61771-79-7; 3n, 123184-00-9; 3o, 123184-01-0; 3p, 104568-68-5; 3q, 
123184-02-1; 3r, 123184-03-2; 3s, 123184-04-3; 3t, 123184-05-4; 
3u, 123184-06-5; 3V, 123184-07-6; 3w, 123184-08-7; 3x, 123184-09-8; 
Sy, 123184-10-1; Sz, 123184-11-2; 3aa, 123184-12-3; 3bb, 
123184-13-4; 5a, 123184-20-3; 5b, 123184-21-4; 5c, 123184-22-5; 
5d, 123184-23-6; 5e, 123184-89-1; 51,123184-24-7; 5g, 123184-25-8; 
Sh, 123184-26-9; 5i, 123184-27-0; Sj, 123184-28-1; 5k, 123184-29-2; 
51,123184-30-5; 5m, 123184-31-6; 5n, 123184-32-7; 5o, 123184-33-8; 
5p, 123184-34-9; 5q, 123184-35-0; Sr, 123184-36-1; 5s, 123184-37-2; 
5t, 104568-69-6; 5u, 123184-88-3; 5vr 123184-38-3; 5w, 123184-39-4; 
5x, 123184-40-7; Sy, 123184-41-8; 5z, 104568-91-4; Saa, 104568-69-6; 
5bb, 123184-42-9; 5cc, 123184-43-0; 5dd, 123184-44-1; See, 
123184-45-2; 5ff, 123184.46-3; 5gg, 123184-47-4; Shh, 123184-48-5; 
Sii, 123184-49-6; 5jj, 123184-50-9; 6a, 123184-51-0; 6b, 123184-52-1; 
6c, 123184-53-2; Gd, 123184-54-3; 6c, 123184-55-4; Sf, 123184-56-5; 
6g, 123184-57-6; 6h, 123184-5&-7; 6i, 123184-59-8; 6), 123184-60. V, 
6k, 123184-61-2; 61,123184-62-3; 6m, 123184-63-4; 6n, 123184-64-5; 
6ot 123184-65-6; 6p, 123184-66-7; 6q, 123184.67-8; Qr, 123184-68-9; 
6s, 123184-69-0; 6t, 104568-70-9; Gu, 123184-70-3; 6v, 123184-71.4; 
6w, 123184-72-5; 6x, 123184-73-6; Gy, 123184'74-7; 6z, 123184.75-8; 

6aa, 123184-76-9; 6bb, 123184-77-0; 6cc, 123184-78-1; 6dd, 
123184-79-2; 6ee, 123184-80-5; 6ff, 123184-81-6; 6gg, 123184-82-7; 
6hh, 123184-83-8; 6ii, 123184-84-9; 6jj, 123184-85-0; 7a, 123184-
90-7; 7b, 123184-91-8; 7c, 123184-92-9; 7d, 123184-93-0; 7e, 
123184-94-1; 7*. 123184-95-2; 7g, 123184-96-3; 7h, 123184-97-4; 
7i, 123184-98-5; 7j, 123184-99-6; 71,123185-00-2; 7m, 123185-01-3; 
7o, 123185-02-4; 7q, 123185-03-5; 7r, 123185-04-6; 7s, 123185-05-7;' 
7t, 123185-06-8; 7u, 123185-07-9; 7w, 123185^)8-0; 7x, 104568-71-0; 
7y, 123185-09-1; 7z, 123185-10-4; 7aa, 123185-11-5; 7bb, 
123185-12-6; 7cc, 123185-13-7; Idd, 123185-14-8; 7ee, 123185-15-9; 
7ff, 123185-16-0; 7gg, 123185-17-1; 7hh, 123185-18-2; 7ii, 
123185-19-3; 7}}, 123185-20-6; 7kk, 123185-21-7; 711,123185-22-8; 
7mm, 123185-23-9; 7nn, 123185-24-0; 8at 123185-25-1; 8b, 
123185-26-2; 8c, 123185-27-3; 8d, 123185-28-4; 8e (stereoisomer 
1), 123185-29-5; 8e (stereoisomer 2), 123185-49-9; 8f, 104568-74-3; 
8g, 105356-37-4; 8h, 104568-81-2; Si, 104568-78-7; 8j, 123185-30-8; 
8k, 123185-31-9; 81,104568-80-1; 8m, 123185-32-0; 8n, 123185-33-1; 
So, 104568-77-6; 8p, 123185-34-2; 84,104568-83-4; 8r, 10456&^2-3; 
8s, 104568-79-8; 8t (stereoisomer 1), 123355-04-4; 8t (stereoisomer 
2), 123283-97-6; 8u, 123185-35-3; 8v, 123185-3&4; Sw, 104568^6; 
8x, 104568-73-2; 8y, 104568-76-5; 8z, 123185-37-5; Saa, 104568-75-4; 
8bb, 123185-38-6; 8cc, 123185-39-7; 8dd, 104568-92-5; See, 
123185-40-0; Sff, 123185-41-1; 8gg, 123185-42-2; Shh, 10535&-38-5; 
Sii, 123185-43-3; 8jj, 123185-44-4; 8kk, 123185-45-5; 8U, 
123185-46-6; 8mm, 123185-47-7; 8nn, 123185-48-8; 
EtCOCH2C02Me, 30414-53-0; CFaCOCHaCOjMe, 83643-84-9; 
m-FCgH^COCHzBr, 53631-18-8; (CH^CHCHjCOaMe, 42558-54-3; 
p-FCeH^COCHjBr, 403-29-2; 2,6-(MeO)2C6H3COCH2Br, 
123184-19-0; 3-benzyl-5>(2-hydroxyethyl)-4-methylthiazolium 
chloride, 4568-71-2; 2-(2-hydroxyethyl)-3-methyl-4-benzyl-
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thiazolium chlbride, 123184-18-9; 3-aminopropionitrile Yrfo UC 
marate, 2079-89-2; 2-[2-(4-fluorophenyl)-5-(l,l-diiQethylethyl) 
l/f-pyrroI-l-yl]-2-ethanol, 123184-86-1; 2-[2-(4-fluorophenyl) 
5-(l,l-dimethyiethyl)-l/f-pyTrol-I-yl]-2-ethylmethanesiilfonate 
123184-87-2; methyl acetoacetate, 105-45-3; cholesterol, 57-88-5 
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calculated for individual conformations of 0 for compounds ap
pearing in Table IV. The data are plotted in Figure 2. Also, a 
description of the format of a CAMSEQ-n MOL file, followed by 
M0L files giving x, y, z coordinates for the conformations of 
compounds I, III, and 8x used in the pharmacophore model (7 
pages). Ordering information is given on any current masthead 
page. 
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ional A series of 1,3,5-tnsubstituted pyrazole mevalonolactones were prepared and evaluated for their ability to inhibit 

the enzyme HMG-CoA reductase in vitro. Since previous studies suggested that the 5-(4-fluorophenyl) and 3.(1-
methylethyl) substituents afforded optimum potency, attention was focused on variations in position 1 of the pyrazole 
ring. Biological evaluation of analogues bearing a variety of 1-substituents suggested that, although most substituents 
-were tolerated, none afforded an advantage over phenyl, which exhibited potency comparable to that of compactin 
in vitro. 
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We previously described a series of 2,5-disubstituted 
Pyrrole mevalonolactones whose 3,5-dihydroxyheptanoic 
fcid derivatives were shown to possess varying degrees of 
intrinsic 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-
CoA) reductase activity in vitro.1 Structure-activity re
lationships (SAR) for this series of compounds were de

termined, and the preferred substituents in the 2- and 
5-positions of the pyrrole nucleus were found to be 4-
fluorophenyl and 1-methylethyl, respectively. This paper 
describes the synthesis and biological activity of a series 
of 1,3,5-trisubstituted pyrazole mevalonolactones2-with 

(2) During the course of this study, a series of trisubstituted py
razole mevalonolactones were reported to inhibit HMG-CoA 
reductase by J. R. Wareing at Sandoz Pharmaceuticals Corp. 

ied by 

(1) Roth, B. D.; Hoefle, M. L; StroUon, C. D.; Sliskovic, D. R.; 
Wilson, M. W.; Newton, R. S. Submitted to J. Med. Chem. 
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Table I. Physical Properties and in Vitro HMG-CoA Reductase inhibitory Actives of Pyraoie MevaJonolactones I 

R 

N-N 
V 

Q B F .H 
O 

HO' •O 

r 

method of prep CSI ICso/* rei (CSI) potency4 mp, *C formula* R no. 
CttHnFNjOa 
C5SHS6F2N203 
CjsHaFNsOa 
CHH^FNSOSS 
C26H29FN204e 

CjeHjgFNA' 
CjgHjgFNjOj' 

A, B 83.0 Ph 165-167 
138-142 
152-153 
foam 
134-139 
145-148 
75-81 

0.035 
0.032 
0.040 
0.660 
0.039 

10 
4-nuorophenyi 
4-methylphenyl 
4-tolylsulfonyl 
4-methoxyphenyI 
benzyl 
1-naphthyl 

A 62.0 25 
49.0 A 26 

B 4.5 27 
75.8 A 28 

A 0.158 12.6 29 
B 0.234 19.6 30 

s Analytical results are within ±0.4% of the theoretical values unless otherwise noted. 'Potency of compactm arbitrarily assigned a value 
of 100, and the ICJO value of the test compound was compared with that of compactin determined simultaneously. eAnal. Calcd: C, 69.01. 
Found: 0,65.30. >98% pure by HPLC. dAnal. Calcd: H,6.70. Found: H, 7.22, Calcd: N,6.42. Found: N, 5.85. >98% pure by HPLC. 
'Anal. Calcd: C, 73.21. Found: C, 72.46. >98% pure by HPLC. 'Cholesterol synthesis inhibition (CSI). Assays of each inhibitor 
concentration were performed in triplicate and the precision for compactin was 37%. See ref 1. 'All compounds tested had a diasterec 
metric purity of >95% of the trans diastereomer as determined by HPLC and/or 200-MHz NMR. 

Scheme I* 
O o o o 

b 'CHa + OEt 
F F' 

1 

Ph Ph 
I o o N-N N-N 
* *  7 o o 10 + + 

F F F 
O <J VJ 

2 3 4 tf 

Ph Ph Ph 
N — N  N-N N-N 

7 \ 
+ 

M F F 
CHO 5 6 

7 

Ph Ph Ph 

N-N N-N N-N 
V V V f.g.b I o o o F F F 'COjR COjH 

HO' O HO" O OH 
HO' •o 8: RsCHj 

8a: R s CjHg 

«(a) NaH, DMF, 80 eC; (b) NoH, DMF, Nal, BrCH2CH2CHO(CH2)6; (c) PhNHNH* AcOH, room temperature; (d) 70% aqueous AcOH. 
A; (e) -CH,CO-CHCOjR; (0 BRat air; (g) NaBH^ -78 0C; (h) H202. -OH; (i) tol, A. 

improved inhibitory potencies compared to the pyrrole 
mevalonolactones. 

Chemistry 
The target lactones, listed in Table I, were prepared by 

9 
10 

the general synthetic routes outlined in Schemes I and II. 
The general method (method A) employed for the con
struction of the pyrazole nucleus was condensation of a 
1,3-dicarbonyl compound with a suitably substituted hy
drazine. Two regioisomers can theoretically arise, but by 
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Scheme 11° 
iC(25> o o c::s). 

C(3V 'ccjus 
I F 

VMU! 1 i ctiai MOO) 
yC(17l I' CtJOl 

<^CHO i ll Fliiij, 
Mist 

C1221 J' Ph C(19> C<291 caij I C(U) 
N-N C(20> C(31) LJ: ,C(20>. 

•J^Y^Y^COjMe 
OH O o CC9»I rtency4 

F 9 Ac«> 
CIS). .0(1) 

5 12 
X<2) I <1-9 CIH)/ 

Cf3» Ph 0(7] ' 
N-N 

H H a value Li Figure 1. ORTEP view of lactone 10. Solid-state conformation 
and crystallographic atom numbering scheme; small circles denote 
hydrogen atoms. 

supra).6 An ORTEP drawing of the soBd-state conformation 
of compound J.0 is shown in Figure 1. Increased amounts 
of the 1,3-regioisomer 4 were obtained by changing the 
reaction solvent to absolute ethanol or by raising the re* 
action temperature (regardless of solvent choice). Using 
either (4-chlorophenyL)hydrazine or (4-fluorophenyl)-
hydrazine in absolute ethanol at reflux, the regioisomer 
ratio of pyrazoles obtained was 5:1 (1,5:1,3), this ratio was 
improved (~10:1) by changing solvent to acetic acid. Also 
isolated from this reaction was an oil later identified by 
NMR and independent synthesis7 as a 5:1 mixture of py-
razole regioisomers 5 and 6 which was presumably derived 
from the O-alkylated material present from the previous 
reaction. 

Acidic hydrolysis of the acetal 3 provided aldehyde 7, 
which was condensed with the dianion of methyl aceto-
acetate.8 Reduction of the resulting $-hydroxy-/?-keto ester 
8 was achieved by the boron chelation method of Narasaka 
and Pal9 Thus, compound 8 was completed with tri-n-
butylborane prior to treatment with sodium borohydride. 
The resulting boronate ester was hydrolyzed with 30% 
hydrogen peroxide and base to give a mixture of syn (9) 
and anti 1,3-dihydroxy acids, which were lactonised in. 
refluxing toluene with azeotropic removal of water to give 
predominantly the trans lactone 10 in good yield. HPLC 
analysis of the lactone 10 showed that the stereoselectivity 
achieved (3.3:1 trans:cis diastereomers) was not as high as-
that achieved in the pyrrole series (10:1 transrds).1 No 
improvement in stereoselectivity was found on addition 
of an extra equivalent of n-BugB, ruling out the possibility 
of competitive chelation with the pyrazole free nitrogen 
atom; thus the reason for this lack of stereoselectivity in 
the pyrazole series remains unclear. Excellent stereose
lectivity (>20:1 trans:cis) was achieved by employing tri-
ethylborane as chelating agent with pivaHc add catalysis 
and methanol as cosolvent10 

An alternative route (Scheme II) was devised in which 
the key step was the palladium-catalyzed vinylation of a 

69.01. 
HPLC. 

j y ihibitor 
istereo- 11a: X = Br 

tr. X = I 13 

Ph 
I* 

N-N 
\ '  i-k 

10 O i  
i 

==\H H 
F' 

I 
» 6 6 

X i 
14 

3 0(a) PhNHNHj, AcOH, room temperature; (b) NBS or NIS, 
j  DMF, 0 0C; (c) "CHjCCrCHCOjEt; (d) Bu3B, air; (e) NaBH4; (0 
5 HJOJ/OH", (g) (CH3)JC(OCH3)2I CSA, acetone; (h) (Ph3P)2PdCI2, 

EtjN, DMF, 70 ®C; (i) Hj, Pd/C; (j) HC1, NaOH; (k) Tol, A. 

; judicial choice of solvent and reaction temperature, one 
< regioisomer can predominate. Initial studies began with 
? the incorporation of the preferred substituents (4-fluoro-
| phenyl and isopropyl) discovered in the SAR of the pyrrole 
{ mevalonolactones.1 The requisite 1,3-diketone 1 was 
s synthesized by a Claisen type acylation of 4-fluoroaceto-
i phenone with ethyl isobutyrate.3 This product, which was 
I almost completely enolized (86% by NMR), was alkylated 
j with 2-(2-bromoethyl)-l,3-dioxolane4 to give the C-alkyl-
f ated 1,3-diketone 2 in 58% yield, together with a small 
| amount of material presumed to be the O-alkylated 
i product Condensation with phenylhydrazine in acetic add 
I at room temperature afforded predominantly one regioi-
[ somer (-^90%), tentatively assigned structure 3 in which 
I the aryl groups exist in a 1,5-relationship (rather than 1,3). 
! NMR studies5 on 1,3- and 1,5-diphenylpyrazoles have 
[ shown that the chemical shifts of phenyl groups in the 
[ l>3-regioisomer extend from & 7.0 to 8.1 ppm. In our case, 
i dowflfield resonances at & 8.0 ppm were barely discernible. 
! The majority of the aryl proton resonances were found in 
I the region from 5 7.0 to 7.3 ppm which was in accordance 
I with resonances published for 1,5-diphenylpyrazole. This 
j regiochemistry was confirmed by an X-ray crystallographic 
» analysis of the eventual target lactone derived from 3 (vide 

£ 

i 

is AcOH, 

(6) Prof. A. T. McPhail. Personal communication. 
(7) Katritzky, A. R.; Rees, C. W. Comprehensive Heterocyclic 

Chemistry; Pergamon: Elmsford, NY, 1984; Vol. 5, p 277. 
(8) Huckin, S. N.; Weiler, L. J. Am. Chem. Soc. 1981,96,1082. 
(9) (a) Narasaka, K.; Pal, H. C. Chem. Lett. 1980,1415. (b) Ibid. 

Tetrahedron 1984,40, 2233. 
(10) Verhoeven, T. R. Eur. Pot. 0164,049,1986. 

\ (and 11. 1 
die con- (3) Levine, R.; Conroy, J. A.; Adams, J. T.; Hauser, C. R. J. Am. 

Chem. Soc. 1945, 67, 1516. 
(4) Buchi, G.; Wuest, H. J. Orn. Chem. 1969,34,1122. 
(5) Ruu, T.; LeStrat, G. Bull. Soc. Chem. Fr. 1975, 5-6.1375. 
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Scheme IV0 Scheme UI 
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a (a) (PPh3)2PdCI2. DMF, EtaN; (b) Ha, Pd/C; (c) HC1, NaOH; 
(d) Tol, 4, -H20. Ph 

N~N halopyrazole (lla,b) with the intact lactone side chain 
(IS).11 This route had the advantages of being convergent 
and providing products of satisfactory stereochemical 
purity (method B). The heterocyclic halides lla,b were 
prepared by condensation of 1,3-diketone 1 with phenyl-
hydrazine in acetic acid at room temperature followed by 
halogenation of the resulting pyrazole 5 with either NBS 
or NIS in DMF at 0 <>C. The alkene portion (13) was 
constructed via aldol condensation of acrolein with t^ie 
dianion of methyl (or ethyl) acetoacetate,12 reduction as 
before gave the diol, which was protected as the acetonide 
13 (25:1 trans:cis diastereomers). Although treatment of 
11a with 13 under the standard conditions described by 
Heck11 did in fact provide a modest (50%) yield of 14, this 
reaction proved capricious. A variety of catalysts were 

U! 
x 
o 

HO' 'O 

10 

•(a) AC20, DBU, CH2Cl2r <b) NaOH, (c) H*; (d) Hj, Pd/C, Et-
OAc; («) Tol, A. 

Ionization afforded lactone 10 as a mixture of diastereo
mers (64:1 trans:cis). 

In order to avoid the very low temperature reduction of 
compound 8 in Scheme I and the capricious nature of the 
Heck reaction shown in Scheme U, an alternative synthesis 
was devised in which the required l.S-asymmetry was in
troduced by the steredspecific 1,4-conjugate addition of 
an alkoxide.14 Thus, elimination of water from the mix
ture of lactone diastereomers 10 produced by borohydride 
reduction or from the cis lactone 23 obtained from the ' 
catalytic reduction of compound 20 produced the 4"'®-
unsaturated lactone 16 in 66% yield (Scheme IV). Ad
dition of sodium benzylate in benzyl alcohol afforded a 
mixture of products thought to consist mainly of com
pounds 17 and 18. After base hydrolysis the mixture was 
acidified to predominantly hydroxy acid 19. This material 
was then hydrogenated over 10% Pd/C and the resulting 
material lactonized to give compound'10 as a mixture of 
diastereomers (8:1 transxis by HPLC). In a similar 
fashion, sodium raethoxide was added to lactone 16 to give, 
after base hydrolysis, acidification, and lactonization, the 
4-methoxy lactone 22 as a mixture of diastereomers (7.4:1 
trans:cis by HPLC). The cis diastereomer 23 was obtained 
as the predominant product by. catalytic hydrogenation of 
ketone 20, which was prepared by base hydrolysis of com
pound 8 (Scheme V). Catalytic reduction of compound 
20 gave, after chromatography, a mixture of ester 24 and 
lactone 23 (4:1 cis:trans diastereomers). 

employed (e.g., (PhjP^PdClj, Pd(OAc)2, 10% Pd/C, 
polymer-supported catalysts, etc.), and it was concluded 
that 2-6 mol % of (PhsP^PdClj was the preferred catalyst. 
A number of bases (e.g., tri-n-butylamine, diisopropyl-
ethylamine, and triethylamine) and solvents (e.g., DMF 
and acetonitrile) were examined, and the best yields were 
obtained with triethylamine and DMF as solvents. 
Changing the heterocyclic halide from bromide (lla) to 
iodide (lib) gave increased amounts of the dehalogenated 
pyrazole 5. Although it has been reported that use of a 
more hindered phosphine ligand on the catalyst reduces 
this side reaction, replacement of (PhjP^PdC^ with [(o-
CHaPh^P^PdCls provided no improvement in yield.11 

The 200-MHz NMR showed the formation of predomi
nantly the trans alkene 14 (J 
product was produced by addition to the more substituted 
carbon atom of the double bond (Scheme III), giving the 
olefin 14a. This structure was confirmed by HETCOR 
NMR13 on the resulting lactone 15. Catalytic reduction 
of olefin 14, removal of the protecting groups, and lac-

= 15 Hz). A minor UBBS 

(11) Heck, R. F. Org. React. (N.Y.) 1982, 27, 345. 
(12) Brussani, G.; Ley, S. V.; Wright, J. L.; Williams, D. J. J. Chem. 

Soc., Perkin Trans. I 1986, 303. 
(13) Benn, R.; Gunther, H. Anfjew. Chem., Int. Ed. Engl. 1983,22, 

(14) Roth, B. D.; Roark, W. H. Tetrahedron Lett. 1988,1255-58. 350. 
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keto analogue 20 also exhibited low potency.17 The cis i , 
lactone stereoisomer 23 (a 4:1 mixture of cis:trans diaste- j ^ 
reomers by HPLC) also displayed significantly reduced [>•'. ft; 
biological activity.16 The residual biological activity was 
probably due to the presence of the trans diastereomer. 

As previous studies suggested that the 5-(4-fluorophenyl) 
and 3-(l-methylethyl) substituents afforded optimum 
potency, we focused our attention on variations in position 
1 of the pyrazole ring. A number of (para-substituted 
phenyDhydrazines were employed, and it was demon
strated that in the limited series of compounds prepared, 
varying the electronic distribution in the phenyl ring did 
not, in general, have deleterious effects on in vitro potency. 
Electron-withdrawing, e.g., 25, and electron-donating, e.g., 
26 and 28, groups were equally tolerated; however, com
pound 27, which has a hydrophilic electron-withdrawing 
group present, was considerably less potent. Replacement 
by naphthyl (e.g., 30) caused a significant decrease in 
potency as did replacement by an alkyl group, e.g., 29. 
Conclusion 

A small series of pyrazole mevalonolactones were pre
pared and evaluated for their ability to inhibit the enzyme 
HMG-CoA reductase in vitro. By focusing on compounds 
possessing the 5-(4-fluorophenyl)-3-(l-methylethyl) sub
stitution found to be optimum in previous studies, a com
pound (10) was rapidly identified that was almost equi-
potent to compac'tin. Additional modification of the 1-
phenyl ring of 10 did not improve activity in vitro. 
Experimental Section 

Unless otherwise noted, materials were obtained from com
mercial suppliers and used without further purification. Tetra-
hydrofuran (THF) was distilled from sodium and benzophenone. 
Melting points were determined on a Thomas-Hoover melting 
point apparatus and are uncorrected. Infrared spectra were 
determined on a Nicolet MX*1 FT-IR spectrophotometer. Nu
clear magnetic resonance spectra were determined on either a 
Varian EM-390 or a Varian XL-200 spectrometer. Chemical shifts 
are expressed as parts per million downfield from internal tet* 
ramethylsilane. Elemental analyses were determined on a Per-
kin-Elmer 240C elemental analyzer. HPLC analyses were per* 
formed on a Varian 5500 HPLC with a UV 200 detector (wave
length was 251 nm). The detailed protocol of the biological assay 
is described in ref 1. 

1-(4-Fluorophenyl)-4-methyl-l,3-peiitanedione (1). A 
mixture of' 4-fluoioacetophenone (150 g, 1.09 mo\) and ethyl 
isobutyrate (126 g, 1.09 mol) in dioxane (1.5 L) was added dropwise 
under a nitrogen atmosphere to a vigorously stirred suspension 
of hexane-washed sodium hydride (133 g, 58.8% NaH, 3.25 mol) 
in dioxane (3.0 L). Vigorous evolution of gas ensued, after which 
the mixture was heated to 80-90 aC for 4 h. The mixture was 
then allowed to cool to room temperature, after which it was 
poured into ice-cold 2 M hydrochloric acid (6 L) with vigorous 
stirring and extracted with ethyl acetate (4X1L). The combined 
ethyl acetate extracts were washed with water (2 X 500 mL) and 
brine (2 X 500 mL) and dried (MgSOj). The solution was filtered 
and the filtrate concentrated under vacuum. Distillation of the 
residue yielded compound 1: bp 100-110 0C/1 ram (116 g, 50%); 
lH NMR (CDCI3) 6 1.25 (s, 3 H), 1.30 (s, 3 H), 2.60 (m, 1 H, J 
= 7 Hz), 6.1 (s, 1 H), 7.15 (m, 2 H), 7.9 (m, 2 H), and 16.2 (br s, 
1 H) ppm. IR (thin film) 2973,2825,1653,1603,1578,1509,1462, 
1240,1160,1089, 851, and 793 cm"1. Anal. (CuH^FOj) C, H, 

2-[2-(l,3-DioxoIan-2-yl)ethyl]-l-(4-fluorophenyl)-4-
methyl- 1,3-pentanedione (2). To a suspension of hexane-washed 
sodium hydride (22.8 g, 58% NaH, 0.56 mol) in anhydrous di-
methylformamide (OMF) (750 mL) was added dropwise, with 

c et al. 

Ph Ph 

N—N N-N 
\ •vfr v 

O n b 

F F 'COJCHJ O HO' O 
O' 'O 8 

20 

Ph Ph 

N-N N-N 
\ VJ u o: + 

F F 
L 'OH •o 

OH 
HO^CO»CH' ^CO2R' HO' *0 

23 24 
4 (a) NaOH then H+; (b) 10% Ru-C, Hj, MeOH, room tempera-\ _ |_j 

\ ture. m CHj 

l Table 11. In Vitro Inhibitory Potencies against HMG-CoA 
t Reductase 

CSI ICso.a'e MM rel potency6 no. 
15 17.8 0.17 
20 10.0 0.32 
22 3.16 LOO 
23 0.7 4.40 

"Cholesterol synthesis inhibition (CSI). Assays of each inhibitor 
concentration were performed in triplicate and the precision for 
compactin was 37%. See ref 1. Potency of compactin arbitrarily 
assigned a value of 100, and the ICJO value of the test compound 
was compared with that of compactin determined simultaneously. 
See ref 1. 'The diastereomeric purities of compounds 22 and 23 
are indicated in the Experimental Section. Compound 15 had a 
diastereomeric purity of >95% of the trans diastereomer as indi-

1 
•d/C, Et-

cated by 200-MHz NMR. 
astereo- | Biological Results 
•ction of P The target lactones and related compounds listed in 
•e of the [ tables I and II were saponified to the hydroxy acids and 
vnthesis t tested for their ability to inhibit the enzyme HMG-CoA 
• was in- I reductase by employing a crude liver homogenate derived 
lition of ^ from rats fed a chow diet containing 5% cholestyramine.1,15 

Jie mix- I This screen was designated CSI (cholesterol synthesis in-
ihydride ^ hibition screen). The biological activities are displayed in 
rom the ! Tables I and 11 as an IC50 (i.e., the concentration needed 
he A"-*- 1 to inhibit enzyme activity by 50%). Compactin was em-
/) Ad- \ p'oye^ 88 internal standard in each testing protocol. 
forded a [ 
of com- [ 
cure was f 
material ( 
.•esulting 
xture of 
similar 

> to give, 
tion, the 
irs (7.4:1 
obtained 
lation of 
; of com-
mpound 
r 24 and 

I 

The optimum distance between the lactone and the 
heterocyclic ring in the pyrrole series was achieved by a 
two-carbon bridging unit.1 This feature was incorporated 
in all the pyrazole derivatives described here apart from 
compound 15, in which the pyrazole and lactone portions 
are separated by only one carbon atom. This compound 
is relatively inactive. 

Modification of the lactone portion generally decreases 
the activity and confirms the strict structural requirements 
found by others.16 Methyl ether 22 exhibited about1/ 
Potency of compactin whereas the racemic hydroxy com
pound 10 was nearly equipotent; if resolved, this compound 
would be expected to be more potent than compactin. The 

P 
100 

(15) Dugan, R.; Slakey, L. L.; Bricdis, A. V.; Porter, J. W. Arch. 
Biochem. Biophys. 1972,152. 

(16) Stokker, G. E.; Hoffman, W. 1\; Alberts, A. W.; Cragoe, E. J.; 
Deana, A. A.; GUfillan, J. L.; Huff. J. W.; Novello, F. C.; Prugh, 
J. D.; Smith. R. L.; Willard. A. K. J. Med. Chem. 1985.28,347. 

(17) One possible explanation for this lack of activity may have 
been that during the biological assay procedure, base treat
ment of compound 20 may not have produced the open acid 
form. We thank the reviewer for this suggestion. ,1255-58. 
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vigorous stirring under a nitrogen atmosphere, a solution of 1 (116 
g, 0.56 mol) in anhydrous DMF (450 mL). Vigorous effervescence 
ensued. When gas evolution had ceased, sodium iodide (21.0 g, 
0.14 mol) was added, followed by the dropwise addition of 2-(2-
bromoethylH.S-dioxolane4 (100.9 g, 0.56 mol) in anhydrous DMF 
(450 mL). The resulting mixture was heated at 80*90 0C for 36 
h after which it was cooled to room temperature and poured into 
ice-water (2 L). This was extracted with ethyl acetate (4X1L), 
and the combined organic extracts were washed successively with 
water (500 mL) and brine (500 mL) and dried (MgSC^). The 
solution was filtered and the nitrate was concentrated under 
vacuum. The residue was flash chromatographed on silica gel, 
eluting with 25% ethyl acetate-hexane to yield 2 (100 g, 58%); 
'H NMR (CDC13) 6 1.1 (s, 3 H), 1.15 (s, 3 H), 1.7 (m. 2 H), 2.2 
(m, 2 H), 2.8 (m, 1H), 3.9 (m, 4 H), 4.7 (t, 1H), 4.9 (t, 1 H), 7.2 
(m, 2 H), and 8.1 (m, 2 H) ppm; IR (thin film) 2972,1723,1676, 
1600,1509,1411,1237,1160, and 1037 cm-1. Anal. (CnHjiFOJ 
C, H, F. 

4-[2-{l,3-Dioxolan-2-yJ)ethy]}-5-(4-f]uorophenyl)-3-(l-
methylethyl)-l-phenyMH'pyrazole (3). To solution of 2 
(104.75 g, 0.34 mol) in absolute ethanol under nitrogen (1L) was 
added dropwise, with stirring, phenylhydrazine (40.45 g, 0.374 
mol). When addition was complete, the solution was heated under 
reflux for 5 days18 and then cooled to room temperature. The 
solution was concentrated under vacuum and chromatographed 
on silica gel. Elution with 15% ethyl acetate-hexane gave a yellow 
oil (9.7 g, Rf 0.55 (15% EtOAe-hexane)) identified by NMR and 
synthesis as a 5:1 mixture of regioisomers 5 and 6. Further elution 
gave a 10:1 regioisomer mixture of pyrazoles 3 and 4 (NMR shows 
two sets of isopropyl methyl groups at 61.4 and 1.2 ppm in a 10:1 
ratio). This mixture solidified and was recrystallized (hexane) 
to give 3: mp 98-100 0C (hexane) (50.85 g, 40%); 'H NMR 
(CDClg) 6 1.4 (s, 3 H), 1.35 (s, 3 H), 1.8 (m, 2 H), 2.7 (m, 2 H), 
3.1 (t, 1 H), 3.9 (m, 4 H), 4.8 (t, 1 H), and 7.2 (m, 9 H) ppm; IR 
(KBr) 2950, 2900,1596,1566, 1511,1440,1377,1227,1158, 1143, 
1058, 970, and 842 cm"1. Anal. (^a^sFNjOa) C, H, N. 

3(or 5)-(4-Fluorophcnyl)-5(or 3)-(l-methylethyl)'l-
phenyl-lH-pyrazoles (5 and C). To a solution of 1 (1 g, 0.0048 
mol) in absolute ethanol (10 mL) was added via a syringe, with 
stirring, phenylhydrazine (0.52 mL, 0.0053 mol). The solution 
was heated to reflux for 24 h and then cooled to room temperature. 
The solution was concentrated under vacuum and then chro
matographed on silica gel. Elution with 5% ethyl acetate-hexane 
gave a yellow oil (1.1 g, R/ 0.24 (5% EtOAc-hexane)) identified 
by NMR as a 5:1 regioisomer mixture of 5 and 6. The oil solidified 
and was recrystallized (hexane) to give a 5:1 mixture of regioi
somers: mp 67-70 *C (0.5 g, 37%); SH NMR (COCI3) 6 1.2 (d, 
6 H, (Cffs^CH, regioisomer (6) (ht = 1)), 1.3 (d, 6 H, (CH^CH, 
regioisomer (5) (ht = 5), 3.1 (m, 1 H), 6.35 (s, 1H, 4 H regioisomer 
(5) (ht = 5)), 6.5 (s. 1H, 4 H regioisomer (6) (ht = 1)) and 6.9-7.4 
(m, 9H) ppm; IR (KBr) 3450,3053,2964,1594,1510,1440,1374, 
1302,1222,1164, 996, and 849 cm-1. Anal. (CuHnFNs) C, H, 

5-(4-Fluorophenyl)-3-(l-methyIcthyI)-I-pheiiyI-I J7-
pyrazole-4-propanal (7). A solution of 3 (50.85 g, 0.134 mol) 
in 70% aqueous acetic acid (1.0 L) was heated under reflux for 
48 h with stirring. The solution was then cooled to room tem
perature and partitioned between ethyl acetate (1.0 L) and water 
(1.0 L). The phases were separated, and the aqueous phase was 
reextracted with ethyl acetate (1.0 L). The combined organic layer 
was washed successively with saturated sodium bicarbonate so
lution (250 mL), water (250 mL), and brine (250 mL). The ethyl 
acetate solution was dried (MgSO*), filtered, and concentrated 
under vacuum. The residue was flash chromatographed on silica 
gel, eluting with 15% ethyl acetate-hexane. The eluted material 
solidified and was recrystallized (hexane) to give 7: mp 86-88 
0C (hexane) (29.0 g, 65%); lH NMR (CDCI3) 6 1.3 (s, 3 H), 1.35 
(s, 3 H), 2.4 (t, 2 H), 2.7 (t, 2 H), 3.05 (m, 1 H), 7.2-7.6 (m, 9 H), 
and 9.6 (s, 1H) ppm. IR (KBr) 2961,2869,1728,1609,1598,1498, 
1439, 1376, 1334, 1224, 1159, 971, 840, and 767 cm"1. Anal. 
(C15H17FN20) H, N; C: calcd, 69.21; found, 68.51. 

(±)-Methy) 5-(4-F!uoropheny])-5-hydroxy-3-(l-methyl-
ethyl)-j3-oxo-l-phenyl-lfl'-pyrazole«4-heptano&te (8). Methyl 

' Sliskouic et at. 

acetoacetate (11.48 mL, 0.106 mol) in anhydrous THF (100 mL) 
was added dropwise to a stirred suspension of sodium hydride 
(58.8% oil suspension, 4.56 g, 0.116 mol) in anhydrous THF (100 
mL) at 0 0C under an No atmosphere. When gas evolution was 
complete, a 2.6 M solution (40.9 mL, 0.106 mol) of n-butyllithium 
in hexane was added over 30 min. The resulting solution was 
stirred for an additional 60 min at 0 °C and then cooled to -78 
"C (dry ice/acetone). This was then treated with a solution of 
7 (23.8 g, 0.0709 mol) in anhydrous THF (100 mL) added dropwise 
over 60 min. The resulting orange solution was stirred 30 min 
at -78 eC and then at 0 *C for an additional 30 min before 
quenching with glacial acetic acid (35 mL) and 2 M aqueous HC1 
(70 mL) with vigorous stirring. The resulting mixture was then 
partitioned between diethyl ether (750 mL) and water (250 mL). 
After separation of phases, the aqueous layer was reextracted with 
diethyl ether (200 mL), and the combined organic extracts were 
washed successively with 0.2 M HC1 (200 mL), water (200 mL), 
saturated sodium bicarbonate solution (3 x 150 mL), and brine 
(200 mL). The ether solution was dried (MgS04), filtered, and 
concentrated in vacuo to yield a yellow oil,' which was then flash 
chromatographed on silica gel Elution with 40% ethyl acetate 
gave 8 (32.3 g, 84%): ^ NMR (CDCIJ 6 1.3 (s, 3 H), 1.4 (s, 2 
H), 1.45 (m, 2 H), 2.47 (d, 2 H). 2.7 (m, 2 H), 3.1 (m, 1 H)t 3.6 
(s, 3 H), 3.38 (s, 2 H), 3.9 (m, 1H), and 6.8-7.2 (m, 9 H) ppm. 
The ethyl ester 8a was also synthesized in comparable yield with 
ethyl acetoacetate: 1H NMR (CDCI3) 8 1.27 (t, 3 H), 1.36 (s, 3 
H), 1.40 (s, 3 H), 1.45 (m, 2 H). 2.6 (d, 2 H), 2.4-2.7 (m, 2 H), 3.1 
(m, 1 H), 3.4 (s, 2 H), 3.9 (m, 1 H), 4.2 (q, 2 H), and 7.0-7.2 (m, 
9 H) ppm; IR (thin film) 2965,1743,1714,1654,1599,1559,1512, 
1500, 1374, 1227, 1160, and 844 cm"1; HPLC indicated, 100% 1 
purity (retention time 23.2 min). Anal. C, H; N: ] 
calcd, 6.19; found, 5.73. ! 

(±)-//aflj-6-[2-[5-(4-Fluorophenyl)-3-(l-niethylethy!)*l' ' 
phenyl-I/f-pyrazol-4-yl]ethyl]tetrahydro-4-hydroxy-2H-
pyran-2-one (10). (i) Use of Tri-n-butylborane and Air J 
Activation. Through a THF (150 mL) solution of tri-n-butyl* • 
borane (76.5 mL, 1 M, 0.076 mol) and 8 (31.48 g, 0.070 mol) was ] 
bubbled air (125 mL), and the solution was stirred at room tem
perature under a nitrogen atmosphere for 24 h. The solution was • 
then cooled to -78 0C, and sodium borohydride (3.15 g, 0.0835 ' 
mol) was added in one portion. The mixture was allowed to warm ' 
to -20 0C over 2 h and then to 0 °C where it was stirred for 1 h. 
The reaction was then quenched by the addition of glacial acetic 
add (14.6 mL, 0.205 mol) and water (17 mL). When gas evolution 
had ceased, 2 N sodium hydroxide (167 mL) was added followed 
by the dropwise addition of 30% hydrogen peroxide (25.7 mL, 
0.25 mol) over 1 h. The resulting mixture was allowed to warm 
to room temperature overnight and then partitioned between ether 
(500 mL) and water (500 mL). Hie aqueous layer was separated 
and the ether layer was washed with 3 N NaOH (2 x 200 mL). 
The combined aqueous layers were then cooled to 0 "C and 
acidified with ice-cold 6 N HC1. This was then extracted with 
ethyl acetate <4 x 200 mL). The combined organic extracts were 
then washed with water (200 mL) and brine (2 X 200 mL), dried 
(MgSOj), filtered, and concentrated under vacuum to yield 9 (30 
g, 95%) as a mixture of 3/2,5^/35,55 and 3S,5ft/3J?,5S race mates. 
This material was dissolved in toluene (500 mL) and heated under '' 
reflux with azeotropic removal of water for 3 h. The mixture was 
cooled to room temperature and concentrated in vacua The 
residue was flash chromatographed on silica gel, eluting with 75% 
ethyl acetate-hexane to produce 10 (16.6 g, 60%) as a colorless 
solid: mp 157-159 "C (5:1 cyclohexane:chloroform). 

'H NMR (CDClg) 61.3 (s, 3 H), 1.4 (s, 3 H), 1-6-1.9 (m, 4 H), 
2.2 (br s, 1 H), 2.5-2.8 (m, 4 H), 3.1 (m, 1 H), 4.3 (m, 1 H), 4.6 
(m, 1H), and 7.0-7.3 (m, 9 H) ppm; IR (KBr) 3400,2962,2868, 
1707,1598,1511,1440,1376,1252,1225,1052, 972,843, and 767 
cm"1. 

[fi 

ill m 

N. 

HPLC (stationary phase, Altex C 18 column; mobile phase, 
50:50 0.05 M citric acid (pH m 4.0)/CH3CN) indicated a 3.3:1 
mixture of trans (IR = 13.1 min)/cis (£R = 12.0 min) diasterepmers, 
Anal. (CuH^FNsOg) C, H, N. The cis diastereomer was visible 
by NMR; the H6 and H4 protons appeared as a broad multiplet 
at 8 4.1 ppm. 

(ii) Use of Triethylborane with Pivalic Acid Catalysis. 
To a room temperature solution of triethylborane (2.5 mL of a 
1 M THF solution (0.00214 mol)) under a nitrogen atmosphere (18) Use of acetic acid as solvent greatly reduces reaction times. 
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mL) was added carefully, followed by the dropwise addition of 
30% hydrogen peroxide (192 raL). This solution was stirred for 
1 h and then poured into ether (800 mL). The organic phase was 
washed with water (2 x 160 mL) and brine (100 mL). It was dried 
(MgS04), filtered, and evaporated. The residue was flash chro-
matographed on silica gel, eluting with ethyl acetate-hexane 
(50:50), to give methyl 3,5-dihydroxy-6-heptenoate (7.05 g, 69%) 
as a mixture of 3R,5^/35,55 and 3S,5R/3R,5S racemates, which 
was used in the subsequent step without further purification. This 
crude mixture (7.0 g, 0.04 mol) was dissolved in a mixture of 
dichloromethane (100 mL) and 2,2-dimethoxypropane (20 mL, 
0.162 mol). A catalytic amount of camphorsulfonic acid (0.05 g) 
was added and the solution was stirred overnight at room tem
perature. Concentration and flash chromatography on silica gel 
(eluting with 25% ethyl acetate-hexane) of the resulting residue 
gave 13 (4.25 g, 50%) as a 25:1 mixture of 3i2,5A/35»55 and 
ZS,5R/ZR,5S racemates (HPLC indicated that the 3fl,5J?/3S,5S 
racemate had a retention time of 8.5 min and the 3S,5i?/3fl,5S 
racemate had a retention time of 8.4 min): 1H NMR (CDCI3) $ 
1.2-1.3 (m, 1 H, 5-H), 1.38 (s, 3 H), 1.45 (s, 3 H), 1.60 (m, 1 H, 
5-H'), 2.36 (dd, 1H, J - 14,6 Hz), 2.56 (dd, 1H, J * 14,6 Hz), 
3.6 (s, 3 H), 4.3-4.5 (m, 2 H, 4-H, 6-H). 5.1-5.3 (m, 2 H), 5.8 (m, 
1H) ppm; IR (thin film) 2994,1743,1439,1382,1316,1261,1203, 
1170,1099,1001, and 926 cm"1. Anal. (CnH^O^) H; C: calcd, 
61.66; found, 60.12. 

(£)-Methyl 6*(2-[5*(4.Fluorophenyl)-3-(l-methylethyl)* 
l-phenyMiif-pyrazol-4-yl]ethenyl]-2^-dimethyl-l,3-diox* 
ane-4-acetate (14). Asolutionof 11a (1.07g,0.003mol), 13 (1.1 
g, 0.0051 mol), and bis(triphenyIphopshine)palladium(lI) chloride 
(0.042 g, 0.00006 mol, 2 mol %) in 6 mL of a 50:50 mixture of 
triethylamine and DMF was stirred and heated at reflux overnight 
under a nitrogen atmosphere. The solution was cooled to room 
temperature and diluted with ether (100 mL) and washed with 
water (100 mL), 2 M hydrochloric acid (50 mL), water (100 mL), 
saturated aqueous sodium bicarbonate (100 mL), and brine (500 
mL). The organic extracts were dried (MgSO*), filtered, and 
evaporated. The residue was flash chromatographed on silica gel, 
eluUng with 10% ethyl acetate-hexane, to give 14 (0.74 g, 50%) 
as yellow crystals, mp 136-137 *0, together with small amounts 
of 5: lH NMR (CDCI3) S 1.25-1.6 (m, 14 H), 2.36 (dd, 1 H,«7 = 
14, 6 Hz), 2.56 (dd, 1 H, J = 14, 6 Hz), 3.20 (m, 1 H), 3.7 (s, 3 
H), 4.3 (m, 2 H), 5.7 (dd, 1H, J = 15 Hz, 7 Hz), 6.23 (d, 1 H, J 
= 15 Hz), and 7.0-7.3 (m, 9 H) ppm; IR (KBr) 2914,1739,1663, 
1597,1546,1510,1441,1379,1276,1225,1160,1078,974, and 841 
cm-1; HPLC indicated a 59:1 mixture of 4Rt6R/4S,6S and 
4S,6R/4R,6S racemates (the 4fi,6R/4S,6S racemate had a re
tention time of 12.57 min, and the 4S,6R/4R,6S racemate had 
a retention time of 13.87 min). Anal. (C39H33FN2O4) C, H, N. 

(±)-trflDS-6-[2-[5-(4-Fluorophenyl)-3«(l-methyiethyl)-l-. 
phenyl-lH>pyrazol-4-yl]ethyl]tetrahydr<h4*hydroxy-2H-
pyran-2-one (10). A solution of 14 (0.63 g, 0.00128 mol) in ethyl 
acetate (10 mL) was hydrogenated under a balloon of hydrogen 
gas with 10% palladium on charcoal as catalyst at 25 °C for 2 
days. The catalyst was then removed by filtration through Celite, 
and the filtrate was concentrated and redissolved in 50:50 THF/i 
M HCI (30 mL). This was stirred for 5 h at room temperature, 
and then 25% sodium hydroxide was added until the solution 
was basic (pH ~10). After stirring for 30 min, the mixture was 
diluted with water and extracted with ether. The aqueous solution 
was then acidified with 2 M hydrochloric acid and extracted with 
ethyl acetate. The organic extracts were then washed with brine 
and dried (MgSO.!). Filtration and concentration provided the 
crude dihydroxy add, which was lactonized with azeotropic re
moval of water by refluxing in toluene for 3 h. The cooled solution 
was concentrated to ca. 10 mL and allowed to stand. Pure lactone 
10 crystallized as a white solid (0.35 g, 65%) (mp 163-165 ®C, 2x 
165-167 0C): HPLC indicated a 64:1 mixture of trans (tg = 13.4 
min)/cis UR = 12.3 min) diastereomers. Anal. (C^HJJFNJOS) 
C,H,N. 

(±)-frfl.ns-6-[l-[5-(4-Fluorophenyl)-3*(l-methyIethyl)*l-
phenyl-liir-pyrazoI-4-yl]ethenyl]tetrahydro-4-hydroxy-2£r-
pyran-2-occ (15). A mixture of crude 14 (34 g, 0.067 mol) and 
10% Pd/C (1 g) in absolute EtOH (100 mL) was hydrogenated. 
for 2 days at atmospheric pressure and room temperature. The 
catalyst was removed by filtration through Celite. After con-
centration, the filtrate residue was dissolved in 3:2:1 THF-2 M 

: et at. 

was added, with stirring, a catalytic amount of pivalic acid (0.022 
g, 0.00021 mol). The resulting solution was stirred at room 
temperature for 1 h before a THF (7 mL) solution of 8a (1 g, 
0.00214 mol) was added dropwise. The resulting solution was 
stirred at room temperature for a further 1 h before cooling to 
-78 "C. Methanol (1 mL) was added followed by the addition 
of sodium borohydride (0.0893 g, 0.002 36 mol) in one portion. 
Vigorous gas evolution ensued. This mixture was stirred at -78 
0C for 2.5 h. It was then poured into an excess of ice-cold 30% 
hydrogen peroxide (10 mL) and extracted with ethyl acetate. The 
organic layer was then washed extensively with water and brine, 
dried (MgS04), filtered, and evaporated to yield 1.0 g of the 
corresponding 1,3-diol (quantitative) as a 23:1 mixture of 
3R,5R/3S,5S; and 3S,5i?/3J?,5S racemates. (HPLC indicated that 
the 3R,5R/3S,5S racemate had a retention time of 13.5 min and 
the 3R,5R/3R,5S racemate had a retention time of 11.7 min.) 

5-(4'>Fluorophenyl)-3-(l-methylethyl)-l-phenyl-lif-
pyrazole (5). To a solution of 1 (10.6 g, 0.0509 mol) in glacial 
acetic acid (100 mL) was added at room temperature phenyl-
hydrazine (6.04 g, 0.0559 mol). The mixture was stirred overnight 
at room temperature and then poured into ice-cold saturated 
aqueous sodium bicarbonate (200 mL). An oil precipitated, which 
then crystallized. These crystals were collected and redissolved 
in hexane. The hexane solution was washed with water (100 mL) 
and brine (100 mL) and then dried (MgS04). The solution was 
then concentrated to one-quarter of its original volume and cooled 
to yield 5 as colorless crystals: mp 70-72 0C (hexane) (12.0 g, 
84%); 'H NMR 6 (CDCI3) 1.34 (s, 3 H), 1.38 (s, 3 H), 3.1 (m, 1 
H), 6.3 (s, 1 H), 6.9-7.3 (m, 9 H) ppm; IR (KBr) 3052,2964,1594, 
1510,1440,1374,1302,1222,1164,1089,995, and 849 cm"1. AnaL 
(C19H,7FN2) C, H, N. 

4-Bromo-5-(4-fluorophenyl)-3-(l-methylethyl)-l-phenyl-
Iff-pyrazole (11a). /^Bromosuccmimide (6.21 g, 0.0348 mol) 
was added to a solution of 5 (11.3 g, 0.0348 mol) in DMF (130 
mL} at 0 SC under a nitrogen atmosphere. After 1 h, a solid was 
deposited, which was filtered and washed extensively with water. 
This solid was recrystallized from toluene to yield 11a: mp 
126-128 0C (toluene) (8.1 g, 56%); lH NMR (CDCla) 6 1.38 (s, 
3 H), 1.42 (s, 3 H), 3.1 (m, 1 H), 7.0-7.3 (m, 9 H); IR (KBr) 1593, 
1551,1496,1376,1304,1227,1160,1109,1036,968, and 843 cm"1. 
Anal. (CjgHjeBrFNj) C, H, N. 

5-(4-Fluorophenyl)-4-iodO'3-(l-methylethyl)-l-phenyl-lff-
pyrazole (lib). N-Iodosuccinimide (4.81 g, 0.0214 mol) was 
added in one portion to a stirred solution of 5 (5.0 g, 0.0178 mol) 
in DMF (100 mL) cooled to 0 0C under a dry nitrogen atmosphere. 
The mixture was allowed to warm to room temperature overnight 
and then recooled to 0 eC before more AModosuccinimide (0.24 
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mL) and dried (MgS04). Filtration and concentration afforded 
iL), dried Ub (6.8 g, 94%) as orange/tan needles (mp 141-143 0C) (hexane): 
ield 9 (30 LH NMR (CDCI3) 6 1.38 (s, 3 H), 1.42 (s, 3 H), 3.1 (m, 1 H), and 

7.0-7.3 (m, 9 H) ppm; IR (KBr) 2929,1600,1542,1500,1460,1427, 
1373,1298, 1229, 1159, 1028, 968, and 845 cm"1. Anal. (Cw-
HJJFINJ) C, H, N. 

Methyl 5-hydroxy-3-05CO-6-hcptenoate (12) was prepared as 
described by Ley et aL13 Ethyl 5-hydroxy-3-oxo-6-heptenoate was 
prepared similarly in 94% yield.* 12: 'H NMR (CDCI3) S 1.2 (tr, 
3 H), 2.78 (d, 2 H, 4-H. J = 6.3 Hz), 3.4 (s, 2 H, 2-H), 4.2 (q, 2 
H), 4.6 (dt, 1 H, 5-H, J « 6.0, 6.3 Hz), 5.07-5.35 (m, 2 H, 7-H), 
and 5.88 (ddd, 1 H, 6-H, J - 16.3,10.0, 6.0 Hz) ppm. 

Methyl 6-Ethenyl-2,2-dimcthyl-l,3-dioxane-4-acetate (13). 
Air (20 mL) was bubbled through a solution of triethylborane (64 
mL, 1M THF, 0.064 mol) and 12 (10 g, 0.058 mol) in anhydrous 
THF (50 mL) under a nitrogen atmosphere. The resulting solution 
was stirred overnight at room temperature and then cooled to 
"78 0C. Sodium borohydride (2.64 g, 0.0696 mol) was added in 
one portion, and the vigorously stirred suspension was allowed 
1° warm slowly to 0 0C over 2 h. (Vigorous gas evolution was 
noticed at -50 °C.) The reaction was quenched by the dropwise 
addition of glacial acetic acid (15 mL) followed by addition of 
Wa^r (20 mL) and methanol (20 mL). After all the solid had been 
consumed, saturated aqueous sodium bicarbonate solution (50 
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HCl-MeOH (600 mL) and the mi.tture stirred for 3 days at room 
temperature. This was made aJkaJine (25% aqueous NaOH) and 
partitioned between ether and water. The aqueous layer was then 
acidified (2 M HQ) and extracted with ethyl acetate (2 X 250 
mL). The combined organic extracts were then washed with brine 
(100 mL), dried (MgS04), filtered, and evaporated. The residue 
was dissolved in toluene and refluxed with azeotropic removal 
of water for 2 h. Concentration and flash chromatography on silica 
gel provided a first fraction identified as 15 (1.5 g, 5.3%; mp 
157-158 0C) and a second fraction of 10 (6 g, 22%; mp 156-157 
0C): lH NMR <CDC13) 5 1.3 (s, 6 H), 1.5 (m, 1 H), 1.7 (m, 1 H), 
2.1 (br s, 1 H), 2.4 (m, 1 H), 2.7 (m, 1 H), 3.1 (m, 1 H), 4.Z (m, 
1 H), 4.9 (dd, 1 H), 5.4 (d, 1 H), 5,7 (d, 1 H), and 7.0-7.4 (m, 9 
H) ppm; IR (KBr) 2931,1725,1642,1598,1546,1510,1438,1379, 
1229,1159,1071,1045, 975, 845, and 766 cm-1. Anal. (C^H^F-
NA) c, H, N. 

6-[2-[5-(4-Fluorophenyl)-3-(l-methylethy])-l-phenyl-lH-
pyrazol-4-yl]ethyl]-5,6-dihydro-2Jf-pyran-2-oiie (16). A so
lution of 10 (3.3:1 mixture of trans:cis isomers) (20 g, 0.0473 mol) 
was dissolved in anhydrous dichloromethane (50 mL) under a 
nitrogen atmosphere. Acetic anhydride (5.3 g, 0.052 mol) and DBU 
(15.8 g, 0.104 mol) were added dropwise to the solution. The 
reaction mixture was stirred overnight and then diluted with ether 
(150 mL) and washed with 2 M HC1 (100 mL), saturated aqueous 
sodium bicarbonate solution (100 mL), and brine (100 mL), and 
dried (MgSOJ. Filtration and concentration gave a residue (17 
g), which was passed through silica gel. Elution with hexane gave 
16 (13 g, 68%) as a white solid (mp 89 ®C (hexane)): 'H NMR 
(CDC13) 6 1.36 (d, 6 H), 1.6-1.9 (m, 2 H), 2.2 (m, 2 H), 2.7 (m, 
2 H), 3.0 (m, 1H), 4.3 (m, 1 H), 6.0 (dd, 1 H), 6.8 (m, 1 H), and 
7.0-7.3 (m, 9 H) ppm; IR (KBr) 2961,2S68,1723,1596,1562,1511, 
1439,1376,1336,1248,1159,1094,1043, 970, and 844 cm"1. Anal. 
(C2SH2SFN202) C, H, N. 

6-[2-[5-(4-Fluorophenyl)-3-(l-methylethyl)-l-phenyl-lfl'-
pyrazol-4-yl]ethyl3dihy<3ro-2if-pyraD-2,4(3H)-dione (20). 
Ethyl acetoacetate (1.14 mL, 0.0089 mol) in anhydrous THF (15 
mL) was added dropwise to a stirred suspension of hexane-washed 
sodium hydride (58,8% oil suspension) (0.225 g) in anhydrous 
THF (20 mL) at 0 0C under an N3 atmosphere. When gas evo
lution was complete, a solution of n-butyllithium in hexane (3.9 
mL, 0.0089 mol, 2.3 M) was added over 30 min. The resulting 
solution was stirred an additional 30 min at 0 0C and then cooled 
to -78 0C. This was then treated with a solution of 7 (2.0 g, 0.0059 
mol) in anhydrous THF (15 mL). The resulting solution was 
stirred at -78 "C for an additional 40 min and then at 0 0C for 
30 min. This was then poured into 25% aqueous NaOH (50 mL). 
The resulting mixture was then washed with ether (to remove 
starting aldehyde) and then acidified with ice-cold 6 M HC1. This 
was then extracted with ethyl acetate, the organic extract was 
washed with water and brine, dried (MgSO^), filtered, and 
evaporated. Recrystalh'zation from EtjO-hexane (1:10) provided 
20 (1.62 g, 65%): mp 141-143 0C; XH NMR (CDC13) 5 1.3 (d, 6 
H), 1.6-1.9 (m, 2 H), 2.4 (m, 2 H), 2.8 (m, 2 H), 3.1 (m, 1 H), 3.3 
(d, 2 H), 4.5 (m, 1 H), 7.1-7.3 (m, 9 H) ppm; IR (KBr) 2900,1599, 
1511, 1440, 1376, 1273, 1226, 1159, 842, and 766 cm'1. Anal. 
(C25H25N203F) H, N; C: calcd, 71.41; found, 70.93. 

Addition of Benzyl Alcohol to Compound 16. To a solution 
of 16 (6 g, 0.0148 mol) in benzyl alcohol (45 mL) at 0 "C was added 
sodium benzylate in benzyl alcohol (5.9 mL, 0.5 M). The reaction 
was allowed to warm to room temperature and then stirred for 
24 h. The solution was then diluted with methanol and made 
alkaline (0.02 mol, 3 M NaOH). The resulting aqueous layer was 
washed with ether, acidified with 2 M HC1, and extracted with 
ethyl acetate. The organic extracts were washed with water and 
brine and dried (MgSOJ. Filtration and concentration yielded 
a crude mixture of products (7.8 g) consisting mainly of the benzyl 
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ether dihydroxy acid 19 and a small amount of lactone 17. This 
material was dissolved in ethyl acetate (30 mL) and 10% Pd/C 

. (0.5 g) added. This was then hydrogenated at 1 atm of pressure 
for 2 days. The catalyst was then removed by filtration and the 
filtrate concentrated. The residue was dissolved in toluene (50 ! 

mL) and heated to reflux with azeotropic removal of water. The 
solution was cooled and the product (10) crystallized (3.8 g,.60%). >•. 
HPLC showed a 8:1 trans:cis mixture of diastereomers. 

Addition of Methanol to Compound 16. To a solution of ^ 
compound 16 (1.1 g, 0.0027 mol) in methanol (25 mL) at room 
temperature under a nitrogen atmosphere was added sodium 
methoxide (0.017 g, 0.0003 mol). Reaction was almost instanta
neous. TLC showed the formation of two products, the main 
product was presumably the ring opened methyl ether 21, the 
minor product was the lactone 22. This was then made alkaline 
with 25% NaOH and concentrated in vacuo. The residue was 
extracted with hexane and the remaining aqueous solution was 
acidified (0 0C, 12 N, HC1). The solution was then extracted with 
ethyl acetate and the organic solution was washed with water and 
brine and dried (MgSOJ. Filtration and concentration yielded 
crude product (1.1 g). This was dissolved in toluene (100 mL) 
and heated under reflux with azeotropic removal of water /or 4 
h. Flash chromatography on silica gel eluting with 40% ethyl 
acetate-hexane gave 6-[2-[5'(4-fiuorophenyl)-3-(l-inethyl-
ethyl)-l-phenyl-l//-pyrazol-4-yl]ethyl]tetrahydro-4-methoxy-2H-
pyran-2-one (22) (0.89 g, 75%): mp 86-88 0C; HPLC indicated 
a 7.4:1 mixture of trans (fR = 23.9 min):ris (fB = 21.8 min) dia
stereomers; lH NMR (CDCI3) h 1.25 (d, 6 H), 1.4-1.9 (m, 4 H), 
2.4-2.6 (m, 4 H), 3.0 (m, 1 H), 3.2 (s, 3 H), 3.6 (m, 1 H), 4.3 (m, 
1 H), 6.9-7.1 (m, 9 H) ppm; ER (KBr) 2958,1744,1595,1565,1511, 
1439, 1376, 1253, 1224, 1157, 1098, 1071, and 840 cm-1. Anal. 
(CjeHjgFNaOs) C, H, N. 

(±)-cis-6-[2-[5-(4-I,lucrophenyl)-3-(l-raethylethyI)-l-
phenyl-lfl'-pyrazol-4-yl]ethyl]tetrahydro-4-hydroxy-2fl'-
pyran-2-one (23). A methanolic solution (25 mL) of 20 (1 g, 
0.0024 mol) was hydrogenated at atmospheric pressure and room 
temperature using 10% Ru/C as catalyst. This was stirred at 
room temperature for 5 days, filtered, and concentrated to yield 
1.3 g of crude material. Flash chromatography on silica gel, eluting 
with 40% ethyl acetate-hexane provided a first fraction identified 
as 24 (0.55 g, 51%): mp 92-94 0C; lH NMR (CDCI3) b 1.37 (d, 
6 H), 1.5 (m, 4 H), 2.4-2.7 (m, 4 H), 3.1 (m, 1 H), 3.7 (s, 3 H), 3.8 
(m, 1 H), 4.2 (m, 1 H), and 7.0-7.2 (m, 9 H) ppm; IR (KBr) 2958, 
2867,1735, 1595,1562, 1511,1439,1325, 1337, 1222,1159,1093, 
983, and 840 cm"1. Anal. (C26H3jFN204) C, H, N. 

A second fraction gave material identified as 23 (0.13 g, 13%): 
mp 145-147 0C; HPLC indicated a 4:1 mixture of cis (JR = 10.51 
min):trans (JR - 11.41 min) diastereomers; LH NMR (CDCI3) 6 
1.3 (d, 6 H), 1.4-2.0 (m, 4 H), 2.3-2.9 (m, 4 H), 3.1 (m, 1 H), 4.1 
(m, 2 H), and 7.0-7.2 (m, 4 H) ppm. Anal. (CKH^FNA) C, H. 
N. 

The other diastereomer exhibits peaks at 6 4.5 ppm (H6') and 
4.3 ppm (H4'); IR (KBr) 3400,2950,1700,1605,1511,1376, anc 
845 cm"1. . 

Acknowledgment. We thank Prof. Andrew T. McPhal 
of Duke University for performing the initial X-raj . 
structure determination of lactone 10, E. H. Ferguson foi 
conducting the enzyme inhibition assays, Dr. S. Brennan 
T. Hurley, and D. Sherwood for HPLC analyses and Dr 
F, A. MacKellar and staff for analyticaJ and spectraJ de 
terminations. 

Supplementary Material Available: Preliminary X-ra-
crystallographic data for lactone 10 (4 pages). Ordering infor 
mation is given on any current masthead page. 

Sawai Ex 1005 
Page 975 of 4322



til 

J. Med. Chem. 1990,33,52-60 52 

Acknowledgment. This work was supported by Polish 
Project CPBR 11.5 and by Italian Ministero della Pubblica 
Instruzione (Fondi 60%). We thank E. Augustin for the 
determination of cytotoxic activity against HeLaSa cells 
in tissue culture, K. Maturska for skillful technical assis
tance in anim&l experiments, and F. Lupidi for NMR 
spectra. 

mol) of 6 and 10 mL of HCOOH was heated at reflux for 14 h. 
Then, 200 mL of water was added and the solution was made basic 
(pH 9) by addition of sodium carbonate. The resulting solution 
was extracted with benzene (2 X 150 mL); the organic extracts 
were dried (NajSO*) and evaporated to give a residue, which 
crystallized as yellow needles from acetone-hexane. 11: ^ NMR 
(DMSO) 9.22 (1 H, s, Cl-H), 8.97 (1 H, ex, t, NifCH2), 8.40 (2 
H, t, C10-H and C7-H), 8.00 {1 H, d, J = 8.6, C3-H), 7.92 (1 H, 
t, C9-H), 7.59 (1 H, t, C8-H), 6.83 (1 H, d. J = 9.0, C4-H), 3.46 
(2 H, qu*. -NHCHJCHJ-), 2.62 (2 H, t, CHaCHjNMes), 2.28 (6 
H, s, N(CH3)a>. 
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99140-00-8; 4, 99140-23.5; 4-HC1, 123381-65-7; 4>MeS03H, 
99140-24-6; 5,123381-83-9; S-HCl, 123381-66-8; 6,123381-&4-0; 
6.2HC1, 123381-67-9; 7, 123381-85-1; 7.2HC1, 123381-68-0;'8, 
123381-86.2; 8«2HC1, 123381-69-1; 9, 123381-87-3; 9-2HC1, 
123381-70.4; 10,123381-88-4; 10.2HC1,123381-71-5; 11,123381-
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13,123381-91-9; 13-2HC1,123381-74-8; 14,123381-92-0514.2HC1, 
123381-75-9; 15,123381-93-1; 15-2HC1,123381-76-0; 16,123381-
94-2; 16.2HC1,123381-77-1; 17,123381-95-3; 17.2HC1,123381-78-2; 
18,123381-96-4; 18-2HC1,123411-29-0; 19,123381.97-5; 19-2HC1, 
123381-79.3; 20,123381-98-6; 20-2HC1,123381-80-6; 21,123381. : 

99-7; 21-2HC1,123381-81-7; 22,123382-00-3; 22.2HC1,123381.82.8; 
MejN(CH2)iNH2,108-00-9; Me,N(CH5)3NH2, 109.55-7; Me^N-
(CHJ)SNH2, 3209-46-9; EtC02Hf 79-09-4; PrCOjH, 107-92-6; 
MejCHCOjH, 79-31-2; PhC02H, 65.85.0; l-chloro.4-nitro-
acridin-9(10W)-one, 20621-51-6; nonanoic acid, 112-05.0. 

Compounds 12,13, and 16-22 were obtained in an analogous 
manner. Compound 14 required a refluxing time of 28 h. 

(b) 5-[[2.(Diniethylamino)ethyl]amino]-l-octylimida2o-
(4,5,l-<Je}acridin-6-one (15). A mixture of 1.48 g (0.004 mol) 
of hydrochloride 6, 8 mL (0.045 mol) of nonanoic acid, and 10 
mL of bromobenzene was heated at reflux for 12 h. After cooling, 
the solution was diluted with CHCI3 (100 mL) and extracted with 
5% aqueous HCl. The aqueous extracts were made basic with 
NaOH and extracted with benzene. The organic extracts, dried 
with CaCl2, were evaporated to dryness, and the crude product 
was crystallized from benzene-heptane. 15: 1H NMR (CD3OD) 
8.56 (1H, d, C7-H), &20 (1H, d, C10-H), 7.92 (1H, t, C9-H), 7.88 
(1 H, d, J = as, C3-H), 7.59 (1H, t, C8-H), 6.84 (1H, d, J = 8.9, 
C4-H), 3.66-0.88 (27 H, m, series of overlapping signals relative 
to the aliphatic moieties). 

Synthesis and Biological Activity of New HMG-CoA Reductase Inhibitors. 1. 
Lactones of Pyridine- and Pyrimidine-Substituted 3,5-Dihydroxy-6-heptenoic 
(-heptanoic) Acids 

G. Beck; K. Kesseler, E. Baader, W. Bartmann,* A. Bergmann, E. Granzer, H. Jendralla, B. v, Kerekjarto, 
K. Krause, E. Paulus, W. Schubert, and G. Wess 

Hoechst AG, Postfach 80 03 20, 6230 Frank/urt/M. 80, West Germany. Receiued October 24, 1988 

•: f 

i 
Lactones of pyridine- and pyrimidme-substituted 3,5-dihydroxy-6-heptenoic (-heptanoic) acids 2-4 have been 
synthesized. Extensive exploration of structure-activity relationships led to several compounds exceeding the inhibitory 
activity of mevinolin (lb) on HMG-CoA reductase, both in vitro and in vivo. First clinical trials with 2i (HR 780) 
are in preparation. 

$ Only a few years after the discovery of the LDL receptor 
by Brown and Goldstein in 1973,1 the fungal metabolites 
compactin (la)2,3 and mevinolin (lb)4,5 have been isolated. 
Both compounds are potent inhibitors of cholesterol bio

synthesis at the level of the major rate-limiting enzyme 
3-hydroxy-3-methylglutaryl-CoA reductase (HMG-CoA £ 
reductase). Through a feedback mechanism, inhibition of 3 
HMG-CoA reductase results in an increase of LDL-re- jf 
ceptor synthesis with subsequent removal of LDL from the £ 
bloodstream.5 

r?. 

£ 
(1) Goldstein, J. L.; Brown, M. S. Proc. Natl. Acad. Sci. U.S.A. 

1973, 70, 2804. 
(2) (a) Endo, A.; Kuroda, M.; Tsujita, Y. J. Antibiotics 1976,29, 

1346. (b) Endo, A.; Kuroda, M.; Tanzawa, K. FEBS Lett. 
1976, 72, 323. (c) Brown, A. G.; Smale, T. C.; King, T. J.; 
Hasenkamp, R.; Thompson, R H.J. Ckem. Soc. Perkin Trans.. 
J 1976,1165. 

(3) Alberts, A. W,; Chen, J.; Kuron, G.; Hunt, V.; Huff, J.; Hoff
mann, C.; Rothrock, J.; Lopez, M.; Joshua, H.; Harris, E.; 
Patchett, A.; Monaghan, R.; Currie, S.; Stapley, E.; Albers-
Schonbeig; G,; Hensens, O.; Hirshfleld, J.; Hoogsteen, K.; 
Liesch, J.; Springer, J. Proc. Natl. Acad. Sci. U.SA. 1980,77, 
3957. 

(4) (a) Hoffmann, W. F,; Alberts, A. W.; Anderson, P. S.; Chen, J. 
s.; Smith, R. L.; Willard, A. K. J. Med. Chem. 1986, 29, 849. 
(b") Mol, M. J. T. M.; Erkelens, D. W.; Gevers Leuven, J. A.; 
Schouten, J. A. Lancet 1986, 936. 

(5) (a) Serizawa, N,; Nakagawa, K.; Hamano, K.; Tsujita, Y.; 
Terahara, A.; Kuwano, H. J. Antibiotics 1983,36,5. (b) Drugs 
Future 1987,12, 437. 

I | no^y.0' HO. XT ' I A"0 '0 

R'. .R« 

vY 
a i i 

I 2 : A - S  = ( E ) - C H  =  C H ;  Y  =  C H , N  la: R«H 

lb: R ' C H j  3 :  A -  8  =  ( Z ) - C H s C H ;  Y = C H . N  

4 : A - B  =  C H 2 - C H 2  ; Y = C H , N  

(6) Brown, M. S.; Goldstein, J. L. Sci. Am. 1984, 52. 
1 
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Table I. Physical Properties and Inhibitory Activities of Lactones 2-4 sh 
ca HO tx he 
lis 
is- xB 
1R PC 

xV NS-oY 

I 

R2 R1 

)•••* 

b H i 
H R3 } 

[-0 2: A~B=(E)-CH=CH 
3: A-B = (2)-CH=CH 
4; A-8 = CH2CHZ 

; 8 
:ci 
81 
3-7 anal/ ICM,rf nM purificn" % yield6 RJ R3 mp. 0C formula Rl no. Y 
IC 8 lb 
181 CwHjoFNOa 205 

CJOHJOCINOJ oil 
CMHaFN03 149 
CttH24FNOj oil 
C«HJ4FN03 oil 
CjiHjjFNOj 137-140 
CaHaoFNOa 158-160* 
CnHjjFNOa 135-138 
CnH*FN03 141^ 
C^HJJFJNOJ oil 
CaHMFN03 oil 
CwHaoFNOa 80 
CjgHjgNO^ 
CwHjeFjNOj - oil 
CMHJJFNOJ oil 
CjoH^FNOj 196-195 
C^H^FNOo oil 
Cl9H,9FN203 174-176* 
CI9H19C1N203 oil 
C»H»FN203 oil 
CaH^FNA 128 
CsgHjjFNA 164-166'" 
C26HwF2N203 138-140 
CjoHjoFNOa 188 
CwH^FNOa 216 
C19H19C1N203 165-166 
C,6H26FN03 53-55 
CjrHjaFNOa oil 
CigH2lFN203 170-172 

C, H. F.N 
C, H, CI, N 
C, H, F.N 
C. H. F.N 
C. H. F.N 
C, H, F, N 
C. H. F, N 
C. H. F, N 
C, H.F.N 
C. H. F. N 
C. H. F. N 
C. H. F. N 
C. H.N 
C. H. F. N 
C.H. F.N 
C. H, F. N 
C, H, F.N 
C. H. F. N 
C. H. CI. N 
C.H.F.N 
C. H. F. N 
C, H. F. N 
C. H. F. N 
C, H.F.N 
C, H, F. N 
C, H, CI, N 
C, H, F, N 
C, H, F, N 
C, H, F, N 

CH CH3 4.FCcH4 

4.CIC6H< 

4.FC«H4 
4-FCeH< 
4-FC6H4 
4'FCJH4 
4^0^, 
A-TCJU 
4-FC6H4 
4-FC6H4 
4-FC6H4 

4-FC6H4 
4-CH3OC6H4 

4-CF3C6H4 
4*FC6H4 
4'FC6H4 

CH3 260 A 16 2a 
8-2 CH CH3 CH3 94 15 A 2b 
IC B CHj CgHj 13 38 CH 2c 
181 CjHj CBHS C 13 40 CH 2a 
2-8 C 23 9 CH i.CjH, 

CH f-C3Hi 
CH NCJHT 

CH3 2e 
.•2N 

t-C4H9 

C 28 3 2[ 
•2-6 C 16 1 2g 

c-C6Hn C 13 4 CH i'CjH, 
t'-CjH, 
t-CsHf 
t'-CjH, 
i-CjH, 
i-C3H7 
«-C3H7 

t.C4H9 

c-CgH, 
4.FC6H, i-CjH, 
CHj 
CH3 

i-CaH, 
i-CaHT 
«-C3H7 

t-C3H7 

tro- 2h 
24 CsHs C 3 CH 2i 

2 4.FC6H4 

2,5-(CH3hC<Hz 
3f5-(CH3)jC«Ha 

C 22 CH 23 
28 CH C 5 2k 

8 26 C 21 CH 
oil 13 C6HS C 30 2m CH 

36 CeHj C 21 CH 2n 
18 C«HS C CH 19 2o 
30 CsH4 C CH 11 2p 

CfiHj C 25 4 CH 2q 
500 N 4>FC6H4 

4-ClC6H4 

4.FC6H< 
4-FC6H4 

4.FC6H4 
4'FC6H4 
4-FC6H4 

4.FC6H4 
4-ClC6H4 
4-FC6H4 
4-FC6H4 
4-FC6H4 

CH D 18 2r 3 
600 N CH3 D 20 2s 

i-CjHi 
c-CeH,, 
CeH, 
4-FC6H4 

3 N E 13 2t 
N C 19 1 2u 

3 N D 2v 18 I 
; c 1 2w N 22 

>1000 A 3a CH CH3 

CH CH3 

CH3 8 
100 3c C6H5 B 8 

>1000 3s N CHj CH3 D 18 
3 CH C2H5 C6H4 4d 17 I 

5 4i 19 CH t-C3H7 CeHj 22 
. 1000 N CH3 CH3 18 4r 

'Purified by flash chromatography on silica using the following eiuents: A ethyl acetaie/methanol 10:1, B cyclohexaiie/ethyl acetate 1:4, 
C cyclohexane/ethyl acetate 2:1, D ethyl acetate, E cyclohexane/ethyl acetate 1:1. ''Represents overall yield for purified material from 
Wittig reaction of 6. 'Analytical results for purified material were within ±0.4% of the theoretical values. ^Tested in the ring-opened 
potassium dihydroxycarboxylate form, for assay protocol see the Experimental Section. '{a)20D = +26® (c - 1, methanol). '{«]20D = +25° 
(c * 1, methanol). 'Obtained as an oil, which crystallized on standing for several weeks; melting point determined after recrystallization 
from diisopropyl ether/ethyl acetate 2:1. A [a]WD * +21* (c 88 1, methanol). ' (apQ = +14° (c = 1, methanol). I 7me 

CoA synthetic analogues related to mevinolm (lb). In our 
laboratories structurally simplified HMG-CoA reductase 
inhibitors have been synthesized as well.10,11 Structure-
activity relationships (SAH) in previous series7,10,11 revealed 
that the chiral lactone moiety in mevmolin (lb) is essential 
for strong biological activity, whereas the hexahydro-
naphthalene moiety allows more structural variations. In 
the present paper we describe the synthesis and biological 
activity of new HMG-CoA reductase inhibitors 2-4, which 
contain for the first time monocyclic,12 six-membered 

Recent reports by Merck Sharp & Dohme,7 Sandoz,8 and 
Warner-Lambert9 have described natural products and in of 

L-re-
ri the 

u 

(7) (a) Stokker, G. E.; Hoffmann, W. F.; Alberts, A. W.; Cragoe, 
E. J., Jr.; Deana, A. A.; Gilflllan, J. L; Huff, J. W.; Novello, F. 
C.; Prugh, J. D.; Smith, R. L.; Willard, A. K. J. Med. Chem. 
1985,28,347. (b) Hoffmann, W. F.; Alberts, A. W.; Cragoe, E. 
J., Jr.; Deana, A. A.; Evans, B. E.; Gilflllan, J. L.; Gould, N. P.; 
Huff, J. W.; Novello, F. C.; Prugh, J. D.; Rittle, K. E.; Smith, 
R. L.; Stokker, G. E.; Willard, A. K. J. Med. Chem. 1986, 29, 
159. (c) Stokker, G. E.; Alberts, A. W.; Anderson, P. S.; Cragoe, 
E. J., Jr.; Deana, A. A.; Gilfillan, J. L; Hirshfieid, J.; Holtz, W. 
F.; Hoffmann, W. F.; Huff, J. W.; Lee, T. J.; Novello, F. C.; 
Prugh, J. D.; Rooney, C. S.; Smith, R. L.; Willard, A. K. J. 
Med. Chem. 1986, 29,170. (d) Hoffmann, W. F.; Alberts, A. 
W.; Anderson, P. S.; Chen, J. S.; Smith, R. L.; Willard, A. K. 
J. Med. Chem. 1986, 29, 849. (e) Stokker, G. E.; Alberts, A. 
W.; Giinilan, J. L.; Huff, J. W.; Smith, R. L. J. Med. Chem. 
1986, 29, 852. 

(8) (a) Sandoz, patent WO 84/02131, 1984. (b) Sandoz, patent 
WO 86/00307,1986. (c) Sandoz, patent WO 86/07054,1986. 
(d) Sandoz, European Application EP-A-0221025,1987. 

O) Warner-Lambert, European Application EP-A-0179559,1986. 

(10) Baader, E.; Bartmann, W.; Beck, G.; Bergtnann, A.; Granzer, 
E.; Jendralla, H.; v. Kerekjarto, B.; Kesseler, K.; Krause, R.; 
Paulus, E. F.; Schubert, W.; Wess, G.; 4th. International Con
ference of Chemistry and Biotechnology of Biologically Active 
Natural Products, Budapest, August 10-14,1987, submitted 
for publication (Raven Press, New York). 

(11) (a) Bartmann, W.; Beck, G.; Granzer, E.; Jendralla, H.; v. 
Kerekjarto, B.; Wess, G. Tetrahedron Lett. 1986,27, 4709. (b) 
Baader, E.; Bartmann, W.; Beck, G.; Bergmann, A.; Jendralla, 
H.; Kesseler, K.; Wess, G.; Schubert, W.; Granzer, E.; v. Ker
ekjarto, B.; Krause, R. Tetrahedron Lett. 1988, 29, 929. 
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Scheme IB 

owe RtQ R<0 OH 

TO 
*»'• v PPh,Sf 

ft4 y o..0Me Rl. R* 
b t 

NyY R1. ft1. R* R* tP 
CHO 1 fi R} 

yY NyY 

R' 
5 6 7:f 9:E 

8:Z 10:2 

R^O xy HQ Xr0 HQ 'tr0 
d 

*YV "YV" MesCHj; n4«S«(C6H5J2C{CH3J3 RJ 
R1. 

I rY rv Ny,Y 
RJ R3 

1 1 : E  2 ;  6  4 
12: 2  3:2 

- (a) n-BuU THF, 0-20 0C, (b) HOAc, HjO, THF, reflux, (c) NIS, TBAI, CH^CJj, 20 •C, (d) TBAF, HOAc, THF, 20 9C, (e) H2, Pd/C cat., 
MeOH, EtOAc, 20 0C. 

Scheme 11° 
ROUTE A (YsCH) 

co7ni 
^^x^R* 0 0 0 #AA ORS .R3 

b 
14 

COjRS 
R'vV^ VSr 

15 16 

R* 

rY 
R1 R1 (i 

~O2RS 

* 'i2CH0 * RjA 
R' NH Rl 

Z D  j—21:X-OH 
N H j  HN^N f 

R3 2 Z : X - B t  HCl i; 14 17 10 :X = PPIijSr 19 

R O U T E  8  ( Y » N )  

• (a) KO-t-Bu cat., i-Pr,0, 20 0C, (b) NH<OAc, FeCI3-6H2Op HOAc, reflux, (c) KOAc, PhMe, reflux, (d) DDQ. PhMe, reflux, (e) LIAIH4, 
THF, 20 CC, (1) PBr3, CH2Cla, 20 •C, (g) PPh3l PhMe, reflux. 

heteroaromatic groups with basic properties. 
Chemistry 

. The new compounds 2-4 were synthesized in optically 
pure form by the general method shown in Scheme I and 
are listed in Table I. Compounds 2 were obtained through 
Wittig reaction with the chiral aldehyde 5 and ylides 
generated from the phosphonium salts 6, followed by 
cleavage of the lactol ether moiety of 7, oxidation of 9 to 
lactones 11, and desilylation. Z-configurated analogues 3 
were prepared through the general sequence 8 —10 —• 12 
— 3. 

The Wittig reaction proceeded with high stereoselec
tivity, leading predominantly to the biologically more 
potent E isomers. Double-bond geometry was assigned on 
the basis of the ̂  NMR coupling constants of the olefinic 
protons (E isomers, J = 16 Hz; Z isomers, J = 11 Hz). 

The saturated analogues 4 were synthesized by cataJytic 
hydrogenation of compounds 2 or 3. 

In all cases, the configuration of the lactone moiety • 
results from synthesis via the optically pure 4Rt6S aide- . 
hyde 5.13 Compound 5 was easily prepared through Swern 
oxidation14 of the corresponding alcohol 13,13 obtained 
stereoselectively from glucose. 

"X* •/ 

~V"OH 

J3 

For compound 2i the assigned relative configuration has I 
been additionally confirmed by X-ray crystallographic .{ 
analysis. t 

(12) Quinoline-containing HMG-CoA reductase inhibitors have re
cently been produced by Warner-Lambert, U.S. Patent 

(13) Yang, Y. L.; Falck, J. R. Tetrahedron Lett. 1982, 23, 4305. 
(14) Swern, D.; Manusco, A.; Huany, S. J. Org. Chem. 1978, 4$, 

2480. < 4761419 A. 1986. 

• Tin 
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(HEP G2, a human hepatoma cell line), determined by 
decreased incorporation of sodium [14Clacetate into cho
lesterol (Table II). Selected compounds were further 
evaluated for their ability to inhibit hepatic cholesterol 
synthesis and to decrease cholesterol levels in several an-
imal species upon po administration.20 

All biological experiments were performed with optically 
pure lb as reference for direct comparison. 

In general, the structure-activity relationships of pyri-
midines (2r-w) are comparable to those of the corre
sponding pyridines (2a-q) (e.g. 2i vs 2v, 2a vs 2r, 2j vs 2w; 
Table I). The inhibitory potency strongly depends on the 
substitution pattern of the heteroaromatic ring. We10"12 

and others 7  have recent ly  shown that  subst i tut ion in  2 - ,  
4«, and 6-position of the central aromatic ring leads to 
strong biological activity. 

However, through appropriate choice of substituents, 
the inhibitory potency of the compounds can be further 
increased by 3 orders of magnitude. 

The biological activity of compounds 2 reaches a max
imum if an isopropyl group is introduced in position 2 of 
the central heteroaromatic ring (e.g. 2i vs 2o, 2p, 2d, and 
2a). Polar substituents in position 4, which seem to mimic 
the polar ester moiety of mevinolin, have previously been 
shown to result in compounds with high activity.7 

In our series 4-(chlorophenyl)- and 4-(fluorophenyl)-
substituted analogues are equally potent inhibitors (e.g. 
2a vs 2b, 2r vs 2s). 4-(Methoxyphenyl) or 4-l(trifluoro-
methyDphenylj substitution leads to significant loss of 
activity (2ni, 2n, vs 2i). 

Substitution in position 6 turns out to be the most 
critical for optimal biological activity. Marked increase 
of potency is obtained not only by introduction of bulky 
alkyl groups (e.g. 2f, 2g, 2h, 2t vs 2e, 2s) but also by the 
use of phenyl moieties (e.g. 21, 2j, 2k, 2v, 2w). 

In order to further understand the structure-activity 
relationships, inhibitor 2i was compared with mevinolin 
(lb) by using computer-assisted methods. 

For both compounds a conformational analysis was 
carried out in order to determine their low-energy con
formations. Structure 2i was fitted to lb by reorienting 
it as a whole and allowing groups to move independently 
(for details, see the Experimental Section). 

A graphical representation of the fit of 2i against 1 b is 
shown in Figure 1. If the lactone moieties are oriented 
the same way in both conformers, the isopropyl group of 
2i occupies partly the region of the hexahydronaphthalene 
system of lb. At the same time the 4-fluorophenyl group 
of 2i occupies most of the space of the ester group of lb. 
The phenyl ring of 2i, however, completely extends beyond 
the volume of lb. 

Since 2i and all other compounds bearing bulky sub
stituents as R3 (e.g. 2^ 2h, 2j, 2ii, 2t, 2w) are more potent 
than mevinolin, one might speculate that R3 serves as an 
additional anchor, interacting with a second hydrophobic 
region of the enzyme and thus increases binding. A final 
explanation might be expected by the elucidation of the 
tertiary structure of the HMG;CoA reductase. All Z 
double bond isomers 3 showed only weak in vitro activity 
(e.g. 3a, 3c, 3r). Also hydrogenation of E isomers 2 in most 
cases significantly decreased inhibitory potency (e.g. 2i vs 
4i, 2r vs 4r). However, rather unexpectedly, 4d was 10 
times more active in vitro than 2d. This points to a del
icate balance21 between the length of the carbon bridge and 
the steric bulk of R1 with regard to adaptation of the 
inhibitor to the active site of the enzyme. 

et al. 

Table II. Inhibitory Effect of Compounds 2-4 on the de Novo 
Cholesterol Biosynthesis of HEP-G2 Cell Cultures" 

HO 

XX 1% 

r* 
R1- R* 

30. rY 
R3 

2: A-B B (£)-CH=sCH 
3: A-Ba(2)-CH=CH 
4: A-B-CHjCH; 

rel ICJO, 
no. Y Rl R* R5 nM potency4 

lb 1.00 50 
2a CH CHa 4-FC8H, CHj 
2c CH CHj 4-PCgH, C6HJ 
2e CH ;.CJH7 4-PC6H< CH3 
2g CH i-C3H7 4-FC6H4 t.C<H9 

2h CH I-CJH7 4-FC{H< c-CgHu 
21 CH J-CJH, 4-FC6H< CgHs 
2j CH i-CaH, 4-FC$H4 4-FC6H4 
2k CH i-CjH, 4-FC6H< 215-(CH3)r 

0.03 2000 
0.56 90 
1.00 50 

20 2.50 
9.5 5.26 
5.0 10.00 
7.5 6.67 

2 cat., 2.50 20 
# C6H3 

2 2nj CH t-C3H? 4.CH30C«H4 C6HS 
2p CH C-CJHI, 4.FC6H4 C6HS 

2q CH 4-FC6H4 I-CJH, 
8 2t N I-CjH, 4-FC8H, i-CaH, 
S- 2u N 1-C3H7 4-FC«H4 c-CgHn 

2y N J-CAH7 4-FCJH4 C6HS 

2w N i-CaH7 4-FCsH< 4-FC«HA 

3c CH CH3 4-FCgH4 CJH4 
4i CH t-CjH; 4-FC6H4 C6H4 

0.33 150 
>5000 >0.01 

C6H5 5.00 10 
4.8 10.42 

1.92 26 s 
10.00 5 

2.78 18 
5000 0.08 

370 0.14 
S 'For assay protocol, Me the Experimental Section. 6Potency of 

mevinolin (lb) was arbitrarily assigned a value of 1.00-. 

The synthesis of phosphonium salts 6, via esters 20, is 
outlined in Scheme II. Pyridine esters 20 (Y = CH) were 

[ obtained through Michael addition18 of keto esters i416 and 
I enones 15,17 followed by oxidative cyclization18 of the in-
« termediate 1,5-diketones 16 (route A, see Table III). 
| Pyrimidine esters 20 (Y = N) were synthesized through 
j condensation of 14 with aldehydes 17 and amidinium salts 
J 18,19 followed by oxidation of the resulting 1,4-dihydro-
5 pyrimidines 19 by 2,3-dichloro-5,6-dicyano-l,4-benzo-
| quinone (DDQ; route B, see Table III). In all cases,' esters 
| 20 were transformed to phosphonium salts 6 in three steps 
| via reduction, halogenation of the resulting alcohols 21, and 
| finally reaction of bromides 22 with triphenyl phosphine 

iAlH* 

(see Table IV). 
alytic I 

1 Biological Results and Discussion 
oiety * The new pyridine and pyrimidine analogues 2-4 (Table 
aide- i I) were evaluated for their ability to inhibit solubilized, 
wern | partially purified rat liver HMG-CoA reductase in vitro. 
\ined 5 Compounds 2-4 were also investigated for inhibition of 

cellular HMG-CoA reductase in cultures of hepatic cells 

(15) Connor, R.; Andrews, D. B. J. Am. Chem.. Soc. 1934,56, 2713. 
(16) Jackman, M.; Klenk, M.; Fishburn, B.; Tullar, B. F.; Archer, 

S. J. Am. Chem. Soc. 1948, 70, 2884. 
(17) (a) Drake, N. L.; Allen, P. In Orgcnic Synthesis', John Wiley 

& Sons, Inc. New York. 1932; Collect. Vol. I, p 77. (b) Kohler, 
E. L,; Chadwell, H. M. Ibid, p 78. 

(18) Rehberg, R.; Kroehnke, F. Justus Liedigs Ann. Chem. 1968, 
7/7,91. 

(19) (a) Dox, A. W. In Organic Synthesis', Wiley and Sons Inc., New 
York, 1932; Collect. Vol. I, p 5. (b) Brown, D. j.; Lan, S.*, Mori, 
K. Aust, J. Chem. 1984.37, 2093. (c) Hagemeyer, J. H.; Gam-
mans, W. J. U.S. 3, 402, 193 (Eastman Kodak Co.); Chem. 
Abstr. 1960,70, 3316. 
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'8, 43, (20) Results will be published separately. 
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Table UI;. Physical Pioperties of Esters 20 I 
COjR5 » 

I R1. R2 o 
N¥Y 

R3 

RA R3 R5 purificn" % yield6 R1 Y formula mp, 0C anal.* no. 
4-FCfiH, 
4-C1C6Ha 
4.FC6H4 

4.FC6H, 
4*FC6H4 
4-FC6H4 
4-FCgH< 
4-FC6H4 
4-FC6H, 
4-FCfiH< 

4-FC6H4 
4-FC6H4 
4-CH3OC6H< 
4.CF3C6H4 
4.FC6H4 
4-FC6H4 

CH3 CH3 CH CH3 20a A C15HMFNO2 
C,5H14C1N02 oil 
CjjHjgFNOj oil 
CJJHJQFNOJ oil 
CIBHJOFNO, oil 
CMH^FNOZ oil 
C,1H26FNO? oil 
CjjHjgFNOj oil 
CJJHJJFNOJ oil 
C^Ha^NOj 109-111 
CJ4H»FN02 oil 
C&H^gFNO) oil 

C24HAFJNOj oil 
C24HJ4FN03 oil 
CMH^FNOJ oil 
CttHwFNOj 
CJJHJJFNJOJ oil 
C,SH1SC1NA oil 
C19H23FN2O2 141 
C23H27FN4O2 oil 
CjjHjiFNjOj 105 
CJJHJQFJNJOJ 105—108 

66 C, H, F, N 
C. H, CI, N 
C, H, F, N 
C, H, F, N 
C, H. F. N 
C, H, F, N 
C, H,F,N 
C, H, F, N 
C, H, F, N 
C. H,F,N 
C, H, F, N 
G, H.F.N 
C, H, N 
C, H.F.N 
C. H. F. N 
C.H.F.N 
C. H.F.N 
C, H.F.N 
C, H. CI. N 
C, H, F, N 
C. H. F. N 
C, H, F.N 
C, H. F. N 

oil 
CH, CHj CH CHj 20b B 73 
C«H5 C2H5 CH CH3 20c B 69 
C^Hj CH C2H5 C3H5 20d C 28 
CHj CH i-CgH, 

i-CjHT 
«-C3H, 
t-CsH? 
I-CJHT 
i-C3H7 

i'-CaH, 
i-C3H7 
t-C3H7 

.-CJHT 
{-C4H9 

C-C6HU 
4.FC6H4 

C,H5 20e D 58 
»-C3H7 
£-C4H9 
C-C6HU 

CH 20f C 68 
CH CtHj 20g E 46 
CH 20h E 45 

C8HS CH CiHs 20i D 66 
4-FC8H4 
2,5'(CH3)2C6H3 

3)5*(CHJ)JCJH3 

CSHJ CH 20j E 55 
CJHJ CH 20k E 79 

CH CJHJ 201 E 61 
C6H8 CJHJ 20ra CH E 66 70-74 
C,H5 CJHS CH E 20xi 71 
C8HJ CJHJ C CH 22 20o 
C«H$ CjHj C CH 55 20p 
C«H# I-CJHT CHJ CH D 52 20q 114 CH3 4-FC6H4 

4-ClC6H4 
4-FC6H< 
4-FC6H4 
4-FC6H4 
4-FC6H4 

CJHJ N CH3 F 20r 43 
CHj N CH3 CJHJ F 47 20s 
i-CoH, N i-CaH, 

/•C3H7 
J'-CJHT 
i-C3H7 

CjHs 2Qt 33 A 
c«C«Hn N CjH, 20u B 47 
CgHj N C2H5 20v C 51 
4-FC6H4 N 20w CjHs C 73 

" Purified by Hash chromatography on silica using the following eluents: A cyclohexane/ethyl acetate 2:1, B cyclohexane/ethyl acetate 1:1, 
C cyclohexane/ethyl acetate 4:1, D cyclohexane/ethyl acetate 3:1. B cyclohexane/ethyl acetate 8:1, F cyclohexane/methanol 9:1. 
* Represents overall yield from Michael reaction of keto esters 14. 'Analytical results were within ±0.4% of the theoretical values. 

Table IV. Physical Properties of Phosphonium Salts 6 

PPhaBr 

R1. R* IQ rY 
R3 

R* R1 R3 Y % yield0 formula anal.6 mp, ®C no. 
CH CH3 4-FC6H4 

4-CIC6H4 
4-FC6H4 

4-FC6H4 

4-FC5H4 ' 
4-FC6H4 

4-FCeH, 
-l-FCcH, 
4-FCeH4 
4-FCfiH, 
A-FCe^ 
4-FC6H4 
4-CH3OC6H4 

4.CFAH4 
4-FC6H4 
4-FCsH4 

4-FC6H4 
4-ClC6H4 

4-FC6H, 
4.FC5H4 
4-FC6H4 

4-FC6H, 

CH3 6a 65 CgaHjeBrFNP 
CaaHaBrClNP 
C^HjjjBrFNP 
CwH32BrFNP 
C^HjjBrFNP 
C^H^BrFNP 
C^HjgBrFNP 
C»H40BrFNP 
C^H^BrFNP 
CjjHjjBrFjNP 
C4,HMBrFNP 
C4lH3SBrFNP 
C^BrNOP 
C^BrFjNP 
C4(^3$BrFNP 
C.jHjgBrFNP 
CjjH^BrFNP 
C^H^BrFNaP 
CajHjjBrClNjP 
C3iH35BrFN2P 
C38H39BrFN2P 
CjjHjjBrFNjP 
C39H32BrF2N2P 

218-220 C, H, Br, F, N. P 
C, H. Br. CI. N. P 
C, H.Br, F. N.P 
C, H. Br. F, N, P 
C, H, Br, F. N, P 
C, H, Br. F, N, P 
C, H, Br, F, N, P 
C, H, Br, F, N, P 
C, H, Br, F, N, P 
C, H, Br, F. N, P 
C, H, Br, F. N, P 
C. H. Br, F, N, P 
C, H, Br. N.P 
C, H, Br, F, N, P 
C. H. Br, F, N, P 

•C, H. Br, F, N, P 
C. Hf Br. F. N, P 
C, H. Br, F, N, P 
C, H. Br, CI, N, P 
C, H, Br, F. N, P 
C, H, Br, F, N, P 
C, H. Br, F, N, P 
C, H, Br, F, N. P 

CH CH3 CH3 fib 32 oil 
CH CH3 CeHj 6c 64 230-232 

218-220 CH CjHj C6H5 fid 91 
CH CsHj 

CaH, 
CH3 fie 29 209 

CH 6f i-C,H7 60 100* 
CH C3H7 t-CJU 6g 63 100f 

CH CaH, c-CeHu fih 64 223-226 
268-274 
235-239 

CH CaH, CeHs 6i 34 
CH CaH, 4-FC6H4 

2>5.(CH3)2C6H3 
S.S.fCHaJAHa 

6j 42 
CH CaH, fik 54 250 
CH CaH, 61 58 250 
CH C3H, CeHj 6m 67 270-275 
CH CaH, C6H5 6n 82 250 
CH C<H9 CeHj 60 55 250 
CH C6Hn C^Hs 6p 70 270® 
CH 4-FC6H4 6q CeH5 41 254 
N CH3 CHj 6r 45 232-236 

217-219 
166-169 

N CH3 6s CH, 56 
N (-C3H7 6t i-CaH, 40 

6u N j-CjH, c-CeHn 42 oil 
N 1-C3H, 

j-QjH, 
6v CeHs 69 272-274 

210-214 6w N ' 4-FC6H4 70 
'Represents overall yield from reduction of esters 20. 6 Analytical results were within ±0.4% of the theoretical values. 'Decomposition. ? 

In HEP G2 cells, lactones 2-4 show comparable struc
ture-activity relationships (SAR) as indicated above for 

their sodium salts in the enzyme test (Table 11). A series- ^ 
of compounds (e.g. 2g-k, 2v, 2w) are more potent in HEP | 
G2 cells than mevinolin. 

Inhibition of hepatic cholesterol "de novo" synthesis in '{ 
vivo after oral administration to rats for selected com- | 
pounds 2 also exceeds that of mevinolin.20 Several com* 
pounds (e.g. 2i and 2t) were also investigated in normo- \ 
lipemic rabbits. Analogue 2i (10 mg/kg) after oral ad- j 

(21) Although these results are somewhat conflicting, they are in 
line with observations made in a series of HMG-CoA reductase 
inhibitors containing a central phenyl moiety.1 Depending on 
the substitution pattern of the aromatic ring, saturation of the 
ethylenic bridge in some cases decreased activity,7' whereas in 
other cases it increased activity.1*-*1 

..yf"'-- f -»-.M 
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angles between the central pyridine ring and the ethylene 
bridge, the fluorophenyl, and the phenyl group are 50.8°, 
83.2°, and 18.3° (conformer A) and 51.4°, 71.5®, and 17;6® 
(conformer B). The congruency of the parameters of the 
two molecules was not optimal, because of the unsatis
factory crystal quality usually obtained when two mole
cules of different conformation are crystallizing together. 

HMG-Co A-Reductase Inhibitors. 1 

i m i. 

p 
i BP Conclusion 

The pyridine and pyrimidine analogues 2-4 synthesized 
for this study are potent inhibitors toward HMG-CoA 
reductase. SAR studies showed that a similar 2,4,6-sub-
stitution pattern of the pyridine and pyrimidine ring was 
necessary for optimal biological activity. Different from 
SAR studies in other series,7 we showed that bulky lipo
philic substituents in position 6 of the central aromatic ring 
add significantly to the biological activity of synthetic 
HMG-CoA reductase inhibitors. A series of compounds 
2 and 4 exceeded the activity of mevinolin in HEP G2 cells, 
as well as in the reduction of plasma cholesterol levels in 
normolipemic rabbits. Some of these compounds are 
currently being evaluated for development as antiarter-
iosclerotic drugs. With the pyridine analogue 2i (HR 780) 
toxicological studies in rats and monkeys have already been 
performed.20 The first clinical trials with this compound 
are in preparation. 

i 

H 
1 

Figure 1. Superposition of structures of lb (blue) and 21 (red). 
Except for the phenyl ring, 2i occupies the same regions of space 
as lb. 

i 
\ I Experimental Section 

Reaction with materials sensitive to air or moisture were run 
in dry-glass apparatus under an ergon atmosphere with absolute 
solvents. All reactions were monitored by TLC. Unless noted 
otherwise, reaction mixtures were worked up by quenching with 
water, separation of the organic layer, and extraction of the 
aqueous phase with ether. The combined organic extracts were 
washed with water or brine, dried over MgSO*, and evaporated 
on a rotary evaporator. Melting points were determined on a 
Btichi capillary melting point apparatus (according to Dr. Tottoli) 
and are uncorrected. lH NMR spectra were recorded on a Bruker 
WP60 or WM270 spectrometer using CDClj as solvent. Chemical. 
shifts are given in ppm relative to tetramethylsilane as an internal 
standard. Mass spectra were recorded on a Kratos MS 9 (FAB) 
or MS 80 (CI) mass spectrometer. Optical rotations were de
termined on a Perkin-Elmer 141 polarimeter. 

,5-Keto Esters 14. These compounds were synthesized ac
cording to the method of Jackman.16 

Enones 15. These compounds were prepared according to 
literature methods.17 

Amidinium Hydrochlorides 18. These compounds were 
prepared according to literature,19 if not commercially available. 

General Procedure for the Synthesis of Pyridine- and 
Pyrimidine-3-carboxylic Acid Esters 20a-w (Table III). 
S-^-Fluorophenyi^-O-oxoethyO-S-oxohexancic Acid 
Methyl Ester (16a). A solution of 4-(4-fluorophenyl)but-3-en-
2-one (15a; 41.0 g, 0.25 mol) in ether (600 mL) was added dropwise 
to a mixture of methyl acetoacetate (14a; 58.1 g, 0.50 mol), po
tassium hydroxide (1.2 g), and ethanol (12 m'L). During the 
addition, the reaction temperature was kept below 30 eC.- The 
resulting solution was allowed to stand for 3 h, was acidified (pH 
5) by addition of acetic acid, and successively shaken with water 
and saturated NaHC03 solution. Usual workup gave 50.6 g (72%) 
of 16a as a yellow oil, which was used in the next step without 
purification: lH NMR 5 0.8-1.0 (6 H, m), 1.9 (3 H; s), 2.2-2.9 (2 
H, m), 3.1-4.1 (7 H, m), 7.0-7.8 (4 H, m). 

l,4-Dihydro-4-(4-fluorophenyl)-2-isopropyl«6-phenyl« 
pyrimidme-3-carboxylic Acid Ethyl Ester (19v). To a sus
pension of benzamidine hydrochloride (18b; 102.2 g, 0.85 mol) 
and potassium acetate (90.7 g, 0.94 mol) in 1.5 L of toluene were 
added 4-methyl-3-oxopentanoic acid ethyl ester (98.6 g, 0.62 mol) 
and 4-fluorobenzaldehyde (17a; 77.0 g, 0.62 mol); the mixture was 
stirred for 24 h under reflux, with a Dean-Stark trap, until no 
more water separated. The reaction mixture was cooled and 
worked up in the usual manner. The residual oil was chroma-

1:1, 
^ T 9:1. 

0 1  e s  e i  
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\ 
| Figure 2. Computer-generated ORTEP drawings of conformers 
| A (let) and B (right) of compound 2i forming an asymmetrical I unit within the unit cell. 
J 

| ministration for 19 days decreased serum total and LDL-
1 cholesterol levels by 35% and 53%, respectively (mevinolin 
[ at 10 mg/kg for 19 days: total cholesterol -17%, LDL-
[ cholesterol-30%). Oral treatment with 2t (5 mg/kg) for 

10 days resulted in a 30% decrease of total cholesterol. 

X-ray Crystallography for 21 
The X-ray structure analysis of 2i resulted in two dis

tinct molecules forming an asymmetric unit, which show 
Quite different conformations (Figure 2). The lactone ring 
0f molecule A adopts a boat conformation; that of molecule 
? is in the chair conformation. Further, large differences 
ln the torsion angles 01-C5-C6-C7 (43.4° and 130.4°, 
respectively) were detected. There are no substantial 
differences in bond lengths or bond angles; all the different 
Planar groups of atoms are not coplanar, because otherwise 
the steric hindrance would be too large. The dihedral 

ttion. 

series 
HEP 

•sis in 
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tographed on silica gel. Elution with cydohexane/ethyl acetate 
4:1 ptovided I9v (UO g. 50%) as a viscous, yellow oil: lH NMR 
i 1.2 (3 H, t. J = 7 Hz), 1.3 (6 H, d, J = 7 Hz), 4.0-4.5 (3 H, m). 
5.8 (1 H, s), 7.0-7.9 (10 H, m). Anal. (CKHaFNA) C. H, F, N. 

2)6-DiraethyM-(4-fluorophenyl)pyridine-3-carboxylie Acid 
Methyl Ester (20a). A suspension of 16a (28.0 g, 100 mmol), 
ammonium acetate (120 g), and iron(III) chloride hexahydrate 
(120 g) in acetic acid (1000 mL) was refluxed for 4 h with con
tinuous stirring. The resulting deep red mixture was cooled and 
filtered. After washing of the remaining solid with toluene and 
ethanol, the filtrates were combined and evaporated. The residue 
was suspended in water, neutralized by addition of solid NaHC03, 
and worked up as usual. Chromatography gave 20a (23.6 g, 91%) 
as a white solid: mp 89-90 0C; 'H NMR S 2.6 (6 H, s), 3.7 (3 H, 
s), 7.0-7.5 (5 H, m); MS Ci5HuFN02 m/e = 259 (M+). Anal. 
(CtsHuFN02) C, H, F, N. 

4-(4-Fluorophenyl)-2-isopropyl-6-phenylpyrimidine-3-
carboxylic Acid Ethyl Ester (20v). To a solution of 19v (24.2 
g, 66 mmol) in toluene (300 mL) was added 2,3-dichloro-5,6-di-
cyano-lt4-benzoquinone (DDQ; 18.0 g, 79 mmol), and the mixture 
was stirred for 3 h at 50 0C. The reaction mixture was cooled, 
the solvent was evaporated, and the dark residual oil was extracted 
five times with cyclohexane/ethyl acetate 4:1 (100 mL). The 
organic extracts were evaporated and the brown, residual oil was 
chromatographed on silica gel. Elution with cyclohexane/ethyl 
acetate 4:1 provided 20v (19.9 g, 82%): mp 105-107 0C; lH NMR 
a 1.1 (3 H, t, J = 7 Hz), 1.4 (6 H, d, J = 7 Hz), 3.2 (1 H, h, J = 
7 Hz), 4.2 (2 H, q, J = 7 Hz), 7.0-8.0 (7 H, m), 8.5-8.8 (2 H, m). 
Anal. (C22H21FN202) C, H, F, N. 

General Procedure for the Synthesis of Pyridine and 
Pyrimidine Phosphonium Salts 6a-w (Table IV). [2,6-Di-
methyl-4-(4-nuorophenyl)pyridm*3-yl]methanol (21a). A 1.0 
M solution of LiAlH^ in THF (30 mL, 30 mmol) was added to 
a solution of 20a (7.80 g, 30.1 mmol) in THF (40 mL). The 
resulting reaction mixture was stirred at room temperature for 
1.5 h and poured onto water. After usual workup, the crystalline 
residue was washed with a 1:1 mixture of cyclohexane and ethyl 
acetate, which gave 21a (6.5 g, 93%) as a white solid: mp 124 
0C; NMR 5 2.0 (1 H, s), 2.5 (3 H, s), 2.7 (3 H, s), 4.6 (2 H. s), 
6.9 (1 H, s), 7.0-7.5 (4 H, m): MS CWHUFNO m/e = 231 (M+). 
Anal. (CMHMFNO) C, H, F, N. 

Bromo[2,6-dimethyl-4-(4-fluorophenyl)pyridin-3-yI]-
methane (22a). A solution of 21a (6.4 g, 27.7 mmol) and 
phosphorous tribromide (5.3 mL, 54.4 mmol) in a mixture of 
toluene (50 mL) and dichloromethane (25 mL) was stirred at room 
temperature for 1 h. The resulting mixture was poured onto 
saturated NaHC03 solution and worked up as usual to yield 
essentially pure 22a (6.4 g, 79%) as a pale yellow solid, mp 86-87 
0C, which was used in the next step without purification: 1H NMR 
6 2.5 (3 H, s), 2.7 (3 H, s), 4.4 (2 H, s), 6.9 (1 H, s), 7.0-7.5 (4 H, 
m); MS CnHijBrFN m/e - 295,293 (M*). Anal. (CuHuBrFN) 
C, H, F. N. 

[2,6*Dimethyl-4-(4-fluorophenyl)pyridin-3-yl]raethyltri-
phenylphosphoniura Bromide (6a). A solution of 22a (6.4 g, 
22.5 mmol) and triphenylphosphine (6.2 g, 23 mmol) in toluene 
(200 mL) was refluxed for 5 h. Upon cooling, a white precipitate 
formed, which was collected on a Buchner funnel, washed with 
ether, and dried in vacuo to yield analytically pure 6a (6.4 g, 89%): 
mp 218-220 0C; lH NMR « 2.3 (3 H, d, J = 2 Hz), 2.5 (3 H, d, 
J a 3 Hz), 6.5 (2 H; d, J « 16 Hz), 6.8-7.9 (20 H, m); MS 
CjjHzaBrFNP m/e - 476 (M+). Anal. (CjjHjaBrFNP) C, H, Br, 
F, N, P. 

General Procedure for the Synthesis of Lactones 2-4 
(Table I), (i?)- and (^)-4(i2)-[(iei't-ButyIdiphenylsilyI)-
oxy3-6(S)-[2-[2,6-diniethyl-4-(4-fluorophenyl)pyridin-3-yl]-
ethenyl]-2(.R)-methoxy-3,4,5,6-tetrahydro-2.ff-pyrans (7a and 
8a). A 1.6 M solution of n-butyllithium in hexane (12 mL, 19.2 
mmol) was added dropwise to a solution of 6a (9.70 g, 17.5 mmol) 
in THF (100 mL) at 0 0C. The resulting reaction mixture was 
stirred for 0.5 h, then a solution of 5 (7.29 g, 18.4 mmol) in THF 
(40 mL) was added, and the stirring was continued for 1 h. The 
solution was poured onto water, acidified (pH 5-6) by addition 
of acetic acid, and extracted several times with ether. The com
bined organic layers were shaken with saturated NaHCOa solution 
and further worked up as usual. The remaining oil was chro
matographed to provide 7a (4.99 g, 48%) as an oil and the cor-

Beck et al. 

responding Z isomer 8a (2.36 g, 22%) as a white solid. 7a: lH 
NMR 5 l.l (9 H, s), 1.1-1.9 (4 H, m), 2.5 (3 H, s), 2.6 (3 H, s), 
3.5 (3 H. s), 4.2 (1 H, mc), 4.5 (1 H, mc), 4.9 (1 H, mc), 5.5 (1 H, 
dd, J = 16 Hz, 6 Hz), 6.4 (1 H, d, J = 16 Hz), 6.9-7.7 (15 H, m); 
MS OsfH^FNOjSi m/e = 596 (M +1)+. Anal. (C^H^FNOaSi) 
C, H. F, N. 8a: mp 111-113 0C; 'H NMR j 0.9 (9 H, s), 1.0-1.8 
(4 H, m), 2.6 (6 H. s), 3.3 (3 H, s), 4.2 (1 H, mc), 4.3 (1 H, inc), 
4.5 (1 H, m), 5.5 (1 H, mc), 6.3 (1 H, d, J = 10 Hz), 6.9-7.8 (15 
H, m); MS C^HoFNOjSi m/e = 596 (M + 1)+. Anal. (Car 
H42FN03Si) C, H. F, N. 

(E)• and (Z)-4(J?)-[(fert-ButyIdiphenylsiIyI)oxy]-6(5)-
[2-[2,8-dimethyl-4-(4-fluorophenyl)pyridin-3-yl)ethenyl]-2-
hydroxy-3,4,5,6-tetrahydro-2fi'-pyrans (9a and 10a). A so
lution of 7a (4.93 g, 8.4 mmol) in THF (60 mL), water (60 mL), 
and acetic acid (100 mL) was refluxed for 48 h. Toluene (150 mL) 
was added and the resulting mixture was evaporated. The residue 
was shaken with saturated NaHC03 solution and worked up as 
usual. Chromatography (silica gel, cyclohexane/ethyl acetate 1:1) 
gave 9a (3.14 g, 63%): mp 119 0C; lH NMR 51.1 (9 H, s), 1.2-2.0 
(4 H, m), 2.5 (3 H, s), 2.6 (3 H, s), 3.9-5.0 (3 H, m), 5.1-5.6 (2 H, 
m), 6.4 (1 H, d, J = 16 Hz), 6.9-7.8 (15 H, m); MS CwH^NC^Si 
m/e = 581 (M+). Anal. (CagH^FNOjSi) C, H, F, N. 

The corresponding Z isomer 10a was prepared by the same 
procedure in 60% yield: mp 147-149 8C; ^ NMR 6 0.9 (9 H, 
s), 1.0-1.9 (4 H, m), 2.5 (6 H, s), 4.0-4.4 (2 H, m), 4.8-6.5 (3 H, 
m), 6.9-7.6 (15 H, m); MS CaH^jFNOaSi m/e = 581 (M+). Anal. 
(CaeHuFNOaSi) C, H, .F, N. 

CE)- and (.ZMCRi-jXfftri-ButyldiphenyUilylioxy^iS)-
[2-[2,6-diraethyM-(4-fluorophenyl)pyridin-3-yl]ethenyl]-
3,<4,5,6-tetrahydrOr2/f-pyran-2-ones (11a and 12a). A solution 
of 9a (3.00 g, 5.18 mmol), N-iodosuccinimide (5.82 g, 25.9 mmol), 
and tetra-n-butylammonium iodide (1.91 g, 5.18 mmol) in di
chloromethane (70 mL) was stirred for 2 h at room temperature, 
poured into a saturated Na^Oj solution, and worked up in the 
usual manner. The remaining oil was treated with diisopropyl 
ether and filtered. After evaporation, the oily residue was 
chromatographed (silica gel, deactivated with 10% water; cy
clohexane/ethyl acetate 1:1) to yield pure lla (2.45 g,76%) as 
an oil: lH NMR 61.1 (9 H, s). 1.3-1.7 (2 H, m), 2.4-2.6 (8 H, m), 
4.2 (1 H, mc), 5.2 (1 H, mc), 5.4 (1 H, mc), 6.5 (1 H, d, J ® 16 
Hz), 6.9-7.7 (15 H, m); MS C^HaaFNOaSi m/e = 580 (M + 1)+. 
Anal. (C^H^FNOjSi) C. H, F, N. 

In a similar run, the corresponding Z isomer 12a was obtained 
from 10a in 76% yield: mp 188 0C; ̂  NMR 6 0.9 (9 H, s), 1.3-1.7 
(2 H, m), 2.4 (2 H, mc), 2.6 (6 H, s), 4.2 (1H, mc), 5.0 (1 H, mc), 
5.6 (1 H, mc), 6.5 (1 H, d, J = 11 Hz), 6.9-7.5 (15 H, mc); MS 
C^HttFNOjSi m/e = 580 (M + 1)+. Anal. (C^HasFNOgSi) C, 
H, F, N. 

(E)• and (2')-6(5)-[2-[2,6-Dimethyl-4-(4-fluorophenyi)-
pyridin-3-yl]ethenyl}-4(.R)-hydroxy-3,4f5,6-tetrahydro-2//-' 
pyran-2*ones (2a and 3a). Tetra-n-butylammonium fluoride > 
trihydrate (3.42 g, 10.8 mmol) was added to a solution of lla (2.10 
g, 3.64 mmol) and acetic acid (8.3 mL, 14.5 mmol) in THF (35 i 
mL). The resulting solution was stirred at room temperature for ' 
15 h and then quenched with saturated NaHCOj solution. After 
usual workup, the crude product was purified by chromatography j 

(silica gel, desactivated with 10% water; ethyl acetate/methanol < 
10:1) to give 2a (0.97 g, 78%) as a white solid: mp 205 0C; 1H 
NMR 6 1.6-1.9 (3 H, m), 2.5 (3 H, s), 2.6 (3 H, s), 2.6-2.8 (2 H, 
m), 4.3 (1 H, mc), 5.3 (1 H, mc), 5.5 (1 H, mc), 6.6 (1 H, d, J = 
16 Hz), 6.9 (1 H, s), 7.0-7.3 (4 H, m); MS C^H^FNOa m/e = 341 
(M+). Anal. (CaoHaFNOa) C, H, F, N. 

The corresponding Z isomer 3a was prepared from 12a anal
ogously in 75% yield: mp 188 "C; 'H NMR 61.5 (1H, mc), 1.8-2.2 
(2 H, m), 2.4-2.6 (8 H, m), 4.2 (1H, mc). 4.8 (1 H, mc), 5.6 (1 H, 
mc), 6.5 (1H, mc), 6.9 (1H, s), 7.0-7.4 (4 H, m); MS CaHjoFNOa 
m/e = 341 (M+). Anal. (C^HjoFNOa) C, H, F, N. 

6(i?)-[2-[4-(4-Fluorophenyl)-2-(l-methylethyl)-6-phenyl-
pyridin-3-yl]ethyl3-4(J?)-hydroxy-3,4,5,6-tetrahydro-2if-
pyran-2-one (41), A mixture of 21 ("1.00 g, 2.3 mmol), triethyl 
amine (50 ML), methanol (10 mL), and ethyl acetate (10 mL) was 
shaken under an hydrogen atmosphere, until no more hydrogen 
was consumed. This mixture was filtered through a pad of Celite 
and evaporated to give 4i (0.91 g, 91%) as an oil: 'H NMR 8 
I.3-1.8 (11 H, m), 2.3-2.8 (4 H, m), 3.4 (1 H, h, J * 7 Hz), 4.2 
(1 H, mc), 4.5 (1 H, mc), 7.1 (2 H, mc), 7.3-7.5 (6 H, mc), 8.1 (2 

j. *. 

!;' 
1 
f* 

i 
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H, mc); MS CyjH28FN03 m/e = 433 (M+). Anal. (C77H20FNO3) 
C, H, F.N. 

Biological Assays. HMG-CoA Reductase Inhibition Assay. 
The inhibitory activity of compounds 2-4 on rat liver HMG-CoA 
reductase was estimated with soluble>enzyme preparations ob
tained from the microsomal fraction.22 The test was performed 

c), according to the method described by Avigan.43 The complete 
assay medium contained the following in a total volume of 0.2 
mL: Tris, 6mM; EDTA, 2.5 mM; DTT 2.5, mM; NADP, 50 mM; 
glucose 6-phosphate, 50 mM; glucose 6-phosphate dehydrogenase, 
2.8 units; HMG-CoA, 0.91 mM containing 100 nCi (3.7 kBq) of 
[»<C] HMG-CoA (New England Nuclear); partially purified en
zyme stock solution, 50 fiL. Test compounds 2-4 as well as lb 
(after conversion to their corresponding potassium 3Cft),5(S)-

iL) dlhydioxy carboxylates through reaction with 1 equiv of potassium 
hydroxide in ethanol) were added to the assay system in 10-ML 
volumes at multiconcentration levels. The complete assay was 
incibated at 37 cC with shaking during 20 min and the reaction 

2.0 j wt- stopped by addition of 75 pL of 2 N HCIO4. After 1 h at room 
H, 1 temperature and 10 min in an ice bath, 75 nh of 3 N potassium 

acetate and 150 fiL of water were added, and the precipitate was 
centrifuged. The supernatant (250 nL) was applicated to an 0.6 
X 8.0 cm column containing 100-200-mesh AG 1X8, CI form 
(Bio-Rad). Mevalonolactone was eluted with 3.5 mL of Milli-Q 

H, £ water and 0.5-mL portions of the eluate were mixed with 10 mL 
>al. | of Quickscint 212 (Zinsser) for measurement in a Beckman 

scintillation counter. The assay was carried out in triplicate; the 
[ average of six values was calculated for the percentage inhibition. 
I ICM values were obtained by plotting the percentage inhibition 

ar:;inst test compound concentration, 
inhibition of Acetate Incorporation in ChoJesteroil in 

di- t Cultures of HEP G2 Cells. Monolayers of HEP G2 cells in 
ire, ; RPMI 1640 medium (Flow) with 10% delipidated fetal calf serum 

! were preincubated for 1 h with suitable concentrations of the tost 
pyl | compounds 2,3, or 4. After addition of WC-labeled sodium acetate, 
vas ! the incubation was continued for 3 h. (3H] Cholesterol was added 
cy- i as an internal standard and an aliquot of the cells was saponified 
as | with alkali. The lipids were extracted with chloroform/methanol 

2:1. After addition of carrier cholesterol, the lipid mixture was 
separated preparatively on TLC plates using chloroform/acetone 
9:1. The cholesterol zone was visualized with iodine vapor and 
a T'JC radioscanner and scraped out. The amount of [WC] 

ted R choiosterol was determined scintigraphically. With another aliquot 
I.7 K of cell monolayers, cell proteins were determined for calculation 

j of [UC] cholesterol biosynthesis per milligram of cell protein. The 
VIS j same procedure was done at three different inhibitor concen-
C, I ttttions, using celJs of the same culture, and additionally without 

^ preincubation with a test compound (solvent control). 
For each compound, IC$o values were calculated by plotting 

the ratio between the relative amount of [14C] cholesterol syn-
n thesized in inhibitor-treated cells and in solvent controls against 

i,10 [| inhibitor concentrations. Relative potencies were calculated on 
(35 > the basis of lb as external standard. 

- /pocholesterolemic Activity in Rabbits. Normolipemic 
ter F ro&ia white New Zealand rabbits (3-5.5 kg) in groups of four to 
)hy | six animals received the compounds, suspended in 1% aqueous 
not f (carboxymethyDceUulose (Tylose) daily in the morning by stomach 
iH j tube; the control groups were given only Tylose. In samples of 
H, | venous blood, taken every 3-4 days 20 h after the oral adminis-
/ = B tration, serum total cholesterol was enzymatically determined by 

I test combination of Boehringer-Marmheim (CHOD-PAP high-
f Performance method). The serum cholesterol level of drug-treated 

ta|. | groups was compared with that of control groups. After the time 
-2.2 I "administration" a time of "withdrawal" followed. 

Conformational Analysis and Structural Comparison of 
JO, if Compounds lb and 2i. A computer-assisted conformational 

| analysis of lb and 2i was carried out using a commercially available 
•yl. [ Program24 in order to determine their low-energy conformations. 

An initial conformation of lb was modeled from the confor-
hyl | mation of compactin (la) as determined by X-ray crystallogra-

B phy.2"8 A systematic conformational search with rotatable bonds 

lite K (22) Philippi, B. W.; Shapiro, D. J. J. Lipid Res. 1979, 20, 588. 
(23) Avigan, J.; Bathena, S. J.; Schreiner, M. E. J. Lipid Res. 1975, 

16,151. 
(24) SYBYL 3.3, Tripos Associates. St. Louis, MI 63117. 
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Figure 3. Low-energy conformation of lb as determined by 
computer-assisted analysis (hydrogen atoms omitted). 
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Figure 4. Low-energy conformation of 2i as determined by 
computer-assisted analysis (hydrogen atoms omitted). •I)- e 

f f m  

ide 13-14,12-13,1-12,9-24,19-24,19-20, and 20-22 (see Figure 3) 
being varied in 30° steps over a range of 360° led to 13669 con
formations. Atom number 14 was the anchor atom. Scale factors 
for the van der Waals radii of 0.85 for 1,5 and greater interactions, 
0.75 for 1,4 interactions, and 0.55 for H-bond interactions were 
specified in order to make sure that the initial conformation was 
contained in the set of generated conformations. A set of 1605 
conformations were within 5.0 kcal/mol of the energy minimum. 
The minimum was located at the starting conformation with an 
energy of -9.8 kcal/mol (Figure 3). All energy values did not 
include Coulombic interactions. 

A systematic conformational search was carried out in order 
to also determine the low-energy conformations of 2i. The initial 
conformation was taken from the crystal structure (see Figure 
2). Since there are two conformations present in the crystal, the 
one which has the lactone in almost the same conformation as 
lb (conformer B) was chosen. The energy of this conformation 
could be minimized24 from 262.7 to 5.0 kcal/mol. Although the 

for 

341 

I H, 

H-  \  

(25) Brown, A. G.; Smale, T. C. J. Chem. Soc, Perkin TVans. 11976, .vas 
gen 1165. 

(26) Since the crystal structure of lb is hot. known,, la was used for 
analysis. Compactin differs from lb by just one methyl group, 
suggesting that the conformational energies of both com* 
pounds should be similar. 

R 5 
4.2 

1 ( 2  
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energy decreased substantially, the original and minimized 
structure showed a standard deviation of only 0.15 A. The high 
energy of the crystal structure is due to terminal hydrogens being 
slightly displaced. The systematic conformational search24 yielded 
1056 conformations. The rota table bonds 5-6, 6-7, 7-8,12-22, 
10-16, and 9-13 (see Figure 4) were varied in steps of 30°, 180°, 

X-ray Structural Analysis of 2i. Compound 2i (60 mg) was 
recrystallteed from a mixture of 1 mL of diisopropyl ether and 
0.5 mL of ethyl acetate. The crystal used for X-ray analysis was 
0.55 x 0.35 x 0.13 mm, sealed in a Lindeman glass capillaiy: 25 yi-

reflections for cell refinement, Mo-Ka radiation, Nicolet R3 ii ^ 
computer-controlled diffractometer, monoclinic, C2, Z = 8, a = 
34.99 (2) A, b = 8.201 (4) A, c « 16.66 (1) A, 0 = 104.98 (3)°, V 
= 4618.2 A3, D - 1.241 g/cm3, M = 0.8 mm"1, SI scan, 2tJ 

30°, 30°, and 30° over ranges of 360°, 360°, 360®, 180°, 180°, and 
360°, respectively. Atom number 5 was chosen to be the anchor 
atom. The van der Waals radii were scaled by 0.9 for 1,5 and 
greater interactions, 0.8 for 1,4 interactions, and 0.6 for H-bond 
interactions. With these scale factors the initial conformation 
was contained in the set of generated conformations. 

From the 1056 conformations generated, 348 were within 5.0 
kcal/mol of the minimum of 3.5 kcal/mol found. The energies 
did not contain Coulombic interactions. With use of computer 
graphics, these conformations were oriented in space such that 
the lactone moiety approximately fitted the lactone of lb and the 
fluorophenyl group qualitatively matched the ester group of lb. 
The structure of 2i thus selected was then subjected to a flexible 
fit24 against lb. 

The conformation of 2i chosen graphically differs from its 
crystal structure. However, with an energy value of 4.0 kcal/mol, 
it still is one of the low-energy conformations. For the flexible 
fit a force constant of 100.0 kcal/mol A2 was specified among the 
oxygen atoms 56, 57, and 58 of 2i and 26, 27, and 28 of lb. A 
force constant of 20.0 kcal/mol A2 was given for atom pairs 8 and 
27 of 2i and 1 and 24 of lb. The fit energy of 16.0 kcal/mol was 
counterbalanced by an energy of 17.4 kcal/mol of 2i. The standard 
deviation of the specified atoms was calculated to be 0.217 A. 
When the fitted structure was relaxed, its energy is lowered to 
8.1 kcal/mol, which appeared to be mainly due to releasing angle 
strain. The structure underwent only slight changes as indicated 
by standard deviation of atoms of 0.066 A. 

= 56° 
T 

3° tf/min, 1 standard reflection (8 0 0), variation 2.8%; 6421 
reflections measured, 4616 of the 5942 unique reflections had I 
> <x (/) and were used for the structure analysis, -46 < h < 2,0 
< k < 10, -21 < I < 21, no corrections for absorption or extinction. 
The phase problem could not be solved by the usual direct 
methods, but it was solved by the random-start multisolution 
program SHELXS-se;27 in the final refinement all hydrogens were 
also refined, partly found in a difference electron density synthesis 
and partly calculated by using a model with idealized geometry 
(C-H 0.96 A); other atoms were refined anisotropically; least-
squares. refinement on F v/ith 4609 data, 720 parameters: w = 
1/ff (F), i?(l) = 0.108, J?(2) = i?(u;) = 0.045, S = 1.7 max A/<T = 
0.1; 10 largest peaks in final difference electron density synthesis 
between 0.27 and 0.31 e A"3; calculations were performed with 
a Nova 3/12 computer and SHELXTL scattering factors and f, f" 
from International Tables for X-ray Crystallography (1974). 

Supplementary Material Available: Analytical and spectral 
data for compounds 2a-wJ 3a,c,r, and 4d,i,r and analysis data 
for 6a-w and 20a-w.(10 pages). Ordering information is given 
on any current masthead page. 

(27) Sheldrick, G. M. In Crystallographic Computing 3, Sheldrick, 
G. M., Krueger, C., Goddard, R., Eds.; Oxford University 
Press, 1985; p 175. 
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Synthesis and Biological Activity of New HMG-CoA Reductase Inhibitors. 2. 
Derivatives of 7-(lH-Pyrrol-3-yl)-substituted-3,5-dihydroxyhept-6(£)-enoic 
(-heptanoic) Acids 
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V H. Jendralla, E. Baader, W. Bartmann,* G. Beck, A. Bergmann, E. Granzer, B. v. Kerekjarto, K. Kesseler, 
R. Krause, W. Schubert, and G. Wess 

Hoechst AG, Postfach 800320, 6230 Frankfurt {Main) 80, West Germany. Received October 24,1988 

i 0 ,  

21 
1 /  
, 0  
in. A series of T-dH-pyrrol-S-yD-substituted-S.S-dihydroxyhept-B^-enoatas (-heptanoates) 1 and 2 have been prepared 

and tested for inhibition of 3-hydroxy-3-methylglutaxyl-coenzyine A reductase. The most potent compounds exceeded 
mevinolin's activity in vitro and in vivo. 

!Ct 
on 
ire 
sis 

In continuation of our work on HMG-CoA reductase 
inhibitors with a central heterocyclic ring containing ni
trogen atoms,1 we report here on analogues 1 and 2 with 
a l/f-pyrrol-3«yl central moiety. 

identical, except for the ratio of the two enantiomers. They 
have been assigned different numbers for the sake of. un
ambiguous differentiation in tables with biological results. 

Aldehydes 6 were subjected to a highly stereoselective 
aldol reaction,5,6 using the dianion 8 (generated from 
(SM-)-phenyl 2-hydroxy-2,2-diphenylacetate7 and 2 equiv 
of LDA) to give 9. In all cases, the indicated 3(S)-hydroxy 
isomer 9 exceeded its undesired 3/2 diastereomer by more 
than 96:4 (HPLC). Compound 9 was transformed into the 
corresponding methyl ester 10 with sodium in methanol. 
Reaction of 10 with 4 equiv of the enolate of iert-butyl 
acetate yielded the tert-butyl /3-keto-6-(S)-hydroxy car-
bqxylate 11, which was transformed to 3(i?),5(/?)-di-
hydroxyheptanoate 13 (Rl = t-Bu) in analogy to the ra-
cemic ester 7 described above. 

As shown by the HPLC analysis, 13 exceeded its un
desired 3S,5/2 diastereomer by more than 96:4. Addi
tionally according to 'H NMR (Euthfc)^ analyses, 13 had 
an optical purity of more than 92% ee. Saponification of 
the tert-butyl ester 13 gave the corresponding sodium salt 
(13, R1 = Na). 

The sodium salts of the olefins 1 (A-B = (is)-HC=CH) 
are add sensitive while the hydrogenated analogues 2 (A-B 
= CHJCHJ) are perfectly stable. When the olefmic methyl 
esters 1 (R1 = CH3) or their precursors 7 were dissolved 
in CDCI3 that had not been filtered through basic alumina 
immediately before use, they decomposed very quickly, 
while 2 was stable. Likewise, the olefinic compounds 1 and 
7 decomposed when chromatographed through silica gel 
in the absence of triethylamine, while the saturated ana
logue 2 was stable. Protolytic removal of the 5-hydroxy 
group of 1 leads to a cation that has a highly stabilizing 
resonance structure with a positively chafed tetravalent 
nitrogen when A-B = HC=CH, but not when A-B = 

try 
st-

j S 
isis 
•ith HO, 

V^COjR' 

pH 
M). 

tral 
ata R\ A 

iis R4 N 

ven 

R2 

R3 

•ick, 
1 and 2 : R1 • CH3, H. Na; 

A-B B [ £ ) —CH «CH (1), CHJCHJ (2): 
R*-Rs = see Table I 

•sity 

Chemistry 
Compounds 1 cannot be obtained in reasonable yield by 

utilizing the glucose-derived "compactin aldehyde" 3. This 
difference in behavior compared with pyridine and pyri-
midine analogues1 stems from the instability of pyrroles 
against acid-catalyzed hydrolysis. Instead, compounds 1 
and 2, respectively, were prepared from the appropriate 
aldehydes 4 (Scheme I). Compounds 4 were converted 
with >95% E selectivity to the corresponding a,^-unsat
urated aldehydes 6, by utilizing cis-(2-ethoxyvmyl)lithium 
according to Wpllenberg.2 Alternatively, some aldehydes 
4 were converted by Emmons-Horner coupling with di-
isopropyl (cyanomethyl)phosphonate to the a^-unsatu-
rated nitriles 5. Compounds 5 were reduced and then 
hydrolyzed to aldehydes 6. Addition of the dianion of 
methyl acetoacetate gave the racemic (S-keto-6-hydroxy 
esters 7. Highly stereoselective reduction of the keto 
group3,4 was conducted with triethylborane and sodium 
borohydride to give methyl (S^-dihydroxy carboxylates 1, 
Rl - CHa. 

Catalytic hydrogenation of 1 led to 2. Saponification 
of the methyl esters 1 and 2 gave the corresponding sodium 
salts 1 and 2 (Rl = Na),'respectively. 

Selected examples of these racemic sodium salts 2 were 
also synthesized in optically active form 13, having the 
biologically active configuration 3R,5R (Scheme II). It 
should be emphasized that 2 and 13 are structurally 

CH2CH2. 
Aldehydes 4 were prepared following several synthetic 

routes as outlined in Schemes IH-VL 
On the basis of the work of Gomez-'Sanchez et al.,8 

substituted nitroethenes 15 were reacted with 2 equiv of 
iS-keto esters 169 to give the hydroxylamines 17. Upon 
heating 17 with primary amines, especially anilines, the 
pyrrolecarboxylic acid esters 18 were obtained; they gave 
aldehydes 4 after reduction/oxidation (Scheme III). 

According to H. Meyer10 pyrrole esters 18 or 21 could 
also be prepared by cyclocondensation of nitroethenes 15 

(U Beck, G.; Kesseler, K.; Baader, E.; Bartmann, W.; Bergmann, 
A.; Granzer, E.; Jendralla, H.; von Kerekjarto, B.; Krause, R.; 
Paulus, E.; Schubert, W.; Wess, G. J. Med. Chem. Preceding 
paper in this issue. 

(2) Wollenberg, R. H.; AJbizati, K. F.; Peries, R. J. Am. Chem. Sac. 
1977, 99, 7365. 

(3) Kathawala, F. G.; Prager, B.; Prasad, K.; Repic, 0.; Shapiro, 
M. J.; Stabler, R. S.; Widler, L. Hclv. Chim. Acta 1986,69,803. 

(4) Narasaka, K.; Pai, F.-C. Tetrahedron 1984, 40, 2233. 

(5) Braun, M.; Devant, R. Tetrahedron Lett. 1984, 25, 5031. 
(6) Devant, R.; Mahler, U.; Braun, M. Chem. Ber. 1988,121,397. 
(7) Commercially available as (S)-(-)-HYTRA from Merck-

Schuchhardt, West-Germany. 
(8) Gomez-Sanchez, A.; Stiefel, B. M.; Fernandez, R.; Pascual, C.; 

Bellanato, J. J. Chem. Soc., Perkin Trans. 1 1982; 441. 
(9) Jackman, M.; Klenk, M.; Fishburn, B.; Tullar, B. F.; Archer, 

S. J. Am. Chem. Soc. 1948, 70, 2884. 
(10) Meyer, H. Liebigs Ann. Chem. 1981,1534. 

0022-2623/90/1833-0061302.50/0 © 1989 American Chemical Society 
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NaH2P04/H20; (h) CH3C0CH2C02CH3/NaH/n-BuLi/-15 BC; (i) EtjB; (j) NaBH</-75 0C; (k) NaOH/H20/CHsOH5 (1) Pd/C/Hj. 
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of Et3B/24 equiv of CH3OH in THF/-70 'C; (e) (1) 1.3 equiv of NaBH4/-70 0C, (2) CH3OH/25 0C; (f) Pd/C/H2; (g) Na0H/H20/ 
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Scheme III* Scheme IV" 
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18 

CH3O •(a) R3NHJ/ACOH/-HJO; (b) 15/A; (c) LiAlH^; (d) Mn02. 
17 

easily obtained by addition of 1 equiv of amine to the -
/3-keto ester 19 under acid catalysis. 

However, when R2 was bulky (e.g. R2 = isopropyl), ' 
amines R3NH2 (especially anilines) attacked the ester 

-(a) RsCHO; (b) NaOCHa; (c) R3NH2M; (d) LiAlH,; (e) MnO:. 

with enamino esters 20 (Scheme IV). When substituent 
R2 was not sterically demanding (e.g. R2 = CHj), 20 were 
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Table I. Inhibition of Solubilized Rat Liver HMG-CoA Reductase in Vitro0 for Compounds of the General Structure l,c 2,c and IS4* 

£: 

| 
I HO S^COjR1 

k<01 
rn 

I  

i 

¥ R2 R4 

I 
R3 

1c, 2 c, and 13 d 

y 
R* Rs ICJO.' nM rel4 pot. Rl R2 R3 A.-B formula anal.' no. 

Ph H p^CsH.F 
p-CeH.F 
p-C6H4F 
P-C6H4F 
P-C6H4F 
P-C6H4F 
p-CgH^F 
p-CeH^F 
P-C^F 
p-CsH.F 
p-CfiH.F 
p-C6H<F 

CH=CH 
CH—CH 
CH2CH2 
CH2CH2 
CH«CH 
CH2CH2 
CH=CH 
CH2CH, 
CH==CH 
CH2CH2 
CH2CH2 

CH—CH 

C»H»PN04Na C, H, N 
C j e H ^ F N C ^ N a  .  C . H . N  
C26H59FN04Na Cr H, N 
CaH^FNO.Na C, H, N 
CjsHjjFNO^Na C.H.N 
CyHyjFNO^Na C, H, N 
CjiHaFNO^Na C, H, N 
CjiHarFNO^Na C, H, N 
CaHjsFNO^Na C, H, N 
CjjHavFNO.Na C, H, N 
C^Ha^NOxNa C, H, N 
Cj&HjjFNC^Na C, H, N 

Na CH3 65 12 la 
Na i-Pr 

:*Pr 
j-Pr 

Ph H no lb 7 
2 Na Ph H 6 128 2b 

Na Ph H 13b 257 3 a 
CH3 Na CH3 Ph 250 3 1c £ 
CHs Na CH3 Ph 70 2c 11 
H Na CH3 i-Pr 

i-Pr 
i-Pr 
i-Pr 
i-Pr 

Id 330 2 
CH3 H Na 100 2d 9 

i H Na i-Pr 
i-Pr 
i-Pr 
i-Pr 

117 6 le 
H Na 18 42 2e 

i 
Z 

H Na 9 85 13e 
H Na 69 12 If 

o CH2CH2 C^HasFNO^Na i-Pr H p-C^HxF C, H.N Na 9 92 2f 
•; 

C27H59FNO<Na 
CjrHajFNO^Na 
C27H3,FN04Na 

5 i-Pr 
i-Pr 
i-Pr 

Ph CH3 p-CeH.F 
p-CgH^F 
p-C6H4F 

CH=CH 
CH2CH2 
CH2CH2 

C ,  H , N  
C, H, N 
C, H, N 

Na 6 lg 125 
CH3 Na Ph 5 149 2g 
CH3 Na Ph 13g 2.5 300 % 

^^srOgNa mevinolin 100 
eThe assay system described in ref 1 was used. bRing-opened sodium dihydroxy carboxylate form, optically pure. cRacemic. ''Optically 

active 3R,5R configuration. 'Analytical results were within ±0.4% of the theoretical value. 'ICJO values were determined by using four or 
five concentrations of each inhibitor. 'For estimation of relative inhibitory potencies, mevinolin was assigned a value of 100. The ICJO value 
of test compound was compared with that of mevinolin, corrected for the somewhat different molecular weight. 

i 

ft Scheme VIa Scheme V 

O O o o 

AAr 
R* O O 9 

Ph b, R2 R5CH=CN02 + R2 OEl R2 OEt 
19 H 19 15 

22 R5V COaEl 

,Xy o o 
b.e 5 

.N-PH H 
N'PH Rs, R2 § 

R4 d-l 
4 I \ H. 

R^H 
P tv R2 R3 HN R^N i ' /  

21: R2 = R3 = 1 -Pr, ? R3 
I* R3 

R4 = H, 23 
r t 1 —  24 

I ' (a) PhNH2/AcOH; (b) R3NH2/Ac0H/-H20; (c) 15/ii; (d) 
^ ^aH/CHsI/toluene/i; (e) LiAlH.jA; (f) CrOs/pyridine. 

. I 
| functionality much faster than the keto group of 19. In 

t this case, it was necessary to preform the anilides 22 
(Scheme V). Addition of aliphatic or aromatic primary 
amines R3NH2 to 22 under acid catalysis gave 23, which 
were cyclocondensed with nitroethenes 15 to give 3-
Pyrrolecarbanilides 24. While amides on LAH reduction 
usually lead to the corresponding amines, carbanilides 24 
could be reduced to the corresponding aldehydes 4 via 
N-methylation, LAH treatment, and subsequent oxidation. 

A new three-component coupling reaction allowed a 
; g one-pot synthesis of ethyl ll2-diisopropyl-4-(4-fluoro-
i P"enyI)-lH.pyrrole-3-carboxyiate (21, Scheme VI). 

. s When a methanolic solution of /3-nitro-p-fluorostyrene 
ne 1 l15: R' = H, R5 = p-C6H4F), j3-keto ester 19 (R2 = i-Pr), 

; i isopropylamine was stirred at ambient temperature, 
1). '|| pyrrole ester 21 was obtained in 50% yield. LAH 
er. g reduction followed by ruthenium(II)-catalyzed oxidation 

0 (a) R3NH2/CH30H/25 0C/1 day; (b) LiAlH^; (c) 4 equiv of 
CH 

N " 3 /0.02 equiv of (Ph3p)3RuCl2. S t vo 
o 

of the alcohol with N-methylmorpholine-N-oxide11 gave 
the corresponding aldehyde 4. This convenient three-
component coupling may also be applicable for the 
syntheses of pyrrole esters 21 with other substitution 
patterns for R2-R5. 

Biological Results and Discussion 
The racemic sodium salts (1 and 2, R1 — Na) as well as 

the optically active sodium salts 13 (R1 = Na) were eval
uated for their ability to inhibit solubilized, partially pu
rified rat liver HMG-CoA reductase in vitro (Table I) and 

4 

(11) Sharpless, K. B.; Akashi, K.; Oshima, K. Tetrahedron Lett. 
1976, 29, 2503. 
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Tabic III. Inhibition of Hepatic Cholesterol "De Novo" 
Synthesis in Vivo {Rat, Orally)" 

Table II. Inhibition of Cellular HMG-CoA Reductase in 
Cultures of HEP G2 Cells" for Sodium Salts of the General 
Formula le and 2C 

HO. 

"C 
COjR' HO. 

Xi COgR1 OH 
OH : H 

r H 

Xi ¥ R2 R4 

R3 1 fl3 
1 and 2 

1cand 2C 

relative 
potency 

% cholesterol 
"de novo" synthesis ICJO^ relative* potency 

mevinolin6 no drug 
mevinolin6 

100 100 0.05 
100 14 0.83 6 la 
255 lbe lb 0.014 350 5.5 

2b' 250 <0.01 >500 5.6 2b 
2ee 9 156 5.0 1 1c 

233 if 6.0 0.57 9 2c 
Id 6.0 1 "Assay described in ref 16. ''Lactone form, optically pure, 5 

mg/kg bw. e Racemic sodium salts, 10 mg/kg bw. For definition of 
R'-R5 and A-B see Table I. 

19 2d 0.27 
0.05 100 le 
0.002 2500 2e 

If 0.106 47 
For better comparison of structure-activity relationships 

in 1 and 2 as well as with extensive work on analogues of 
the phenolic type (isocyclic central aromatic, A = oxygen, 
B « CHj),"'15 R5 was kept constant as p-fluorophenyl. 

The work on analogues of the phenolic type14,15 has 

2f 0.018 275 
"Assay described in the preceding paper.1 6Ring-opened sodium 

dihydroxy carboxylate form, optically pure. 'Racemic. For defi
nition of R'-R5 and A-B see Table I. ''ICJO values varied some
what for different batches of cells. Mevinolin sodium salt averaged 
ICW = 5 x 10'8 M and was used in every run as an internal stand
ard. The measured IC's for test compounds 1 and 2 were corrected 
for deviations of mevinolm's IC from its average value. 'Mevinolin 
was assigned a value of 100. Potencies were obtained by compari
son of racemic test compounds 1 or 2 with the internal standard 
mevinolin. ' 

shown that alkyl substitution of the second ortho position 
is essential and leads to optimal biological activity for an 
isopropyl substituent. 

We concentrated on R2 = methyl or isopropyl, since 
ortho substituents smaller (methyl, ethyl, longer n-alkyl) 
or larger (cyclopentyl, tert-butyl) than the isopropyl group 
decreased activity in analogues of the phenolic type14,15 and 
since halogen substituents (CI, Br) led to good activity but 
increased toxicity. 

Table I shows that the isopropyl derivatives were more 
potent than the methyl derivatives by a factor of 10-40 
(e.g. lb vs la, Ig vs 1c, 2g vs 2c). 

There is much tolerance concerning R3. Variation of R3 

(Ph, c'-Pr, cyclohexyl) led to only small activity changes (e.g. 
2b vs 2e vs 2f, lb vs le vs If, la vs Id). 

Substitution of R4 - hydrogen for a methyl group either 
slightly decreased (e.g. la vs 1c) or slightly increased (2b 
vs 2g and lb vs lg) activity, depending on the nature of 
the other substituents. Hydrogenation of the trans olefmic 
bridge (A-B - (£)-HC=CH) had little influence on the 
biological activity of 1 in vitro (e.g. lb vs 2b, 1c vs 2c,' Id 
vs 2d, le vs 2e, If vs 2f, lg vs 2g); however, the hydro-
genated derivatives 2 were much less acid sensitive (vide 
supra) and much more active in vivo. ; 

In the HEP G2 cell-test (Table II) the racemic com
pounds lb, 2b, and 2e are 3.5, 5.0, and 25 times, respec
tively, more active than optically pure mevinolin sodium 
salt of the same concentration. General trends in Tables 
I and II are comparable. The superiority of lb, 2b, and 

to inhibit cellular HMG-CoA reductase in cultures of 
hepatic cells (HEP G2, a human hepatoma cell line), as 
determined by the inhibition of the incorporation of so
dium [l4C]acetate into cholesterol (Table II). 

Selected compounds were evaluated for their ability to 
inhibit hepatic cholesterol ude novo" synthesis in male rats 
after po administration, as determined by the inhibition 
of the incorporation of sodium [i4C]octanoate12 into hepatic 
cholesterol (Table III). 

Selected compounds were further evaluated for their 
ability to decrease plasma cholesterol levels in normoli-
pemic rabbits and dogs after po administration. 

All tests were also conducted under the same experi
mental conditions with optically pure mevinolin. The 
respective results are included in Tables I-III. For sub
stitution patterns "b", "e", and "g", we prepared and tested 
the racemic 2 as well as the optically active 3/?, 5R sodium 
salt 13. Optically active compounds 13 proved to have 
twice the potency in HMG-CoA reductase inhibition than 
the structurally identical but racemic 2 (Table I). This 
result was expected, since the antipode of the configuration 
drawn for 1, 2, and 13, is biologically inactive.13 

(12) Dietschy, J. M.; McGarry, J. D. J. Biol. Chem. 1974, 249, 52. 
Andersen, J. M.; Dietschy, J. M. J. Lipid Res. 1979, 20, 740. 
Stange, E. F.; Dietschy, J. M. J. Lipid Res. 1983, 24, 72. (14) Baader, E.; Bartmann, W.; Beck, G.; Bergmann, A.; Granzen 

E.; JendraUa, H.; von Kerekjarto, B.; Kesseler, K.; Krause, R-I 
Wess, G. Internationa] Symposium on Cholesterol Control And 
Cardiovascular Diseases: Prevention And Therapy, Milan 
(Italy) July 7-9, 1987; Abstract book page 133. ' 

(15) European Application 0216 127,1987. 
(16) Dietschy, J. M.; Spady, D. K. J. Lipid Res, 1984, 25, 1469. 

Alfin-Slater, R. B.; Deuel, H. J., Jr.; Scholta, M. C.; Shimoda, 
F. K. Group Report Nc. N3, 1950; University of Southern 
California, Consolidated Eng. Corp. ' 

(13) 3-epi, 5-epi, and 3,5-bis epi isomers of compactin and mevi> 
nolin have been reported to be biologically inactive: Heath-
cock, C. H.; Hadley, C. R.; Rosen, T.; Theisen, P. D.; Hecker, 
S. J. J. Med. Chem. 1987, 30,1858. Stokker, G. E.; Rooney, 
C. S.; Wiggins, J. M.; Hirshfield, J. J. J. Org. Chem. 1986,51, 
4931. The biological inactivity of synthetic compactin ana
logues with 3S configuration has also been reported: Lee, T.-J. 
Trends Pharmacol. Set. 1987, 8, 442 and references cited 
therein. 
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MS CajHjsFjNO, FAB m/e = 502 (M + H+)l 458, 235. Anal. 
(CMH^NO,) C, H, F. N. 

l-Phenyl-2-niethyl-3-(inethoxycarbonyl)-4-{4-fluoro-
phenylJ-l^T-pyrroIe (18a). Aniline (5.59 g, 60 mmol) was added 
to a solution of hydroxylamino compound 17 (15 g, 30 mmol) in 
ethanol (600 mL). The mixture was refluxed for 24 h. Aniline 
(1.1 g) was added and the mixture was refluxed for 16 h. The 
solvent was removed in vacuo and the residue was distributed 
between dichloromethane and 1N hydrochloric add. Hie organic 
layer was washed with saturated sodium bicarbonate solution and 
then with brine, dried, and concentrated. The residue was 
chromatographed with n-hexane/ether/dichloromethane 
(16:3.5:0.5) over silica, giving 4.0 g of reddish, thick oil: NMR 
5 2.43 (3 H, s), 3.70 (3 H, s), 6.70 (I H, s), 6.87-7.66 (9 H, m); MS 
C19Hl6FN02 m/e « 309 (M+), 278,248. Anal. (CwHxeFNO^ C, 
H, F, N. 

L-Isopropyl-2-methyl-3-(methoxycarbonyl)-4-(4-fluoro-
phenyl)-l£f-pyrrole (18d). Isopropylamine (3.6 g, 60 mmol) 
was added to a suspension of hydroxylamino compound 17 (15 
g, 30 mmol) in methanol (500 mL). The suspension was heated 
for 2 h at 40 0C and for 5 h at 50 0C, changing to a clear solution. 
The solvent was removed in vacuo and the residue was chro
matographed with n-hexane/ether (4:1) over silica to yield 7.3 
g of pale reddish crystals: mp 97-99 °C; NMR 6 1.42 (6 H, d), 
2.53 (3 H, s), 3.65 (3 H, s), 4.37 (1 H, sept), 6.60 (1 H, s). 6.80-7.46 
(4 H, m); MS C16HI8FNOJ m/e = 275 (M+)1244,202,201. Anal. 
(CL6H18FN02) C. H, F, R 

Ethyl l-Phenyl*2>5*dimethyl*4-(4-fluorophenyl)-l/r-
pyrroIe-3-carboxyIate (21c). A solution of20 (23.1 g, 113 mmol) 
and 15 (20.5 g, 113 mmol) in ethanol (250 mL) was refluxed for 
30 h. The solvent was evaporated in vacuo and the residue was 
chromatographed over silica (1 kg) with cyclohexane/ethyl acetate 
(95:5) to give 26.0 of a colorless oil: NMR 6 1.05 (3 H, t), 1.85 
(3 H. s), 2.3 (3 H. s), 4.1 (2 H, q), 6.9-7.6 (9 H, m); MS CM HJOFNO* 
m/e = 337 (M+), 308, 292. Anal. (C21HJOFN02) C, H, F, N. 

Preparation of Substituted liT-Pyrrole-S-carboxaldehydes , 
4 from Substituted 3-(Alkoxycarbonyl)*lJ?-pyrroles 18 or 
21. General Procedure. A solution of ester 18 or 21 (82 mmol) 
in ether (150 mL) was added dropwise at 0-5 0C to the stirred 
suspension of lithium aluminum hydride (7.8 g, 200 mmol) in ether 
(300 mL). The suspension was stirred for 1 h at 0 eC and then 
for 2 h at room temperature. At 0 0C, 35 mL of ethyl acetate and 
then 16 mL of water followed by 24 mL of 2 N aqueous sodium 
hydroxide were added dropwise. The suspension was stirred for 
30 min at room temperature and filtered. The filtrate was con
centrated in vacuo and the residue was chromatographed over 
1 kg of silica with cyclohexane/ethyl acetate (2:1) containing 0.2 % 
triethylamine (yield 85-95%). 

To a solution of the substituted 3-(hydroxymethyl)pyrrole (70 
mmol) in ether (1.2 L) and triethylamine (12 mL) was added 
activated manganese dioxide (182.5 g). The suspension was stirred 
at room temperature under nitrogen. After 24 h, the same amount 
of manganese dioxide was added. After 24 h the solid was removed 
and washed with ether. The filtrates were concentrated in vacuo; 
the residue was chromatographed over silica with cyclohexane/ 
ethyl acetate (6:1) containing 0.1% triethylamine (yield 65-85%)-

l-Phenyl-2,5*dimethyl-3-(hydroxymethyl)-4'(4-fluoro-
phenyl)-lH-pyrrole: colorless oil, crystallizing on standing; 
NMR 6 1.3 (1 H. br s), 2.0 (3 H, s), 2.1 (3 H, s), 4.55 (2 H, s), 
6.9-7.85 (9 H, m); MS Cl9H1BFNO m/e = 295 (M+), 278 (M+ -
OH). Anal. (C^H^FNO) C, H, F, N. 

l-Phenyl-2-methyl-3-(hydroxymethyl)-4-(4-fluor0-
phenylMH-pyrrole: pale yellow, resinous solid; NMR b 1.5 (1 
H, br s), 2.26 (3 H. s), 4.63 (2 H, s), 6.87 (1H, s), 6.93-7.70 (9 H, 
m); MS CwH^FNO m/e = 281 (M+), 264 (M+ - OH). Anal. 
(CuH^FNO) C, H, F, N. 

l-Isopropyl-2-methyl-3-(hydroxymethyl)«4-(fluoro-
phenyl)-lf-pyrrole: colorless oil; MS CuHigFNO m/e - 247 
(M+ - OH), 188. Anal. (C,5H18FNO) C, H, F, N. 

l-Phenyl'2-methyl-4-(4-fluorophenyl)-lJEr-pyrrole-3-
carboxaldehyde (4a): yellow, resinous solid; NMR 2 2.50 (3 H, 
s), 6.80 (1 H, s), 6.85-7.70 (9 H, m), 10.03 (1 H, s); MS CISHMFNO 
m/e = 279 (M-1"), 278 (M+ - H). Anal. (CJSHHFNO) C, H, F, N. 

l-Phenyl-2l5-dimethyl-4-(4-fluorophenyl)-lH-pyrrole-3-
carboxaldehyde (4c): yellow solid; NMR 11.94 (3 H, s), 2.35 
(3 H, s), 6.95-7.7 (9 H, m), 9.85 (1 H, s); MS C19Hi8FNO m/e = 

HMG-COA Reductase Inhibitors. 2  

especially 2e compared with mevinolin is more pronounced 
in the cell test. Inhibition of hepatic cholesterol wde novo" 
synthesis in vivo by oral lb or 2b is about 2.5 times 
stronger than that for mevinolin (Table III). In normally 
fed rabbits (n = 6), 20 mg/kg racemic 2b decreased total 
plasma cholesterol levels by 34% after oral administration 
for 10 days (optically pure mevinolin at 10 mg/kg for 10 
days, 25%), vwiile lb was totally inactive under the same 
conditions. The reason for the lack of activity of lb in the 
rabbit experiment is currently not known.22 The chemi
cally demonstrated acid sensitivity of lb (vide supra) would 
suggest that, contrary to 2b, lb may not survive the 
stomach passage. However this view is not consistent with 
the comparable activity of lb and 2b to inhibit hepatic 
cholesterol "de novo" synthesis in rats after po adminis
tration (Table III). In normally fed rabbits (ra = 4), 10 
mg/kg racemic 2e decreased total plasma cholesterol levels 
by 42% after oral administration for 6 days (optically pure 
mevinolin at 10 mg/kg for 6 days, 25%).17,18 

In normally fed male beagle dogs (a = 4), 20 mg/kg 
racemic 2b decreased LDL-cholesterol levels by 48% and 
increased HDL-cholesterol levels by 14% after oral ad
ministration for 14 days (optically pure mevinolin at 10 
mg/kg for 19 days: LDL-cholesterol -18%, HDL-chole
sterol +2%).18 

In conclusion, some compounds of general formula 2 
exceeded mevinolin in their ability to inhibit HMG-CoA 
reductase in vitro and to inhibit cholesterol biosynthesis 
in vivo. They are promising candidates for development 
as antiarterosclerotic agents. 
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s 
For general remarks see the preceding paper in this issue.1 ^ 

- .. g NMR spectra were recorded in CDC13> unless noted otherwise. 
IKyl) £ All starting materials were commercially available unless indicated 

otherwise. 
l-(/j-Fluorophenyl)-2-mtropropene (15). A solution of 

p-fluorobenzaldehyde (84 g), nitroethene (69.4 g), and n-butyl-
amine (4 mL) in xylol (110 mL) was refluxed for 20 h under a 

more P Dean-Stark trap. On cooling to 0 "C, 21.7 g of the product 
0-40 & crystallized (mp 64-65 0C). To the filtrate were added nitroethene 

(41.4 g) and n-butylamine (3 mL), and the solution was refluxed 
for 14 h under a Dean-Stark trap. The solution was evaporated 
in vacuo and the residue was digerated with methanol at 0 0C, 
until crystallization occurred. The crystals were collected and 
washed with cold methanol (53.8 g, mp 65-66 0C). Anal. (C$-
HeFN0}) C, H, F, N. 

Ethyl 3-(Phenylammo)-but-2(i?)-enoate (20). A solution 
ire of f 0f aniline (45.5 mL, 0.5 mol), ethyl acetoacetate (63.5 mL, 0.5 mol), 
efinic | and glacial acetic acid (1 mL) in toluene (100 mL) was refluxed 
n the [ for 4 h under a Dean-Stark trap. The solvent was evaporated 
•r • id ' re$idue was distilled to give 57.9 g of colorless oil: bp 

Am. * 118~120 0C (1.5 mm); MS C12Hl6N02 m/e = 205 (M+). Anal. 
fvMe i 'WsNO,) C, H, N. 
(via g ^.iV-Bis(3-(4-fluorophenyl)-4-(methoxycarbonyl)-5-

n>ethyl-2,3-dihydrofuran-2-yl]hydroxylarame (17). To a 
stirred solution of sodium methanolate (2.92 g, 54 mmol) in 
methanol (54 ml) was added methyl acetoacetate (20.9 g, 180 
mmol) dropwise at 0 "C followed by 4-fluoro-/3-nitrostyrene19 (30.1 
6i 180 mmol). After 15 min, a thick mash formed that was allowed 
to stand for 2 h at 0 0C. The solid was collected by suction, washed 
with ice-cold methanol, and dried over P4O10 in vacuo to give 22.0 
g of colorless solid: mp 139-1410C; 7.0 g of product were obtained 
[rom the mother liquor; NMR S 2.25 (6 H, s), 3.32 (3 H, s), 3.50 
w H, s), 4.30 (2 H. dd), 5.40 (2 H, d), 7.16 (8 H, d), 8.72 (1 H. s); 
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"Hypocholesterotemic activity in rabbits was tested following 
. the protocol described in ref 1. 
"8) Hypocholesterolemic activity in animal studies will be de-
. scribed in detail in a future publication. 
Us) Gattermann-Wieland Die Praxis des Organischen Chemikers, 

43rd ed.; W. de Gruyter: Berlin, 1982; p 361. 
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293 (M+). Anal. (C19Hl6FNO) C, H, F, N. 
l-Isopropyl-2-methyl-4-(4-f]uorophenyl)-lfl,-pyrrole-3-

carboxaldehyde (4d): colorless oil; NMR 6 1.43 (6 H, d), 2.60 
(3 H, s), 4.30 (1 H, sept), 6.68 (1 H, s), 6.9-7.56 (4 H, m), 9.92 (1 
H, s); MS C^H^FNO m/e - 245 (M+), 202. Anal. (C^HjeFNO) 
C, H, F, N, 

3-Oxo-4-rDethylpentanoic Acid Anilide (22). A solution of 
ethyl 3-oxo-4-methylpentanoate9 (47.4 g, 0.3 mol), aniline (27.93 
g, 27.3 mL, 0.3 mol), and acetic acid (0.6 mL) in toluene (360 mL) 
was refluxed for 4 h with a Dean-Stark trap. The cold mixture 
was washed twice with 0.5 N hydrochloric acid, twice with satu
rated sodium bicarbonate solution, once with brine, dried, con
centrated, and chromatographed with toluene/ethyl acetate (10:1) 
over 1 kg of silica, giving 40.5 g (66% yield) of a pale pink oil: 
NMR b 1.2 (6 H, d), 2.8 (1 H, sept), 3.65 (2 H, s), 7.0-7.75 (5 H, 
m), 9.1-9.4 (1 H,br s); MS mje = 205 (M+), 93. Anal. 
(C2lH15N02) C, H, F, N. 

3-(Phenylamino)-4-incthylpent-2(.E)-enoic Acid Anilide 
(23b). A solution of ethyl 3-oxo-4-methylpentanoate9 (31 mL, 
0.2 mol), aniline (37 mL, 0.41 mol), and acetic acid (1.0 mL) in 
toluene (50 mL) was refluxed for 6 h with a Dean-Stark trap. The 
solvent was removed in vacuo. On cooling the residue crystallized. 
It was recrystallized from toluene/petroleum ether (80-110 0C) 
(2:1) to yield 38.7 g of colorless solid: mp 147-148 0C; a second 
crop of crystals can be obtained from the mother liquor; NMR 
a 1.1 (7 H, d + m), 2.9 (1 H, sept), 4.75 (1 H, s), 6.8-7.6 (10 H, 
m), 11.1 (1 H, br s). Anal. {CtsHaoNjO) C, H, N. 

3-(Isopropyl&jmno)*4-mcthylpent-2(i?)-eDoic Acid Anilide 
(23e). To a solution of anilide 22 (35.7 g, 174 mmol) and acetic 
acid (0.6 mmol) in toluene (600 ml), refluxing under a Dean-Stark 
trap, was added isopropylamine (20.6 g, 348 mmol) dropwise over 
3 h. The mixture was refluxed for 16 h, concentrated in vacuo, 
and cooled, leading to crystallization. The solid was digerated 
with diisopropyl ether/petroleum ether (1:1), collected with suction 
filtration, and washed with petroleum ether, giving 28.9 g of 
colorless solid: mp 152-153 0C; NMR 5 1.1 (6 H, d), 1.25 (6 H, 
d), 2.73 (1 H, sept), 3.8 (1 H, m), 4.43 (1 H, s), 6.7 (1 H, s), 6.&-7.6 
(5 H, m), 9.1-9.6 (1 H, br s); MS C15H22N20 CI m/e = 247 (M 
+ H+), 154. Anal. (C,5H22N20) C, H, N. 

3-(Cyclohcxylamino)-4-mcthylpent-2(i?)-enoic Acid Ani
lide (23f). A solution of anilide 22 (31.6 g, 154 mmol), acetic acid 
(1.5 mL), and cyclohexylamine (30.55 g, 308 mmol) in toluene (750 
mL) was refluxed for 20 h under a Dean-Stark trap. The solvent 
was removed in vacuo, the residue was swirled with 150 mL of 
diisopropyl ether, collected with suction filtration, and washed 
with petroleum ether to give 27.1 g of a colorless solid (an addition 
8.9 g came from the mother liquor): yield 82%; mp 123-132 0C; 
NMR a 1.15 (6 H, d), 1.0-2.1 (10 H, m), 2.7 (1 H, sept), 3.45 (1 
H, m), 4.4 (1 H, s), 6.55 (1 H, m), 6.9-7.6 (5 H, m), 9.5 (1 H, br 
s) MS C,aH26N20 m/e = 286 (M+), 194, 93. Anal. (C^HjeNaO) 
C, H, N. 

Preparation of Substituted lH-Pyrrole-3-carboxanilides 
24 from Enamino Anilidcs 23. General Procedure. A solution 
of the nitro olefin 15 (95 mmol) and enamino carboxanilide 23 
(100 mmol) in ethanol (300 mL) was refluxed for 12 h under 
nitrogen. Most of the solvent was removed in vacuo. Cooling 
of the residue in an ice bath gave crystals that were swirled in 
cyclohexane/ethyl acetate (200 mL), collected, and recrystallized. 

l-Phenyl-2-isopropyl-4'(4-nuorophenyl)-lH-pyrrole-3-
carboxanilide (24b): yield 78%; mp 192-194 "C (from meth
anol); NMR a 1.30 (6 H, d), 3.14 (1 H, sept), 6.73 (1 H, s), 7.00-7.70 
(10H,m). Anal. (C26H23FN20) C, H, F, N. 

l,2-Diisopropyl-4-(4-nuorophenyl)-lH'-pyrrole-3-carbox-
anilide (24e): yield 50%; mp 131-133 0C (not recryst); NMR 
5 1.45 (6 H, d), 1.'55 (6 H, d), 3.75 (1 H, sept), 4.6 (1 H, sept), 6.7 
(1 H, s), 6;7-7.6 (10 H, m); MS CaH^F^O m/e = 364 (M*), 272, 
230. Anal. (CMHMFNJO) C, H, F, N. 

I-Cyclohexyl-2-isopropyl-4-(4-nuorophenyl)-lfi'-pyrrole-
3-carboxanilide (24f): yield 52%; mp 215-216 0C (not recryst); 
NMR 6 0.9-2.2 (16 H, d + m), 3.5-4.3 (2 H, m), 6.65 (1 H, s), 
6.8-7.6 (10 H, m) MS CMHMF^O CI m/e = 405 (M + H+), 312, 
230. Anal. (CjgH^FN^O) C, H, F, N. 

l-Phenyl-2-isopropyl-4-(4-fluorophenyl)-5-methyl-lH-
pyrrole-3-carboxaniUdc (24g): yield 80%; mp 190-192 0C (from 
cyclohexane/ethyl acetate); NMR S 1.3 (6 H, d), 1.83 (3 H, s), 3.2 
(1 H, sept), 6.8-7.6 (15 H, m); MS C^H^FNjO m/e = 412 (M+), 
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320 (M+ - PhNH). Anal. (C^H^FNsO) C, H, F, N. 
Preparation of Substituted l.ff-Pyrrole-3-carboxaldehyde 

4 from Substituted lH-Pyrrole-3-carboxanxlides 24. Gencrr. : 
Procedure, (a) N-Methylation. To a mechanically stirre ' 
solution of anilide 24 (55 mmol) in toluene (300 mL) was adde 
a 50% dispersion of NaH in mineral oil (5.5 g, 115 mmol) at 2 " 
"C under a nitrogen atmosphere. The suspension was warme 
for 30 min at 60 DC and for 10 min at 100 "C. The suspensio. 
was cooled to 20 0C and methyl iodide (62.5 g, 440 mmol) wa 
added. It was refluxed (bath at To 0C) for 4-16 h, depending 0: 
steric hindrance (TLC control). With external cooling with dr; 
ice/methanol, fust water (80 mL) was added dropwise, followei 
by ether (400 mL). The organic phase was separated, washed wit) 
brine, dried, and concentrated in vacuo. The residues ofte: 
crystallized when swirled with n-hexane or diisopropyl ether t 
a colorless to pale yellow solid. Oily products were purified b; 
chromatography with cyclohexane/ethyl acetate/triethylamin-
(8:2:0.01) over silica. 

l-Phenyl'2-isopropyM-(4«fluQropheuyl)-iV*methyl-lJ? 
pyrroIe-3-carboxaniiide: yield 94%; mp 126-127 0C (not re 
cryst); MS CyjH^F^O m/e = 412 (M+), 306, 262. Anal. (C^ 
H25FN20) C, H, F, N. 

l,2-Diisopropyl-4-(4-fluorophenyl)-iV-raethyl-l^f 
pyrrole-3-carboxanilide: yield 73%; oil; NMR 61.40 (12 H, d) 
3.23 (4 H, s + sept), 4.40 (1 H, sept), 6.50 (1 H, s), 6.5-7.5 (9 H 
m); MS C^H^FNsO m/e = 378 (M+), 272, 91. Anal. (C^H^F-
N20) C, H, F, N. 

l-Cyclohexyl-2-isopropyi-4-(4-fluorophenyl)-iV-niethyl-
l-ff-pyrrole-S-carboxanilide: yield 98%; mp 102-105 0C (not 
recryst); NMR 6 1.35 (3 H, d), 1.50 (3 H, d), 1.1-2.2 (11 H, m). 
3.25 (3 H, br s) 3.95 (1 H, m), 6.4-7.4 (10 H, m); MS CtfH^FNX 
CI m/e = 419 (M + H+), 312. Anal. (CAFNjO) C, H, F, N. 

l-Phenyl'2-isopropyl-4-(4-fluorophenyl)-5-raethyl-7V-
methyl-lH-pyrrolc-3-carboxanilide: yield 84%; mp 62-63 0C 
(not recryst); NMR 6 1.2 (3 H, d), 1.3 (3 H, d), 1.8 (3 H, s), 2.8 
( 1  H ,  s e p t ) ,  3 . 1 7  ( 3  H ,  s ) ,  6 . 5 - 7 . 5  ( 1 4  H ,  m ) ;  M S  C a g H ^ F N a O  m / e  
= 426 (M+), 320 (M+ - PhNCHj). Anal. (CBHITFNJO) C, H, F, 
N. 

(b) Reduction. To a suspension of lithium aluminum hydride 
(60 mmol) in dry THF (120 mL) under nitrogen was added 
dropwise a solution of N-methylanilides (29 mmol) in THF (120 
mL). The mixture was refluxed for 20 h and then cooled to 0 0C. 
Ethyl acetate (15 mL) and then water (5 mL) followed by 2 N 
sodium hydroxide solution (10 mL) were added dropwise. The 
mixture was stirred for 30 min at 25 0C. The solids were removed 
and washed with ether. 

The filtrate was concentrated in vacuo. The residues often 
crystallized when swirled with n-pentane.v Oily products were 
purified by chromatography with toluene/ethyl acetate/tri-
ethylamine (20:1-.0.01) over silica. 

l-Phenyl-2-isopropyl-3-(hydroxyniethyl)-4-(4-fIuoro-
phenylJ-lH-pyrrole: yield 92%; oil; NMR b 1.28 (7 H, d + m), 
3.03 (1 H, sept), 4.70 (2 H, s), 6.73 (1 H, s), 6.90-7.70 (9 H, m); 
MS CJQHMFNO m/e = 309 (M+), 294, 276. Anal. (CJOH^NO) 
C, H, F, N. ^ 

l,2-Diisopropyl-3-(hydroxyinethyl)-4-(4-fluorophenyl)-
IJ-T-pyrrole: yield 75%; pale yellow oil that slowly crystallized; 
NMR 6 1.2-1.6 (12 H, m), 2.35 (1 H, br s), 3.33 (1 H, sept), 4.40 
(2 H, s), 4.50 (1 H, sept), 6.70 (1 H, s), 6.8-7.65 (4 H, m); MS 
CpHzjFNO CI m/e = 275 (M+), 258,242, 200. Anal. (C^HaFNO) 
C, H, F, N. 

l-Cyclohexyl-2-isopropyl-3-(hydroxyraethyI)-4-(4-fluoro-
phenyl)-lJir-pyrrole: yield 67%; mp 114-116 0C (not recryst); 
NMR 6 1.37 (6 H, d), 1.2-2.1 (10 H, m), 3.30 (1 H, sept), 3.96 (1 
H, m), 4.38 (2 H, s), 6.70 (1 H, s), 6.95 (2 H, m), 7.47 (2 H, m); 
MS C2oH26FNO m/e = 315 (M+)p 300, 282, 200. Anal. (CM* 
H26FNO) C, H, F, N. 

l-Phenyl-2-isopropyl-3-(hydroxymethyl)-4-(4-fluoro-
phenyl)-5-methyl-lff-pyrrole: yield 63%; colorless solid; NMR 
5 1.25 (6 H, d), 1.9 (3 H, s), 2.8 (1 H, m), 4.35 (1 H, s), 4.55 (2 H, -. 
s), 6.85-7.75 (9 H, m); MS C^H^FNO m/e = 323 (M+), 308 (M+ 

-CH3),290(M+-CH3-H2O). Anal. (C21H22FNO) C, H, P, N. 
(c) Oxidation. Variant A. To a mechanically stirred sus-. 

pension of Celite (50 g) and finely powdered CrOj (25 g, 250 mmol) 
in dry dichloromethane (250 mL) at 15 °C was added dropwise 
a solution of dry pyridine (39.5 g, 500 mmol) in CH2CI2 (250 mL). 
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Pyrrole-Substituted Acrylonitriles 5. General Procedure. 
At 0 0C a solution of dnsopropyl (cyanomethyl)phosphonate (13.5 
g, 66.0 mmol) in dry THF (200 mL) was added dropwise to a 
suspension of sodium hydride (3.78 g of a 50% dispersion in 
mineral oil, 78.7 mmol) in dry THF (700 mL). After 40 min at 
0 "C, a solution of aldehyde 4 (44.0 mmol) in THF (100 mL) was 
added dropwise. The mixture was stirred for 2 h at room tem
perature. The reaction mixture was poured into 1L of brine. The 
organic phase was separated and the aqueous phase was extracted 
with ether. The combined organic phases were dried and con-
centrated in vacuo. The residue was chromatographed over silica 
with cyclohexane/ethyl acetate (6:1)! containing 0.1% triethyl-
amine. 

ifl-[l-Phenyl-2-methyl-4-(4-fluorophenyl)-li!ir-pyrrol-3-
yl]-(i?)-acrylonitrile (5a): yield 78%; pale yellow solid; NMR 
5 2.30 (3 H, s), 5.23 (1 H, d), 6.73 (1 H, s), 7.0-7.6 (10 H, m); MS 
C2oHl5FN2 m/e = 302 (M+). Anal. (C^H^FNa) C, H, F, N. 

/3-[l,2-Diisopropyl-4-(4«fluorophenyl)-l.ff-pyrrol-3-yl]-
(jB)-acrylonitrile (5e): yield 91%; crystals; mp 121-123 0C (not 
recryst); NMR 5 1.43 (12 H, 2 X d), 3.30 (1 H, sept), 4.50 (1 H, 
sept), 4.93 (1 H, d), 6.60 (1H, s), 6.9-7.4 (4 H, m), 7.53 (1 H, d); 
MS CMHUFNJ m/e = 296 (M+), 281,256,239. AnaL (C^FN^) 
C, H, F, K 

ifl-[l-Cyclohexyl-2-isopropyl-4-(4-fluorophenyl)-lff • 
pyrroi-S-ylj-^J-acrylonitrile (5f): yield 96%; pale yellow solid; 
mp 130-132 0C (not recryst); NMR S 1.40 (6 H, d), 1-2-2.1 (10 
H, m), 3.30 (1 H, sept), 4.00 (1 H, m), 4.95 (1 H, d), 6.60 (1 H, 
s), 6.9-7.4 (4 H, m), 7.55 (1H, d); MS CaHMFN2 m/e = 336 (M+), 
321, 239. Anal. (CaHjjFNa) C, H, F, N. 

Preparation of Pyrrole-Substituted Acroleins 6 from 
Acrylonitriles 5. General Procedure. To a solution of nitrile 
5 (24 mmol) in dry THF (200 mL) was added dropwise 60 mL 
(72 mmol) of a 1.2 M solution of diisobutylaluminum hydride in 
toluene at 0 0C. The mixture was stirred for 1 h at 0 0C and then 
for 1.5 h at room temperature. At 0 0C, saturated aqueous sodium 
dihydrogen phosphate solution (100 mL) and then water (200 mL) 
were added dropwise. The mixture was stirred for 1 h at room 
temperature and then saturated with sodium chloride and ex
tracted with ether. The combined organic phases were washed 
with saturated aqueous sodium bicarbonate and then dried and 
concentrated in vacuo. The residue was chromatographed over 
silica with cyclohexane/ethyl acetate (5:1), containing 0.1% 
triethylamine. 

3-[l-Phenyl-2-methyl*4-(4-fluorophenyl)-lH-pyrrol-3-
yl]- (£)-propenal (6a): yield 70%; pale yellow solid; NMR 5 2.36 
(3 H, s), 6.26 (1 H, dd), 6.97 (1 H, d), 7.15-7.70 (10 H, m), 9.54 
(d, 1 H); MS C»HwFNO m/e = 305 (M+), 290,276,264. Anal. 
(CjpHjeFNO) C, H, F, N. 

3-[l,2-Diisopropyl-4-(4-fluorophenyl)-li?'-pyrrol-3-yl]-
(£?)-propenal (6e): yield 70%; crystals; mp 119-1210C; NMR 
61.45 (12 H, 2 x d), 3.45 (1H, sept), 4.53 (1 H, sept), 6.00 (1 H, 
d), 6.65 (1H, s), 6.9-7.5 (4 H, m), 7.63 (1H, d), 9.45 (1H, d); MS 
C19H„FNO m/e = 299 (M+), 256, 214. Anal. (C^nFNO) C, 
H, F, N. 

3-[l-Cyclohexyl-2'isopropyl-4-(4-nuoropJieiiyl)-lflr-
pyrrol-3-yl]-(E)-propenal (6f): yield 81%; pale yellow crystals; 
mp 124 0C (not recryst); NMR 11.46 (6 H, d), 1.3-2.2 (10 H, m), 
3.50 (1H, sept), 4.00 (1H, m), 6.05 (1H, dd), 6.65 (1 H, s), 6.9-7.5 
(4 H, m), 7.65 (1H, d), 9.50 (1H, d); MS C^HMFNO m/e = 339 
(M+), 296,214. Anal. (C^H^FNO) C, H, F, N. 

Synthesis of Pyrrole-Substituted Acroleins 6 from Al
dehydes 4 with the Wolleoberg Reagent. General Procedure. 
To a solution of l*ethoxy-2*(tri-n-butyistannyI)ethylene20 (3.46 
g, 9.6 mmol) in dry THF (110 mL) was added .a solution of 
n-butyllithiuni in n-hexane (6.25 mL of a 1.6 M solution, 10 mmol) 
at -70 "C under nitrogen. After 2 h at -73 0C, a solution of the 
aldehyde 4 (8 mmol) in THF (12 mL) was added dropwise. During 
this operation, the reaction temperature rose to -66 eC. After 
2 h at -73 eC and 10 min at -50 *0, a saturated aqueous am
monium chloride solution (18.6 mL) was added dropwise at -40 
0C. The mixture was allowed to warm to room temperature. The 
organic layer was separated; the aqueous layer was extracted twice 

HMC'COA Reductase Inhibitors. 2  

^fter stirring et room temperature (20 min), a solution of the 
substituted (hydroxymethyDpyrrole (25 mmol) in CH2CI2 (250 

« mL) was added dropwise but quickly. The reaction temperature 
£ was kept between 20 and 24 0C. After 15 min cyclohexane (500 

ed j was added. The solid was suction filtered and washed with 
25 I' ^hjoromethane/cyclohexane (3:7). The filtrate was concentrated 
ed \ chromatographed with cyclohexane/ethyl acetate/triethyl' 

amine (4:1:0.01) over 500 g of silica. 
— £• Variant B.u To a solution of N-methylmorpholine jV-oxide 
on ' (46.8 gt 400 mmol) in acetone (400 mL, dried over K2CO3) was 
• | added tris(triphenylphosphine)iuthenium(II) dichloiide (3.8 g, 
.e? * 4,0 mmol). The mixture was stirred 20 min at 20 0C. A solution 
| of the substituted (hydroxymethyOpyrroIe (100 mmol) in dry 

f acetone (600 mL) was added dropwise. The mixture was stirred 
t0 \ for 10-20 h at room temperature. After complete reaction (TLC, 
ky i cyclohexane/ethyl acetate/triethylamine 4:1:0.1), the mixture was 
'rie 1 filtered through a short, thick silica pad. The pad was washed 
| with ether (3 L); the filtrate was concentrated in vacuo. The 

H- | residue, pure 4, usually crystallized, when digerated with n-pentane 
.re- J atO'C. 

'.es 
.-a I 

on 
/as 

ith 
•,en 

'27' E i.phenyl-2-isopropyl-4-(4-fluorophenyl)-lff-pyrrole-3-
k carboxaldehyde (4b): yield (variant A) 35%, (variant B) 87%; 

H - | pale yellow solid; mp 119-120 0C; NMR 6 1.36 (6 H, d), 3.16 (1 
d)' i H, sept), 6.65(1 H,s), 7.0-7.7 (9 H.m), 10.1(1 H.s); MS CJO-
H' 4 HuFNO m/e = 307 (M+), 292. Anal. (CJOH^FNO) C, H, F, N. 

7^" I i,2-Diisopropyl-4-(4-fluorophenyl)-lfl,-pyrrole-3-carbox-
s aldehyde (4e): yield (variant B) 87%; yellow oil; NMR 6 1.43 

*1- I (6 H, d), 1.47 (6 H, d). 3.80 (1 H, sept), 4.57 (1 H, sept), 6.62 (1 
£ H.s)>7.06(2H,m),7.37(2H 1m),9.89(lH1s);MSCL7H2OFNO 

m)' \ m/e « 273 (M*), 258, 244. Anal. (CnH^FNO) C, H, F, N. 
l-Cyclohexyl-2-isopropyl-4-(4-fluoropheayl)-lfr-pyrrole-

3-carboxaldehyde (4f): yield (variant B) 98%; colorless crystals; 
! mp 134-135 0C; NMR 5 U5 (6 H, d), 1.1-2.2 (10 H, m), 3.55-4^5 

„ g (2 H, m + sept), 6.65 (1 H, s), 6.9-7.6 (4 H, m), 9.95 (1 H, s); MS 
, '* C^HMFNO m/e = 313 (M+), 298,231,216. Anal. (CaoH^FNO) 

V e  |  C.H.F.N.  

J20 
.N. 
N-
EC 

j l-Phenyl-2-isopropyl-4-(4-fluorophenyl)-5-methyMi?"-
| pyrrole-3-carboxaldehyde (4g): yield (variant A) 45%; pale 
1 yellow solid; NMR 51.3'(6 H, d), 2.1 (3H, s), 3.1 (1H, sept), 6.9-7.6 
i (9 H, m), 10.0 (1 H, s); MS C^HaoFNO m/e = 321 (M+). Anal. 

Ic i (C2lH2oFNO) C, H, F, N. 
0 jvj ? Synthesis of l,2-Di2sopropyl-4-(4-fluorophenyl)-lH* 
Fhe 1 Pyrro^e"3-carhoxaldehyde (4e) via Three-Component Cou-
•ved £ Reaction According to Scheme VI. (a) Three-Gom-
| ponent Coupling. Ethyl l,2-Diisopropyl-4-(4-fluoro» 
| phenyl)-lH-pyrroIe-3-carboxyiate (21e). To a suspension of 
. I 4*fluoro-/J-nitro$tyTene19 (209 g, 1.25 mol) in absolute methanol 

'tri- ^ was ethyl 3-oxo-4-methylpentanoate9 (214 g, 1.35 
. | mol) under ice cooling followed by isopropylamine (128 mL, 1.50 

I mol), both in one portion. Absolute methanol (1L) was added, 
| the ice bath was removed, and the reaction mixture was stirred 
| for 48 h in a tightly stoppered flask. Volatile components 

vini | removed in vacuo. The brown, viscous oil was filtered with 
1 toluene/0.1 % triethylamine through 5 kg of silica gel (70-200 pro) 

' I to give 197 g (49.7% yield) of a yellow solid: mp 72-74 0C; NMR 
y"' B (CD,CI,) 6 1.07 (3 H. t), 1.36 (6 H, d), 1.42 (6 H, d), 3.73 (1 H, 
. A(\ e !ept)' 4-06 (2 H, q), 4.50 (1 H, sept), 6.60 (1 H, s), 6.80-7.40 (4 
4- f H, m); MS (DCI, posit, isobutane) C^FNOj m/e = 318 (M 

I + H+), 317, 302. Anal. (Cl9Ha4FN04) C, H, F, N. 
R (b) Reduction. l,2-Diisopropyl-3-(hydroxymethyl)-4-(4-
R Huoropheayl)-Iff-pyrrole. A solution of the ethyl ester (197 
B 8.0.62 mol) in ether (750 mL) was added dropwise at 0 0C to a 

)6 (1 R ^Pension of lithium aluminum hydride (47^ g, 1.24 mol) in ether 
(1*5 L). The reaction mixture was stirred for 1 h at 0 0C and for 

V - IB i at 20 0C. At 0-10 •C ethyl acetate (150 mL) was added 
sr'd then water (38 mL) followed by 2 N sodium hy-

«roxide solution (75 mL) was added. The mixture was stirred 
iMR S 0r ^ m'n at rooTn temperature. The inorganic solids 
2 H. R move^ by suction filtration and washed thoroughly with ether. 
(1^* B ^j^hylamine (1 mL) was added to the combined filtrate and 

* ? w^™nSs and the solvent was removed in vacuo to give a yellow 
t (131 g, 77% yield) that had spectra identical with those of 
| authentic material described above. 
1 (c) Oxidation was performed as described above to give 4e 

cnU- i yeUow soiid in 92% >'ield' 

ride 
ded | 

:ten 

jro* 
m), were 

zed; 

MS 
NO) 

oro* 
yst); 

. m); 

oro- were re-

?. N-
SU9* 
mol) 
wis* (20) Leusink, A. J.; Budding, H. A.; Drenth, W. J. Organomet. 

Chem. 19G7, S, 285. 
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4.59 (1 H, m), 5.32 (1 H, dd), 6.62 (1 H, d), 7.00 (2 Hf m), 7.30 
(2 H, m); MS C^HgoFNO* m/e = 415 (M+), 397, 300, 256. Anal. 
(C2<H30FNO<) C, H, F, N. 

Methyl 5(J?5)-hydroxy-3-oxo-7-[l-cyclohexyl-2-iso-
propyl-4-(4-fluotophenyl)-li?'-pyrrol-3-yl]hept-6(JE')-enoate 
(7f): NMR (CDX12) 5 1.35 (6 H, d), 1.3-2.3 (10 H, m), 2.35 (1 
H, d), 2.65 (2 H, d), 3.30 (1 H, sept), 3.50 (2 H, s), 3.70 (3 H, s), 
4.00 (1 H, m), 4.60 (1 H, m), 5.35 (1 H, dd), 6.65 (1 H, s), 6.65 • . 
(1 H, d), 6.85-7.50 (4 H, m); MS C^^FNC^ m/e = 455 (M+)) 

437, 340, 296, 214. Anal. (C^H^FNO^ C, H, F, N. 
Methyl 5(i?5)-hydroxy-3-oxo-7-[l-phenyl-2-isopropyl-4-

(4-f]uorophenyl)-5-niethyMiy*pym>]-3-yl]hept-6{jE)-eiLoate 
(7g): MS GaHaoFNl}, m/e - 463 (M+), 446. Anal. (CasHaoFNO,) 
C, H,F, N. ^ 

with ether. The combined organic layers were washed with brine 
and then dried and concentrated in vacuo. The residue was taken 
up in THF (93 mL) and water containing p-toluenesulfonic acid 
(18 mL) and stirred for 1 h at room temperature. The organic 
layer was separated and the aqueous layer was extracted with 
ether. The combined organic layers were washed with brine and 
then dried and concentrated. The residue was chromatographed 
with cyclohexane/ethyl acetate/triethylamine (3:1:0.1) over 450 
g of silica. . 

3-[l-Phenyl-2-methyl-4-(4-fluorophenyl)-lH-pyrrol-3-
ylMiTJ-propenal (6a): yield 98%; spectra, see above. 

3-[l-Phenyl-2-i3opropyl-4-(4-nuorophenyl)-li?'*pyrrol-3-
ylM2?)-propenal (6b): yield 50% (46% recovered starting 
material); NMR 6 1.35 (6 H, d), 3.16 (1 H, sept), 6.05 (1 H, dd), 
6.63 (1 H, s). 7.0-7.5 (9 H, m), 7.75 (1 H, d), 9.50 (1 H, d); MS 
C^HJOFNO DCI m/e = 334 (M + H+), 290. Anal. (C^HMPNO) 
C, H, F, N. 

3-[l-Phenyl-2,5-dimethyl-4-(4-fiuorophenyl)-lH-pyrrol-
3-yl)-(£')-propenfll (6c): yield 88%; amorphous solid; NMR 6 
1.9 (3 H, s), 2.2 (3 H, s), 6.07 (1 H, dd), 6,9-7.7 (10 H, m), 9.45 
(1H, d); MS C2lHl8FNO m/e = 319 (M+), 290 (M+ - CHO). Anal. 
(C2IHiaFNO) C, H, F, N. 

3-[l-Isopropyl-2-methyl-4-(4-fluorophenyl)-lJ?'-pyrroI-3-
yl}-(jB)-propenal (6d): yield 94%; colorless solid; NMR 6 1.47 
(6 H, d), 2.43 (3 H, s), 4.42 (1 H, sept), 6.20 (1 H, dd), 6.72 (1 H, 
s), 6.9-7.5 (4 H, m), 7.50 (1 H, d), 9.48 (1 H, d); MS CNH18FNO 
m/e = 271 (M+), 256, 242, 200. Anal. (C17HI8PNO) C, H, F, N. 

3-[l-PhenyI-2-isopropyl-4-{4-nuorophcnyl)-5-incthyl-lJy'-
pyrrol-3-yl]-(£')-propenal (6g); yield 91%; yellow solid; NMR 
5 1.3 (6 H, d), 2.0 (3 H, s), 3.1 (1 H, sept), 6.1 (1 H, dd), 7.0-7.8 
(10 H, m), 9.5 (1 H, d); MS CJUH^FNO DCI m/e = 348 (M + H+). 
Anal. (C23H«FNO) C, H, F, N. 

jS.i-Dihydroxy Esters 1 (Kl = CHj). General Procedure. 
To a solution of jS-keto-i-hydroxy ester 7 (5 mmol) in dry THF 
(70 mL) was added dropwise a solution of triethylborane in THF 
(6 mL of a 1 M solution, 6 mmol) during 5 min. After 20 min 
at 20 0C, 14 mL of dry air was bubbled through the solution with 
a syringe. After 2 h at 20 0C, the reaction mixture was cooled • 
to -75 "C. Sodium borohydride (246 mg, 6.5 mmol) was added 
at once. After 12 h at -75 CC under nitrogen, the mixture was .. 
allowed to warm to -10 0C and saturated sodium dihydrogen 
phosphate solution (35 mL) was added dropwise. The reaction 
mixture was partitioned between ether and brine. The organic 
layer was washed with brine, dried, and concentrated. The residue 
was stirred for 3 h with dry methanol (300 mL). The solvent was 
evaporated and the residue was chromatographed with cyclo
hexane/ethyl acetate/triethylamine (1:1:0.1) through silica to yield 
60-85% of a thick, pale yellow oil. 

Methyl 3(fiS),5(5iJ)-dihydroxy-7-[l-phcnyI-2-methyi-4-
(4-fluorophcnyl)-lJif-pyrrol-3-yIJhept-G(jE,)-cnoatc (la): NMR 
5 2.12 (2 H, m), 2.24 (3 H, s), 2.37 (2 H, s), 2.54 (1 H, dd), 2.75 
(1 H, dd), 3.72 (3 H, s), 4.26 (1 H, m), 5.32 (1 H, m), 5.75-5.85 
(2 H, m), 6.78 (I H, s), 7.00-7.10 (2 H, m), 7.28-7.50 (7 H, m); j 
MS CMHMFNO* m/e = 423 (M+), 306,264. Anal. (CaH2£FN04) i 
C, H, F, N. 

Methyl 3(^S),5(5iJ)-dihydroxy-7-[l-phenyl-2-isopropyl-
4-(4-fluorophenyl)-liir-pyrrol*3-yl]hept-6(i?)-enoate (lb): : 

NMR (C6De) 5 1.30 (7 H, d + m), 1.57 (1 H, dt), 2.03 (1 H, dd), ' [ 
2.18 (1 H, dd), 2.70 (iH.brs), 3.09 (1 H, sept), 3.27 (3 H, s), 3.45 ' 
(1 H, br s), 4.03 (1 H, m), 4.34 (1 H, m), 5.67 (1 H, dd), 6.50 (1 ! 
H, s), 6.87-7.15 (8 H, m), 7.45 (2 H, dd); MS C27H30FNO4 m/e : 
= 451 (M+), 433, 334, 292, 290, 276. Anal. (C27H30FNO<) C, H, 

j3-Keto-5-hydroxy Esters 7. General Procedure. To a 
suspension of sodium hydride (12.7 mmol) in THF (86 mL) was 
added dropwise a solution of methyl acetoacetate (1.43 g, 12.33 
mmol) in THF (10 mL) at -15 "C during 5 min. The solution 
was stirred for 50 min at -15 'C. A solution of n-butyllithium 
in hexane (7.68 mL of a 1.6 M solution, 12.26 mmol) was added 
during 10 min. The reaction mixture was stirred for 20 min at 
-15 0C. A solution of aldehyde 6 (7.0 mmol) in THF (25 mL) 
was added during 10 min. The reaction mixture was stirred for 
45 min at -15 "C. At -10 0C, a saturated sodium dihydrogen 
phosphate solution (13 mL) was added dropwise. After 5 min 
at 0 0C, the mixture was distributed between ether and brine. 
The organic layer was separated and the aqueous layer was ex
tracted with ether. The combined organic layers were washed 
with brine, dried, concentrated, and chromatographed with cy
clohexane/ethyl acetate/triethylamine (2:1:0.1) over silkte, giving 
a pale yellow oil (76-85% yield). 

Methyl 5(^S)-hydroxy-3-oxo-7-[l-phenyl-2-methyl-4-{4-

F, N. 
Methyl 3(/25),5(5i?)-dihydroxy-7-[l-phenyl-2,5-di- , 

methyl-4-(4-f]uorophenyl)-lH-pyrrol-3-yl]hept-6(jE)-enoatc 
(1c): NMR (C8D6) 6 1.37 (1 H, dt), 1.67 (1 H, dt), 1.90 (3 H, s), 
2.08 (3 H, s), 2.05-2.12 (1 H, dd), 2.26 (1 H, dd), 2.40 (1 H, d), 
3.26 (3 H, s), 3.48 (1 H, d), 4.11 (1 H, m), 4.30 (1 H, m), 5.72 (1 
H, dd), 6.72 (1 H, d), 6.85-6.91 (2 H, m), 6.95-7.17 (5 H, m), " 
7.32-7.40 (2 H, m); MS C26Ha8FN04 m/e = 437 (M+), 419, 320, '. 
302, 278. Anal. (C26H28FN04) C, H, F, N. '' 

Methyl 3(i?5),5(SH)-dihydroxy-7-[I-isopropyl-2-methyl-
4-(4-fIuorophenyl)-lJif-pyrrol-3-yl]hept-6(i?)'enoate (Id): 
NMR (C6D6) 6 0.98 (6 H, d), 1.40 (1 H, dt), 1.68 (1 H, dt), 2.05 
(3 H, s), 2.09 (1 H, dd), 2.27 (1 H, dd), 3.27 (3 H, s), 3.73 (1 H, ;; 
sept), 4.14 (1 H, m), 4.34 (1 H, m), 5.72 (1 H, dd), 6.50 (1 H, s), ?• 
6.73 (1 H, d), 6.98 (2 H, m), 7.43 (2 H, m); MS CnH^FNO^ m/e j 
= 389 (M+), 272, 230. Anal. (C22H28FNO<) C, H, F, N. '! 

Methyl 3(i?S),5(Sfl)-dihydroxy-7-[H2-diisopropyl-4-(4-
fluorophenyl)-lflr-pyrrol-3-yl]hept-6(fr)-enoate (Le): NMR 'i 
(CD2C12) 6 1.35 (6 H, d), 1.42 (6 H, d), 1.50-1.70 (2 H, m), 2.45 i 
(2 H, d), 2.62 (1 H, br s), 3.31 (1 H, sept), 3.54 (1 H, d), 3.68 (3 * 
H, s), 4.22 (1 H, m), 4.33-4.52 (2 H, sept + m), 5.32 (1 H, d), 6.58 £ 
(1 H, d), 6.62 (1 H, s), 7.00 (2 H, m), 7.31 (2 H, m); MS C^HaFNO^ J 
m/e = 417 (M+), 399 (M+- H20), 300, 258, 212. Anal. (CM-3 
H32FN04) C, H, F, N. . } 

Methyl 3(B5),5(SJ?)-dihydroxy-7-[l-cyclohexyl-2-iso-T 
propyl-4-(4-fluorophenyl)-lH-pyrrol-3-yl]hept-6(E)-enoate "5 
(If): NMR (CDjClj) 6 1.25-2.05 (12 H, m), 1.34 (6 H, d), 2.45 J 
(2 H, d), 2.62 (1 H, d), 3.30 (1 H, sept), 3.55 (1 H, d), 3.69 (3 H, 
s), 3.95 (1 H, tt), 4.20 (1 H, m), 4.38 (1 H, m), 5.33 (1 H, dd), 6.58 ? 
(1H, d), 6.62 (1H, s), 7.00 (2 H, re), 7.30 (2 H, m); MS CCTHKFNO* J 
m/e « 457 (M+), 439 (M*- H20), 421 (M+ 

212. Anal. (C^HsgFNOJ C, K, F, N. 

fluorophenyl)-l.£f-pyiTol-3-yl]hept-6(i?)-enoate (7a): NMR 
& 2.27 (3 H, s), 2.55 (1 H, br), 2.80 (2 H, m), 3.50 (2 H, s), 3.74 
(3 H, s), 4.69 (1 H, q), 5.65 (1 H, dd), 6.60 (1 H, d), 6.76 (1 H, s), 
7.00-7.12 (4 H, m), 7.30-7.52 (5 H, m); MS C25H24FN04 m/e = 
421 (M+), 403, 345, 302. Anal. (C25H24FN04) C, H, F, N. 

Methyl ot-RS )-hydroxy-3-oxo-7-[l-phenyl-2-isopropyl-4-
(4-fluorophenyl)-liir-pyrrol-3-yllhept-6(jE)-enoate (7b): MS 
C27H28FN04 m/e = 449 (M+), 432, 373, 334, 290. Anal. (C*-
H28FN04) C, H, F, N. " 

Methyl 5(i?S)-hydroxy-3-oxo-7-[l-phenyl-2,5-diroethyl-
4-(4-naorophenyl)-ljy-pyrrol-3-yl]hept-6(Ji?)-enoate (7c): 
NMR 5 1.6 (1 H, s), 1.9 (3 H, s), 2.13 (3 H, s), 2.36 (2 H, s), 3.57 
(2 H, AB), 3.73 {3 H, s), 5.99 (1 H, d), 6.16 (1 H, dd), 6.94 (1 H, 
d), 7.08-7.33 (5 H, m), 7.44-7.58 (4 H, m); MS C26H26FN04 m/e 
= 435 (M"1-), 417, 320, 319,316,290. Anal. (C26H26FN04) C, H, 
F, N. 

Methyl o(fl5)-hydroxy-3-oxo-7-[l-isopropyI-2-methyl-4-
(4-fluorophenyl)-liir-pyrrol-3-yl]hept-6(£')-eooate (7d): 
NMR 5 1.44 .(8 H, d + m), 1.58 (I H, br s), 2.37 (3 H, s), 3.58 (2 
H, s), 3.75 (3 H, s), 4.35 (1 H, sept), 6.02 (1 H, d), 6.27 (1 H, dd), 
6.67 (1 H, s), 7.06 (2 H, m), 7.28 (2 H, m); MS C^H^FNO^ m/e 
= 387 (M+), 369, 272. Ana). (C22H26FN04) C, H, F, N. 

Methyl 5(ff5)*hydroxy-3-oxo-7-[l,2*diisopropyl-4-(4-
fluorophenyl)-lH-pyrrol-3-yl)hcpt-6(J?)-eiioate (7e): NMR 
(CDjClj) 6 1.36 (6 H, d), 1.42 (C H, d), 2.37 (1 H, d), 2.68 (2 H, 
m), 3.30 (1 H, sept), 3.48 (2 H, s), 3.70 (3 H, s), 4.44 (1 H, sept), 

- 2H2O), 366,340, 298, | 
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lution of diisopropylamine (97 mLt 70.0 g, 692 mmol) in dry THF 
(500 mL), cooled with dry ice, was added a 1.6 M solution of 
n-butyllithium m hexane (430 mL, 688 mmol) via a Flex-needle.21 

The mixture was stirred for 30 min at 0 0C under nitrogen. 
Another 4-L-four-necked flask, equipped with a mechanical stirrer, 
low-temperature thermometer, dropping funnel with cooling 
finger, and nitrogen inlet/mercury bubbler, was charged with 
(S)-(-)-phenyl 2-hydroxy-2J2-diphenylacetate7 (104.7 g, 315 mmol) 
and dry THF (1 L). The suspension was cooled with dry ice. 

A LDA-solution (vide supra) was transferred via a Flex<needle 
through a septum into the dropping funnel and added to the 
stirred suspension at such a rate that the reaction temperature 
stayed below -20 0C. The mixture was stirred for 30 min at 0 
0C and became a reddish-brown, clear solution. A precooled 
solution of aldehyde 6 (300 mmol) in dry THF (300 mL) was added 
to this solution of dianion 8 at -90 0C. The reaction mixture was 
stirred for 1-2 h (TLC control) at this temperature. The cold 
mixture was poured into the mechanically stirred saturated 
aqueous solution of ammonium chloride (2 L) and stirred for 20 
min (pH 8, 0 0C). The organic layer was separated and the 
aqueous layer was extracted with ether. The combined organic 
layers were washed with brine, dried, and filtered, and the solvent 
was evaporated in vacuo to give a pale yellow solid that according 
to TLC consisted mostly of aldol product 9 with small amounts 
of unreacted chiral acetate and traces of unreacted aldehyde 6. 
For purification, the crude solid was shaken with hot toluene/ethyl 
acetate (2 L, 6:4 + 0.1% triethylamine). After the suspension 
had come to room temperature it was filtered, and the solid after 
washing with toluene was discarded. Combined filtrate and 
washings were evaporated in vacuo, and the remaining solid 
residue was stirred with n-pentane (2X1 L). The resulting 
suspension was suction filtered. Colorless solid 9, obtained in 
95-98% yield, was pure by TLC. The pentane solution contained 
unreacted aldehyde 6. 

Methyl 3(J2S),5(Si2)-dihydroxy-7-[l-phenyl-2-isopropyl-
4.(4.nuorophenyl)-5-raethyl-li/-pyrrol-3-yl]hept-6(£)-enoate 
(lg): NMR (CA) 6 1.3 (7 H, d + m), 1.6 (1 H, m), 1.95 (3 H, 
s), 2.0-2.3 (2 H, m), 2.5 (1 H, br s), 3.1 (1 H, sept), 3.3 (3 H, s), 
3.5 (1 H, s), 4.1 (1 H, m), 4.3 (1 H, m), 5.7 (1 H, dd), 6.8-7.5 (10 
H, m); MS CaHgaFNO^ m/e = 465 (M+), 447 (M+ - H20). Anal. 
(Cas^FNO,) C, H, F, N. 

'.30 
nal. 

ISO- 5 

! mte 
5 ( 1  '  I  

s) 
Hydrogenated /3^-Dihydroxy Esters 2 (R1 = CH3). General 

Procedure. Ten percent palladium on charcoal (2.2 g) was added 
under nitrogen to a solution of the olefinic 0,6-dihydrox'y ester 
1 (R1 == CH3) (70 mmol) in methanol (1.3 L) and triethylamine 
(13 mL). The mixture was shaken for 20 min in a hydrogen 
atmosphere at atmospheric pressure and room temperature. H2 
(1240 mL) was taken up (theoretical 1570 mL). The catalyst was 
filtered off and washed with methanol. The filtrate was con
centrated in vacuo. The residue was chromatographed with 
cyclohexane/ethyl acetate (5:3), containing 0.1% triethylamine, 
through 1.3 kg of silica. The first compound eluted was the pure 
product 2 (yield 75-80 %, pale yellow thick oil). Shortly thereafter 
a diastereomer of 2 (yield 8%) was eluted that stemmed either 
from incomplete stereoselectivity during the borane-catalyzed 
reduction of keto ester 6 (steps i, j) or from some isomerization 
during the catalytic hydrogenation. As a last fraction, the lac-
tonized form of 2 (yield 4-5%) was obtained, containing some 
d i a s t e r e o m e r s .  T L C  ( c y c l o h e x a n e / e t h y l  a c e t a t e  1 : 1 ,  s i l i c a )  R f  
values: 1 (starting material), 0.26; 2,0.29; diastereomer of 2,0.25; 
6-lactone of 2, 0.19. 

Methyl 3(^5),5(i?5)-dihydroxy-7-[l-phenyl-2-isopropyl-
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<l-(4-fluorophenyl)-lJ/-pyrrol-3-yl]heptanoate (2b): NMR 
(C6D6)51-03 (1 H, dt), 1.28-1.43 (1 H, m), 1.32 (3 H, d), 1.33 (3 
H, d), 1.60-1.85 (2 H, m), 1.94 (1H, dd), 2.12 (1H, dd), 2.90-3.02 
(1 H, m), 3.03-3.22 (3 H, m), 3.24 (3 H, s), 3.43 (1 H, br s), 3.75 
(1H, m), 3.88 (1 H, m), 6.58 (1 H, s)f 6.94 (2 H, m), 7.03-7.15 (5 
H, m), 7.42 (2 H, m); MS C^FNO^ FAB m/e = 454 (M + H+), 
292. Anal. (C27H32FNO<) C, H, F, N. 

Methyl 3(i?S)t5(i?S)-dihydroxy.7.[l-phenyl.2,5-di-
raethyl-4-(4-fluorophenyl)-lJif-pyrrol-3-yI]heptanoate (2c): 
NMR (C6Dfi) 61.10 (1 H, dt), 1.38 (1 H, dt), 1.50-1.76 (2 H, m), 
I.97 (3 H, s), 2.01 (1 H, dd), 2.08 (3 H, s), 2.17 (1 H, dd), 2.77 (2 
H, m), 2.86 (1 H, d), 3.27 (3 H, s), 3.50 (1 H, d), 3.72 (1 H, m), 
3.95 (1 H, m), 6.90-7.13 (7 H, m), 7.28-7.36 (2 H, m); MS C,6-
H30FNO4m/e = 439(M+),407,279. Anal. (CMHWFN) C, H.F, 

iyl-4-
NMR 5 
, 2.75 

1-5.85 ^ 
i, m); . I 
• - N O H )  I  

The diastereomeric excess (de) of the desired 35 isomer of 9 
was 95-96% according to HPLC analysis (LiChrosorb SI 60 Merck 
506487,40 0C, 1.2 mL/min /i-hexane/methyl tert-butyl ether 3:1). 

(5)-(-)-2-Hydroxy-lt2^-triphenylethyl (3S)-hydroxy-5-
(l-phenyl-2-isopropyl-4-(4-fluorophenyl)-lif-pyrroI-3-yl]-
pent'4(£)-enoate (9b): mp 188-190 0C; NMR (CDjC^) i 1.22 
(6 H, 2 x d). 1.53 (1H, s), 1.57 (1 H, d), 2.38 (2 H, d), 3.00 (1 H, 
hept), 4.37 (1H, m), 5.28 (1 H, dd, J = 16 and 7 Hz), 6.59 (1H, 
s), 6.67 (1H, dd. J = 16 and 1.5 Hz), 6.69 (1H, s), 6.93-7.58 (24 
H, m); MS (DCI, posit, isobutane) C44H40FNO4 m/e = 665 (M+), 
648 (M+ - OH), 376, 334. Anal. (C^HwFNO^) C, H, F, N. 

(S)-(-)-2-Hydroxy-l,2,2-triphenylethyl (3S)-hydroxy-5-
[l^-diisopropyl-4-(4-nuorophenyl)-lW-pyrroI-3-yl]pent-4-
(£)-enoate <9e): mp 194 0C; NMR (CDaCy 61.32 (6 H, d), 1.43 
(6 H, d), 2.10 (1H, d), 2.38 (2 H, d), 2.98 (1H, s), 3.27 (1H, sept), 
4.37 (1 H, m), 4.43 (I H, sept), 5.23 (1H, dd, J = 16 and 7 Hz), 
6.53 (1 H, dd, J « 16 and 1.5 Hz), 6.62 (1 H, s), 6.68 (1 H, s), 
6.93-7.01 (2 H, m), 7.05-7.37 (15 H, m), 7.50-7.60 (2 H, m); MS 
(FAB, NBA/LiI) C4lH42FNO< m/e = 638 (M + Li+), 631 (M+), 
614 (M* - OH), 358,342,300. AnaL (C^H^NO^ C, H, F, N. 

(b) Transesterification of 9 to Optically Active Methyl 
Esters 10. General Procedure. To a suspension of ester 9 (178 
mmol) in absolute methanol (1.4 L) was added dropwise a solution 
of sodium (2.0 g, 89 mmol) in absolute methanol (200 mL) at 20 
"C. The mixture was stirred for 3 h at room temperature. At 
<10 °C, the mixture was neutralized by dropwise addition of the 
solution of acetic acid (5.1 mL, 89 mmol)'in methanol (15 mL): 
Triethylamine (0.5 mL) was added, and the solvent was evaporated 

b 

•opyl-
(lb): £ h 

[, dd) 
), 3.45 g 
i.50 (1 J 

m/e S 
•  a n ,  I  

:,5-di-; i 

N. 
Methyl 3(i?S),5(i?5)-dihydroxy-7-[l-isopropyl-2-methyl-

4*(4*nuorophenyl)-lW-pyrrol-3-yi]heptanoate (2d): NMR 
(CjDe) 6 1.02 (6 H, 2 X d), 1.38 (2 H, dt), 1.50-1.75 (2 H, m), 1.97 
(1 H, dd), 2.10 (3 H, s), 2.15 (1 H, dd), 2.82 (2 H, m), 3.27 (3 H, 
s), 3.70 (1H, m), 3.78 (1H, sept), 3.93 (1 H,.m), 6.58 (1H, s), 6.98 
(2 H, m). 7.39 (2 H, m); MS CaHgoFNO, DCI m/e = 392 (M + 
H+), 391,360,331,230. AnaL (C^HgoFNOO C, H, F, N. 

Methyl 3(i?S),5(J?S)-dihydroxy-7-[l,2-diisopropyI-4-(4-
fiuorophenyi)-lH-pyrrol-3-yl]heptanoate (2e): NMR (CD2CI2) 
01.36 (6 H, d), 1.42 (6 H, d), 1.4-1.55 (4 H, m), 2.40 (2 H, d), 
2.50-2.76 (2 H, m), 2.87 (1 H, br s), 3.22 (1 H, sept), 3.60 (1 H, 
br d), 3.68 (3 H, s), 3.76 (1 H, qui), 4.12 (1H, qui), 4.43 (1H, sept), 
6.62 (l H, s), 7.03 (2 H, m), 7.32 (2 H, m); MS C2<H3<FNO< DCI 
m/e = 420 (M + H+), 419 (M+), 259. Anal. (QMH^FNO^) C, H, 

Methyl 3(i?S)^(i?5)-dihydroxy-7-[l-cyclohexyl-2-iso-
propyl-4-(4-fluorophenyl)-lJ?-pyrrol-3-yl]heptanoate (2f): 

yl-4-(4-, g NMR (CD^lj) 5 1.36 (6 H, d), 1.3-1.8 (10 H, m), 1.32-2.05 (4 H, 
• NMR: I 2.39 (2 H, d), 2.50-2.72 (2 H, m), 2.88 (1H, br s), 3.22 (1H, 
n), 2.45N sePt), 3.61 (1 H, br d), 3.67 (3 H, s), 3.76 (1 H, qui), 3.94 (1 H, 
3.68 (3 | J). 4.12 (1 H, qui), 6.61 (1 H, s), 7.02 (2 H, m), 7.31 (2 H, m); MS 
d), 6.58 ' I C«HMFN04 m/e = 459 (M*), 427 (M+ - CH3OH), 299,298,256. 
[JJFNO, : I Anal. (CnH^FNO^ C, H, F, N. 
I. (Cjr I I Methyl 3(J?5)^(fl5)-dihydroxy-7*[l-phenyl-2-isopropyl-

| M'l-nuorophenyl)-5-methyl-lflr-pyrrol-3-yl]heptanoate (2g): 
l^-iso-' I (CeDj) 5 1.1-1.5 (2 H, m). 1.3 (6 H, d), 1.6-2.2 (7 H, m + 

• s). 2.9-3.2 (4 H, m), 3.3 (3 H, s), 3.45 (1 H, br s), 3.8-4.1 (2 H, 
?). 6.a-7.5 (9 H, m); MS C^sH3<FNO< FAB m/e = 468 (M + H+). 

na'* (C^H^FNO^ C, H, F, N. 
Optically Active HMG-CoA Reductase Inhibitors of 

general Formula 13 via Asymmetric Synthesis According 
to Scheme II. (a) Diastereoselective Aldol Reaction of 
tnolate 8 with Aldehydes 6. General Procedure. To a so-

x moate 
5 H, s), 
H. d), g 

5.72 (1 .. I 
H, m), 
9,320,- | 

icthyl- . 
i (Id):., 
t), 2.05 | 
SUH,,  [  
IH,S),:- 1 F, N. 
0<m/er 

(21) Commercially available from Aldrich Chemical Co., Milwau
kee, WI. 

(22) The oral activity in the rat is an acute experiment, in which 
the hepatic cholesterol biosynthesis inhibition is measured 
within 3 h after po administration. Oral activities in die rabbit 
and dog are chronic experiments, in which decrease of serum 
cholesterol is measured. The decrease of serum cholesterol 
should be coupled to the hepatic cholesterol biosynthesis in* 
hibition, but only via a long, complex chain of biochemical 
reactions. 'It seems possible that pronounced differences of the 
two compounds in metabolic stability and pharmacokinetics 
are responsible for the lack of oral activity of the unsaturated 
compound lb in the rabbit model. 

-cnoate | 
d).2.45: | 
69 (3 H,^ 
id ) ,  6 .58® 
-IrfFNO, 
340, 298,; 
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at <20 0C in vacuo. The solid residue was taken up in ether and 
half-concentrated brine. The ether phase was washed with sodium 
bicarbonate and then with brine. The solvent was removed in 
vacuo. The liberated dio! was removed from methyl ester 10 by 
filtration with diisopropyl ether/cyclohexane (1:1) through 2 kg 
of silica: yield 94-100% 10; pale-yeiiow oil. 

Methyl esters 10 decomposed quickly in solution at room 
temperature, especially on air contact. 

Methyl (3iS)-hydroxy-5-[l-phenyl-2-isopropyl-4-(4-
fluorophenyi)-lir-pyrrol-3-yl]pent-4(£)-enoate (10b): NMR 
(CDJCIJ) 5 1.26 (6 H, d), 2.48 (2 H, AB of AB X), 3.03 (1H, hept), 
3.60-3.71 (1 H, m), 3.67 (3 H, s), 4.53 (1 H, br s), 5.37 (1 H, dd), 
6.58 (1 H, s), 6.72 (1 H, dd), 7.00 (2 H, m), 7.27-7.49 (7 H, m). 
Anal. (C2SH26FN03) C, H, F, N. 

Methyl (3S)-hydroxy-5-[i,2-diisopropyl-4-(4-fluoro-
pheiiyl)-lH-pyrrol-3-yl]pent-4(£J)-enoate (lOe): MS (DCI, 
posit, isobutane) C22H28FN03 m/e « 373 (M4), 356 (M+ - OH). 
Anal. (C^HjaFNOa) C, H, F, N. 

(c) Transformation of 5-Hydroxy Methyl Esters 10 to 
/9-Keto-J-hydroxy fert-Butyl Esters 11. General Procedure. 
£eri-Butyl acetate (81.3 g, 94 mL, 700 mmol) was added dropwise 
at -75 0C under Nj to a solution of LDA (730 mmol) in THF/ 
hexane (1:1,1 L). After 40 min at -70 0CI the solution of methyl 
ester 10 (178 mmol) in THF (100 mL) was added dropwise. The 
mixture was stirred for 10 min at -70 "C and then for 1 h at -30 
0C. The cold solution was poured into mechanically stirred, 
half-saturated ammonium chloride solution (2 L). After 10 min, 
the organic phases were washed twice with sodium bicarbonate 
solution and then with brine, dried, filtered, and evaporated. 
Toluene (100 mL) was added and then evaporated at 20 0C (to 
remove the excess tert-butyl acetate). Residual volatile compo
nents were removed in high vacuo (24 h). £erf-Butyl esters 11 
were obtained as yellow, very viscous oils in 95-100% yield. 

tert-Butyl (55)-hydroxy-3-oxo-7-[l-phenyl-2-isopropyl-
4-(4-nuorophenyl)-Ifl,-pyrrol-3-yl]hept-6(£')-enoate (lib): 
NMR (CD2C12) 5 1.25 (6 H, d), 1.46 (9 H, s), 2.68 (2 H, d), 3.03 
(1 H, hept), 3.37 (2 H, s), 3.68 (1 H, m), 4.60 (1 H, m), 5.37 (1 H, 
dd), 6.60 (1 H, s), 6.74 (1 H, dd), 7.03 C2 H, m), 7.30-7.52 (7 H, 
m); MS (DCI, posit, isobutane) CsoH^FNOi m/e = 491 (M*), 474 
(M+ - OH), 418 (M* - isobutene), 390 (M+ - C^tBu), 334. Anal. 
(C3OHmFNO<) C, H, F, N. 

tert-Butyl (5iS)-hydroxy-3-oxo-7-[ll2-dzisopropyl-4-(4-
fluorophenyl)-lH-pyrrol-3-y\]hept-6(i7)-enoate (lie): NMR 
(CD2CI2) 6 1.36 (6 H, d), 1.40-1.48 (15 H, s + 2 X d), 1.57 (1 H, 
d), 2.67 (2 H, d), 3.32 (1 H, hept), 3.36 (2 H, s), 4.45 (1 H, hept), 
4.57 (1 H, m), 5.32 (1 H, dd, J = 16 and 7 Hz), 6.62 (1 H, dd, J 
= 16 and 1.5 Hz), 6.63 (1 H, s)f 7.00 (2 H, m), 7.30 (2 H, m); MS 
(DCI, posit, isobutane) C^HjeFNO^ m/e = 457 {M+), 440 (M+ 

- OH), 397. Anal. (C^HjgFNOJ C, H, F, N. 
(d) Diastereoselectivc Reduction of 0-Keto-6-hydroxy 

tert-Butyl Esters 11 to 0,5-Dihydroxy tert-Butyl Esters 12. 
General Procedure. Triethylborane (185 mL of a 1 M solution 
in THF) was added dropwise at 20 0C to a solution of 130 mL 
of absolute methanol in 510 mL of dry THF. A solution of crude 
teri-butyl ester 11 (177 mmol) in THF (150 mL) was added 
dropwise. The mixture was stirred for 1 h at -70 0C. Sodium 
borohydride (8.73 g, 231 mmol) was added at once. The mixture 

' was stirred for 1.5 h at -70 "C and then poured into half-con
centrated ammonium chloride solution (2 L). The mixture was 
stirred for 15 min and the organic phase was separated. The 
aqueous phase was extracted twice with ether. The combined 
organic layers were washed with brine, ajid the solvent was 
evaporated in vacuo. The residue was taken up several times in 
wet methanol and this solvent was evaporated in vacuo at <20 
®C. TLC (100% diisopropyl ether) indicated the successful 
conversion of the unpoiar boron ester of the dtol (Rf ~Q.57) to 
free dio) 12 (Rf ~0.19). Pure 12 was obtained after chromatog
raphy through silica (2 kg, 70-200 ^m) with diisopropyl ether as 
a colorless solid (yield 70-80%). 

tert-Butyl Z{R ),5(S)-dihydroxy-7-[l-phenyl-2-iso-
propyl-4-(4-nuorophenyl)-lH-pyrrol-3-yl]hept-6(£)-enoate 
(12b): mp 107-110 ''C; NMR (CDaC]a) 5 1.26 (6 H, d), 1.48 (9 
H, s), 1.55 (2 H, m), 2.38 (2 H, d), 2.87 (1 H, t), 3.03 (1 H, hept), 

3.63 (1 H, br s), 4.16 (1 H, m), 4.39 (1 H, m), 5.37 (1 H, dd), 6.60 
(1 H, s), 6.71 (1 H, dd), 7.03 (2 H, m), 7.30-7.52 (7 H, m); MS (DCI, 
posit, isobutane) CSQHSSFNO^ m/e = 493 (M+), 476 (M* - OH), 
458 (M+ - OH - HaO). Anal. (CsoH^FNO.,) C, H, F, N. 

tert-Butyl 3(jR),5(S)-dihydroxy-7-[l,2-diisopropyl-4-(4-
fluorophciiyl)-lH-pyrrol-3-yl]hept-6(^)-enoate (I2e): MS 
(DCI, posit, isobutane) C^I^aFNO^ mje - 459 (M+). Anal. •' 
(C„H3eFN04) C, H, F, N. : • 

(e) Catalytic hydrogenations of teri-butyi esters 12 were 
performed in analogy to that of the corretponding methyl esters 
2 (vide supra), yield 75-82%. • 

tert-Butyl 3(iJ),5(i2)-dihydroxy-7-(l-phenyl-2-iso. 
propyl-4-(4-fluorophenyl)-lfr-pyrrol-3-yllheptanoate: mp 
108-110 eC; NMR (CDjCU) i 1.25 (6 H, d), 1.46 (9 H, s), 1.40-1.57 
(4 H, m), 2.33 (2 H, m), 2.63-2.91 (2 H, m), 3.02 (1 H, hept), 3.13 
(1 H, br s), 3.67 (I H, br s), 3.79 (1 H, qui), 4.11 (1 H, br qui). 
6.62 (1 H, s), 7.05 (2 H, m), 7.30-7.50 (7 H, m); MS (DCI, posit, 
isobutane) CaoHasFNO^ 496 (M + H+), 495 (M+), 440 (M + H+ 

- isobutene), 293. Anal. (C3OH30FNO4) C, H, F, N. 
teri-Butyl 3(i?),5(i2)-dihydroxy-7-[l,2-diisopropyI-4-(4-

fluorophenylHJy-pyrrol-S-ylJheptanoate: mp 128-130 0C; 
MS (DCI, posit, isobutane) C27H<()FN04 m/e = 462 (M + H+). 
461 (M+), 406 (M + H+ - isobutene), 259. Anal. (Ci7H<0FNO<) 
C, H, F, N. 

0,5-Dihydroxy Sodium Carboxylates 1 or 2 (Rl = Na). 
General Procedure. To a solution of methyl ester 1 or 2 (R5 

= CH3, 48 mmol) in methanol (500 mL) was added dropwise 1 
N aqueous sodium hydroxide solution (50 mL, 50 mmol) during 
1 h at 0-10 0C. The mixture was stirred for 1 h at 0 0C and for 
1 h at room temperature. The mixture was filtered and the filtrate 
was evaporated in vacuo. The residue was taken up in ethanol 
(100 mL), evaporated in vacuo, and dried in high vacuo. The 
residue was stirred wit}) ether (300 mL). The solid was collected 
by suction filtration, washed with pentane, and dried for 4 h ir. 
vacuo in a desiccator over phosphorous pentoxide and potassium 
hydroxide; pale yellow solid, yield 64%. The ethereal mother 
liquor was evaporated in vacuo and treated as described above 
to give a solid with the same melting point and 1H NMR; yield 
31%, combined yield 95%. 

Sodium 3(JfZ5),5(5iZ)-dihydroxy-7-tl-phenyI-2-iso-
propyI-4-(4-fluorophenyl)-l/f-pyrrol-3-yl)hept-6(S)-€noat€ 
(lb): mp 232-234 0C dec; NMR (DMSO-d6) 6 1.20 (6 H, d). 
1.25-1.62 (2 H, m), 1.80-2.11 (2 H, m), 2.98 (1 H, sept), 3.72 (I 
H, m), 4.20 (1 H, m), 4.83 (1 H, br s), 5.37 (1 H, dd), 6.52 (1 H 
d), 6.80 (1 H, s), 7.14 (2 H, t), 7.30 (1 H, br s), 7.40-7.60 (8 H 
m). Anal. (CjsH^FNOiNa) C, H, N. 

Sodium 3(Jf25),5(^5)-dihydroxy-7-[l-phenyl-2-iso 
propyI-4-(4-fluorophenyl)-lfl,-pyrrol-3-yl]heptanoate (2b) 
mp 231-233 ®C dec. Anal. (CjeH^FNO^Na) C, H, N. 

Sodium 3(J?),5(B)-Dihydroxy-7-[l-phenyI-2-isopropyl-
4-(4-fluorophenyl)-l.fi'-pyrrol-3-yl]heptanoate (13b). The 
corresponding tert-butyl ester (48 g, 97 mmol) was suspended ir 
ethanol (250 mL) at 5 0C. Sodium hydroxide (1 N, 98.8 mL) wa.c 

added dropwise. The suspension was stirred for 20 h at room 
temperature, becoming a clear solution. Solvents were removec 
in vacuo. The residue was washed with ether and then with 
pentane to give 44.6 g (yield 99.8%) of a colorless solid: mj 
252-254 "C dec; NMR (DMSO-ds) & 1.22 (6 H, d), 1.20-1.50 (• 
H, m), 1.83 (1H, dd, J - 15 and 8 Hz),-2.04 (1H, dd, J - 15 am 
4 Hz), 2.50-2.67 (1 H, m), 2.71-2.87 (1 H, m), 2.96 (1 H, hept) 
3.61 (1 H, br s), 3.74 (1 H, m), 4.70 (1 H, br s), 6.77 (1 H, s} 
7.10-7.21 (2 H.m), 7.32-7.57 (7 H,ra). Anal. (CjsHaFNO^Na 
C, H, N. . 

Sodium 3(Jf2 ),5(J3 )-dihydroxy-7-tl,2-diisopropyI-4-(4 
fluorophenylj-lfT-pyrrol-S-ylJheptanoate (13e) was obtained 
from the corresponding tert-butyl ester in analogy to the methof 
for 13b (vide supra) to give a colorless solid: mp 255 CC dec; NMF 
(DMSO-d6) 6 1.30 (6 H, d), 1.37 (6 H, d), 1.82 (1 H, dd, J » 1; 
and 8 Hz), 2.03 (1 H, dd, J = 15 and 4 Hz), 2.32-2.48 (1 H, m) 
2.52-2.67 (1 Hf m), 3.18 (1 H, hept), 3.57 (1 H, br s), 3.76 (1 H 
hept), 4.41 (1 H, hept), 4.57 (1 H, br s), 6.80 (1 H, s), 7.12 (2 H 
m), 7.33 (2 H, m). Anal. (Cas^FNO^Na) C, H, N. 

Biological assays: see the preceding paper in this issue 
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were prepared and frozen at -30 °C until used. Bovine and human 
tissues were used in some assays (see below). Freshly dissected 
(or frozen) tissue was homogenized (Polytron setting 6 for 20 s) 
in 30 volumes of ice-cold buffer containing 50 mM Tris-HCl (pH 
7.4 at 37 "C; pH 8.0 at 4 QC), 0.5 mM NajEDTA, and 10 mM 
MgS04, and centrifuged at 30000? for 15 min. The supernatant 
was discarded; the pellet was resuspended and preincubated for 
15 min at 37 0C. The homogenate membranes were washed twice 
by centrifugation and resuspension. The final assay buffer con* 
tained 10 /iM parglyine, and 0.1% ascorbate was added last to 
the incubation medium. Protein determinations were made by 
the Lowry method. 

5-HT1A sites were labeled with 0.1 nM [3H]-8-hydroxy-2-(di-
ri-propylamino)tetralin ((3H]OH-DPAT) (157 Gi/mmol;' New 
England Nuclear) and 4 mg wet weight of rat hippocampal tissue. 
8-OH-DPAT (1 /iM) was used to determine nonspedflc binding. 
The 5-HTJB receptor was labeled with 2.0 nM (28.3 
Ci/mmol; New England Nuclear) and 8 mg of rat striatal mem
brane homogenate. 5-HT (ifr* M) was used to define nonspecific 
binding, and 10"7 M 8-OH-DPAT and mesulergine were included 
to block 5-HTJA and 5-HTiC receptors, respectively. 5-HTic s*1®3 

were labeled with 1 nM [^HJ-S-HT and 10 mg of rat frontal cortical 
tissue homogenate; 20 nM spiperone was used to mask 5-HTj sites. 
5-HTJD sites were labeled with 10 nM t3H]-5-HT and 10 mg of 
bovine caudate homogenate; 1 pindolol was used to block 
5-HTtA and 5-HTIB istes, and 100 nM mesulergine was used to 
block 5-HTjC sites. 5-HTlE sites were labeled with 2 nM [3-

H]-5-HT and 10 mg of human cortical homogenate in the presence 
of 100 nM S-carboxamidotryptaxoine to block any 5-HT^. 5-HT1Bi 
and 5-HTlD sites and 100 nM mesulergine was used to block 
5-HTlc 5-HTl sites. 5-HTa binding studies were conducted as 
previously reported.3 

Eleven concentrations of nonradioactive competing drugs were 
made fresh daily in assay buffer, and assays were performed in 
(at least) triplicate. Following incubation with membranes and 
radioligand at 37 0C for 30 min, samples were rapidly filtered over 
glass-fiber filters (Schleicher and Schuell) and were washed with 
10 mL of ice-cold 50 mM Tris-HCl buffer. Individual filters were 
inserted into vials and equilibrated with 5 mL of sdntillation fluid 
(Scinti-Verse, Fisher) for 6 h before counting at 50% efficiency 
in a Beckman 3801 counter. Results were analyzed with an 
updated version of the program EBDA31 in order to determine IC^, 
Ki, and Hill values. 

Acknowledgment. This wprk was supported in part 
by US PHS Grant NS 23523. 

Registry No. 2,304-52-9; 3,78263-90-8; 4,6260-79-3; S'HCl, 
1453-99-2; 6. 18658-09-8; 7, 124224-49-3; 5-(benzyloxy)-3-(2-
nitropropenyl)indole, 101731-72-0; oxalyl chloride, 79-37-8; 5-
(benzyloxy)-2-methylindole, 124224-50-6; 5-methoxy-2-methyl-
indole, 1076-74-0. 

(21) Macpherson, G. A. Comput. Programs Biomed. 1983,17,107. 

3-Hydroxy-3-methylglutaryl-coenzyme A Reductase Inhibitors. 6.1 

trans-6-[2-(Substituted-l-naphtliyl)ethyl(or 
ethenyl)]-3,4J5J6-tetrahydro-4-hydroxy-'2jHr-pyran-2-ones 

John D. Prugh,* Alfred W. Alberts,1 Albert A. Deana, James L. Gilfillian/ Jesse W. Huff^ Robert L. Smith, 
and J. Mark Wiggins 
Merck Sharp & Dohme Research Laboratories, West Point, Pennsyluania 19486, and Rahway, New Jersey 07065. 
Received July 10,1989 

A variety of troas-S-[2-(substituted-l-naphthyl)ethyl(or ethenyl))-3,415,6-tetrahydro-4-hydroiy-2H-pyran-2-ones 
were prepared and, upon conversion to their 3,5-dihydroxy carboxylates, were found to have good inhibitory activity 
against the enzyme 3-hydroxy-3-methy)glutaryl-coenzyme A reductase, the rate-determining enzyme in cholest-
erogenesis. The most active compounds are 2,4,6- and 2,4,7-trichloro derivatives and would be expected to display 
about the same potency as the standard compactin (la) upon resolution. 

The enzyme 3-hydroxy-3-methylglutaryl-coenzyme A 
reductase catalyzes the rate-determining step and point 
of natural regulation of cholesterogenesis. Potent inhib
itors of this enzyme (e.g. la) have been shown to lower 

cholesterol blood levels in animals and rnfln by about 30%'.2 

The results of the Lipid Research Clinics Coronary Pri
mary Prevention Trial showed that reduction in blood 
cholesterol by even a modest 10% results in significantly 
diminished risk of coronary heart disease.9 Thus chole
sterol blood level lowering by a la and similar inhibitors 
can be expected to significantly reduce the risk of coronary 
heart disease. In pursuit of this goal, we wanted to prepare 
wholly synthetic analogues of la and lb without the com
plex stereochemistry. We began with some simple probes 
with modest activity.4 Nonetheless these probes pointed 
the way to classes of compounds which after further ex-

\ 0 

FCCH, r t R -

x*" 
(1) Part 5: Stokker, G. E; Alberts, A. W.; GUfillian, J. L.; Huff, 

J. W.; Smith, R. L. J, Med.-Chem. 1986,29, 852. 
(2) (a) Tobert, J. A.; Hitzenberger, G.; Kukovetz, W. R.; Holmes, 

I. B.; Jones, K. H. Atherosclerosis (Shannon, Ire!.) 1982,41. 
61. (b) Tobert, J. A.; Bell, G. D.; BirtweU, J.; James, I.; Ku
kovetz, W. R.; Pryor, J. S.; Buhtinx, A.; Holmes, I. B.; ChaOj 
Y.-S.; Bolognese, J. A. J. CUn. Invest. 1982, 69, 913. 

(3) (a) LRC-CPPT, JAMA, J. Am. Med. Assoc. 1984,2S1,351. (b) 
LRC-CPPT, JAMAl J. Am. Med. Assoc. 1984, 251, 365. 

(4) Stokker, G. E.; Hoffman, W. F.; Alberts, A. W.; Cragoe, E. J., 
Jr.; Deana, A. A.; Gilfillan, J. L.; Huff, J. W.; Novello, P. C.; 
Prugh, J. D.; Smith, R. L.; WiUard, A. K. J. Med. Chem. 1985, 
28, 347. 

a. X - H 
b. X-CH, 

CM, 

tu .CM, 

t. fl • 
d. Fl CM, 
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Table I. Physical Properties of 1-Naphthylpropenals sence 
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ploration gave benzyl ethers Id, which display an inter
esting order of activity,* and biphenyls le, which are highly 
active.6 Initial results4 with the probe compound 1 c (x 
= Y = Z = H) showed sufficient activity to merit more 
extensive investigation. We report herein the results of 
further study in the 1c series which afforded substituted 
naphthalene derivatives, some of which display activity 
similar to that of ib. 

Chemistry 

The known aldehydes 2-chloro-l-naphthaldehyde7 and 
4-bromo-l-naphthaldehyde8 were converted to propenal 
intermediates 14 and 15 by the method of Baker9 (Table 
I), and the lactone ring was introduced with the known 
chemistry4 of Scheme I to give, respectively, 2-chloio de
rivative 5 and 4-bromo derivative 3. The synthesis of 
8-bromo propenal intermediate 16 (Table I) was accom
plished by using the general method of Newman10 and the 
lactone ring was introduced by using Scheme I technology. 
The double bond of 3 was hydrogenated with rhodium-
on-carbon catalyst11 to give 4. 

Applying Parham methodology12 produced the inter
mediate 2,4,6- and 2,4,7-trichJoronaphthalene methyl ester 
derivatives 26 as outlined in Scheme II Attempts to 
substitute the triflate of 18 with basic nucleophiles such 

ei,ccoosi N«OU« 

o HON 
CJ CtOH 

O „ O 25 a. 
«> y-a X.H 
M Y.K. x-a 

J3 « 

eeocM, COOH 

•Q awi, *' ,a ^ n*butf) kl 
i) CO, 

27 « 
29 0 

as cyanide in DMF13 were unsuccessful and gave only black 
tar. However, in a novel step the neutral nucleophile 
iodide ion smoothly displaced the triflate in DMF solvent. 
The remaining chemistry proceeded in a straightforward 
fashion to give esters 27, which were separated by HPLC 
and assigned structures on the basis of ^ NMR NOE 
experiments (the Experimental Section). Esters 27 were 
converted to the intermediate propanals 31 as outlined in 
Scheme III. Thus treatment of chloromethyl compounds 
29 with imine caibanion 30u followed by hydrolysis gave 
the desired aldehydes 31a and 31b. Introduction of the 
lactone ring via Scheme I technology gave final products 
7 and 8. 

In the chromatographic purification of 31b, an impurity 
(33) was isolated. Loss of the chlorine in the 2-position 
must have occurred during LiAlH4 reduction, probably via 
intramolecular hydride delivery from an oxyaluminum 
hydride intermediate to give 32 after workup, which was 
then carried through the sequence undetected until the 
aldehyde stage. Compound 33 was then converted to 9 by 
using the method of Scheme I. Friedel-Crafts chemistry 

%.2  

Pri-
ood 
itly 
Dle-
:ors 
tary 
iare 
ira-

bes (5) Hoffman, W. F.; Alberts, A. W.; Cragoe, E. J., Jr.; Deana, A. 
A.; Evans, B. E.; Giiflllan, J. L.; Gould, N. P.; Huff, J. W,; 
Novello, F. C.; Prugh, J. D.; Rittle, K. E.; Smith, R. L.; Stokker, 
G. E.; Willard, A. K. </. Med. Chem. 1986, 29,159. 

(6) Stokker, G. E.; Alberts, A. W.; Anderson, P. S.; Cragoe, E. J., 
Jr.; Deana, A. A.; Giiflllan, J. L.; Hirshfleld, J.; Holtz, W. J.; 
Hoffman, W. F.; Huff, J. W.; Lee, T. J.; Novello, F. C.; Prugh, 
J. D.; Rooney, C. S.; Smith, R. L.; Willard, A. K. J. Med. Chem. 
1986, 29,170. 

(7) Shoesmith, J. B.; Mackie, A.«/. Chem. Soe. 1930,1584. 
(8) Moyer, F.; Sieglitz, A. Ber, Dtsch. Chem. Ges. 1922,55,1835. 
(9) Baker, B. R.; Janson, E. E.; Verraeulea, M. J. J. Med. Chem. 

1969,12,898. 
(10) Newman, H. </. Org. Chem. 1973, 38, 2254. 
(11) Breitner, E.; Roginski, E.; Rytander, P. N. J. Org. Chem. 1959, 

24,1855. 
(12) Parham, W. E.*, Reiff, H. E.; Swartzentruber, P. J. Am. Chem. 

Soc. 1956, 78,1437. 
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(b) (13) Williams, H. W. R.; Rooney, C. Sij-Bicking, J. B.; Robb, C. M.; 
de Solms, S. J.; Woltersdorf, O.' W.; Cragoe, E. J., Jr. J. Org. 
Chem. 1979, 44, 4060. 

(14) (a) Wittig, G.; Hesse, A. Orfamc Synthesis; Breslow, R., Ed.; 
Wiley: New York, 1970, Vol. 50, p 66. (b) Buchi, von G.; 
Wuest, H. Helu. Chim. Acta, 1967, 50, 2440. 

• » lJ«| 
. C.; 
985, 

Sawai Ex 1005 
Page 996 of 4322



Prugh et al. 760 Journal of Medicinal Chemistry, 1990, Vol. 33, No. 2 
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mediate aldehyde 44 is outlined in Scheme IV. Friedel-
Crafts acylation of benzoate 35 with anhydride 36 gave 37 
with high regioselectivity.15* The remainder of the syn
thesis was straightforward, giving the naphthalene aldeh
yde 44, which, when carried through the lactone elabora
tion steps of Scheme I, gave final product 10. 

Synthesis of intermediate 4S, wherein the 7-methyl 
group has been replaced with chlorine, is outlined in 
Scheme V. The novel part of this scheme, the unam
biguous introduction of the 7-chloro substituent to form 
48 and 55 (Scheme VI) beginning with tetraiones, has been 
reported16 and briefly involved gem dichlorination a to the 
ketone using sulfuryl chloride, reduction of the ketone to 
the alcohol with NaBH*, followed by conversion of the 
alcohol to chloride with thionyl chloride. After adjacent 
chlorines were removed with activated Zn to give a vinyl 
chloride, aromatization was completed with DDQ. 

P»o, H'C' KjC. 'CH, .CH, H»C. 22° 

CH, 43 CH, 41 «. 40 

OH* 

CH^H CHO 

.CH, H»C. .CH, 
PCC 

44 in. 43 ^ 

R rn 

was used to construct the methyl-substituted naphthalene 
ring via tetraiones.15 The synthesis of the needed inter-

(15) (a) Peto, A. G.; Reactions of Anhydrides. Friedel-Crafts and 
Related Reactions; Olah, G. A., Ed.; Coll. Vol. Ill, Part 1, p 550, 
(b) Sethna, S. Cycliecylation. Ibid. Part 2, p 911. (16) Prugh, J. D.; Deana, A. A.; Wiggins, J. M. Synthesis 1989,554. 
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Table 11. Physical Properties and in Vitro HMG-CoA Reductase Inhibitory Activities 

relative' 
potency Y Z bridge recryst solvent mp, *C formula ICsQi P® A B X no. 

CITH^CV/^O 
CnHijBrOj® 
CnHuBrOs 
CnHisClOs 

H H 
H H 
H H 
H CI 
Br H 
H CI CI H 
H CI CI CI 
H H 

10 CH3 H CH3 CHJ H 
11 CI H CH3 CH3 H 

H CH3 CI H 
H CI CH3 H 

2 H 
3 H 
4 H 
5 H 
6 H 
7 CI 
8 H 
9 H 

glass 
177-179 
141-143 

butyl chloride 88-91 
128-129 CnHjsBrOa 
111-115 CnHwCIA 
123-125 CnHuClsOa 

C^HJJCISOS 
118-120 CwHaA 
glass CJJHJJCIOS 
111-114 Cl8H18C]203rf 

126-128 CjgHigCljOo 

0.043 H 81 H sat. none 
0.96 Br H 4 a ene 

23.3 0.15 Br H sat. a 
2.3 H H 1.51 ene 

H H 0.72 4.12 0 ene 
sat. 
sat. 

b 0.032 47 
b 0.033 46 

glass CI CI 0.3 7.0 sat. none 
b 0.36 5 sat. 

0.2 sat. 7 none 
12 CI 
13 CI 

0.06 30 sat. a 
b 0.13 15 sat. 

8 Acetone/hexane. 6Ether/hexane. '0.05 CSHH- RF0.25EtjO. 'Relative to compactin = 100. 

We next prepared the isomeric dichloro compounds 12 
and 13. Synthesis of the intermediate aldehydes required 
for the straightforward elaboration of both compounds is 
outlined in Scheme VI. Aldehydes 56 were then trans
formed into target structures 12 and 13 by the chemistry 
shown in Scheme I. 

Biological Results and Discussion 
The target compounds presented in Table II as the 

lactones were tested as the corresponding ring-opened 
dihydroxy carboxylate sodium salts, the active form, in 
aqueous solution by using the in vitro procedure reported 
earlier.4 Our investigation was limited to halogen and 
methyl substituents on the naphthalene ring and a brief 
study of the saturated or unsaturated two-carbon bridge. 
When comparing the bridge ene in 3 versus the saturated 
ethyl bridge in 4, the activities show strong enhancement 
with the double bond as in the biphenyl series.6. We re
ported previously4 that the two-carbon bridge between the 
naphthalene ring and the lactone is optimal in a series 
where zero, two, and three methylene units were prepared 
with the naphthalene ring unsubstituted. 

Halogens in the 2* and 4-po5itions were activity en
hancing as they were in the benzyl ether5 and the biphenyl6 

series. A halogen in the d-position also was useful. The 
combination of 2,4,8-trihalo substitution is an obvious 
objective; however, this pattern was not readily accessible 
synthetically. We opted rather for the more accessible 
2,4,6- and 2,4,7-trichloro compounds 7 and 8, whose activity 
turned out to be outstanding and of a useful order of 
magnitude since they are racemates and, if resolved, would 
have activity comparable to compactin (lb). The impor
tance of the 2-substituent was reemphasized with the 
nearly total loss of activity of compound 9 when compared 
to 8. The synthesis of these compounds was however long 
and inefficient. Therefore, we next prepared all-methyl 
compound 10, where the more readily executed Friedel-
Crafts chemistry could be used. To our dismay it had very 
little activity. This result is contrary to the biphenyl se
ries,6 where replacement of chlorines with methyls was 
permissible. We concluded that at least one of the chlo
rines was needed. Accordingly, wc replaced the 7-methyl 
substituent with chlorine, which gave only a small increase 
in activity. Clearly replacement of another chlorine was 
necessary, so we prepared both of the remaining chlorine 

substitutions at the 2- and 4-positions, leaving the chlorine 
in the 7-position (compounds 12 and 13). Although most 
of the activity was restored, the activity of 12 and 13 is not 
high enough to warrant further biological evaluation. 
Conclusions 

A useful order of activity has been achieved in the two 
trichlorinated naphthalene derivatives 7 and 8. All the 
permutations of a methyl substituent were not made, but 
those that were prepared indicate that all three chlorines 
are needed for a useful order of activity. The protracted 
and tedious chemistry of the trichlorinated compounds 
coupled with the inability to use Friedel-Crafts chemistry 
in the presence of two inactivating chlorine substituents 
led us to terminate this work. 
Experimental Section 

Melting points were determined on a Thomas-Hoover capillary 
melting point apparatus and are uncorrected. ^ NMR spectra 
were recorded in CDC13 (unless otherwise noted) on a Varian T-60, 
EM-390, XL-300, or NT 360 spectrometer. Chemical shifts are 
reported in parts per million relative to Me4Si as the internal 
standard. Elemental analysis for carbon, hydrogen, and nitrogen 
were determined with a Perkin-Elmer Model 240 elemental an
alyzer and are within ±0.4% of the theoretical values unless noted 
otherwise. AH starting materials were commercially available and 
used as received unless so indicated! 

4>6-DichlorO'7-[[(trifluoromethyl)sulfonyl]oxy]indan-l-
one (18). 4,6-Dichloro-7-hydroxyind8n-l-one17 (21.71 g, 0.1 mol) 
was dissolved in DMF (80 mL) in a dry apparatus under nitrogen. 
Trifluoromethanesulfonyl chloride (21.60 g, 0.128 mol) was added 
with stirring, slowly, dropwise over a 20-min period with occasional 
cooling to keep the internal temperature below 30 °C. After the 
addition was complete, the reaction mixture was stirred at room 
temperature for 30 min and then poured into ice-water with 
swirling. The green crystals were collected, washed with water, 
sucked dry, and then dried in a vacuum oven at 50 0C to give 32.7 
g of product, mp: 96-100 "C. Recrystallization from hexanes 
gave 22.4 g. mp: 96-98 #C. A sublimed sample had the following, 
mp: 90-96 0C. Anal. (CwHsCl^C^S): C, H. 

4,6-Dichloro-7-iodoimIan-l-one (19). 4,6-Dichloro-7-([(tri-
fluoromethyl)sulfanyl]oxy]indan-l-one (56.0 g, 0.160 mol), sodium 
iodide (133.1 g, 0.8 mol), and DMF (320 mL) in a dry apparatus 
were stirred under nitrogen at a bath temperature of 130 "C for 
4 days, cooled to room temperature, and poured into 1 L of 
ice-water. The crystals were collected, washed with water, dried 

el-
37 

yn-
eh-
•ra-

hyl 
in 

un-
•rm 
een 
the 
jto 
the 

.ent 
nyl 

(17) Hokema, T.; Trailer. J. T. U.S. 4,322,414,1982. $54. 
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overnight in a vacuum oven at 50 0C1 and then sublimed at 
170-190 0C at 0.05 mm to give 38.3 g of crude product, which was 
recrystallized from toluene to give 31.8 g of product, mp 170-172 

filtered, and the solvent was evaporated to leave 4.0 g of the 
product mixture, mp: 182-200 CC. Anal. (CuH5Cl302): C, H. 

Methyl 2,4,6-Trichloro-l-n&phthoate and Methyl 2,4,7. 
Trichloro-l-naphthoate (27): Preparation and Separation. 
The mixture of 2,4,6-trichloro-l-naphthoic acid and 2,4,7-tri-
chloro-l-naphthoic acid (3.63 g, 13.2 mmol) was dissolved in ether 
and cooled to 5 0C. Diazomethane, in ether (generated from 3.40 
g of N-nitroso-jV-methylurea and base in 50 mL of ether at 5 0C), 
was added dropwise to maintain the internal temperature below 
5 eC. An excess was noted by the persistence of a yellow color. 
The reaction mixture was stirred a few minutes and the excess 
diazomethane was blown off with nitrogen, and the solvent was 
evaporated in vacuo to leave 3.7 g of the product mixture. 

The two isomers were separated by preperative HPLC (Waters 
500) using 5% methylene chloride in hexane. The solvent from 
the. first isomer to emerge from the column was evaporated in 
vacuo to leave 1.4 g of methyl 2,4,7-trichloro-l-naphthoate (27a).18 

"(VHNMR: 6 2.7-3.2 (4 H, m), 7.6 (1 H, s). Anal. (CgHsCljIO): 
C, H. 

4,6-Dichloro-7-iodoindan-L-ol (20). 416-Dichloro-7-iodo-
indan-l-one (14.71 g, 45 mmoles) was suspended and partially 
dissolved in ethanol (140 mL). Sodium borohydride (1.70 g, 45 
mmol) was added and the mixture was stirred for 50 min. Aqueous 
sodium hydroxide 20% (w/v) (40 mL) was added and stirred for 
10 min. The reaction mixture was poured into 700 mL of ice-water 
with vigorous stirring. The crystals were collected, washed with 
water, sucked dry, and dried in a vacuum oven at 50 0C overnight 
to give 14.08 g of the title compound, mp 95-100 0C. Recrys-
tallization from acetonitriie gave material with the following data. 
mp: 99-102 0C. lH NMR: 6 2.1-3.3 (4 H, m), 5.2 (1 H, m), 7.3 
(1 H, s). Anal. (C9H7Cl2IO): C, H. 

mp: 113-115 0C. lH NMR: 6 4.09 (3 H, s), 7.25-8.25 (4 H, m). 
Anal. (C^H-jClsOj): C, H. 

4,6-Dichloro-7-iodo-l-indeDe and 4,6-Djchloro-7-iodo-2-
indene (21 and 22). 4,6-Dichloro-7-iodo-l-indanol (13.98 g, 42.50 
mmol) was dissolved in ether (350 mL) and the solution was stirred 
mechanically. Phosphorus pentoxide (6.03 g 42.50 mmol) was 
added and the sealed reaction mixture was stirred vigorously 
overnight. The addition of phosphorus pentoxide (6.03 g, 42.5 
mmol) and stirring overnight was repeated three times. The ether 
containing the product was decanted, washed with aqueous 
NaHCOa solution, dried (MgSO^), and filtered, and the solvent 
was evaporated to leave 10.76 g of a mixture of the title com
pounds. mp: 89-96 cC. Recrystallization from hexane gave 

The solvent containing the second isomer from the column was 
evaporated in vacuo to leave 1.1 g of methyl 2,4,6-trichloro-l-
naphthoate (27b).18 mp: 110-112 0C. lH NMR: 5 4.07 (3 H, 
s), 7.25-8.3 (4 H, m). Anal. (C12H7Cl302): C, H. 

(2,4,7-Trichloronaphthalen-l-yl)methanol (28a). A solution 
of methyl 2,4,7-trichloro-l-naphthoate (1.3 g, 4.5 mmol) in ether 
(50 mL) was added dropwise (15 min) to a well-stirred suspension 
of lithium aluminum hydride (0.25 g, 6 mmol) in ether (25 mL). 
After stirring at room temperature for 17 h, the reaction mixture 
was treated with an additional 0.25 g of lithium aluminum hydride. 
The mixture was stirred for 3 h, cooled in an ice bath, and treated 
dropwise with 0.5 mL of water, 1.5 mL of 20% (w/v) of aqueous 
NaOH solution, and 0.5 mL of water. After filtration, the solid 
was extracted with ether. The combined ether solutions were dried 
(MgSO.|), filtered, and concentrated in vacuo to give 1.0 g of the 

material with the following data, mp: 95-97 0C. ^ NMR: & 
3.5 (2 H, m), 6.5-6.9 (2 H, m), 7.25 (1 H, s). Anal. (C^HsCljI): 
C, H. 

l,l,3,5-Tetrachloro-la,6a-dihydro-2-iodocycloprop[a ]-
indene and l,l,2,3-Tetrachloro-la,6a-dihydro-5-iodocyclo-
prop[a ]indene (23 and 24). To a solution of a mixture of 
4,6-dichloro-7-iodo-l-indene and 4,6-dichlorc>-7-iodo-2-indene (3-11 
g, 10 mmol) and ethyl trichloroacetate (17.2 g, 12.5 mL, 90 mmol) 
in dry toluene (20 mL) cooled in an ice bath and stirred under 
nitrogen was added, in divided portions, fresh sodium methoxide 
(5.4 g, 100 mmol). After the addition was complete, the reaction 
was stirred for 2.5 h in an ice bath. When the reaction was 
complete, the mixture was diluted with ether and extracted with 
water. The ether layer was dried (MgSO^) and filtered, and the 
solvent was evaporated in vacuo to leave 8.1 g of crude product. 
The product was triturated with hexanes and filtered, and the 
solvent was evaporated in vacuo from the hexane-soluble product. 
This crude product was chromatographed on silica gel (500 g) 
eluting with hexanes to give, after evaporation of the solvent, in 
vacuo, 1.4 g of the mixture of compounds as an oil. lH NMR: 

product, mp: 107-112 0C. ^ NMR: 5 5.23 (2 H, d), 7.55-8.28 
(4 H, m). 

l-(Chloromethyl)-2,4,7-trichloronaphthalcne (29a). 
(2,4,7-Trichloronaphthalen-l-yl)methanol (1.0 g, 3.8 mmol) was 
added portionwise to thionyl chloride (10 mL) with cooling (ice 
bath). The reaction mixture was stirred at room temperature for 
30 min at a reflux for 2 h and then concentrated to dryness in 
vacuo. The oily residue was taken up in methylene chloride and 
the solution was dried over MgS04. The solution was filtered and 
concentrated in vacuo to give 1.0 g of the product. NMR: 6 
5.12 (2 H, s), 7.58-8.27 (4 H, m). 

3-(2,4,7-Trichloronaphthalen-!-yl)propanal (31a). A so
lution of n-butyllithium in hexane (3.2 mL, 4.3 mmol) was added 
dropwise (3 min) to a solution of diisopropylamine (0.45 g, 4.5 
mmol) in dry tetrahydrofuran (10 mL) with cooling (ice bath). 
After stirring under nitrogen for 15 min, ethylidenecyclohexyl-
amine (0.55 g, 4.3 mmol) was added dropwise (5 min) at 0 0C. 
The mixture was stirred for 15 min and then the ice bath was 
replaced by a dry ice-acetone bath. A solution of l-(chloro-
methyl)»2,4,7-trichloronaphthalene (1.0 g, 3.8 mmol) in tetra
hydrofuran (15 mL) was added (5 min) at -75 0C. The reaction 
mixture was stirred at -70 0C for 30 min and at room temperature 
overnight (20 h) and then concentrated to dryness in vacuo. The 
residual oil was taken up in ether (100 mL) and 5% aqueous oxalic 
acid (100 mL) and the mixture was stirred at room temperature 
for 3.5 h. The layers were separated, and the aqueous phase waa 
extracted (2x) with ether. The ether extracts were combined, 
washed with cold water and brine, and dried over MgSO^ The 
solution was filtered and concentrated in vacuo to give a red-brown 
oil (1.1 g). This material was chromatographed with a 50-mm 
flash column containing 150 g of silica gel (230-400 mesh) eluting 
with 30% methylene chloride in hexane (v/v) to give 0.21 g of 
the product as a pale yellow solid. ^ NMR: 6 2,81 (2 H, m), 

5 2.2-2.55 (1 H, m), 3.15-3.6 (3 H, m), 7.2 (1 H, s). 
2,4,7-Trichloro-l-iodonaphthalene and 2,4,6-Trichloro-l-

iodonaphthalene (25). A mixture of l,l,3,5-tetrachloro-la,6a-
dihydrO'2-iodocycloprop[a]indene and 1,1,2,4-tetrachloro-la,6a-
dihydro-&-iodocycloprop(a]indene (4.54 g, 11.5 mmol) was refluxed 
in 10% (w/v) KOH in ethanol (100 mL) for 1.5 h and cooled and 
approximately 80% of the ethanol was evaporated in vacuo. The 
remainder was dissolved in ether and extracted with water, dried 
(MgSO^), and filtered, and the solvent was evaporated in vacuo 
to leave 3.4 g of crude product, which was flash chromatographed 
on a silica gel column (60 x 150 mm) by elution with hexane to 
give, after evaporation of the solvent in vacuo, 2.85 g of the product 
mixture, mp: 45-50 "C. Ratio of the two naphthalenes is 4:5 
or 5:4. W NMR: 6 7.0-7.9 (4 H, m). 

2,4,6-Trichloro-l-naphthoic Acid and 2,4,7-Trichloro-l-
naphthoic Acid (Ratio 5:4 or 4:5) (26). The mixture of 2,4,7-
trichloro-l-iodonaphthalene and 2,4,6-trichloro-l-iodonaphthalene 
(7.79 g, 21.8 mmol) was dissolved in dry ether (200 mL) and cooled 
under nitrogen to an internal temperature of-50 0C with stirring. 
Butyl lithium (17.7 mL of a 1.48 M solution in hexane, 26.2 mmol) 
was added dropwise over about 5 min. The reaction was stirred 
for 30 min at -78 0C. The -78 0C reaction mixture was poured 
onto powdered dry ice (excess) covered with ether. The excess 
COj was allowed to evaporate and the ether warmed to room 
temperature. The ether was extracted with water once and four 
times with dilute aqueous NaHCOj solution. The combined 
aqueous extracts were acidified with concentrated HC1, the 
product was extracted with ether four times, dried (MgSO*), and 

(18) One of the compounds gave a 3% NOE of the proton in the 
8-position when the methyl protons of the ester was irradiated. 
This compound was assigned structure 27a because it has no 
adjacent hydrogen for relaxation of the NOE. The other com
pound did not show an NOE. Further, when ester 27a is re
duced to hydroxy methylene, the proton in the 8-position ex
hibits a 10% NOE when the methylene hydrogens are irradi
ated. 
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3.48 (2 H, m), 7.53-8.27 (4 H, m), 9.92 (1 H, b s). 
3-(2,4,6-Tricbloronaphthalen-l-yl)propanol (31b). With 

S-^C.T.S-Tetrahydro-^'i^-trimethyl-S-oxonaphthalen-l-
yljpropyl Benzoate (39). A solution of 4-[2,4-dimethyl-5-{3-
(ben2oyloxy)propyl)phenyI]-2-methylbutyTic acid (7.4 g, 20 mmol) 
in methylene chloride (20 mL) was added dropwise in 10 min to 
oxalyl chloride (20 mL) with stiiring and cooling in an ice-.water 
bath. After the addition, the reaction was stirred at room tem
perature for 30 min and then wanned slowly to a bath temperature 
of 65 0C when the reaction refluxed. The refluxing was continued 
with stirring for 2 h. The reaction was then cooled, and the excess 
oxalyl chloride and solvent were evaporated in vacuo to leave 
4-{2,4-diinethyl-5-[3-(benzoyloxy)propyl)pheny]]-2-methylbutyprl 
chloride as an oil which was dissolved in dry methylene chloride 
(20 mL) and cooled in an ice-water bath. To this was added a 
solution of stannic chloride (20 mL) in dry methylene chloride 
(20 mL) at a rapid drip (10 min). The reaction was stirred at room 
temperature for 30 min and poured into ice-water (300 mL), 
containing concentrated HC1 (20 mL). The mixture was extracted 
with ether (3*). The combined ether extracts were washed 
successively with water twice, aqueous sodium bicarbonate, water, 
and brine, dried (MgSOJ, and filtered and the solvent was 
evaporated to leave 7.2 g of crude product, which was purified 
by silica gel flash chromatography using an 80-X 160 mm Still 
column eluting with methylene chloride for 35 X 125 mL fractions 
and then 2% acetone in methylene chloride for 20 x 125 mL 
fractions. The fractions containing the product were combined, 
and the solvent was evaporated in vacuo to leave 3.3 g of oil 

:he 
H. 

essentially the same chemistry with the other isomeric methyl 
2,4,6-trichloro-l-naphthoate, there was obtained via essentially 
the same three steps the isomeric propanol (31b). lH NMR: 6 

jn. 
• :ri-

2.81 (2 H, t), 3.50 (2 H, t), 7.57 (1 H, dd), 7.63 (1 H, s), 7.93 (1 
H, d), 8.28 (1 H, d), 9.91 (1 H, s). Anal. (CuHgClaO): C, H. 

ler 
.40 

3>(4,€-Dichlorooaphthalen-l-yl)propan8l (33). A small 
amount of a second product isolated by the chromatographic 
purification of 3-(2,4t6-trichloronaphthalen-l-yl)propanal was 
identified as 3-(4,6-dichloronaphthalen-l-yl)propanal by its 'H 
NMR and by its conversion to 9. ^ NMR: 6 2.78 (2 H, t), 3.34 
(2 H, t), 7.14-8.2 (5 H, m), 9.5 (1 H, s). This reduction probably 
took place at the reduction of the ester methyl 2,4,6-trichloro-
1-naphthoate via a slx-membered intramolecular hydride transfer 
from an intermediate oxyaluminum hydride complex and was 
carried through the reaction sequence. 

3-(2,4-Dimethylphenyl)propyI Benzoate (35). Benzoyl 
chloride (21.0 g, 0.15 mol) dissolved in dry pyridine (10 mL) was 
added slowly dropwise (15 min) to a well-stirred solution of 3-
(2,4-dimethylphenyl)propajiol (21.7 g, 0.132 mol) in dry pyridine 
(40 mL) with cooling in an ice-water bath. The reaction was then 
stirred overnight and then poured into ice-water (300 mL) and 
the excess pyridine was removed by azeotropic evaporation of 
solvent in vacuo. The remainder was partitioned between ether 
and water. The ether layer was washed successively with water, 
aqueous NaHCOa, and brine, and then dried (MgSOj and filtered, 
and the solvent was evaporated in vacuo to leave 39 g of crude 
product, which was distilled in vacuo to give 35.1 g of pure product 
bpl.5 mm:. 176-182 0C. Anal. (CisHajOj): C, H. 

4-[2,4-Dimethyl-5-[3-(benzoyloxy)propyl]phenyl]-4-oxo-
2-methylbutyric Acid (37). Aluminum chloride (4.6 g, 34 mmol) 
was added in divided portions (5 min) to a well-stirred solution 
of 3-(2,4-dimethyIphenyl)propy! benzoate (2.7 g, 10 mmol) and 
methylsuccinic anhydride (1.2 g, 10.5 mmol) in anhydrous ni-
troethane (15 mL), which was cooled in an ice-water bath. After 
the addition was complete, the ice bath was removed and the 
reaction stirred at ambient temperature for 2 h and then poured 
into ice-water (150 mL) containing 2 mL of concentrated HC1. 
The product was extracted (2X) with ether, and the combined 
ether extracts were washed with cold water and then brine, dried 
(MgSOJ, and filtered, and the solvent was evaporated in vacuo 
to leave 3.8 g of crude product, which is pure enough for the next 
step but may be purified with silica gel flash chromatography (60 
X 150 mm), eluting with methylene chloride and then a mixture 
of acetic acid (0.5%), acetone (4.5%), and methylene chloride 
(95%). After evaporation of the fractions containing the product, 
there remained 3.1 g of product as an oil. Anal. (CjaH^Os): C, 
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product. lH NMR: 6 1.22 (3 H, d), 1.82 (1 H, m), 2.00 (1 H, m) 
2.1-2.3 (2 H, m), 2.23 (3 H, s), 2.34 (3 H, s), 2.66 (1 H, m), 2.80 
(1 H, m), 2.90 (1 H, m), 3.04 (2 H, t), 4.47 (2 H, t), 7.14 (1 H, s), 
7.45 (2 H, t), 7.56 (1 H, t), 8.10 (2 H, d). Anal. (CaH2603): C, 

e 

d 
H. s 

c/s- and iraijs-3-(5,6,7,8-Tetrahydro-8-hydroxy-2,4,7-tri-
methylnaphthalenyl)propyl Benzoate (40). Sodium.boro-
hydride (0.50 g, 13 mmol) was added in divided portions to a 
stirred solution of 3-(5,6,7,8-tetra}iydro-2l4,17-trimethyl-8-oxo-
naphthalen-l-yl)propyl benzoate (2,65 g, 7.5 mmol) in ethanol 
(40 mL) and then stirred at room temperature for 7 h (reaction 
complete by TLC; 1% acetone in methylene chloride-silica gel). 
The clear reaction was poured into ice water, acidified with dilute 
HC1, and extracted with ether (3X). The combined ether extracts 
were washed successively with cold water and brine, dried (Mg-
SO<), filtered, and the solvent was evaporated in vacuo to leave 
2.7 g of the product. 

3-(5,6-Dihydro-2,4,7-trimethylnaphthalen-l-yl)propyl 
Benzoate (41). cts- and iraas-S-fS^J.S-tetrahydro-S-hydroxy-
2,4,7-trimethylnaphthalen-l-yl)propyl benzoate (2.7 g, 7.7 mmol) 
were dissolved in dry ether (200 mL), to this was added powdered 
phosphorus pentoxide (5 g), and the sealed reaction mixture was 
stirred overnight. The addition of phosphorus pentoxide and 
stirring overnight was repeated once. When TLC (1% acetone 
in methylene chloride/silica gel) showed the reaction to be com
plete. The ether was decanted and the residue was washed with 
ether by decantation. The phosphorus residue was treated with 
ice-water and extracted with ether. The combined ether de-
cantations and washings were washed successively with water, 
aqueous sodium bicarbonate, and brine, dried (MgSOj), and 
filtered, and the solvent was evaporated to leave 2.8 g of crude 
product. This product was purified by flash chronlatography on 
a 50 X 160 mm Still column eluting with 50% hexane in methylene 
chloride. The fractions containing the product were combined, 
and the solvent was evaporated in vacuo to give 1.6 g of oil product 

i 
i 

3 

H. 
Activated Zinc Dust. Zinc dust (24 g) was stirred with 2% 

aqueous HC1 (150 mL) for 5 min, filtered by suction, and washed 
with water until the washings were neutral. The zinc was then 
washed successively with ethanol (75 mL), acetone (150 mL), and 
ether and then dried in a vacuum oven at 90 0C for 15 min and 
then used promptly in the following reaction. 

4-[2,4-Dimethyl-5-I3-(bcnzoyIoxy)propyl]pheny]]-2* 
methylbutyric Acid (38). Dry gaseous HC1 was bubbled vig
orously into a solution of 4-[2,4-dimethyI-5-(3-(benzoyloxy)-
propyl]phenyl)-4-oxo-2-methylbutyric acid (8.0 g, 20 mmol) in 
dry ether (360 mL) for 15 min while being cooled in an ice-water 
cooling bath. Activated zinc dust was added in small portions 
with cooling in an ice-water bath so as to keep the internal tem
perature below 80 0C. After the addition, the reaction was cooled 
with an ice-water bath and stirred for 1 h. The reaction mixture 
was diluted with ether and then passed onto ice-water (350 mL) 
containing a little HC1 (2 mL) and extracted with ether (2x). The 
combined ether extracts were washed with water and brine, dried 
(MgSOJ, and filtered, and the solvent was evaporated to leave 
7.3 g of crude oily product, which was pure enough for the next 
step. A 0.2-g sample was purified by silica gel flash chromatog
raphy on a 20 X 150 mm Still column after eluting with methylene 
chloride and then with a mixture of 0.5% acetic acid, 4.5% 
acetone, and 95% methylene chloride. The fractions containing 
the product were combined, and the solvent was evaporated in 
vacuo to give 0.11 g of pure product as an oil. Anal. (C^H^O*): 

NMR: 6 1.66-2.2 (2 H, m), 1.9 (3 H, s), 2.2 (3 H, s), 2.25 (3 
H, s), 2.6-3.0 (6 H, m), 4.2 (2 H, s), 6.45 (1 H, s), 6.8 (1 (H, s), 
7.2-7.6 (3 H, m), 7.9-8.1 (2 H, m). 

3-(2,4,7-Triraethylnaphthalen-l-yI)propyl Benzoate (42). 
2,3-Dichloro-5,6-dicyano-l,4-benzoqumone (DDQ); 0.95 g, 42 
mmol) was added to a solution of 3-(5,6-dihydro-2,4l7-tri' 
methylnaphthalen-l-yDpropyl benzoate (1.25 g, 37 mmol) in 
toluene (60 mL) and stirred at room temperature for 1 h. The 
reaction mixture was filtered and the solvent was evaporated in 
vacuo to leave crude product. This product was purified by flash 
chromatography on a 50 x 150 mm Still silica column eluting with 
50% hexane in methylene chloride. The fractions containing the 
product were combined, and the solvent was evaporated in vacuo 

? 
;( 

to leave 0.78 g of Oil product. lH NMR: 6 2.12 (2 H, m), 2.47 (3 
H, s), 2.49 (3 H, s), 2.62 (3 H, s), 3.22 (2 H, t), 4.52 (2 H, 5), 7.19 C, H. 
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bp: 126-131 •C. Anal. (C^HtsClOj): C, H. 
4-C2/-Chloro-4/-methyl-S/-(2-(ethoxycarbonyl)ethyJ]. 

pheny]]-4-oxobutyric Acid (52b), Aluminum chloride (5.87 g, 
0.044 mol) was added portionwise (5 mm) to a mixture of succinic 
anhydride (1.1 g, 0.011 mol) and ethyl 3-(4-chioro-2-methyl-
phenyi)propionate (2.27 g, 0.01 znoi) in CHjClj (20 mL) with 
cooling (ice bath). The reaction mixture was stirred at room 
temperature for 24 h, poured into ice and 10 mL of concentrated 
HCI, and extracted with ether. The ether solution was dried and 
evaporated to give a yellow brown oil, which was purified by flash 
column chromatography (silica gel and 2% HOAc-10% ace-
tone-90% to give the product as a yellow oil (3.0 g, 92% 
yield). Anal. (C^H^ClOs): C, H. 

4-[2/-Chloro-4'-methyl-5'-[2«(ethoxycarbonyl)ethyl]-
phenyl]butyric Acid (53b). Gaseous HCI was bubbled into a 
well-stirred solution of 4-{2'-chloro-4'-methyl-5'-[(ethoxy. 
carbony])ethyl]phenyl]-4-oxobutyric acid (3.27 g, 0.01 mol) in 
acetic anhydride (60 mL) for 20 min with cooling (ice-acetone 
bath). Activated zinc dust (13.11 g 6.2 mol) was added portionwise 
(15 min) to keep the temperature below 0 0C. The reaction 
mixture was stirred at about 0 cC for 7 h, filtered (glass wool) 
into ice and water and extracted with ether. The ether solution 
was dried and evaporated to give a brown oil, which was purified 
by flash column chromatography (silica gel and 0.5% HOAc-4.5% 
acetone-95% CHjCy to yield the product as a viscous yellow 
oil (2.17 g, 69%). 

Ethyl 3-(4-Chloro-2-methy 1-6-0X0-5,6,7tfi-tetrahydro-
Baphtha)en-l-y])propanoate (54b). Oxalyl chloride (23.5 mL) 
was added dropwise to a well-stirred solution of 4-[2'-chloro-4/-
methyi-5'-((ethoxycarbonyl)ethyl]phenylJbutyric acid (10.38 g, 
0.033 mol) in toluene (50 mL). The reaction mixture was stirred 
at room temperature for 18 h, heated at reflux for 4 h, cooled, 
and concentrated to dryness, and the residual oil was taken up 
in CH2C1? (50 mL). After addition of stannic chloride (31.5 mL) 
with cooling (ice bath), the reaction mixture was stirred at room 
temperature for 5 days and then poured into ice and concentrated 
HCI (20 mL) and extracted with ether. The ether solution was 
dried and evaporated to give a viscous brown oil, which after silica 
gel chromatography eluting with 15% ethyl acetate in hexane gave 
the product as a gum. Exact mass calcd for C16HI9C103: 2&4.1021. 
Found: 294.1019. ^ NMR: 6 1.27 (3 H, t, CHjCHa), 2.10 (2 H, 
p, CHj), 2.34 (3 H, s, ArCHs), 2.57 (2 H, t, CHj), 2.65 (2 H, t, CHa), 
2.99 (2 H, t, CH2), 3.21 (2 H, t, CH2), 4.16 (2 H, q, CHjCHa), 7.36 
(1 H, s, Ar). 

3-(4,7-Dichloro-2-methylnapiitlialen-l-yl)propanal (56b). 
Ethyl 3-(417-dichJoro-2-methylnaphthalen-l-yl)propanoate (1.583 
g, 5.087 mmol) was dissolved in dry toluene (25 mL) under ni
trogen with syringe cap attached to flask. The solution was cooled 
to -78 0C in dry ice-acetone bath and diisobutylaluminum hydride . 
(3.62 mL of a 1.5 M solution in toluene, 5.443 mmol) was added 
dropwise slowly by syringe. Stirring was continued at -78 0C for 
1 h. Then while still at -78 ®C, the reaction was poured quickly 
into an aqueous NH^Cl solution with stirring. This mixture was 
extracted two times with ether. The combined ether extracts were 
extracted successively with NH<C1 solution, water, and brine, and 
then dried (MgSOJ, and filtered, and the solvent was evaporated 
to leave a solid. This solid was triturated with a little ether in 
hexane to give 0.701 g of pure solid product (mp: 104-106 0C). 
The solvent was stripped from the mother liquor to give 0.681 
g of impure product. This impure product was flash chromato-
graphed on a 20 X 200 mm silical column eluting with 70% CHjCli 
in hexane to give 0.45 g of pure solid product, mp: 103-105 0C. . 
Combining the two samples of pure solid product gave 1.15 g of 
pure product (mp: 104-106 ®C) after drying. ^ NMR: 6 2.47 
(3 H, s, CHg), 2.76 (2 H, t, CH2), 3.28 (2 H, t, CHj), 7.42 (1 H, 
s, AT), 7.49 (1 H, dd, Ar), 7.90 (1 H, d, Ar), 8.22 (1 H, d, Ar), 9.92 
(1 H, s, CHO). Anal. (CMH12C120) C, H. 

With the above experimental procedures but substituting 3-
(2-chloro-4-methylphenyl)propionic acid for 3-(4-chloro-2-
methylphenyl)propionic acid there was obtained in succession 
the following. 

Ethyl 3-(2-Chloro-4-methylphenyl)propanoate (51a). Bp: 
104-107 0C. Anal. (C^HisClOa): C, H. 

4-[4-Chioro-2-methyl-5-[2-(ethoxycarbonyl)ethyl3* 
pheny]]-4-oxobutyric Acid (52a). Mp: 72-74 0C. Anal-
(C16H19C105): C, H. 

(1 H, s), 7.29 (1 H, d), 7.48 (2 H, t), 7.59 (1 H, t), 7.83 (1 H, s) 
7.87 (1 H, d), 8.12 (2 H, d). Anal. (C^HJA): C, H. 

3-(2,4,7-TriroethyIaaphthaIen-I-yl)propanol (43). A solu
tion of 3-(214,7-trimethylnaphthalen-l-yl)propyl benzoate (0.75 
g, 2.3 mmol) was added to a solution of potassium hydroxide (0.5 
g, 7 mmol) in ethanol (50 mL) and stirred at room temperature 
for 4 h. Most of the ethanol was evaporated in vacuo and the 
residue was partitioned between ether and water. The ether was 
washed with water twice, dried (MgSO^), and filtered, and the 
solvent was evaporated in vacuo to leave 0.53 g of product. 

3-(2,4,7-Triniethyinaphthalen-l-yl)propanol (44). 3-
(2)4,7-Trimethylnaphthalen-l-yl)propanol (0.68 g, 3 mmol) was 
added to a suspension of pyridinium chlorochromate (1.28 g, 6 
mmol) in methylene chloride (20 mL). The reaction mixture was 
stirred at room temperature for 2 h and then diluted with ether 
(10 mL) and the solvent was decanted. The black solids were 
washed with ether by decantation twice. The combined organic 
extracts were filtered through a pad of Florisil, and the solvent 
was evaporated in acid to leave 0.53 g of product. Recrystallization 
from petroleum ether gave a white crystalline solid, mp: 79-83 
0C. 'H NMR: 6 2.44 (3 H, s), 2.54 (3 H, s), 2.62 (3 H, s), 2.77 
(2 H, t), 3.36 (2 H, t), 7.09 (1 Hr s), 7.31 (1 H, d), 7.69 (1 H, s), 
7.88 (1 H, d), 9.93 (1 H, t). Anal. (Cl8Hl80): C, H. 

3-(5,6,7,8-Tetrahydro-2,4-dimethyl-8-oxonaphthaIen-l-
yl)propyl Benzoate. Following the experimental method of the 
2,4,7-trimethyl analogue but substituting succinic anhydride for 
3-methyl succinic anhydride, there was obtained in succession 
the following. 

4-[2,4-Dimethyl-5-(3-(benzoyloxy)propyl3phenyl]-4-oxo-
butyric acid (45) as an oil (3.68 g, 78%). Anal. (C^HasOs^ C, 

4-[2,4-Dimethyl-5-[3-(ben2oyloxy)propyl3phenyl3butyric 
Acid (46). 

3-(5,G,7,8-Tetrahydro-2,4-dimethyl-8-OXonaphthalen-l-
yl)propyl Benzoate (47). TLC: R/ = 0.33,1% acetone/CHjClj. 
'H NMR: <51.75-2.42 (4 H, m), 2.42 (3 H, s), 2.50 (3 H, s), 2.50-2.95 
(4 H, m), 2.95-3.32 (2 H, m), 4.72 (2 H, t), 7.15 (1 H, s), 7.3-7.55 
(3 H, m), 7.92-8.15 (2 H, m). 

7-ChIoro-2,4-dimethyM-(3*hydroxypropyl)naphthalene. 
l-{3-(Benzoyloxy)propylJ-7-ch]oro-2,4-dimethylnaphthalene (48) 
(2.60 g, 7.37 mmol) was suspended in ethanol (30 mL) and po
tassium hydroxide (1.65 g, 29.5 mmol) added and stirred at room 
temperature for 2 h then at 60-65 0C bath temperature for 1 h. 
The reaction mixture was cooled in an ice bath, filtered from 
sodium benzoate, and washed thoroughly with ethanol. The 
combined filtrates were dissolved in ether and extracted with 
water. The water was extracted with ether three times. The 
combined ether extracts were washed with water three times and 
then with brine, dried (MgSO<) and filtered, and the solvent was 
evaporated to leave 1.80 g (98%) of the product. A sublimed 
sample (100 0C bath temp (0.1 mm)] had mp 104-105 0C. Exact 
mass calcd for CuHnClO: 248.0968. Found: 248.0968. ^ NMR: 
5 1.60-2.20 (4 H, m), 2.44 (3 H, s), 2.56 (3 H, s), 3.05 (2 H, q), 3.74 
(2 H, t), 7.0-7.95 (4 H, m). 

3-(7-Chloro-2,4-dimcthylnaphthalen-l-yl)prop&nal (49). 
Pyridinium chlorochromate (3.12 g, 14.47 mmol) and powdered 
3-A molecular sieves (3.6 g) were suspended in methylene chloride 
(25 mL), and 7-chloro-2,4-dtmethyl-l-(3-hydroxypropyl)-
naphthaiene (1.70 g, 6.83 mmol) dissolved in methylene chloride 
(25 mL) was added all at once and stirred for 2 h. The reaction 
mixture was worked up by diluting with ether (50 mL) and fil
tering through a silica gel pad. The pad was washed with ether 
and the solvent was evaporated in vacuo to give 1.24 g (73%) of 
product. Exact mass calcd for C15H15CIO: 246.0811. found: 
246.0813. lH NMR: 6 2.3-2.95 (2 H, m), 2.40 (3 H, s), 2.55 (3 
H, s), 3.25 (2 H, t), 7.02-8.0 (4 H, m). TLC: Rt = 0.36 (50% 
CH2Cl2-hexane/silica gel). 

Ethyl 3-(4-Cliloro-2-methylphenyl)propionate (51h). Boron 
trifiuoride etherate (1.5 mL, 0.012 mol) was added dropwise to 
a solution of 3-(4-chloro-2-methylphenyl)propionic acid (1.99 g, 
0.01 mol) in absolute ethanoi (14 mL). The reaction mixture was 
heated at reflux for 6.5 h, cooled, and concentrated in vacuo to 
remove the solvent, and the residual oil was taken up in ether. 
The ether solution was washed with aqueous Na2C03 and cold 
water, dried, and evaporated to give an orange oil, which was 
distilled at about 1.5 mm to give the product as an oil (1.5 g, 66%). 
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4-(4-Chloro-2-methyl-5-[2-(ethoxycarbonyl)ethyl]-
phenyl]butyric Acid (53a). Mp: 50-52 0C. Anal. 
C, H. 

Ethyl 3-(2-Chloro-4-methyl-8-oxo-5,617,8-tetrahydro-
naphthalen-l-yl) (54a). Mp: 63-65 0C. Anal. (CI6Hl9C103): 
C, H. 

3-(2>7-Dichloro-4-methylnapbthalen-l-yl)propanal (56a). 
mp: 103-105 ®C. lH NMR: 6 2.66 (3 H, s), 2.82 (2 H, t), 3.49 
(2 H, t), 7.34 (1 H, s), 7.52 (1 H, d), 7.95 (2 H, m), 9.95 (1 H, s). 
Anal. (CMH,2C120): C,H. 

Registry No. 2,124243-86-3; 2-Na. 124244-18-4; 3,124243-87-4; 
3-Na, 124244-19-5; 4,124243-88-5; 4-Na, 124244-20-8; 5,124243-
89-6; 5-Na, 124244-21-9; 6, 124243-90-9; 6-Na, 124244-22-0; 7, 
124243-91-0; 7-Na, 124244-23-1; 8,124243-92-1; 8-Na, 124244-24-2; 
9, 124243-93-2; 9-Na, 124244-25-3; 10, 124243-94-3; 10-Na, 
124244-26-4; 11,124243-954; 11-Na. 124244-27-5; 12,108579-26-6; 
12-Na, 124244-28-6; 13, 108579-36-8; 13-Na, 124244-29-7; 14, 
124243-96-5; 15,124243-97-6; 16,124243-98-7; 17,81945-11-1; 18, 
108578-92-3; 19,108578-93-4; 20,10578-94-5; 21,108578-95-6; 22, 

108578-96-7; 23,108578-97-8; 24,108578-98-9; 25a, 108578-99-0 
25b, 108579-00-6; 26a, 108579-02-8; 26b, 108579-01-7; 27a 
108579-04-0; 27b, 108579-03-9; 28a, 108579-05-1; 28b, 124244.13-9 
29a, 108579-06-2; 29b, 124244-14-0; 31a, 108579-07-3; 31b 
108579-11-9; 33,124243-99-8; 34,27650-80-2; 35,124244-00-4; 37 
124244-01-5; 38,124244-02-6; 39,124244-03-7; cis-40,124244-04-8 
trans-40, 124244-17-3; 41, 124244-05-9; 42, 124244-06-0; 43 
124244-07-1; 44,124244-08-2; 45,124266-46-2; 46,124244-09-3 
47,124244-10-6; 48,124244-11-7; 49,124244-12-8; 50a, 615-65-6 
50b, 95-69-2; 51a, 108579-27-7; 51b, 108579-13-1; 52a, 108579-28-8 
52h, 108579-14-2; 53a, 108579-29-9; 53b, 108579-15-3; 54a 
108579-30-2; 54b, 108579-16-4; 55a, 108579-34-6; 55b, 108579-22-2 
56a, 108579-35-7; 56b, 108579-23-3; CljCCOjEt, 515-84-4; H2 
CCOCTHCOjMe, 30568-00-4; 3-hydro2cy-3-methylglutaryI-co 
enzyme A, 1553-55-5; N-ethylidenecyclohexylamine, 1193-93-7 
methylsuccinic anhydride, 4100-80-5; succinic anhydride, 108-30-5 
7-chloro-2,4-dimethyl-l-(3-hydro3cypropyl)naphthalene, 124244 
15-1; 3-(4-chloro-2-methylphenyl)propiomc acid, 879-75-4; 3-(2 
chloro-4-methylphenyl)propiomc acid, 124244-16-2. 
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Lipophilic l,3-Xylyl-21-crown-6 Macrocyclic Polyether 2-Carboxylic Acids as 
Biological Mimics of the lonophore Antibiotics 

ydro-
5 mL) Frank J. Urban,* Larry R. Chappel, Arthur E. Girard, Banavara L. Mylari, and Ian J. Pimblett1 

Pfizer Central Research, Eastern Point Road, Groton, Connecticut 06340, and Ramsgate Road, Sandwich, Kent CT9 13NJ, 
United Kingdom. Received Jane 15, 1989 

Twelve lipophilic l,3-xylyl-2l-crown-6 macrocyclic polyether 2-carboxylic acids (9a-91), two lariat ether 1,3-xy-
lyl-21-crown-6 macrocyclic polyether 2-carboxylic acids (21 and 22), and two l,3-xyIyl-28-crown-8 macrocyclic polyether 
2-carboxylic acids (10a and 10b) were synthesized and tested for in vitro antibacterial activity, in vitro stimulation 
of rumen propionic acid production, and in vivo anticoccidial activity in chickens. These are biological screens relevant 
to animal health areas where the ionophore antibiotics such as monensin have found application. While the parent 
structure 1 without lipophilic substituents was biologically inactive, the lipophilic macrocycles were active in the 
two in vitro tests but not against chicken coccidiosis. One compound (9f) was tested in cattle and was found to 
increase levels of propionic acid in the rumen fermentation. This effect is considered an important factor for increasing 
the efficiency of feed utilization in cattle exhibited by the ionophore antibiotic monensin. The alkali ion salts of 
these lipophilic macrocyclic polyether carboxylic acids are very soluble in organic solvents and insoluble in water. 
These compounds are proposed to act as ion-transport agents and functional mimics of the ionophore antibiotics 
in the biological systems described above. 

The ionophore antibiotics with their fascinating array 
of complex structures have provided a continuing challenge 
to organic chemists.1 These compounds exhibit unique 
activity in many biological systems via a mechanism of 
action which is deceptively simple: the exchange of alkali 
ions for protons across biological membranes.2 Synthetic 
molecules which try to mimic the physical properties of 
the natural antibiotics have been described,3 but only 
marginal success was achieved in demonstrating biological 
activity and no in vivo activity in either animal health area 
where the ionophores have made a major impact, cocci
diosis control in chickens or cattle performance enhance
ment, has been reported. In this paper, we describe our 
efforts in the synthesis of polyether mimics of natural 
ionophores with in vivo activity in cattle and in vitro an
tibacterial activity. 

In 1967, monensin was the first polyether antibiotic to 
have its structure4 and potent biological activities,5 such 
as inhibition of alkali metal cation transport in mito
chondria and broad-spectrum anticoccidial activity, dis-
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0.38 g, 
stirred 
:ooled, 
ten up 
.5 mL) 
I room 
itrated 
jn was 
•r silica 
le gave 
4.1021. 
0 (2 H, 
.CHj), 
j), 7.36 

; (56b). 
' (1.583 

:'der ni-
" cooled 
' lydiide 
1 added 

CC for 
Quickly 
ire was 

closed. It was approved for commercial use as a poultry 
anticoccidial in 1971 and as a cattle performance enhancer 
in 1975. The structure of the silver salt of monensin,4 ' 
which is typical for the entire class, has a lipophilic exterior 
and a hydrophilic central cavity lined with oxygen atoms 
which serve as ligands for encapsulated alkali ions; the 
molecule as a whole is therefore neutral and lipophilic. 
When the carboxylate is protonated, at an interface, either 
biological or in solvent, the complexation of the ion, while 
still possible in dry, organic solvents, is weaker by several 
orders of magnitude6 and the alkali ion is readily given up 
to the acidic aqueous layer. It is this large difference in 
complexation constant for alkali ions between the car
boxylic acid and the carboxylate forms of the ionophore 
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(1) Westley, J. W. Ed. Polyether Antibiotics: Naturally Occur
ring Acid Ionophores, Vol. 2: Chemistry, Marcek Dekker, Inc.; 
New York, 1982. Evans, D. A.; Bender, S. L.; Morris, J. J. Am. 
Chem. Soc. 1988,110, 2506 and reference therein. 

(2) Reed, P. W. In Polyether Antibiotics'. Naturally Occurring 
Acid Ionophores; Westley, J. W. Ed.; Marcel Dekker, Inc.: 
New York, 1982; Vol. 1, Chapter 5. 
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emzmE)} ,  5.48 (s, 2 H, NCHsO), 6.21 [dd, J  = 16.4, 2.2 Hz, 
1  H,  CH=CH(Z) i / (£ ) l ,  6 .63  (dd ,  J  = 16 .4 ,11 .3  Hz ,  1  H,  CH= 
CH2), 7.23-7.40 (m, 5 H, SPh), 11.75 (br, 1 H, NH). Anal. 
(CuHwNAS-VaHiO) C, H, N. 

Antiviral Assay Procedures. The antf-HIV assays were 
based on the inhibition of the virus-induced cytopathic effect in 
MT-4 cells as previously described.32 Briefly, MT-4 ceJls were 
suspended in culture medium at 2.5 x 105 cells/mL and infected 
with 1000 CClDy, (5079 cell culture infective dose) of HIV. Im
mediately after virus infection, 100 pL of the cell suspension was 
brought into each well of a flat-bottomed microtiter tray con
taining various concentrations of the test compounds. After a 
4 (Table 11) or 5 (Table I) day incubation at 37 0C, the number 
of viable cells was determined by the 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) method.33 Cyto
toxicity of the compounds was assessed in parallel with their 
antiviral activity. It was based on the viability of mock-infected 
host cells as determined by the MTT method.33 

The solution was washed with saturated NaHCC^ and evaporated 
to dryness. The residue was purified by chromatography on silica 

gel 
'he 

gel (CHC^-MeOH) to give the title compound (387 mg, 24%) 
after crystallization from petroleum ether: lH NMR (CDCI3) 6 
0.06 (s, 6 H, MejSi), 0.89 (s, 9 H, Me3C), 3.66, 3.77 (AJBJ, 4 H, 
SiOCHjCHjO), 5.25 (s, 2 H, NCH20), 5.27 [dd, J = 10.9,1.1 Hz, 
1 H, CH=Ctf(Z)H(£)}, 5.98 (dd, J = 17.6, 1.1 Hz, 1 H, CH= 
Cli(ZmE)}, 6.42 (dd, J = 17.6,10.9 Hz, 1 H, Ctf^CHj), 7.41 
(s, 1 H, 6-H), 9.59 (br, 1 H, NH). 

l-[[2-[(£ei't-Butyldimethylsilyl)oxy]ethoxy]niethyl]-6-

of 
;/z 
D), 
15 
H, 

:re 

(phenylthioJ-S-vinylur-aci]. Following the general procedure 
for the preparation of 17-19, the title compound was prepared 
from the above compound with diphenyl disulfide as an elec-

5.5 
0); 

trophile: yield 46%; lH NMR (CDCI3) 5 0.01 (s, 6 H, MejSi), 0.84 
(s, 9 H, MeaC), 3.63 (s, 4 H, Si0CH2CH20), 5.33 [dd, J = 11.8, 
2.0 Hz, 1 H, CH=Ctf (Z)H(£)], 5.61 (s, 2 H, NCH20), 6.33 [dd, 
J = 16.8,2.0 Hz, 1 H, CH=€H(Z)tf(E)], 6S7-1 (dd, J = 16.8,11.8 
Hz, I H, Cff-CHj), 7.15-7.30 (m, 5 H, SPh),10.15 (br,"i H, NH). 

86 
)), 
al. 

' G* 
Following method A, 55 was prepared from the above com

pound. 
'C 

(32) Pauwels, R,; De Clercq, E.; Desmyter, J.; Balzarini, J.; Goubau, 
P.; Herdewijn, P.; Vanderhaeghe, H.; Vandeputte, M. J. Virol. 
Methods 1987,16, 171-185. 

(33) Pauwels,. R.; Balzarini, J.; Baba, M.; Snoeck, R.; Schols, D.; 
Herdewijn, P.; Desmyter, J.; De Clercq, E. J. Virol. Methods 
1988, 20, 309-322. 

:ITJ 
l-[(2-Hydroxyethoxy)raethyl]-6-(phenylthio)-5-vinyl uracil 

(55): yield 41 %; mp 100-103 0C (EtOAc-petroleum ether); UV 
(MeOH) 306 (< 7600), 243 nm (< 14000); MS m/z 320 (M+); 
H NMR (MejSO-dg) 5 3.35-3.52 (m, 4 H, HOCH2CH20), 4.62 

(t, J = 5.4 Hz, 1 H, OH), 5.22 (dd, J = 11.3, 2.2 Hz, 1 H, CH= 

1R 
i.6 
X 

1 

6* 

Id 
i). 
37 
0. 

•:F 
Inhibitors of Cholesterol Biosynthesis. 3. 
Tetrahydro-4-hydroxy-6-[2-(lfl'-pyrrol-l-yl)ethyl]-2fl'-pyran-2-one Inhibitors of 
HMG-CoA Reductase. 2. Effects of Introducing Substituents at Positions Three 
and Four of the Pyrrole Nucleus 
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{ ,  

) ,  

A series of frarw-tetrahydro-4-hydroxy-6-{2-(2,3,4,5-substituted-ltf-pyrrol-l-yl)ethyl]-2tf-pyran-2-ones and their 
dihydroxy acids were prepared and tested for their ability to inhibit the enzyme HMG-CoA reductase in vitro. 
Inhibitory potency was found to increase substantially when substituents were introduced into positions three and 
four of the pyrrole ring. A systematic exploration of structure-activity relationships at these two positions led to 
the identification of a compound ((+)-33, (+)-(4/?)-trans-2-(4-fluorophenyl)-5-(l-methylethyl)-N13-diphenyl-l-
[(tetrahydro-4-hydroxy-6-oxo-2H-pyTan-2-yl)ethyl]-lH-pyTrole-4-carboxamide) with five times the inhibitory potency 
of the fungal metabolite compactin. 

r, 

e 
. the size of the substituents at positions 2 and 5 and the 

conformation of the side chain. We have now discovered 
Inhibition of HMG-CoA reductase (HMGR), the rate-

limiting enzyme in cholesterol biosynthesis, has proven to 
be an effective means for lowering total and low-density 
lipoprotein (LDL) cholesterol in animal models and man.1,2 

The early reports describing the activity of the fungal 
metabolites compactin (mevastatin)3 and mevinolin (lo-
vastatin)4 have been followed by a host of publications 
describing a large variety of natural5 and synthetic inhib
itors.6 

trisubstituted-pyrrol-l-ylethylmevalonolactones which 
were found to be moderately potent inhibitors of HMGR 
in vitro.7 By systematically altering the .2 and 5 sub
stituents, maximal potency was obtained with the 2-(4-
fluorophenyl)-5-isopropyl analogue (1). On the basis of 
those results, a molecular-modeling analysis led to the 
description of a pharmacophore model which characterized 

g 

d 
e 
n (1) Roth, B. D.; Sliskovic, D. R.; Trivedi, B. K. Ann. Rep. Med. 

Chem. 1989,24, 147-56. 
(2) Grundy, S. M. N. Engl. J. Med. 1988, 319, 24-32. 
(3) (a) Endo, A.; Kuroda, M.; Tsujita, Y. J. Antibiotics 1976, 

1346-8. (b) Endo, A.; Kuroda, Y.; Tanzawa, K. FEBS Lett. 
1976, 72, 323-6. (c) Brown, A. G.; Sraale, T. C.; King, T. J.; 
Hasenkarap, R.; Thompson, R. H. J. Chem. Soc., Perkin 
Trans. 1 1976, 1165-9. . 

(4) (a) Endo, A. J. Antibiot. 1979,32, 852. (b) Alberts, A.; Chen, 
J.; Kuron, G.; Hunt, V.; Huff, J.; Hoffman, C.; Rothrock, J.; 
Lopez, M.; Joshua, H.; Harris, E.; Patchett, A.; Monaghan, R.; 
Currie, S.; Stapley, E.; Albers-Schonberg, G.; Hensens, O.; 
Hirshfield, J.; Hoogsteen, K.; Liesch, J.; Springer, J. Proc. 
Natl. Acad. Sci. U.S.A. 1980, 77, 3957-61. 

(5) Tsujita, Y.; Kuroda, M.; Shimada, Y.; Tanzawa, K.; Arai, M.; 
Kaneko, I.; Tanaka, M.; Masuda, H.; Tarumi, C.; Watanabe, 
Y,; Fujii, S. Biochim. Biophys. Acta. 1986,877, 50-60. 

d 
s 

e 
Previously, we disclosed a series of 1,2,5-

3 
1 

1 

) 

department of Chemistry. 
1 Department of Pharmacology. 
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Scheme III. Method B" Scheme I" 

r-\ HO 

7, 7 CHO 

N 

C.<S a.b X X Si .r Br NH o I 6$% a*d 34% Rj COjH COjCHj COjH O Ra 

V_l J 10 e 9 

r-\ "i" Ri-R2 X 
N 1 

CHO 3 2 r1 
N 

F F f 
•(a) CHJCOCHCOJET, THF, -78 0C; (b) n-BujB/NaBH,, -78 

"C; (c) H203i NaOH; (d) toluene, reflux. 

Scheme 11. Method A0 

Q a 
n.' Ri" R2 

o-X 

HN-^^O 
1 1  1 2  

O 
IIB, R^R^^COjCHjj 
11b. R,-Rj-C02El.70y. 
lie. fl,-pn. R2..CO2EI.3O% 
lid, R^-COjEt. Rj-Ph 

12B. R^Rj-COJCHJ, 90% 
12i).Rt.R^Cp,g|.9e% 
12c. Rj-PR, Rj-COjEl. 90% ••S 

Ptl 
+ Ph 

OH CO2& 
43. R-CH3 

4b. R.E\ 
4c. R-iPr 

ô"> 
5 

'(a) CHjOH.DCC. DMAP: (b) HjN 
(c) 4.F.ph-COCI. ElaN: (d) NaOH; (e) R,—5=—Ra. Ac^O, 90 'C; 
(I) p-TSA, acelone-waier, reflux. 

EI3N. CHsCN. reflux; 

r-\ 
o, o 

CHO 

r1 
H 

Scheme IV. Method C 
N R vc. N R r~\ Ph Ph b 

0 0  

\ b.c 7, COjEt 

7a. R-CHj. 77% 
7b. R-EU 88% 
7c. R-iPr. 100% 

Ph Ph COjEt 

6a. R-CH3.75% 
6b, R-EI. 36% 
6c. R-iPr, 4% 

a (a) ZnC^, EtOH, reflux; (b) p-TSA, acetone-water, reflux. 

that the introduction of substituents into the 3 and 4 
positions of the pyrrole ring results in significant hn-

97% 
CO)Et 00,61 COjHO 

13 14 IS 

/-\ 

X 
N 1 

CHO ar  F. f. 
d Q 

(6) (a) Lee, T.-J.; Holtz, W. J.; Smith, R. L. J. Org. Chem. 1982, 
47,47&&-7. (b) Stokker, G. E.; Hoffman, W. P.; Alberts. A. W.; 
Cragoe, E. J.; Deana, A. A.; GilfilJan, J. L; Huff, J. W.; Novello, 
F. C.; Prugh, J. D.; Smith, R. L.; WiUard. A. K. J. Med. Chem. 
1985,28, 347-58. (c) Hoffman, W. F.; Alberts, A. W.; Cragoe, 
E. J.; Deana, A. A.; Evans, B. E.; Gilfillan, J. L.; Gould, N. P.; 
Huff, J. W.; Novello, F. C.; Prugh, J. D.; Rittle, K. E.; Smith, 
R. L; Stokker, G. E.; Willard, A. K. J, Med. Chem. 1986,29, 
159-69. (d) Stokker, G. E.; Alberts, A. W.; Anderson, P. S.; 
Cragoe, E. J.; Deana, A. A.; Gilfilian, J. L; Hirshfield, J.; Holtz, 
W. J.; Hoffman, W. F.; Huff, J. W.; Lee, T. J.; Novello, F. C.; 
Prugh, J. D.; Rooney, C. S.; Smith, R. L.; Willard, A. K. J. 
Med. Chem. 1986, 29,170-81. (e) Hoffman, W. F.; Alberts, A. 
W.*, Anderson, P. S.; Chen, J. S.; Smith, R. L.; Willard, A. K. 

" «/. Med. Chem. 1986,29, 849-52. (0 Prugh, J. D.; Alberts, A. 
W.; Deana, A. A.; Gilfillan, J. L.; Huff, J. W.; Smith, R. L.; 
Wiggins, J. M. J. Med. Chem, 1990, 33, 758-65. (g) Balasu-
bramanian, N.; Brown, P. J.; Cstt, J. D.; Han, W. T.; Parker, 
R. A.; Sit, S. Y.; Wright, J. J. J. Med. Chem. 1989,32,2038-41. 
(h) Bartmann, W.; Beck, G.; Granzer, E.; Jendralla, H.; Ker* 
ekjarto, B. v.; Wess, G. Tetrahedron Lettk 1986,4709-12. (i) 
Sliskovic, D. R.; Roth, B. D.; Wilson, M. W.; Hoefle, M. L.; 
Newton, R. S. J. Med. Chem. 1990, 33, 31-8. G) Beck, G.; 
Kesseler, K.; Baader, E.; Bartmann, W.; Beck, G.; Bergmann, 
A.; Granzer, E.; Jendralla, H.; Kerekjarto, B. v.; Kesseler, K.j 
Krause, R.; Paulua, E.; Schubert, W.; Wesa, G. J. Med. Chem. 
1990, 33, 52-60. (k) Baader, E.; Bartmann, W.; Beck, G.; 
Bergmann, A.; Granzer, E.; Jendralla, H.; Kerekjarto, B. v.; 
Kessele^ K.; Krauae, R.; Schubert, W.; Wess, G. «/, Med. 
Chem. 1990, 33, 61-70. 

(7) Roth, B. D.; Ortwine, D. F.; Hoefle, M. L.; Stratton, C. D.j 
Sliskovic, D. R.; Wilson, M. W.; Newton, R. S. J. Med. Chem. 
1990, 33, 21-31. 

Ri' ft.' ft* Rj 

iid: Hi-Ph. n2^0IEi:4S% 
1U: H,.Ph. Hj-COjCKjPh; 51% 
16D: H,«pri. R^ONHPh: 43% 
ICetlf̂ CN-Pii. Rj-CO^Eb B8% 

i7»: R,-pn. A|«C0}Si 
i7b: n,-Pft. f̂ -cô CHjPs 
17c: nrPii. R^coNKPn 

^ EtaN. CH3CN. 25 *0; (b) (CHaJjCHOCI. EI3N. '(a) HjN 

CH2CI2.0 *0; (c) NaOH; (d) AcaO, R,—=— R2l 90 "C; 
(e) HCI. EtOH. reltux; (() p-TSA. acelone-water, reflux. 

provements in potency at inhibiting HMGR in vitro. The 
results of these studies are described in this report. 

tx HO 

F. 

Si/ 

Chemistry 
The general synthetic strategy employed was identical 

with that employed previously.7 Thus, the pyrrole*3-
propionaldehydes 2 were converted to the racemic, trans 

• . . ru* 
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Scheme VI. Method Es Scheme V. Method D" 
f o 

COjUo • 6.e iuo 0 0 ,0 o 

F a a a.b 2 0  
N  N 21a. Ar.Ph 

216. Ar.S-pytidyl 
216. A/a&pyrWyf 
31d, AiU-pyrktfi 

n«, Ar^Ph. 
336. Ar-2-pytldyl, 10% 
22c, Af-3.pyrltfy1. 23% 
22d, A/»4»pirtldy1, 21% 

30% 66% 54ft V 
MeO^ COjMe CH3' 'CHa 

1 8  1 1 8  
EtO. net CHO CKO 

F .  F. F, oi; 
vJ 0 VJ 

Ar A/' 
CHj CH3 23I. A/.Ph, 71% 

23b. As>2-pyi(<tyi, 76% 
23c, Ar-S-pyrtdyf. CK 
23d. Ar-^-pyridy), 46% 

24a, Ar-Ph, 85% 
346, Ar.J.pjfrtdyl, 70% 
34e, Ar-Owtyl, 63% 
S«, Ar-^prrtdyl, 08% 

19 
0(a) LiA]HSl ether-dichloromethane, reflux; (b) EtjSiH, TFA-

CHJC)2, 0 8C; (c) p-TSA, acetone-water. 

lactone stereoisomers 3 by (1) Weiler diauion condensation 
with ethyl acetoacetate, (2) stereoselective reduction to the 
syn-l,3-diol with tributylborane and sodium borohydride, 
(3) base hydrolysis, and (4) lactonization by refluxing in 
toluene with azeotropic removal of water (Scheme I). The 
requisite propionaldehydes 2 were prepared by several 
different synthetic routes. The less sterically hindered 
pentasubstituted pyrrole-3-propionaldehydes (7a, R = 
CH3; 7b, R • Et, Scheme II) could be prepared by 
ZnCl2-catalyzed condensation of enamines 4a and 4b 
(prepared from 2-(2-aminoethyl)-l,3-dioxolane8 and the 
requisite j5-keto ester) with benzoin 5 (method A).9 This 
reaction proved ineffective for the more sterically hindered 
pyrrole 7c, containing the preferred 5-isopropyl substitu-
ent. The 5-isopropyIpyrroIes could be prepared in good 
yields, however, by the regioseledive (3 + 2] cycloaddition 
of acetylenes with the amido acids 10 or 15 (Schemes III 
and IV).10 Thus, reaction of ethyl phenylpropiolate with 
amido acid 10 in hot acetic anhydride afforded a 4:1 
mixture of 11c and Ud (Scheme III, method B) from 
which 11c crystallized in 30% yield. The reaction of 15 
under identical conditions was regicspecific, producing lid 
as the sole product (Scheme IV, method C). The regio-
chemistry of compounds 11c end Ud were determined by 
comparison of their proton NMRs with that of the closely 
related 6c ((CH^CH, occurs at 6 3.50 ppm in both 6c and 
lid, but at 5 3.00 ppm in 11c). As expected, the yield in 
this cycloaddition reaction was improved when more 
electron-deficient acetylenes were employed (compare 1 la, 
lib, and 16c vs lid Scheme IV). The 3,4-dimethylpyTrole 
analogue 19 was prepared by reduction of diester 11a to 
the corresponding diol with lithium aluminum hydride, 
followed by deoxygenation with triethylsilane and tri-
fluoroacetic acid (Scheme V, method D).11 The regioi-
someric 3- and 4-arylpyrrole-3-propionaIdehyde isomers 
24a-d and 28 were prepared by a Stetter reaction12 of the 
appropriate aldehydes with the complementary a-benzy-

o 
.co*. w 

u n n 10% «•** F 'Ph 

25 2 6  CHO 

Ph 

Dl I o VJ  o 17% 

Ph 
27 21 

B(a) ArCHO, p-TSA, toluene, reflux; (b) 4-F-Ph-CHO, EtjN, 2-
(2-hydroxyethyl)'3-methyl-4-ben2ylthiazoliuin chloride; (c) NaOH, 
CHjOH, 25 •C; (d) H2NCH,CH5CH(OEt)2l p-TSA, toluene, reflux; 
(e) H30+, (f) NaH, (CH,0),C0; (g) (CH3)JCHCHO, EtjN, 2.(2-
hydroxyethyl)-3-methyl-4-benzylthia2olium chloride. 

Scheme VIP 

+ HO •cf "XJ" 
F. F. a r ar 

100% Li 
H H 

29 1 

xy HO 

P. Si r b.c 
2 9  

ord.c I 
Ri R2 

30a, R^^-CI, 3S% 
m R^Rs-Sf. 24% 
30C. R,-COCF3, RJ-H, 56V. 

Ma) (-BuMejSiCl, imidazole, DMF, 25 •C, IS h; (b) 2 equiv N-
haloBUccinimide, DMF, 0 ®C; (c) n-Bu4NF, HOAc, THF, 25 *C; (d) 
(CFaCOjO, DMF, 0 0C. 

lidene-/3-keto esters (4-fluorobenzaldehyde with 21 and 
isobutyraldehyde with 26, Scheme VI), followed by 
Paal-Knorr cyclization13 with 3,3-diethoxy-l-amino-

{8) Crumble, R. L.; Niroitz, J. S.; Mosher, H. S. J. Org. Chem, 
1982, 47, 4040-5. 

(9) McKinnon, D. M. Can. J. Chem. 1965, 43,2628-31. 
(10) (a) An extensive review of meaoionic heterocydea has ap

peared: Newton. C. G.; Ramsden, C. A. Tetrahedron 1982,38, 
2965-3011. (b) An analogous synthesis can be found: Ander
son, W. K.; Halat, M. J. J. Med. Chem. 1979,22,977-80. 

(11) Doyle, M. P.; DeBruyn, D. J.; Kooistra, D. A. J. Am. Chem. 
Soc. 1972, 94,3659-61. 

(12) Stetter, H. Ang. Chem., int. Ed. Engl. 1976, IS, 639-47. 
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Table I 
a.o^-oa, 

X n NN^R3 

H 
Ri R2 

oJ> "C R4 % yield (method) R3 RJ x R, mp; no. 
-CH,CH2-
-CHjCHj-
-CHJCHJ-
-CHJCHJ-
-CHJCH2-
-CHJCHJ-
-CH,CH2-
-CHJCHJ-
-CHJCHJ-
-CHJCHJ-
-CHJCHJ-

oilc CH3 75 (A) 
36 (A) 
4(A) 
65 (B) 
70(B) 
30(B) 
45 (C) 
51 (C) 
43 (C) 
88 (C) 
64 (D) 
71(E) 
76 (E) 
64(E) 
46 (E) 

CO?Et 
COjEt 
COjEt 
COJCHJ 
COjEt 

"• Ph 

H Ph $a 
ollc Et H Ph 6b 
oilc i-Pr 

i-Pr 
H Ph 6c 

143-6 CO2CH3 
COjEt 
COjEt 

P 11a 
oil® i-Pr 

i-Pr 
lib P 

146-8 
158-9 

lie P u COjEt 
COjCHjPh 
CONHPh 
C02Et 

i-Pr P Ph 16a 
oil' »-Pr 16b P Ph 

»-Pr 161-3 P Ph 16c vr 
oile i-Pr 

«.Pr 
t'-Pr 
j-Pr 
i-Pr 
i-Pr 

4-CNPh P I6d 
oile CH3 CH3 18 P 

Et 84-7 H P Ph 23a 
Et H 84-6 2-pyridyl 

3-pyridyl 
4-pyr»dyJ 

P 23b 
Et H 96-8 F 23c 
Et H 123-5 P 23d 

a All compounds possess 'H NMR spectra consistent with assigned structure. 6 Combustion analyses within ±0.4% of theoretical unless 
otherwise noted. 'This compound was purified, but not analyzed before use in the next step. 

Scheme VIII' Table II 
Ph 

H0Y^0^f« 1 OH 

-N. . 

CHO 
CHO X n F, F. 

6.« al i N. .R, a o 
R2 R, Pn' CONHPft Pn' CONHPh 

R3 % yield mp,*-6 *C Ri no. X Ri 17C 31 

COjEt CHj 
COjEt Et 
C02Et 
COJCH3 
COjEt 
Ph 
COjEt 
COjCHjPh 
CONHPh 
COjEt 

H Ph 
H Ph 
H Ph 

12a F COjCHa 
12b F COjEt 
12c F C02Et 
17a F Ph 
17b F Ph 
17c F Ph 
17d F 4-CNPh 

F CH3 
24a F Ph 
24b F 2-pyridyl H 
24c F 3-pyridyl H 
24d F 4-pyridyl H 

F H 

77 100-1 7a 
oil* 88 7b 

HO 

XT i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
t-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 

oil* 100 7c 
oil* 90 HO. 
oil* 95 'COjlBu 

oil4 90 0 F ,  p. & r  0. 127-8 d-g 81 
N oil' 60 \J VJ 86 164-5 

75 oil' Ph' Pn '  CONHPh CONHPh 

CH3 oii« 66 19 
H oil'. 

120-2 
32 { + )•  3 3  85 

70 
O • |  93 oil* OH A '(a) CH3'^sON/ir P h >  2LDA. MgBrj.-TS 'C; (b) NaOCHj: 95 oil' 

Ph 90 oil' 28 Ph 
Ph "All compounds possessed lH NMR and IR spectra consistent 

with assigned structure. 4 Combustion analyes within ±0.4% of 
theoretical unless otherwise noted. 'This compound was purified 
by chromatography, but not analyzed before use in the next step. 

PU 
il-

(c) *^sOlBu (d) EtjB, NaBH; (e) H202. CH3OH; (1) NaOH; (g) PhCHa, rellux. 

projsane" and deprotection (Scheme VI, method E). Fi
nally, the 3,4-dichloro, 3,4-dibromo, and 3-trifluoroacetyl 
analogues (30a-c) were prepared from 1 by protection of 
the 4,-hydroxyl as the iert-butyldimethylsilyl ether, fol
lowed by electrophilic substitution on the pyrrole ring15 

and deprotection with n-Bu^NF buffered with acetic acid 
(Scheme VII). The assignment of the regiochemistry of 
30c was made in a manner analogous to 11c and lid. 

Chiral lactone (+)-33 was prepared by application of the 
asymmetric aldol procedure developed by Braun (Scheme 

VIII).16 Thus, reaction of aldehyde 17c with the mag-
nesium enolate of (<S}-(+)-2-acetoxy-l,l,2-triphenylethanol 
afforded alcohol 31 in 60% yield and 97% ee. Trans-
esterification (NaOCHs, CH30H) followed by Claisen 
condensation with excess lithio terf-butylacetate produced 
6-hydroxy-|(3-keto ester 32 in 75% yield. After reduction 
with £(36 and NaBH^ base hydrolysis, and lactonization, 
(+)-33 was isolated as a 98:2 mixture of stereoisomers. 
Fortuitously, the d,l pair selectively crystallized from ethyl 
acetate-hexanes and pure (+)-33 ([aj^o = +24.53°, 0.53% 
in CHCI3) could then be isolated from the mother liquors 
as a foamy solid.17 

(13) Broadbent, H. S.; Burnham, W. S.; Olsen, R. K.; Sheeley, R. 
M. J. Heterocycl. Chem. 1968, 5, 757-67. 

(14) Suzuki, E.; Inone, S.; Goto, T. Chem. Pharm. Bull. 1968, 16, 
933-8. 

(15) Aiello, E.; Dattolo, G.; Cirrincione, G.; Almerico, A. M.; D'As-
dia, I. J. Heterocycl. Chem. 1982, 19, 977-9. (16) Braun, M.; Devant, R. Tetrahedron Lett. 1984, 5031-4, 

i'v* 
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Table III 

XT 
HO 

X r a N>^R3 

\ /i 
c B; R2 

relative 
ICjQ,* MM potency* mp, ®C X Ra formula" R» R2 no. 

CaoHwFNOa 
QnHsNOj 
CMH3INOJ 
C29H33NO5 
CMH^FNOT 
C^HMFNO, 
(WNO* . 
CsH^FNOs 
QHH^FNOJ 
CjjHaFNjO, 
CJUHJIFNJOJ 
C«HMFNO3 
CMHMFNO, 
CaHnFNjOj 
CJJHMFNJO, 
CjjHajFNjOj 
CMHMFNOJ 
CJOHJJCIJFNOJ 
CajHjjBrjFNOj 
CnHnF^NOf 
QOHBFNA 
CMHMFNA 

F H t-Pr 105-6 0.23 10.9 ; 1 H 
oil H COjEt 

COjEt 
COjEt 
C02CH3 

COjEt 

COjEt 
COjCHjPh 
CONHPh 
COjEt 

CH3 3a Ph 4.0 0.6 
3b Et 66-8 H Ph 0.89 6.3 

i-Pr 
i-Pr 
»-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 

157-9 
169-170 
121-3 
158-9 
159-160 
174-5 
104-110 

3c H Ph 0.17 23.5 
3d COJCHJ 

COjEt 
COjEt 

F 0.180 14.3 
3e F 0.35 2.8 
3f Ph F 0.050 100 

F Ph 3g 0.20 35.5 
3h F Ph 0.040 

0.025 
0.280 
0.140 
0.347 
0.046 
0.071 
0.310 
0.120 
0.028 
0.028 
0.800 
0.007 
0.440 
0.030 

24.0 
Ph (±)-3i F 81.4 

oil 4-CN-Ph 3) F 16.2 
oil CH3 F CH3 16.0 3k 
oil H F Ph 31 12.5 ;$ 
186-7 H F 2*pyridyl 

3-pyridyl 
4-pyridyI 

76 3m 
70-4 F H 9.4 3n 

F H 174-6 
135-6 
129-131 

2.1 3o 
F Ph H 36.3 3p 

CI F CI 78.6 30a 
Br 141.2 30b F 78.6 Br 

oil 8.8 F COCFj H 30c 
500 F CONHPh 

CONHPh 
foam 
foam 

(+)-33 
H-33 

Ph 
13.9 F Ph 

100 compactin 
9 Analytical results are within ±0.4% of theoretical values except where otherwise noted. 4 Co A reductase inhibition (COR) screen; a 

measure of the direct conversion of D,L-{HCIHMG-COA to mevalonic acid. Assays of each inhibitor were performed at four concentrations 
in triplicate. The precision for compactin was 37%. See ref 7 for experimental details. 'Calculated as follows: (ICM of compactin/ICH of 
test compound determined simultaneously) X 100. Compactin arbitrarily assigned a value of 100. 

nificantly by increasing the size of the 4-substituent 
(compare 3h, 31, and 3g with 31). Potency was also in
creased when the 3-phenyl was replaced with a 3-(2-
pyridyl) moiety (compound 3ra). The 3-(3- and 4-pyridyl) 
isomers (3n and 3o) were equipotent to-phenyl (31). In
troduction of the electron-withdrawing cyano group into 
the 4-position of the 3*phenyl (3j) led to a slight reduction 
in potency. Finally, as others have reported, in the case 
of 3i essentially all of the biological activity was contained 
in the dextrorotatory stereoisomer ((+)-33 vs 3i).6b We • 
speculate that the activity found in (-)-33 (97.8% pure) 
is derived from the 2% contamination with (+)-33. 

An attempt was made to confirm these observations with 
a quantitative structure-reactivity relationship (QSAR) 
analysis. In the early stages of the development of the 
series, there was an indication that size, as parameterized 
by MR of the combined 3- and 4-substituents, as well as 
electronic-withdrawing character might' be possible con
tributors to activity and this preliminary analysis partially 
guided further synthesis. Synthetic constraints precluded 
the preparation of an optimally designed set, however, and 
the set of compounds described in this paper did not ul
timately support the derivation of a significant Hansch 
equation including these parameters. Furthermore, 
available parameters for electronic and lipophilic effects 
of these highly hindered functional groups are likely to be 
seriously inaccurate. Nevertheless, the trends observed 
from plots and single parameter correlations supported the 
observation that a size benefit exists, but derives mainly 
from the 4«substituent, as opposed to the 3-substituent. 
Polar functionality can be tolerated in this region, although . 
there is a suggestion that lipophilicity may ultimately play ttji 

Alternatively, relatively pure (+)- and (-)-33 could be 
obtained by preparation of the corresponding diastereo-
meric (ft)-rt-methylbenzylamides, separation by prepara
tive HPLC, hydrolysis, and relactonization.8b This process 
afforded 94.6% pure (+)-33 ([«]23D = +25.5°, 0.51% in 
CHCI3) and 97.8% pure (-)-33 {[0]% = -24.8°, 0.51% in 
CHCI3). 

Biological Results and Discussion 
The compounds listed in Table III were all hydrolyzed 

to the corresponding dihydroxy acid sodium salts and 
evaluated for their ability to inhibit a partially purified. 
preparation of rat liver HMG-CoA reductase.3 Two con
clusions were readily apparent. The first was the confir
mation of the 5-isopropyl as the preferred substituent 
(compare 3c with 3a and 3b). The second was the sig
nificant increase in in vitro potency found with the in
troduction of certain lipophilic electron-withdrawing 
groups into the 3 and 4 positions of the pyrrole ring (e.g., 
CI or Br, compare 1 with 30a and 30b), such that, these 
compounds displayed potency equivalent to compactin. 
This effect did not hold for the esters or ketones (CC^Me, 
COaEt, COCF3, compounds 3d, 3e, 30c), except when 
combined with a phenyl (compounds 3f, 3h, and 3i). There 
also appeared to be a positional effect, since the 3-carb-
ethoxy-4-phenyl analogue (3f) was 4 times more potent 
than the 3-phenyl-4-carbethoxy analogue (3g). In vitro 
activity for the 3-phenyl analogues were improved sig-

1 
f 

j 

J 

(17) A similar sequence was employed by Lynch et al.: Lynch, J. 
E.; Volante, R. P.; Wattley, R. V.; Shinkai, I. Tetrahedron 
Lett. 1987,1.785-8. 
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' mL of absolute ethanol was stirred and heated at reflux for 48 
h. The cooled solution was diluted with ether (500 mL), washed 
with water (50 mL), 2 M HC1 (2 X 50 mL). saturated aqueous 
bicarbonate (50 mL), and brine (50 mL), and dried. Flash 
chromatography (silica gel, 10:1 v/v hexane-ethyl acetate) pro
v i d e d  3  g  ( 3 6 % )  o f  6 b :  9 0 - M H z  N M R  ( C D C l j )  6  0 . 9 8  ( t ,  3  H ,  J  
=  7  H z ) ,  1 . 3 4  ( t ,  3  H ,  J  =  7  H z ) ,  1 . 8 5  ( m ,  2  H ) ,  3 . 0 8  ( q ,  2  H ,  J  
= 7 Hz), 3.7-4.1 (m, 8 H), 4.60 (t, 1 H, J *= 4 Hz), 7.1 (s, 5 H), 
7.22 (s, 5 H) ppm. 

Ethyl 2'Et}iyM-[l-(3-oxopropyl)]*4,5-diphenyM.£r» 
pyrrole-3-carboxylate (7b). A solution of 6b (2.4 g, 5.7 mmol) 
in 100 mL of absolute ethanol containing 1 drop of concentrated 
HC1 was stirred and heated at reflux for 24 h. The cooled solution 
was concentrated and dissolved in 125 mLof4:l acetone-water, 
and 1 g of P-TSA-H20 was added. The resulting solution was 
stirred and heated at reflux for 24 h. The cooled solution was 
concentrated and partitioned between ether and water. The ether 
layer was then washed with saturated aqueous bicarbonate and 
brine and dried. Filtration and concentration afforded 1.9 g of 
7b (88%): 90-MHz NMR (CDCI3) S 1.0 (t, 3 H, «/= 7 Hz), 1.28 
(t, 3 H, J = 7 Hz), 2.58 (m, 2 H), 3.10 (q 2 H, J « 7 Hz), 4.05 (q, 
2 H, J = 7 Hz), 4.2 (m, 2 H), 7.05 (s, 5 H), 7.1-7.4 (m, 5 H), 9.50 
(s, 1 H) ppm. 

Ethyl 3-[(2-(l,3-Dioxolan-2-yl)othyl]amino]-4-methyl-2-
pentanoate (4c). A solution of ethyl isobutyrylacetate (6 g, 42 
mmol) and 2-(2-aminoethyl)-l,3-dioxolane (5.4 g, 46.7 mmol) in 
toluene (50 mL) containing 2 drops of glacial acetic acid was stirred 
and heated at reflux with azeotropic removal of water for 2 h. 
Concentration provided crude 4c which was used without further 
purification. 

Ethyl l-[2-(l,3-Dioxolan-2-yl)ethyl]-2-(l-methylethyl)-
4,5*diphenyl-lff'pyrrole-3-carboxyJate (6c). A mixture of 4c 
(17 g, 80 mmol), benzoin acetate (7o mmol, 19 g), and ZnCl2 (20 
g, 147 mmol) in 100 mL of ethanol was stirred and heated at reflux 
for 2 days. The mixture was cooled to room temperature, poured 
into ether (1L), washed with water (200 mL), 2 M HC1 (100 mL), 
H2O (100 mL), and brine, and dried. Flash chromatography (silica 
gel, 10:1 v/v hexane-ethyl acetate) provided 1.2 g of 6c: 90-MHz 
NMR (CDCI3) t> 0.90 (t, 3 H, J = 7 Hz), 1.45 (d, 6 H, J = 7 Hz), 
1.90 (in, 2 H), 3.45 (septet, 1 H, J = 7 Hz), 3.8-4.1 (m, 8 H), 4.60 
(t, 1 H, J « 4 Hz), 7.0 (s, 5 H), 7.0-7.3 (m, 5 H) ppm. 

Ethyl l-(3-Oxopropyl)-5-(I-methylethylH,5»dipheDyl-lH-
pyrrole-3-carboxyIate (7c). A solution of 6c (1.3 g, 3 mmol) 
and P-TSA-H2O (0.6 g, 3 mmol) in 50 mL of 4:1 acetone-water 
was stirred and heated at reflux overnight. The cooled mixture 
was poured into ether (200 mL), washed with saturated aqueous 
bicarbonate (2 X 50 mL), water (50 mL), and brine (50 mL), and 
dried. Filtration and concentration provided 1.0 g (100%) of pure 
7c which was used without further purification: 90-MHz NMR 
(CDCI3) 4 0.90 (t, 3 H, J = 7 Hz), 1.40 (d, 6 H, J - 7 Hz), 2.55 
(m, 2 H), 3.44 (septet, 1 H, J = 7 Hz), 3.95 (q, 2 H, J • 7 Hz),' 
4.15 (m, 2 H), 7.0 (s, 5 H), 7-7.3 (m, 5 H), 9.43 (s, 1 H) ppm. 

Method B. yV-[2-(l,3-Dioxolan-2«yl)ethyl3-DL-valine, 
Methyl Ester (9). A solution of the methyl 2-bromo-3-
methylbutyrate (4.6 g, 23.6 mmol), 2-(2-eininoethyi)-l,3-dioxolane 
(2.9 g, 25 mmol), and triethylamine (3.5 mL, 25 mmol) in 25 mL 
of acetonitrile was stirred and heated at'reflux for 20 h. Hie cooled 
solution was poured into ether (500 mL) and extracted with 2 M 
HC1 (2 x 50 mL). The aqueous layer was made alkaline with 25% 
aqueous NaOH and extracted with ethyl acetate (2 X100 mL). 
The combined ethyl acetate extracts were washed with brine and 
dried. Filtration and concentration provided 3 g (55%) of 9 as 
a yellow oil: 90-MHz NMR (CDClj) 6 0.93 (d, J - 7 Hz, 6H), 1.70 
(br s, 1 H, 4NH), 1.86 (m, 2 H), 2.60 (m, 3 H), 2.94 (d, J » 6 Hz, 
1 H), 3.68 (s, 3 H), 3.85 (m, 4 H), 4.89 (t, J - 4 Hz, 1 H) ppm. 

A',-[2-(l,3-Dioxolan-2-yl)ethyl]-W-(4-fluorohenzoyl)-DL-
valine (10). To a stirred solution'of 9 (3 g, 13 mmol) and tri
ethylamine (3.6 mL, 26 mmol) in 20 mL of CHjClj, cooled to 0 
aC, was added a solution of 4-fluorobenzoyl chloride (1.65 mL, 
14 mmol) in 10 mL of CH^Clj. The solution was stirred 50 min 
at 0 ®C and 60 min at room temperature. It was then poured into 
ether (200 mL), washed with water (2 x 50 mL), saturated aqueous 
bicarbonate (50 mL), and brine (50 mL), and dried. Flash 
chromatography (silica gel, 1:1 v/v hexane-ethyl acetate) provided 
3 g (65%) of crude (db).methyl A/r-(4-fluorobenzoyl)-N-(2'(2> 
ethyl)-!,3-dioxoIanyljvaline: 90-MHz NMR (CDCI3) <5 0.90, (br 

the dominant role among the simple parameterized effects, 
since Pi^ has one of the best single parameter correlations 
with activity (r = 0.46). Clearly, other factors not readily 
parameterized have equal or larger influence on relative 
activity in this series. The activity of polar-substituted 
analogues is enhanced when the polar group is "insulated1' 
from the enzyme as in 3m vs 3n and 3o. Similarly, the 
better activity of 3f over 3g may derive from the better 
shielding of the polar ester group in the former compound 
by the flanking phenyl groups as opposed to a phenyl and 
isopropyl group in the latter. The activity of the halo-
genated analogues 30a and 30b is better accommodated 
by a lipophilicity effect, rather that a size or dispersion 
effect reflected in MR. Other QSAR analyses of synthetic 
HMG-CoA reductase inhibitors have reached similar 
conclusions about structural variations in this region of 
related molecules.18,19 

In conclusion, although it is still most critical in this type 
to have the optimal substituents flanking the dihydroxy-
glutarate side chain, i.e., 4-fluorophenyl and isopropyl,7 this 
work shows that further modulation and improvement in 
potency at inhibiting HMG-CoA reductase may be ob
tained with a variety of additional substituents capable 
of interacting with an apparently fairly spacious hydro
phobic region distal from the side-chain location. The 
importance of this interaction is further supported by the 
potent inhibition evidenced by other inhibitors which 
possess substituents in this region.1 Preparation of the 
optically pure fl.ft-isomer ((+)-33) of the most potent 
compound in this series (3i) resulted in a compound which 
was 5 times more potent than the fungal metabolite com-
pactin in vitro. Further in vivo studies with (+)-33 will 
be described in subsequent papers from this laboratory. 

Experimental Section 

I 

t 

Unless otherwise noted, materials were obtained from com-
mercial suppliere and were used without further purification. THF 
was distilled from sodium and benzophenone. All organic extracts 
were dried over MgSO, except when otherwise noted. Melting 
points were determined on a Thomas Hoover melting point ap
paratus and are uncorrected. Infrared spectra were determined 
on a Nicolet MX-1FT-IR spectrophotometer. NMR spectra were 
determined on either a Varian EM-390 spectrometer, or a Vartan 
XL-200 or Bruker 250 MHz instrument. Chemical shifts are 
expressed as parts per million downfleld from internal tetra-
methylsilane. Elemental analyses for carbon, hydrogen, and 
nitrogen were determined on a Perkin-Elmer Model 240C ele
mental analyzer and are within 0.4% of theory unless noted 
otherwise. Optical rotations were determined with use of a 
Perkin-Elmer 241 polarimeter. Routine HPLC analyses were 
performed with use of a Varian 5500 unit equipped with a Reodyne 
7126 loop injector, a Dupont variable wavelength detector, and 
an octadecylsilane (Alltech Cl6 600RP, CH3CN-H2O eluant, 60:40, 
v/v) or silica gel column (Beckman Altex Ultrasphere 5 jim) 
interfaced to Varian 402 data system for computation of peak 
areas. Chiral HPLC analyses were performed with use of a 
Chiracel of 10-pm column (Diacel Chem. Ind., LTD). 

Method A. Ethyl 3-{2-(l,3-0ioxolan-2-yl)ethyllamino-2-
pentenoate (4h). A solution of methyl propionylacetate (12.55 
mL, 100 mmol), 2-(2-aminoethyl)-li3-dioxoLane6 (12.3 g, 105 mmol) 
and one drop of glacial acetic acid was stirred and heated in 
refluxing toluene (200 mL) for 2 h with azeotropic removal of 
water. The cooled solution was concentrated to provide 24 g of 
pure 4b, which was used without further purification. 

Ethyl 2-Ethyi-l-[2-(l,3-dioxolan-2-yl)ethyl]-4l5-diphenyl-
1 H-pyrrole-3-carboxylate (6b). A mixture of benzoin (4.25 g, 
20 mmol), 4h (5.44 g, 22 mmol), and ZnCit (6 g, 44 mmol) in 50 

(18) Aggsrwal, D.; Saha, R. N.; Gupta, J. K.; Gupta, S. P. J. 
Pharmacobio-Dyn. 1986,11, 591. 

(19) Prabhakar, Y. S.; Saxena, A. K.; Doss, M. J. Drug Des. Deliu. 
mi, 4,91. 
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triethylamine. The resulting mixture was cooled to 0 0C under 
dry nitrogen. A solution of U mL (105 mmol) of isobutyryl 
chloride in 50 mL of CHjClj was slowly added with stirring. After 
addition was complete, the mixture was stirred for an additional 
1 h and then poured into 100 mL of ether. The ether solution 
was washed successively with water (25 mL), 2 M HCJ (25 mL), 
saturated aqueous bicarbonate (25 mL), and brine (25 mL), and 
dried. Filtration and evaporation of the solvents yielded 35 g of 
a-([2-(l,3-dioxolan-2-yl)ethyl](2-methyl-l-oxopropyl)amin&]-4-
fluorobenzeneacetic acid, ethyl ester: 90-MHz NMR (CDCI3) <5 
1.2 (m, 9 H), 1.7 (m, 2 H), 2.85 (m, 1 H), 3.35 (m, 2 H), 3.80 (m, 
4 H), 4.20 (q, 2 H, J = 7 Hz), 4.60 (t, 1 H, J = 4.5 Hz), 5.81 (s, 
1 H), 6.8-7.3 (m, 4 H) ppm. 

A solution of this ester (35 g) and 12 g (300 mmol) of NaOH 
in 480 mL of 5:1 methanol-water was stirred and heated at reflux 
for 2 h. The solution was cooled to room temperature, concen
trated, and diluted with 500 mL of water. The resulting solution 
was extracted with ether. The aqueous layer was then acidified 
with ice-cold 6 M HC1 and extracted with ethyl acetate (2 X 300 
mL). 

The combined ethyl acetate extracts were washed with brine, 
dried, filtered, and evaporated to yield 30 g of crude 15 as a gum 
which was used without further purification: 90-MHz NMR 
(CDCI3) 5 1.11 (d, 6 H, J = 7 Hz), 1.4-1.9 (m, 2 H), 2.85 (m, 1 
H), 3.32 (m, 2 H), 3.75 (m, 4 H), 4.52 (t, 1 H, J = 4.5 Hz), 5.73 
(s, 1 H), 6.8-7.3 (m, 4 H) ppm. 

l-[2-(l,3-Dioxolan-2-yl)ethyl]-5-(4-fluorophenyl)-2-(l-
methylethyl)-Ar,4-diphenyl-li?-pyrrole-3-carboxaraide (16b). 
A solution of 95 g (280 mmol) of 15 and 98 g (439 mmol) of 
iV,3-diphenylpropynamide21 in acetic anhydride (200 mL) was 
heated at 90 0C with stirring for 4 h (vigorous gas evolution). The 
mixture was then cooled to room temperature, concentrated, and 
chromatographed twice on silica gel (4:1 v/v hexane-ethyl acetate) 
to separate the product (R( = 0.35,4:1 hexane-ethyl acetate) from 
the N,3-diphenylpropynamide (Rf = 0.5). Recrystallization of the 
product from isopropyl ether provided 59.5 g (119 mmol) of 16b 
as colorless crystals: mp 159-162 0C; 200-MHz NMR (CDC13) 
6 1.54 (d, 6 H, J = 7 Hz), 1.91 (m, 2 H), 3.60 (septet, 1 H, J -
7 Hz), 3.7-4.1 (m, 6 H), 4.74 (t, 1 H, J = 4.3 Hz), 7.0-7.3 (m, 15 
H); IR (KBr) 3400,1658,1596,1530 cm-1. Anal. C, H, N. 

5-(4-Fluorophenyl)-2-(l-methylethyl)-l-(3-oxopropyl)* 
A^-diphenyMif-pyrrole-S-carboxaniide (17c). A solution 
of 59 g (118 mmol) of 16c and 0.4 mL of concentrated HC1 in 1200 
mL of absolute ethanol was heated under reflux with stirring for 
24 h. The mixture was cooled to room temperature and con
centrated and the residue taken up in 3:1 acetone-water (1200 
mL). p-TSA-H30 (5 g) was added. This mixture was heated 
under reflux with stirring for 2 days, cooled to room temperature, 
and partitioned between ether (1000 mL) and brine (200 mL). 
The organic layer was separated, washed successively with sat
urated aqueous bicarbonate (2 X 200 mL). and brine (100 mL), 
dried, filtered, and concentrated. The resulting oil was dissolved 
in the minimum amount of hot isopropyl ether, and the crystals 
which formed upon cooling were collected by filtration to yield • 
36.8 g (81 mmol) of 17c, mp 164-5 0C. A further crop of 9.8 g 
was obtained from the mother liquor: 200-MHz NMR (CDCI3) 
61.52 (d, 6 H, J = 7 Hz), 2.68 (br t, 2 H, J = 4 Hz), 3.63 (septet, 
1 H, J = 7 Hz), 4.27 (br t, 2 H, J = 4 Hz), 6.86 (br s, 1 H), 7.0-7.2 
(m, 14 H), 9.60 (s, 1 H); IR (KBr) 3400, 2966,1720,1673,1596, 
1511cm"1. Anal. C.H.N. 

Methyl 7-[2-(4-Fluorophenyl)-5-(l-methylethyl)-3-
phenyl-4-[(pheny]aniino)carbonyl]-liI.-py*,rol-l-yl]-3-
hydroxy-5-oxo-l-heptanoate. A solution of methyl acetoacetate 
(26.4 mL, 243 mmol) in 250 mL of anhydrous THF was added 
dropwise to a stirred suspension of hexane-washed sodium hydride 
(6.4 g, 267 mmol) in 200 mL of THF at 0 "C. When gas evolution 
was complete, 97.2 mL of a 2.5 M solution of n-butyllithium in 
hexanes was added dropwise over 1 h. 

The resulting solution was stirred for 30 min at 0 0C and cooled 
to -78 0C, and a solution of 36.8 g (81 mmol) of 17c in 100 mL 
of THF was added over a period of 30 min. The resulting solution 
was stirred for 30 min at -78 0C, then warmed to 0 0C, and held 
for an additional 1 h. 

Inhibitors of Cholesterol Biosynthesis. 3 

d, J - 7 Hz, 6 H), 1.8-2.5 (m, 3 H), 3.45 (br dd, J = 6, 8 Hz, 1 
H), 3.72 (s, 3 H), 3.80 (m, 6 H), 4.80 (m, 1 H), 6.9-7.5 (m, 4 H) 

8 
d 

ppm. 9 

A solution of this methyl ester (1 g, 2.83 mmol) and NaOH (0.4 
g, 10 mmol) in 10 mL of 4:1 methanol-water was stirred and 
heated at reflux for 3 h. The cooled solution was diluted with 
water and extracted with ether. The aqueous layer was acidified 
with 6 M HC1 and extracted with ethyl acetate (2X), The com
bined ethyl acetate extracts were washed with brine and dried. 
Filtration and concentration provided 0.96 g (2.8 mmol) of 10 as 
a gum: 90-MH8 NMR (CDCI3) 5 0.85 (m, 6 H), 1.8 (m, 2 H), 2.5 
(m, 1 H), 3.3-3.9 (m, 7 H), 4.6 (m, 1 H), 6.8-7.4 (m, 4 H) ppm. 

Dimethyl l-[2-(l,3-Dioxolan-2-yl)ethyl]-2-(4-nuoro-
pheiiyl)-5-(l-methylethyl)-lJ7-pyrrole-3,4-dicarboxyIate 
(11a). Dimethyl acetylenedicarboxylate (1.3 mL, 10.6 mmol) was 
added to a solution of 10 (1.8 g, 5.28 mmol) in 10 mL of acetic 
anhydride at room temperature. Carbon dioxide evolution began 
immediately. The solution was stirred a further 2 h, concentrated 
to remove excess dimethyl acetylenedicarboxylate and solvent, 
and then filtered through silica gel. This provided 2 g (89 %) of 
Ua as a colorless solid. Recrystallization from isopropyl ether-
hexane afforded colorless crystals: mp 143-146 "C; IR (KBr) 1719, 
1449,1241,1209,1178, 945 cm"1; 200-MHz NMR (CDC13) 6 1.35 
(d, J = 7 Hz, 6 H), 1.80 (m, 2 H), 3.18 (septet, J - 7 Hz, 1 H), 
3.56 (s, 3 H), 3.7 to 4.0 (m, 6 H), 3.83 (s, 3 H), 4.64 (t,«/ = 4 Hz, 
1 H), 7-7.3 (m, 4 H) ppm. Anal. C, H, N. • 

Dimethyl 2-(4-Fluorophenyl)-5-(l-raethylethyl)-l-(3-oxo-
propyl)-lXr-pyrrole-3,4-dicarboxylate (12a). A solution of 11a 
(0.5 g, 1.18 mrpol) and p-TSA-HjO (0.23 g, 1.2 mmol) in 12 mL 
of 5:1 acetone-water was stirred and heated at reflux for 48 h. 
The cooled solution was concentrated, diluted with ether (200 
mL), washed with saturated aqueous bicarbonate (2 X 50 mL) 
and brine (50 mL), and dried. Flash chromatography on silica 
gel (4:1 v/v hexane-ethyl acetate) provided 0.4 g (90%) of pure 
12a: 90-MHz NMR (CDCI3) 6 1.35 (d, J = 7 Hz, 6 H), 2.61 (t, 
J = 7 Hz, 2 H), 3.18 (septet, J = 7 Hz, 1 H), 3.53 (s, 3 H), 3.81 
(s, 3 H), 4.03 (t, J = 7 Hz, 2 H), 6.9-7.3 (m, 4 H), 9.45 (s, 1 H) 

h 

; 
; 

) 
d 
i 

s 
s 
r 
d 

8 

3 

2 

d 

i 
1 

a 
ppm. z 

Ethyl l-[2-(l,3-Dioxolaii-2-yl)ethyl]-2-(4-fluorophenyl)-
5-(l-methylethyl)-4-phenyl-ljj-pyrrole-3-carboxylate (11c). 
A mixture of 10 (3.0 g, 8.8 mmol), acetic anhydride (15 mL), and 
ethyl phenylpropiolate (3.0 g, 17.6 mmol) was stirred at 110 0C 
for 5 h. The solution was then cooled and the excess acetic 
anhydride removed under vacuum. The residual dark oil was 
purified by flash chromatography on silica gel (4:1 v/v ethyl 
acetate-hexane). The product solidified on standing and was 
recrystaJlized from ether-hexane. The first crop gave 2.2 g (30%) 

0 

) 

r 
e 
s 
d 

of pure 11c: 90-MHz NMR (CDC13) 6 0.65 (t, 3 H, J = 7 Hz), 
1.10 (d, 6 H, J = 7 Hz), 1.7-2.0 (m, 2 H), 3.00 (septet, 1 H, J = 
7 Hz), 3.6-4.0 (m, 8 H), 4.60 (t, 1 H, J = 4 Hz), 6.9-7.4 (m, 9 H) 

e 
I 

ppm. 
Method C. Ethyl a-[[2-(l,3-Dioxolan-2-yl)ethyl]amino]-

4-fluorobenzeneacetate (14). A solution of 26 g (220 mmol) 
of 2-(2-aminoethyl)*l,3-dioxoIane in 50 mL of acetonitrile was 
added at room temperature with stirring to a solution of 52 g (200 
mmol) of ethyl a-bromo-4-fluorobenzeneacetate20 and 42 mL (300 
mmol) of triethylamine in 350 mL of acetonitrile. The resulting 
mixture was stirred at room temperature overnight and then 
poured into ether (500 mL). The suspension which resulted was 

e 

i 
1 

washed with water (300 mL) and 2 M HC1 (2 X 300 mL). The 
combined acidic extracts were made alkaline with 25% aqueous 
NaOH and extracted with ethyl acetate (2 X 500 mL). The ethyl 
acetate extracts were combined, washed successively with water 
and brine, and dried. Filtration and concentration yielded 49.5 

i 
s 

g (82.5%) of 14 as an oil: 90-MHz NMR (CDCI3) 5 1.18 (t, 3 H, 
J =7 Hz), 1.85 (m, 2 H), 2.20 (br s, 1 H), 2.6 (m, 2 H), 3.85 (m, 
4 H), 4.1 (q, 2 H, J - 7 Hz), 4.22 (s, 1 H), 4.83 (t, 1 H, J = 4.5 
Hz), 6.8-7.3 (m, 4 H) ppm. 

e-[[2-(I,3-Dioxolan-2-yl)ethyl](2-methyl-l-oxopropyl)-
amiDo]-4-i1uorobenzeneacetic Acid (15). 14 (30 g, 100 mmol) 
was dissolved in ,200 mL of CH2CI2 with 28.6 mL (205 mmol) of 

) 

s 

(20) Epstein, J. W.; Brabander, H. J.; Fanshawe, W. J.; Hofmann, 
C. M.; McKenzie, T. C.; Safir, S. R.; Osterberg, A. C.; Cosulich, 
D. B.; Lovell, F. M. J. Med. Chem. 1981, 24, 481-90. 

i 

(21) Cabre, J.; Palomo, A. L. Synthesis 1984, 413-7. r 
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The mixture was then acidified by the dropwise addition of 
300 mL of ice-cold 3 M HC1, diluted with ether, washed with water 
and brine, dried, filtered, and evaporated. Flash chromatography 
on silica gel (3:1 v/v hexane-ethyl acetate) yielded 37.9 g of methyl 
7-[2-(4-fluorophenyl)-5-(l-methylethyl)*3-phenyl-4-((phenyl-
amino)carbonyl]-lH-pyrrol-l-yl]-5-hydroxy-3-oxo-l-heptanoate: 
90-MHZ NMR (CDCI3) 5 1.50 (d, 6 H, J = 7 Hz), 1.8 (m, 2 H), 
2.45 (d, 2 H, J = 7 Hz), 2.8 (br s, 1 H), 3.33 (s, 2 H), 3.5 (m, 1 
H), 3.67 (s, 3 H), 3.8-4.0 (m, 2 H), 6.8-7.3 (m, 14 H) ppm. 

(±).iraDS-5-(4-Fluorophenyl)-2-(l-methylethyl)-N',4-di-
pheiiyM-[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran-6-yl)-
ethyl^-lH-pyrrole-S-carboxamide (3i). Air (60 mL) was 
bubbled via a syringe through a solution of methyl 7-(2-(4-
f]uorophenyl)-5-(l-methylethyl)-3-phenyl-4-[(phenylamino)-
carbonyl]-lH-pyrrol-l-yl]-5-hydroxy-3-oxo-l-heptanoate (48 g, 
84 mmol) and 92.5 mL of a 1 M THF solution of tributylborane 
in 100 mL of anhydrous THF. The mixture was stirred overnight 
at room temperature and then cooled to -78 0C. Sodium boro-
hydride (3.85 g, 102 mmol) was added to the cooled mixture in 
one portion. The vigorously stirred suspension was allowed to 
warm slowly to 0 0C over 3 h (vigorous gas evolution ensued). 

The dry ice-acetone bath cooling the reaction vessel was re
placed by an ice bath and 18.3 mL of glacial acetic acid was added 
dropwise, followed by 204 mL of 3 N NaOH and 30.5 mL of 30% 
aqueous HJOJ. 

The mixture was vigorously stirred and allowed to warm to 
room temperature overnight. The mixture was partitioned be
tween ether and water. The aqueous layer was separated, acidified, 
and extracted with ethyi acetate (2x). 

The ethyl acetate extracts were washed with brine, dried, and 
evaporated to yield crude (fi*,fi*)-3I5-dihydroxy-7-[(4-fluoro-
phenyl)-5-(l-methylethyl)-3-phenyl-4-((phenylamino)-
carbonyl]-ltf-pyiTol-l-yl]-I-heptanoic acid which was used without 
further purification. 

The crude acid was taken up in toluene and heated at reflux 
for 6 h with azeotropic removal of water. Chromatography (silica 
gel, 1:1 v/v hexane-ethyl acetate) provided 30 g of 3i as a foamy 
solid, mp 90-97 0C. 

This material was found by HPLC analysis to be a 9:1 mixture 
cis and trans isomers. Recrystallization from toluene-ethyl acetate 
yielded essentially pure trans 3i: mp 148-9 "C; 200-MHz NMR 
(CDC!3) 6 1.52 (m, 6 H), 1.6-2.0 (m, 4 H), 2.48 (br s, 1 H), 2.51 
(m, 2 H), 3.55 (septet, 1 H, J = 7 Hz), 4.0-4.2 (m, 2 H), 4.29 (m, 
1 H), 4.52 (m, 1 H), 6.90 (br s, 1 H), 7.0-7.3 (m, 14 H) ppm; IR 
(KBr) 3400, 1734, 1654, 1597,1511 cm"1. Anal. C, H, N. 

Phenylraethyl l-[2-(l,3-Dioxolan-2-yl)ethyl]-5-(4-f]uoro-
pheny))-2-{l-methylethyl)-4-pheiiyl-lH -pyrrole-3-
carboxylate (16a). A solution of 15 (10 g, 29 mmol) and benzyl 
phenylpropiolate (7.7 g, 44 mmol) was stirred and heated in 30 
mL of acetic anhydride at 90 0C for 6 h. After cooling to room 
temperature, the solution was concentrated, diluted with ether, 
washed with water, saturated aqueous bicarbonate, and brine, 
and dried. Flash chromatography on silica gel (10:1 v/v hex
ane-ethyl acetate) provided 5.9 g (45%) of crude 16a. Recrys
tallization from isopropyl ether provided 4.8 g of colorless 16a: 
mp 158-9 0C; IR (KBr) 1683 cm"1; 200-MHz NMR (CDCI3) 5 0.93 
(t, 3 H, J « 7 Hz), 1.48 (d, 6 H, J = 7 Hz), 1.93 (m, 2 H), 3.50 
(septet, 1 H, J = 7 Hz), 3.7-4.1 (m, 8 H), 4.71 (t, 1 H, J = 4.4 Hz), 
6.95-7.2 (m, 9 H) ppm. Anal. C, H, N. 

Method D. l-[2-(l,3-Dioxolan-2-yl)ethyl]-2-(4-fluoro-
phenyl)-3,4-dimethyl-5-(l-methylethyl)-lfr-pyrroIe (18). A 
solution of I la (1.0 g, 2.37 mmol) in 5 mL of CH2CI2 was added 
dropwise to a stirred suspension of lithium aluminum hydride 
(0.3 g, 7.4 mmol) in 20 mL of ether at room temperature. When 
addition was complete, the mixture was heated to reflux for 30 
min, cooled to room temperature, and quenched by dropwise 
addition of water (0.3 mL), 25% aqueous NaOH (0.2 mL), and 
water (0.9 mL). After stirring vigorously for 30 min, the mixture 
was filtered and washed well with CH^Clj. The filtrated was dried, 
filtered, and concentrated, providing 0.78 g (90%) of pure diol. 

Trifluoroacetic acid (5.2 mL, 67 mmol) was added to a stirred 
solution of the diol (1.23 g, 3.4 mmol) and triethylsilane (1.2 mL, 
7.5 mmol) in 10 mL of CH2C12 cooled to 0 0C under dry nitrogen. 
The solution was stirred for 2 h at 0 "C before warming to room 
temperature for 1 h. It was then poured into 300 mL of 50:50 
ether-hexane and washed with saturated aqueous bicarbonate 

Roth et al. 

(3 X 50 mL) and brine (50 mL), and dried. Flash chromatography 
on silica gel (10:1 v/v hexane-ethyl acetate) provided 0.80 g (71 %) 
of 18 as an oil: 90-MHz NMR (CDC13) 5 1.32 (d, 6 H, J = 7 Hz), 
1.7-1.9 (m, 2 H), 1.86 (s, 3 H), 2.07 (s, 3 H), 3.10 (septet, 1 H, J 
= 7 Hz), 3.7-4.0 (m, 6 H), 4.58 (t, 1 H, J = 4 Hz), 6.9-7.3 (m, 4 
H) ppm. 

Method E. Methyl 4-Methy]-3-oxo-2-(phenyl-
methylene)pentanoate (21a). A mixture of methyl iso-
butyrylacetate (144 g, 1 mol), benzaldehyde (116 g, 1.1 mol), 
piperidine (4 mL), and HOAc (12 mL) in 200 mL of toluene was 
stirred and heated at reflux with azeotropic removal of water for 
3 h. The solution was cooled, poured into ether (1 L), washed 
with 1M HC1 (200 mL), saturated aqueous bicarbonate (200 mL), 
and brine, and dried. Concentration and distillation (bp 127-130 
cC/l mmHg) provided 186.6 g (80%) of 21a as a mixture of 
diastereomers (isomer 1, major ~70%): 90-MHz NMR (CDCI3) 
5 0.98 (d, 6 H, J = 7 Hz), 2.58 (septet, 1 H, J = 7 Hz), 3.70 (s, 
3 H), 7.28 (s, 5 H), 7.68 (s, 1H) ppm. Isomer 2: 90-MHz NMR 
(CDCI3) 6 1.14 (d, 6 H,«/ « 7 Hz), 3.14 (septet, 1 H, J = 7 Hz), 
3.70 (s, 3 H), 7.80 (s, 5 H), 7.48 (s, 1 H) ppm. 

l-(4-Fluorophettyl)-5-raethyl-2-phenyl-l14-hexanedione 
(22a). Toasolutionof21a(376g, 1.62mol),4-fluorobenzaldehyde 
(201 g, 1.62 mol), and EtaN (158 mL) in a 3-L three-neck 
round-bottom flask with an air-driven stirrer was added 2-(2-
hydroxyethyl)-3*methyl-4-benzylthiazolium chloride (65.5 g, 243 
mmol). The mixture was stirred and heated at 70 0C for 24 h. 
After cooling to room temperature, the mixture was diluted with 
ether (3 L), washed with water, dilute HC1, saturated aqueous 
bicarbonate, and brine, and dried. The crude oil which remained 
after filtration and concentration was dissolved in THF (1500 mL) 
and added to a solution of NaOH (130 g) in 750 mL of water. The 
mixture was vigorously stirred overnight, acidified (pH 5) with 
6 N HC1, and extracted with ether. The ether layer was washed 
several times with 3 N NaOH and water (to remove a low R/, base 
soluble material) and brine and dried. The crude material was 
filtered through silica gel (100 g) and concentrated. It was then 
Kugelrohr distilled in two portions to afford 314 g (66%) of 22a: 
bp 145 0C (0.3 mmHg) IR (film) 1711,1684,1600 cm"1; 200-MHz 
NMR (CDCI3) 6 1.08 (d, 3 H, J = 7 Hz), 1.13 (d, 3 H, J = 7 Hz), 
2.65 (septet, 1 H, J = 7 Hz), 2.77 (dd, 1 H, J = 18, 4 Hz), 3.63 
(dd, 1 H, J = 18,10 Hz), 5.07 (dd, 1 H, J = 10, 4 Hz), 7.10 (m, 
2 H), 7.27 (m, 5 H), 7.98 (m, 2 H) ppm. 

l-(3,3-Diethoxypropyl)-2-(4-nuorophenyl)-5-(l-methyl-
ethyl)-3-phenyMfif-pyrrole (23a). To a solution of 22a (230 
g, 0.77 mol) in 1 L of toluene was added 3,3-diethoxy-l-amino-
propane19 (176 g, 1.2 mol) at room temperature. The mixture . 
solidified, but dissolution occurred on adding p-TSA-HsO and 
heating to reflux (Dean-Stark) for 24 h. To the cooled solution 
was added 100 mL of absolute ethano! and the mixture concen
trated and filtered through silica gel. The residue on concentration 
was dissolved in the minimum amount of isopropyl ether and 
allowed to crystallize. A first crop of 89 g (mp 84-7 PC) was 
isolated. A further 145 g were isolated as an oil: IR (KBr) 2973, 
1603,1511 cm"1; 200-MHz NMR (CDClj) 61.11 (t, 3 H, J = 7 Hz), 
1.35 (d, 6 H, J = 7 Hz), 1.75 (m, 2 H), 3.04 (septet, 1 H, J = 7 
Hz), 3.2-3.6 (m, 4 H), 3.91 (m, 2 H), 4.27 (t, 1 H, J = 4.4 Hz), 6.20 
(s, 1 H), 7.0-7.4 (m, 9 H) ppm. Anal. C, H, N. 

Methyl 3-(4-Fluoropheiiyl)-3-oxopropanoate. To a sus
pension of dimethyl carbonate (195 g, 2.17 mmol) and hexane-
washed NaH (72g, 3.0 mol) in dry THF (600 mL) at 60 0C was 
added 164 g (1.2 mol) of p-fluoroacetophenone dropwise. The 
reaction was maintained at gentle reflux by adjusting the tem
perature and addition rate (exothermic). After the addition was 
complete, the reaction was heated at reflux for 4 h, then cooled 
to room temperature. 

The reaction was poured carefully into ice cold acetic acid (183 
mL, 3.2 mol) and water (400 mL). The product was extracted 
with ether (2x), and the combined ether layers were washed with 
saturated aqueous bicarbonate, brine and dried. Distillation 
provided 204 g (96%) of desired product (bp 91 oC/0.5 mmHg): 
90-MHz NMR (CDCI3) 6 3.65 (s, 3 H), 3.92 (s, 2 H), 6.82-7.20 (m, 
2 H), 7.57-8.01 (m, 2 H), 12.45 (singlet, 1 H) ppm. 

Methyl 3-(4-Fluorophenyl)-3-oxo-2-(phenylmethylene)-
propanoaie (26). A mixture of methyl, 3-(4-flu6rophenyl)-3-
oxopropionate (100 g, 510 mmol), benzaldehyde (59.5 g, 561 mmol), 
piperidine (2 mL), and acetic acid (6 mL) in toluene (100 mL) 

-
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The residue which remained after filtration and concentration 
was flash chromatographed on silica gel (2:1 v/v hexane-ethyl 
acetate). This provided 0.50 g (35%) of 30a as a colorless solid. 
RecrystaJlization from ether-hexane provided colorless crystals: 
mp 129-131 "C; IR (KBr) ^ 3550, 2990,1711, 1518, 1225, 1160, 
1055,851, 816 cm"1; 200-MHz NMR (CDC13) 5 1.44 (d, J = 7 Hz, 
6 H), 1.8 (m, 4 H), 2.12 (d, J = 3 Hz, 1 H, OH), 2.55 (m, 2 H), 
3.10 (m, 1 H), 4.0 (m, 2 H), 4.30 (m, 1 H), 4.45 (m, 1 H), 7.0-7.4 
(m, 4 H) ppm. Anal. C, H, N. 

(2ii)-trafls-6-[2-[2-(4-FluorophenyJ)-5-(l-methylethyl)-
3-(trifl uoroacetyl)-\H-pyrrol-I-yl]ethy l]tetrahydro«4-
hydroxy-2i?-pyran-2-one (30c). Trifluoroacetic anhydride (0.17 
mb, 1.2 nwnol) was added dropwise to a stirred solution of 29 (0.50 
g, 1.09 mmol) in 2 mL of DMF cooled to 0 0C under nitrogen. 
The light yellow solution was stirred for 1 h at 0 "C, diluted with 
150 mL of 50:50 ether-hexane, washed with saturated aqueous 
bicarbonate (3 X 50 mL), and brine, and dried. Filtration and 
concentration provided a single product which was dissolved in 
5 mL of anhydrous THF and stirred overnight at room tem
perature with 4 equiv of glacial acetic acid and 3 equtv of n-Bu<NF. 
The mixture was then diluted with ether, washed with 2 M HC1 
and brine, and dried. Flash chromatography on silica gel (2:1 v/v 
hexane-ethyl acetate) provided 0.25 g of 30c as an oil: IR (KBr) 
3450,1687, 1609 cm"1; 200-MHz NMR (CDCI3) 6 1.31 (d, 6 H, J 
= 7 Hz), 1.4-2.0 (m, 5 H), 2.6 (m, 2 H), 3.00 (septet, 1 H, J « 7 
Hz), 3.9-4.1 (m, 2 H), 4.33 (m, 1 H), 4.49 (m, 1 H), 6.48 (q, 1 H, 
J = 2.1 Hz), 7.0-7.4 (m, 4 H) ppm. Anal. C, H, N. 

[S-(jR*,S*)]-5-[2-(4-FIuorophenyl)-5-(I-methylethyl)-3-
phenyl-4«[(phenylamino)carbonylJ-l,ff-pyrroI-I-yl3-3-
hydroxy-l-pentanoic Acid, 2-Hydroxy-ll2,2-triphenylethyl 
Ester (31). n-Butyllithium in hexane (285 mL, 2.2 M) was added 
dropwise with stirring to diisopropylamine (92 mL) in THF (300 
mL) at -50 to -60 ®C in a 1000-mL one-neck flask via a dropping 
funnel under nitrogen. The yellow solution was allowed to warm 
to approximately -20 "C, then cannulated into a suspension of 
99 g of (S)-(+)-2-acetoxy-l,lt2-triphenyIethanoI16 in 500 mL of 
anhydrous THF at -70 0C. When addition was complete, the 
reaction mixture was allowed to warm to -10 0C over a period 
of 2 h. Meanwhile, a suspension of 0.63 mol of MgBrj was pre
pared by addition of 564 mL (0.63 mol) of bromine dropwise into 
a suspension of 15.3 g of magnesium (0.63 mol) in 500 mL of THF 
in a 3-L flask equipped with reflux condenser and mechanical 
stirrer. The MgBrj suspension was cooled to -78 0C and the 
enolate solution cannulated into the suspension over 30 min. 
Stirring was continued for 1 h at -78 0C. 17c (150 g) in 800 mL 
of THF was then added dropwise over 30 min. The solution was 
stirred for 1.5 at -78 0C and then quenched with 200 mL of glacial 
acetic acid at -78 ,>C. After warming to 0 0C, 500 mL of water 
were added and the mixture concentrated in vacuo at 40-50 0C. 
1:1 ethyl acetate-heptane (500 mL) was added to the yellow slurry, 
which was then filtered. The filtrate was washed extensively with 
0.5 N HC1, then several times with water, and finally with cold 
(-20 0C) ethyl acetate-heptane (3:1). The light brown crystalline 
product was dried in vacuo at 40 0C, affording 194 g of crude aldol 
product. RecrystaJlization from ethyl acetate at -10 "C yielded 
100 g of 31 (mp 229-230 "C) which analyzed as a 97.4:2.2 mixture 
of the fl,$-:S,$-isomers by HPLC: IR (KBr) 3400, 2961,1716, 
1663,1595,1511,701 cm"1; 200-MHz NMR (CDC13) 6 1.44 (d, 6 
H, J = 7 Hz), 1.5 (m, 2 H), 2.12 (m, 2 H), 2.39 (br s, 1 H) 3.40 
(septet, 1 H, J = 7 Hz), 3.62 (ra, 1 H), 3.81 (m, 1 H), 4.07 (m, 1 
H), 6.63 (s, 1 H), 6.8-7.5 (m, 29 H) ppm: AnaJ. C, H, N. 

Methyl (i?).(+)-5-[2-(4-Fluorophenyl)-5-(l-methyl-
ethyl)-3-phenyl-4-[(phenylamino)carbonyl]-lif-pyrrol-l-
yl]*3-hydroxy-!• pen tanoate. To a suspension of 162 g (0.206 
M) of the triphenylethanediol ester prepared above in 800 mL 
methanol-THF (5:3) cooled to 0 cC was added 11.7 g of sodium 
methoxide. The mixture was stirred until dissolution occurred 
and then put in the freezer overnight. The reaction mixture was 
then allowed to warm to room temperature, quenched with 15 
mL of glacial acetic acid and concentrated in vacuo at 40 <'C to 
obtain an oil, which was partitioned between water (500 mL) and 
ethyl acetate (2 X 300 mL). The combined organic extracts were 
washed with saturated aqueous bicarbonate and brine, dried, and 
filtered and the solvent evaporated. The residue was chroma-
tographed on silica gel (1:4 v/v, ethyl acetate-heptane) to yield 
109 g of the methyl ester as a colorless oil which solidified on 

Inhibitors of Cholesterol Biosynthesis. 3 •  i l .  

was stirred and heated at reflux with azeotropic removal of water 
for 4 h. The solution was cooled and filtered through silica gel 
(600 g) with toluene as eluant. Concentration afforded 127.2 g 
(88%) of 26 as a mixture of E• and Z-isomers: 90-MHz NMR 
(CDCI3) 5 2.22 (s, 3 H, isomer 1), 3.62 (s, 3 H, isomer 2), 6.80-8.11 
(m, 10 H) ppm. 

l-(4-Fluorophenyi)-3-phenyl-5-niethylhexane-l,4-dione 
(27). A mixture of 26 (130 g, 454 mmol), isobutyraldehyde (41 
mL. 454 mmol), E^N (33 mL), and 2-(2-hydroxyethyl)-3-
methyM-benzylthiazolium chloride (24 g, 91 mmol) was stirred 
and heated at 70 0C for 18 h. Additional isobutyraldehyde (6 g) 
was added and stirring continued for a further 6 h. After cooling 
to room temperature, the mixture was diluted with ether, washed 
with 2 M HC1 (2X), saturated aqueous bicarbonate, and brine, 
and dried. The crude product was used without further purifi
cation. 

hy 
7o) 
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To a solution of the crude diketo ester (31 g, 86.9 mmol) in 5:1 s, 
THF-HjO (500 mL) was added NaOH (8 g, 200 mmol) in one R 
portion. A small amount of methanol was added to ensure ho
mogeneity. The reaction was stirred overnight at room tem
perature. The solvent was removed on the rotary evaporator, and 
the residue was dissolved in ether. This was then washed with 
2 M HC1 and brine and dried. Purification by flash chroma-

0, 

l e  
ie 
:k 

tography (9:1 v/v ethyl acetate-hexane) gave 9.0 g (35%) of 27 
as an oil: 90-MHz NMR (CDCI3) 5 0.8 (d, 3 H, J * 7 Hz), 1.2 
(d, 3 H, J « 7 Hz), 2.4-3.0 (m, 1 H), 3.6-4.0 (m, 1 H), 4.4-4.55 
(m, 1 H), 6.8-7.3 (m, 7 H), 7.7-7.9 (m, 2 H) ppm. 

5-(4-Fluoropheny!)-2-(l-methylethyl)-3-phenyl-IH-

i3 
n. 
.h 
is 

pyrrole-l-propanal (28). To a solution of 17 (9.0 g, 30.2 mmol) 
and 3,3-diethoxy-l-aminopropane (6.6 g, 45.3 mmol) in toluene 
(150 mL) was added a catalytic amount of p-TSA-HsO. The 
resulting mixture was heated to reflux with azeotropic removal 
of water (Dean-Stark) overnight. 

The solution was cooled and concentrated, and the residue was 
purified by flash chromatography on silica gel (10:1 v/v ethyl 
acetate-hexane). This provided 2.4 g (19%) of the pyrrole acetal 
as an oil and 7.1 g of recovered 27. The pyrrole acetal was taken 
up in 5:1 acetone-water. Camphorsulfonic acid (0.2 g) was added 
and the solution refiuxed for 18 h. The cooled solution was 
concentrated, diluted with ether, washed with water, bicarbonate, 
and brine, and dried. Flash chromatography on silica gel (9:1 v/v 

d 
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:$ 

n 
1: 

z 
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hexane-ethyl acetate) afforded 1.9 g of 28 as an oil: 90-MHz NMR 
(CDCI3) 6 1.3 (d, 6 H, J = 7 Hz), 2.56 (m, 2 H), 3.22 (septet, 1 
H,J=7 Hz), 4.37 (m, 2 H), 6.1 (s, I H), 6.9-7.5 (m, 9 H), 9.5 (s, 
1 H) ppm. 

(2JS)-trans-4-[[(l,l-Diraethylethyl)9ilyl]oxy]-6-[2-[2-(4-

3  

a 
fIuorophenyI}-5-(I-methylethyl)-IH-pyrrol-I-ylJethylJ-
tetrahydro-2i?-pyran-2-one (29). To a solution of 1 (0.52 g, 
1.5 mmol) and fert-butyldimethylchlorosilane (0.27 g, 1.8 mmol) 
in 5 mL of dry DMF was added imidazole (0.31 g, 4.5 mmol) in 
one portion. The solution was stirred overnight at room tem
perature before partitioning between hexane (100 mL) and water 
(50 mL). The aqueous layer was extracted with two 50-mL 
portions of hexane. The combined hexane extracts were washed 
with water (2 x 25 mL) and brine (25 mL) and dried. Filtration 
through silica gel and concentration provided 0.7 g (100%) of 29 
as a colorless oil: 90-MHz NMR (CDCIa) 5 0.10 (s, 6 H), 0.90 (s, 
9 H), 1.30 (d, J = Hz, 6 H), 1.4-1.8 (m, 4 H), 2.48 (m, 2 H), 2.95 
(m, 1 H), 3.9-4.3 (m, 3 H), 5.85 (d, J = 2 Hz, 1 H), 6.02 (d, J = 
2 Hz, 1 H), 6.8-7.3 (m, 4 H). 

(2i?)'<razis-6-[2-[3,4-Dichloro-2-(4-fluoropheny))-5-(l-

i 
i 

i 
i 
3 

) 

methylethyl)-lff-pyrrol-l-yl]ethyl3tetrahydro-4-hydroxy-
2JH,-pyran-2-one (30a). N-Chlorosuccinimide (6.48 mmol, 0.87 
g) was added in one portion to a stirred solution of 29 (1.49 g, 
3.24 mmol) in dry DMF (10 mL) cooled to 0 0C under dry nitrogen. 
The solution was stirred for 1 h at 0 0C then warmed to room 
temperature over 3 h. This was then diluted with water (50 mL) 
and extracted with ether (2 x 100 mL). The ether extracts were 
diluted with 100 mL of hexane, washed with water (50 mL), 
saturated aqueous bicarbonate (50 mL), 10% aqueous NaHSOs 
(50 mL), and brine (50 mL), and dried. After filtration and 
concentration, the crude product was dissolved in THF (15 mL) 
and treated with glacial acetic acid (0.75 mL, 13 mmol) and n-BuHF 
(9.72 mL of 1 M THF solution). The solution was stirred for 5 
h, diluted with ethyl acetate (100 mL), washed with saturated 
aqueous bicarbonate (2 X 50 mL) and brine (25 mL), and dried. 
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standing. Recrystallization from ether-heptane yielded 73.9. g 
of colorless crystals, mp 125-6 *C; {a)20!) = 4.23° (1.17 M, 
CH3OH); IR (KBr) 3400, 2960,1720,1646,1511,1160, 755 cm 
250-MHz NMR (CDCI3) 5 1.53 (d, 6 H, J = 7 Hz) 1-6-1.7 (m, 2 
H), 2.30 (d, 2 H, J = 6 Hz), 2.88 (br s, 1 H), 3.57 (septet, 1 H, 
J = 7 Hz), 3.67 (s, 3 H), 3.85 (m, 1 H), 3.97 (m, 1 H), 4.15 (m, 
1 H), 6.85 (s, 1 H), 6.95-7.25 (m, 14 H) ppm. Anal. C, H, N. 

1,1-DimethyIethyi (J?)-7-[2-(4-Fluorophenyl)-5-(l-
methylethyl)-3-phenyl-4-[(phenylamino)carbonyl]-lK-
pyrrol-l-yl]-5-hydroxy-3-oxo-l-heptanoate (32). Diiso-
propylamine (75 mL, 550 mmol) was dissolved in THF (250 mL) 
in a 2000-mL three-neck flask equipped with thermometer and 
dropping funnel under nitrogen. The mixture was cooled to -42 
0C and then 200 mL of 2.2 M n-butyllithium in hexane was added 
dropwise over 20 min. After stirring for 20 min, 62 mL (460 mmol) 
of (erf-butyl acetate dissolved in THF (200 mL) was added over 
30 min. This mixture was stirred for 30 min at -40 0C, then a 
further 140 mL of 2.2 M n-butyllithium was added over 20 min. 
When addition was complete, 81 g (153 mmol) of methyl (J?)-
(+)-5-(2-(4-fluorophenyl)-5-(l-methylethyl)-3-phenyl-4-((phen-
ylamino)carbonyl]-l//-pyrrol-l-yl)-3-hydroxy-l-pentanoate in 
anhydrous THF (500 mL) was added as quickly as possible 
without allowing the temperature to rise above -40 ^C. Stirring 
was continued for 4 h at -70 0C. The reaction mixture was 
quenched with glacial acetic acid (69 mL) and allowed to warm 
to room temperature. It was then concentrated in vacuo and the 
residue taken up in ethyl acetate, washed extensively with water, 
saturated aqueous NH^Cl, saturated aqueous bicarbonate, and 
brine. The organic layer was dried and filtered and the solvent 
evaporated to produce 73 g of 32: IR (KBr) 3400, 2933,1700,1665, 
1511,1151 cm"1; 200-MHz NMR (CDC13) 5 1.45 (s, 9 H), 1.53 (dd, 
6 H, J = 7.1 Hz), 1.6 (m, 2 H), 2.51 (s, 1 H), 2.53 (d, 1 H, J = 2 
Hz), 2.80 (d, 1 H, J = 2 Hz, OH), 3.31 (s, 2 H), 3.60 (septet, 1 H, 
J = 7 Hz), 3.9-4.0 (m, 2 H), 4.09-4.22 (m, 1 H), 6.85 (s, 1 H), 
6.95-7.2 (m, 14 H) ppm. Anal. C, H, N. 

(+)-(4,ff )-i/aj25-2-(4-FIuorophenyl)-5-(l-methylethyI)-
Ar,3-diphenyl-l-[(tetrahydro-4-hydroxy-2-oxo-2/f-pyran-6-
yl)ethyl]-lH-pyrrole-4-carboxanjide ((+)-33). To a solution 
of 73 g (119 mmol) of 32 in THF (500 mL) was added triethyl-
borane (120 mL of a 1 M THF solution) and pivalic acid (0.7 g). 
The mixture was stirred for 10 min and cooled to -78 0C and 
methanol (70 mL) was added, followed by NaBH* (4.5 g, 119 
mmol). The mixture was stirred at -78 0C for 6 h, then poured 
slowly into a 4:1:1 mixture of ice-30% aqueous HzOj-water. This 
mixture was stirred overnight and then allowed to warm to room 
temperature. Chloroform (400 mL) was added and the mixture 
partitioned between chloroform and water. The aqueous layer 
was further extracted with chloroform. The organic extracts were 
combined and washed extensively with water until a test for 
peroxide was negative. The organic layer was dried, filtered, and 
evaporated. The residue was flash chromatographed on silica gel 
(1:3 v/v ethyl acetate-hexane) to yield 51 g of crude dihydroxy 
ester which was dissolved in THF-methanol and 1 N NaOH (100 
mL) was added with stirring at room temperature. After 4 h, the 
solution was concentrated, water (100 mL) was added, and it was 
extracted with ether (2 X 100 mL). The aqueous layer was 
acidified with 1 N HC1 and extracted with ethyl acetate (3 X 200 
mL). The combined organic layers were washed with water. The 
organic layer was dried, filtered and evaporated. The residue was 
taken up in toluene (2 L) and heated to reflux (Dean-Stark) for 
20 min. After cooling, the procedure above was repeated. The 
reaction was left at room temperature for 10 days and then 
concentrated to yield 51 g of crude (+)-33 as a colorless foam. This 
was dissolved in the minimum amount of chloroform and chro
matographed on silica gel (1:1 v/v ethyl acetate-heptane) to yield 
23 g of impure (+)-33. Further chromatography on silica gel 
(98.5:1.5 v/v chloroform-propanol) yielded 13.2 g of (+)-33 as a 

crude solid. 
Recrystallization from ethyl acetate-hexane produced 8.2 g of 

crystals shown to be a mixture of isomers by HPLC. Concen
tration of the mother liquors yielded 4.6 g of an oil which was 
shown to be 100% of pure (+)-33 by HPLC. Chromatography 
(silica gel, 98:2 v/v chloroform-2-propanol) afforded 4.18 g of 
(+)-33 as colorless foam, [apD = +24.53° (0.53% in CHCI3). 

a-Methylbenzeneacetaraides. A solution of 3i (30 g, 55.5 
mmoL) in (fl)-(+)-a-methylbenzyIamine (575 mL, 4.45 mol, 98% 
Aldrich) was stirred overnight at room temperature. The resulting 
solution was diluted with ether (2 L) and washed exhaustively 
with 2 M HC1 (4 X 500 mL), water (2 X 500 mL), and brine (2 
X 500 mL). The organic extract was dried, filtered, and con
centrated in vacuo to yield 28.2 g of the diastereomeric a-me-
thylbenzylamides as a white solid, mp 174-7 0C. The a-me-
thylbenzylamides were separated by dissolving 1.5 g of the mixture 
in 1.5 mL of 98:1.9:0.1 chloroform-methanol-NH^H and injecting 
onto a preparative HPLC column (silica gel, 300 mm X 41.4 mm 
i.d.) by a gas-tight syringe and eluting with the above solvent 
mixture. Diastereomer 1 eluted at 41 min. Diastereomer 2 elated 
at 49 min. Center cut fractions were collected. This procedure 
was repeated 3 times and the like fractions combined and con
centrated. Examination of each by analytical HPLC indicated 
that diastereomer 1 was 99.84% pure and diastereomer 2 was 
96.53% pure. Bach isomer was taken on separately. 

(+)-(4J?)-fraiis-2-(4-Fluorophenyl)-5-(l-raethylethyl)-
Ar,3-diphenyl-l-[(tetrahydro-4-hydroxy-2-oxo-2i?-pyran-6-
yl)ethyl]-lJ-f-pyrrole-4-carboxaJmde ((+)-33). To an ethanolic 
solution (50 mL) of diastereomer 1, [3i?-[3/?*,5i?*]]-7-(2-(4-
fluorophenyl)-5-(l-methylethyl)-3-phenyI-4-[(phenylamino)-
carbonyI]-lH-pyrrol-l-yI]-3,5-dihydroxy-N-[(fl)-l-phenyl-
ethylj-l-heptanamide, (1 g, 1.5 mmol) was added 1 N NaOH (3.0 
mL, 3 mmol). The resulting solution was heated to reflux for 48 ' 

The solution was cooled to room temperature and concentrated 
in vacuo. The residue was resuspended in water and carefully 
acidified with 6 N HCL The resulting acidic solution was extracted 
with ethyl acetate. The organic extract was washed with water 
and brine, dried, filtered, and concentrated in vacuo. This residue 
was redissolved in toluene (100 mL) and heated to reflux with 
azeotropic removal of water for 3 h. This was cooled to room 
temperature and concentrated in vacuo to yield 1.2 g of a yellow 
semisolid. Flash chromatography on silica gel (2:3 v/v ethyl 
acetate-hexane) afforded 0.42 g of a white solid which still con
tained some impurities. This was rechromatographed (same 
system) to produce 0.1 g of essentially pure (+)-33, as a white foam. 
HPLC showed this material to be 94.6% chemically pure ([e]2^ 
= +25.5° (0.51% in CHCI3). The peak with a retention time of 
53.46 min was tentatively assigned to an unknown diastereomer 
resulting from the 2% (S)-(-)-a-methylbenzylamine present in 
the Aldrich a-methylbenzylamine. 

Preparation of (-)-(45)-t«iis-2-(4'FluorophenyI)-5-(l-
methylethyl)'Ar,3-diphenyl-H(tetrahydro-4-hydroxy-2-
oxo-2J/-pyran-6-yl)ethyl]-lJ/-pyrrole-4-carbox8inide ((-)-33). 
Carrying out the procedure described above on diastereomer 2 
afforded 0.6 g of a foamy solid which was flash chromatographed 
on silica gel (1:1 v/v ethyl acetate-hexane) to afford 0.46 g of 
essentially pure (-)-33, as a white foam. HPLC showed this 
material to be 97.83% chemically pure, [a]23^ = -24.8% (0.51 % 
in CHCI3). 
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Inhibitors of Cholesterol Biosynthesis. 4. 
iraiis-6-[2-(Substituted-quinolinyl)ethenyl/ethyl]tetrahydro-4-hydroxy-2JHr-pyran-2-
ones, a Novel Series of HMG-CoA Reductase Inhibitors1 
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A series of substituted quinoline mevalonolactones were prepared and evaluated for their ability to inhibit the enzyme 
HMG-CoA reductase both in vitro and (cholesterol biosynthesis) in vivo. Since previous studies suggested that 
the 4-(4-fluorophenyl) and 2-(l-methylethyl) substituenta afforded optimum potency, attention was focused on 
variations at position 6 of the quinoline ring. Biological evaluation of a small number of analogues bearing a variety 
of 6-substituents showed that modification at this position had little effect on potency. Several compounds (8b, 
8e, and 11) were identified that showed comparable potency to compactin and mevinolin in both the in vitro and 
in vivo assays. 
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tively.2,3 By attaching the lactone moiety at position 4 of 
the quinoline nucleus and employing an alkyl flanking 
group at position 3 we were able to investigate whether the 
"benzenoid" ring of the quinoline nucleus could replace the 
4-fluorophenyl flanking group and give a compound which 
retained biological activity. Our general synthetic strategy 
to the quinolin-3-ylmevalonolactones employed the 
Friedlander reaction between a suitably substituted ben-
zophenone derivative and an active methylene compound 
to construct the target quinoline nucleus (Scheme I). 

Acid-catalyzed condensation of the requisite 2-amino-
benzophenones8 with various 0-keto esters produced esters 
la-e. Reduction to alcohols 2a-e followed by Swern ox
idation afforded the corresponding aldehydes 38-6, which 
were converted, with >95% E selectivity, to a,^-unsatu
rated esters 4a-e by reaction with carbomethoxy-
methylenetriphenylphosphorane. DIBAL-H -reduction 
afforded alcohols 5a-e, which were oxidized to aldehydes 
6a-e by employing either MnO? or the Swern procedure. 
Condensation with the dianion of ethyl acetoacetate9 then 
gave 6-hydroxy-/?-keto esters 7a-e. Stereoselective re
duction employing the boron-chelation method of Nara-
saka and Pai10 gave, after hydrolysis, a mixture of erythro-
and J/ireo-l.S-dihydroxy acids (>12:1) which were lacton-
ized by refluxing in toluene with azeotropic removal of 
water. Generally, the lactones were crystalline, such that 
the small amount of the cis stereoisomer present was easily 

. removed by recrystallization, providing almost exclusively 
the racemic trans stereoisomers 8a-e. 

Compounds containing a saturated bridging unit were 
readily available from 4 via catalytic hydrogenation to give 
9. The same sequence of steps utilized for the synthesis 
of lactones 8a-e was then employed to convert 9 to lactone 
10. 

Treatment of lactone 8d with /n-chloroperbenzoic acid 
in refluxing dichloromethane produced iV-oxide 11, which 
was expected to exhibit very different physicochemical 
properties than the parent quinoline (yide supra). 

Lactone 8d was also synthesized as the pure, biologically 
active 3R,hS stereoisomer employing Heathcock's /3-keto-
phosphonate lactone synthon11 (Scheme II). Thus, 0-
ketophosphonates 12 and 13 (prepared as an 8:1 mixture 
of diastereomers employing the literature procedure1?) were 

We have previously described two series of novel 
HMG-CoA reductase inhibitors. In each series the 
structurally complex hexahydronaphthalene ring system 
common to the naturally occurring fungal metabolites 
compactin and mevinolin was replaced by a five-membered 
monocyclic heteroaromatic system, such as the nonbasic 
pyrrole2 and pyrazole3 ring systems. Inhibitors containing 
basic six-membered monocyclic heteroaromatic4 and 
nonbasic5,6 heteroaromatic ring systems have been re
ported. 

This report describes the synthesis and biological ac
tivity of a series of quinoline mevalonolactones, the first 
HMG-CoA reductase inhibitors to contain a basic bicyclic 
heteroaromatic ring system. 

In addition, many of the compounds described herein 
exhibit improved in vitro potency when compared to both 
the pyrrole and pyrazole mevalonolactones previously re-
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Most potent inhibitors of HMG-CoA reductase have the 
4-hydroxy-2/f-pyran-2-one moiety flanked by a bulky li
pophilic group and an alkyl group, where both of these 
groups are anchored in the correct spatial arrangement by 
various carbocyclic and heterocyclic structures.7 

We initially investigated the synthesis of quinoline-
containing mevalonolactones in which the lactone moiety 
was connected to position 3 of the quinoline nucleus via 
a two-carbon spacer and was flanked at positions 2 and 
4 by an alkyl group and a 4-fluorophenyi group, respec- ' 
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Wilson, M. W.; Newton, R. S. J. Med. Chem. 1990,33,21 and 
references contained therein. 

(3) Sliskovic, D. R.; Roth, B. D.; Wilson, M. W.; Hoefle, M. L.; 
Newton, R. S. J. Med. Chem. 1990, 33, 31. 
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' (a) pTSA, toluene, X (b) DIBAL-H, CHaClj, -78 0C; (c) (COC1),, DMSO, TEA, -78 0C; (d) Ph3P«CHC02CH3; (e) DIBAL-H, CH2Cl2f 
-78 0C; (0 Swern or Mn02. toluene, A; (g) "CHjCO-CHCOjEt; (h) BfEt),, NaBH„ (CHaJaCCOiH then H202; (i) NaOH then HCl; (j) toluene, 
A; (k) mCPBA, CH3C12, (1) 107«. Pd/C, H* MeOH. 

coupled with aldehyde 3, employing the conditions de
veloped by Roush and Masamune13 (LiCl, DBU, CH2CI2), 
in 64% yield. This yield represents the best achieved.14 

The resulting enones (14 and 15) were deprotected and 
stereoselectively reduced (E^B, NaBH4) to give a mixture 
of erythro• (16) and t/zreo-l,3-dihydroxy esters. Saponi

fication followed by lactonization and chromatography 
gave predominantly trans-lactone (+)-17 (trans:cis - 26:1). 
HPLC analysis of the corresponding (/?)-(+)-a!-methyl-
benzamide derivatives indicated an enantiomeric purity 
of 89% ee. 

In an attempt to increase the aqueous solubility of these 
compounds (and thereby improve absorption in vivo), a 
dimethylamino group was incorporated into position 2 of 
the quinoline ring in place of the isopropyl group (Scheme 
III). 

(12) This ratio of diastereomers may be improved to 22:1 by em* 
ploying (flM«(l'-naphthy!)ethanol as chiral auxilliary; see: 
Theisen, P. D.; Heathcock, C. H. J. Org. Chem. 1988,53,2374. 

(13) Blanchette, M. A.; Choy, C. 0.; Davis, J. T.; Essenfield, A. P.; 
Masamune, S.; Roush, W. R. Tetrahedron Lett. 1984,25,2163. 

(14) A variety of other conditions were examined, e.g., K2C03/16> 
crown-6/to)uene, (NH4)2C03/toluenc. and NaH/THP, how
ever, all of these led to fj-elimination products derived from 
both the starting materials (12 and 13) and products (14 and 
15). See: Rosen, T.; Heathcock, C. H. J. Am. Chem. Soc. 1985, 
107, 3731. 

Treatment of benzophenone 18 with ethyl malonyl 
chloride and silica gel gave 1,2-dihydroqumolme 19 in 88% 
yield. Chlorination using phosphoryl chloride gave ester 
20, which was then reduced and reoxidized to aldehyde 21. 
Nucleophilic substitution of the chloride with dimethyl-
amine gas in toluene at 130 eC (autoclave) gave di
methylamino aldehyde 22. Aldehyde 22 was then con* 
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Scheme 11° Scheme IIIa 
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"(a) CHJCIJ then Si02; (b) POCI3. A; (c) DIBAL-H. CH,CI2. -78 
0C; (d) (COCDj. DMSO, TEA, -78 0C; (e) HN(CHa)2, toluene 
toclave, 130 'C; (0 Ph3P=CHC02CH31 CH2C12; (g) -CHjCO"-
CHCOjEt; (h) B(Et)3i NaBH^, {CHaJaCCOjH then H202; (i) NaOH 
then HCI; (j) toluene, 

verted to the desired lactone 26 by employing the chem
istry described previously. 

Quinolin-4-ylmevalonolactone 34 was synthesized as 
shown in Scheme IV. Methyl 3-methyl-4-quinoline-
carboxylate" (27) was reduced to alcohol 28 and then 
oxidized under Swern conditions to aldehyde 29. QL$-

Unsaturated aldehyde 32 was constructed in an entirely 
analogous manner to that depicted in Scheme I and was 
subsequently treated with the dianion of ethyl acetoacetate 
to yield 33, which was converted to the target lactone 34 
(transrcis - 23:1). 
Biological Results 

The lactones listed in Table X were saponified to the 
3,5-dihydroxy acids and tested for their ability to, inhibit 
the enzyme HMG-CoA reductase, employing two proto
cols.8 Method 1 (cholesterol synthesis inhibition screen or 
CSI) measured the rate of conversion of [l4C)acetate to 
cholesterol by employing a crude liver homogenate derived 
from rats fed a chow diet containing 5% cholestyramine. 
Method II (HMG-CoA reductase inhibition screen or COR) 
was a more specific screen employing a partially purified 
microsomal enzyme preparation to measure the direct 
conversion of [MC]HMG-CoA to mevalonic acid. The 

, au* 

biological activities are displayed in Table I as an IC50 (i.e., 
the concentration needed to inhibit enzyme activity by 
50%). Compactin was employed as the internal standard 
in each testing protocol. The compounds were also eval
uated for their ability to inhibit cholesterol biosynthesis 
in male rats, as determined by the inhibition of the in
corporation of sodium [l-MC]acetate into plasma (MC)-
cholesterol after po administration of the t&t substance.16 

This screen was designated the AICS (acute inhibition of 
cholesterol synthesis) screen. 

Most of the compounds tested were more potent than' 
compactin in the in vivo screen and 8b-e exhibited both 
in vitro and in vivo potencies comparable to those of 
mevinolin. 

As expected, an isopropyl group at position 2 of the 
quinolmyl-3-mevalonolactones produced a compound, 8b, 

(16) Alberts, A. W.; Chen, J.; Kuron, J.; Hunt, V.; Huff, J.; Hoff* 
man, C.; Rothrock, J.; Lopez, M.; Joshua, H.; Harris, E.; 
Patchett, A.; Monaghan, R.; Currie, S.; Stapley, E.; Albers-
Schonberg, G.; Hensens, O.; Hoogsteen, K.; Liesch, J.; 
Springer, J. Prac. Natl. Acad. Set. U.S.A. 1980, 77, 3997. 

(15) Lindberg, U. H.; Ulff, B.; Yeoman, G. Acta. Pharm. Suec. 1968, 
5, 441. 
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Table I. Physical Properties and in Vitro and in Vivo HMG-CoA Reductase Inhibitory Activities of Quinoline Mevalonolactones I 

F 
OH 

R1. X I O  " O  
H  

I 

CSI^ rel (CSI)d COR^ 
ICJO, potency ICJO, 

AICS' 
(% inhibn) R1 R2 mp, 'C formula" X no. 

0.025 
0.028 

36 0.030 compactin 
mevinolin 72 0.025 118 

18 (1.5) 
61 (1.5) 

CI CH3 -CH—CH- 168-190 CuHjgClFNOa 
0 CH(CH3)2 -CH=CH- 173-175 CjsHnClFN03 
H CH(CH3)2 -CH=CH- 168-170 
H CH(CH3)2 -CHJCHJ- 199-202 C2sH-,6FN03 
F CH(CH3)2 -CH=CH- 174-176 C25HMF2N03 • 
F CH(CH3)2 -CH«=CH- foam C25H23F2NO3-0.25C4HBO2 ND» 

11 (N-oxide) F CH(CH3)2 -CH^CH- 235-238 CJJHMFJNO 
OCHs CH(CH3)2 -CH«CH- foam C26H26FNO< 
H N(CH3)2 -CH=CH- 150-152 C2<H23FNoO3-0.5C4H8O2 0.047 

198-200 CnHnNOa-O^oC^HgOj >1.0 

0.4 6.3 0.72 8a 
0.032 
0.042 

100 0.025 
0.032 

8b 
75.8 70 8c 

>1.0 <1 10 
0.05 77.6 0.20 8d 68 

ND* 69 17 
0.018 
0.013 

112 0.079 47 J 0.053 100 60 Se 
13.2 0.35 52 26 

34 <1 42 
0 Analytical results are within ±0.4% of the theoretical values unless otherwise noted. ''Cholesterol synthesis inhibition (CSI). Assays of 

each inhibitor concentration were performed in triplicate, and the precision for compactin was 37%. 'All compounds tested had a diaste-
reomeric purity of >95% of the trans diastereomer as determined by HPLC and/or 200-MHz NMR. ''Potency of compactin arbitrarily 
assigned a value of 100 and the ICJO value of the test compound was compared with that of compactin determined simultaneously. 'AH 
compounds were dosed in DMA/PEG solution of 1.0 mg/kg unless otherwise indicated in parentheses. 'Anal. Calcd: C, 71.70. Found: C, 
70.67. >98% pure by HPLC. 'Not determined. ''HMG-CoA reductase inhibition (COR). Assays of each inhibitor concentration were 
performed in triplicate, and the precision for compactin was 37%. 

siderably less potent than the corresponding unsaturated 
bridge containing compound 8c. 

As previous studies suggested that the 4-(4-fluorophenyl) 
and 2-(l-methylethyl) substitution afforded optimum po
tency, attention was focused on variations at position 6 of 
the quinoline ring. From the limited number of com
pounds prepared (i.e., 8b-e), it can be seen that varying 
the substitution at position 6 did not significantly effect 
either in vivo or in vitro potencies. The dimethylamino-
containing compound 26 retained in vivo potency when 
compared to the corresponding isopropyl-containing com
pound 8c, but was somewhat less potent in vitro. 

N-Oxide 11 was as potent in vitro as compactin and 
mevinolin and more potent than the corresponding free 
base but was slightly less potent in vivo. 

Quinolin-4-ylmevalonolactone 34 was considerably less 
potent than either compactin or mevinolin in vitro, how
ever it was comparable to compactin when tested in vivo. 
The source of the in vivo activity for 34, despite its lack 
of in vitro activity, is unclear. 

Conclusion 
A series of quinoline mevalonolactones was prepared and 

evaluated for their ability to inhibit the enzyme HMG-CoA 
reductase in vitro and cholesterol biosynthesis in vivo. By . 
focusing on compounds possessing the 4-(4-fluorophenyl) 
and 2-(l-methylethyl) substituents found to be optimum 
in previous studies, severaJ compounds, i.e., 8b, Be, and 11, 
were identified that were of comparable potency to com
pactin and mevinolin both in vitro and in vivo. Modifi
cations at position 6 of the quinoline ring had little effect 
on potency. 

In conclusion it has been shown that the quinoline nu
cleus can be used as a suitable replacement for the hexa-
hydronaphthalene ring present in the fungal metabolites 
compactin and mevinolin. Compounds have been de
scribed which are equipotent to both naturally occurring 
HMG-CoA reductase inhibitors under the conditions 
studied. 

Scheme IV8 
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a (a) DIBAL-H, CH2Clj, -78 "C; (b) (COCl)2> DMSO, TEA, -78 
®C; (c) Ph3P=CHCQ2CH3, CH2Cl2; (d) -CHjCCTCHCOjEt; (e) B-
(EDs, NaBHo (CH3)3CC02H then H202; (0 NaOR-then HCl; (g) 
toluene, 

significantly more potent both in vitro and in vivo than 
the corresponding 2-methyl compound 8a. Compound 10, 
which has a saturated two-carbon bridging unit between 
the quinoline moiety and the mevalonolactone, was con-
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in vacuo. The residue was flash chrometographed, eluting with 
10% ethyl acetate-hexanes, to yield 5c (4.7 g, 91%) as a pale 
yellow oil: 'H NMR (CDCI3) i 7.99 (d, 1H), 7.60-6.97 (m, 7 H), 
6.48 (d, 1 H). 5.45 (dt. 1 H). 4.00 (bs, 2 H), 3.48 (heptet, 1 H), 
2.05 (bs, 1 H), 1.38 (d, 6 H) ppm. 

(i?)-3-(4-(4'Fluorophenyi)*2-(I-raethylethyl)-3-
quinolinyl]-2'propenal (6c). To a solution of oxalyl chloride 
(1.66 mL, 0.019 mol) in anhydrous dichloromethane (25 mL), at 
-78 0C under an atmosphere of nitrogen, was added dimethyl 
sulfoxide (2.75 mL, 0.038 mol) in dichloromethane (25 mL). The 
resulting solution was stirred for 15 roin at -78 0C and then a 
solution of 5c (4.7 g, 0.015 rool) in dichloromethane (50 mL) was 
added dropwise. This was stirred for 1 h and then quenched by 
the addition of triethylaroine (10.2 mL, 0.073 mol) and saturated 
aqueous ammonium chloride solution (15 mL). The organic layer 
was separated and the aqueous layer was extracted with additional 
dichloromethane. The combined organic layers were dried, fil
tered, and concentrated in vacuo to yield 6c (4.37 g, 94%): lH 
NMR (CDClj) 4 9.36 (d, 1H), 7.96 (d, 1H), 7.63-7.00 (m, 8 H), 
5.90 (dd, 1 H), 3.4 (heptet, 1 H), 1.4 (d, 6 H) ppm. 

Ethyl (jB)-7-[4-(4-Fluorophenyl)-2-(l-methylethyl)-3-
quinoHnyi]-5-hydroxy-3-oxo-6-hcptenoate (7c). Ethyl acet-
oacetate (2.25 g, 0.017 rool) in anhydrous THF (25 mL) was added 
dropwise to a stirred suspension of sodium hydride (60% oil 
suspension, 0.74 g, 0.018 mol) in anhydrous THF (25 mL) at 0 
0C under a nitrogen atmosphere. When gas evolution was com
plete, a 2.4 M solution (7.2 mL, 0.017 mol) of n-butyllithium in 
hexanes was added over 30 min. This was then treated with a 
solution of 6c (3.68 g, 0.011 mol) in anhydrous THF added 
dropwise over 30 min. The resulting solution was stirred for 1 
h at-78 0C and then quenched by the addition of glacial acetic 
acid (15 mL) with vigorous stirring. The resulting mixture was 
then partitioned between diethyl ether and water. After sepa
ration of the phases, the aqueous layer was reextracted with diethyl 
ether, and the combined organic extracts were washed with 
saturated aqueous sodium bicarbonate and dried. The solvents 
were removed in vacuo, and the residue was flash chromato-
graphed with hexanes-ethyl acetate as eluant to yield 5.1 g (95%) 
of the title compound 7c as an orange oil: 'H NMR (CDClj) i 
8.07 (d, 1 H), 7.64-7.17 (m, 7 H). 6.62 (d, 1 H), 5.34 (dd, 1 H), 
4.59 (m, 1 H), 4.21 (q, 2 H), 3.48 (heptet, 1 H), 3.41 (s, 2 H), 2.44 
(d, 2 H), 1.38 (d, 6 H), 1.29 (t, 3 H) ppm. 

[4a,60(i?)J-6-i2-[4-(«i-FIuorophenyI)-2-(I-methylethyI)-3-
quinolinyl]ethenyl]tetrahydro-4-hydroxy-2iJ-pyran-2-one 
(Sc). To a room temperature solution of triethylborane (7.2 mL 
of a 1 M THF solution; 0.007 mol) under a dry-air atmosphere 
was added, with stirring, a catalytic amount of pivalic acid (0.7 
g, 0.0007 mol). The resulting solution was stirred at room tem
perature for 10 min before a THF (25 mL) solution of 7c (3.0 g, 
0.007 mol) was added dropwise. The resulting solution was stirred 
at room temperature for a further 15 min before cooling to -78 
0C. Methanol (5 mL) was added followed by the addition of 
sodium borohydride (0.28 g, 0.007 mol) in one portion. Vigorous 
effervescence ensued. This mixture was stirred at -78 8C for 6' 
h. It was then quenched by pouring into ice-cold 30% hydrogen 
peroxide (10 mL). The mixture was allowed to warm slowly to 
room temperature and then was partitioned between chloroform 
and water. The organic layer was washed extensively with water, 
dried, and concentrated in vacuo to yield 3.07 g of the corre
sponding 1,3-dioIs as a mixture of erythro and threo diastereomers 
which were used without any further purification. 

This residue was then redissolved in THF (50 mL) and 
methanol (5 mL) and treated with 1 N aqueous sodium hydroxide 
(6.7 mL). The resulting solution was stirred at room temperature 
for 2 h and then concentrated to dryness. The residue was then 
partitioned between water and ether. The ether layer was ex
tracted with 1 N aqueous NaOH. The aqueous layers were 
combined, acidified with concentrated HC1, and extracted with 
ethyl acetate. The ethyl acetate extracts were combined, washed 
with water, and dried. Removal of the solvents in vacuo yielded 
a yellow foam which was dissolved in toluene (100 mL) and heated 
for 3 h ft reflux with azeotropic removal of water. The cooled 
solution was concentrated and the residue flash chromatographed 
on silica gel, eluting with 50% hexanes-ethyl acetate to yield 8c 
(1.26 g, 56%) as a white solid, which was shown to be a 97:3 
mixture of trans and cis diastereomers by HPLC: mp 168-170 

Inhibitors of Cholesterol Biosynthesis 

Experimental Section 
Unless otherwise noted, materials were obtained from com

mercial suppliers and used without further purification. Tetra-
hydrofuran (THF) was distilled from sodium and benzophenone. 
AU organic extracts were dried over MgSO< except where otherwise 
noted. Melting points were determined on a Thomas-Hoover 
melting point apparatus and are uncorrected. Infrared spectra 
were determined on a Nicolet MX-1FT-IR spectrometer. Nuclear 
magnetic resonance spectra were determined on either a Varian 
EM-390 or a Varian XL»200 spectrometer. Chemical shifts are 
expressed as parts per million downfield from internal tetra-
methylsilane. Elemental analyses were determined on a Per-
kin-Elmer 240C elemental analyzer. HPLC analyses were per
formed on a Varian 5500 HPLC with a UV 200 detector (wave
length was 251 nm) and an octadecylsilane column (Alltech 
Econisil Cl8; mobile phase, 50:50 0.05 M citric acid (pH = 
4.0)-CH3CN]. Optical rotations were performed on a Perkin-
Elmer 241 polarimeter. The detailed protocols of the in vitro 
biological assays are described in ref 2. 

Methyl 4-(4-Fluorophenyl)-2-(l-methylethyl)-3-
quinolinecarboxylate (Ic). A solution of methyl 4-methyl-3-
oxopentanoate (14.7 g, 0.102 mol), (2-aminophenyl)-4-(fluoro-
phenyl)methanone15 (18.34 g, 0.085 mol), and a small amount of 
p-TSA in toluene (400 mL) was heated under reflux with azeo
tropic removal of water for 5 h. The solution was then cooled 
and concentrated in vacuo. Flash chromatography of the residue, 
eluting with 10% ethyl acetate-hexane, gave Ic (7.66 g, 28%): 
'H NMR (CDC13) 6 8.05 (d, 1 H), 7.72-6.95 (m, 7 H), 3.52 (s, 3 
H), 3.16 (heptet, 1 H), 1.40 (d, 6 H) ppm. Anal. (C^HmFNO?) 
C, H. N. 

4-(4-Fluorophenyl)-2-(l-methylethyl)-3-quinolinemethanol 
(2c). To a solution of Ic (7.66 g, 0.024 mol) in dichloromethane 
(100 mL) at -78 0C under an atmosphere of nitrogen was added 
55 mL of a 1.0 M solution of DIBAL-H. The resulting solution 
was stirred for 3 h before quenching with saturated aqueous 
sodium sulfate (20 mL). After warming to room temperature, 
the solution was filtered through Celite and the resulting filtrate 
dried and concentrated in vacuo to yield 6.61 g (94%) of 2c: lH 
NMR (CDClg) 6 7.97 (d, 1 H), 7.57-6.93 (m, 7 H), 4.52 (bs, 2 H), 
3.62 (heptet, 1 H), 1.9 (bs, 1 H), 1.43 (d, 6 H) ppm. Anal. 
(C^HuFNjO) C, H, N. 

4-(4-FluorophenyI)'2-(l-methyiethyI)-3-quinolinecarbox* 
aldehyde (3c). To a solution of oxalyl chloride (2.3 mL, 0.027 
mol) in anhydrous dichloromethane (50 mL), at -78 0C under an 
atmosphere of nitrogen, was added dimethyl sulfoxide (3.8 mL, 
0.053 mol). After complete addition the resulting solution was 
stirred for 15 min at -78 eC and then a solution of 2c (6.05 g, 0.02 
mol) in dichloromethane (50 mL) was added dropwise. This was 
stirred for a further 1 h at -78 cC and then quenched by the 
addition of triethylamine (14.3 mL, 0.103 mol) and saturated 
aqueous ammonium chloride solution (15 mL). The organic layer 
was separated and the aqueous layer was extracted with additional 
dichloromethane. The combined organic layers were dried, fil
tered, and concentrated in vacuo to yield 3c (6.38 g,. quant.) as 
a pale yellow solid: mp 119-121 0C; ^ NMR (CDCI3) 6 9.92 (s, 
1 H), 8.02 (d, 1 H), 7.72-7.52 (m, 1 H), 7.37-6.98 (m, 6 H), 3.94 
(heptet, 1 H), 1.38 (d, 6 H) ppm. Anal. (C^H^FNO) C, H, N. 

Methyl (£)-3-[4-(4«Fluorophenyl)-2-(l*methylethyl)-3-
quinolinyl]-2>propenoate (4c). Methyl (triphenyi-
phosphoranylidene)acetate (7.5 g, 0.024 mol) and 3c (6.38 g, 0.021 
mol) in dichloromethane (100 mL) were stirred at room tem
perature under nitrogen for 72 h. The solution was then con
centrated in vacuo. Flash chromatography on silica gel, eluting 
with hexanes-ethyl acetate, gave 4c (5.62 g, 74%) as a pale orange 
solid: mp 147-149 0C; lH NMR (CDCI3) 5 7.96 (d, 1H), 7.72-7.04 
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(m, 8 H), 5.58 (d, 1 H), 3.63 (s, 3 H), 3.38 (heptet, 1 H), 1.35 (d 
6 H) ppm. Anal. (CwH»FN02) C, H, N. 

act 

(l?)*3-[4-(4*Fluorophenyl)-2*(l-methylethyl)-3-
quinolmyl}-2-propen-l-ol (5c). To a solution of 4c (5.62 g, 0.016 
mol) in dichloromethane (100 mL) at -78 eC under an atmosphere 
of nitrogen was added -37.7 mL of a 1.0 M solution of DIBAL-H. 
The resulting solution was stirred for 2 h at -78 eC and then 
quenched by addition of saturated aqueous sodium sulfate (15 
mL). After wanning to room temperature, the solution was filtered 
through Celite. The resulting filtrate was dried and concentrated 
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before cooling to -78 "C. Methanol (1 mL) was added, followed 
by sodium borohydride (0.024 g, 0.0006 mol) in one portion. 
Vigorous effervescence ensued. This mixture was stirred at -78 
0C for 6 h and then quenched by pouring into ice-cold 30% 
hydrogen peroxide (1 mL). The mixture was allowed to warm 
slowly to room temperature and then partitioned between chlo
roform and water. The organic layer was washed extensively with 
water, dried, and concentrated in vacuo to yield a foam (0.25 g) 
which contained compound 16 as its major component. 

The crude product was then dissolved in THF (5 mL) and 
methanol (0.5 mL) end treated with 1 N aqueous sodium hy
droxide (0.46 mL). This solution was stirred at room temperature 
for 3 h, and then all solvents were removed in vacuo. The residue 
was partitioned between diethyl ether and water. The aqueous 
layer was acidified with 1 N hydrochloric acid, extracted with ethyl 
acetate, dried, filtered, and concentrated in vacuo to yield a yellow 
foam, which was redissolved in toluene (60 mL) and heated for 
6 h at reflux with azeotropic removal of water. The cooled solution 
was concentrated and the residue flash chromatographed on silica 
gel, eluting with 30% ethyl acetate-hexanes, to give 17 (0.035 g, 

0C; 'H NMR (CDCI3) 6 8.02 (d, 1 H), 7.71 (dt, 1 H), 7.51-7.28 (m, 
6 H), 6.69 (d, 1 H), 5.48 (dd, 1 H), 5.24 (bs, 1 H), 5.10-5.00 (m, 
1 H), 4.0 (bs, 1 H), 3.48 (heptet, 1 H), 2.67-2.31 (m, 2 H), 1.57-1.42 
(m, 2 H), 1.33 (d, 6 H) ppm; IR (KBr) 3430,2967,1715,1514,1256, 
1224, 1160,1067, 974 cm"1. Anal. (C2sH2<FN03) C, H, N. 

Compounds 8a-e were synthesized by the general method 
outlined in Scheme I and exemplified for compound 8c; their 
physical and biological properties are listed in Table I. 

[4cr,6/?(i?)]-6-[2-[6-Fluoro-4-(4«fluorophenyl)-2-(l-
raethylethyl)-3.quinoiinyl]ethenyl]tetrahydro-4-hydroxy-
2Jif-pyraii-2-one, ^-Oxide (II). A dichloromethane solution 
(100 mL) of 8d and m-CPBA was heated under reflux for 6 h 
under an atmosphere of nitrogen. The solution was then cooled 
and washed with saturated aqueous sodium bicarbonate solution. 
The organic layer was then dried, filtered, and concentrated in 
vacuo to yield an orange foam (1.24 g), which was flash chro
matographed (eluant, 30% ethyl acetate-hexanes) to yield 11 (0.77 
g, 74%) as a white solid: mp 235-238 CC; 'H NMR (CDCI3) 6 8.81 
(dd, 1 H), 7.49-7.41 (m, 1 H), 7.20 (d, 4 H), 7.01 (dd, 1 H), 6.53 
(d, 1 H), 5.44 (dd, 1 H), 5.18-5.13 (m, 1 H), 5.02 (bs, 1 H), 4.15-4.09 
(m, 1 H), 3.74 (m, 1 H), 2.79 (bs, 2 H), 2.60 (d, 2 H), 1.55 (d, 6 
H) ppm; IR (KBr) 3430,3260,1730,1624,1513,1303,1248,1218, 
1049, 831 cm"1. Anal. (CaaH^FaNO^ H, N. 

18%) as a white foam: [a]D = +3.4° (c = 0.235, CHCI3); HPLC 
analysis of the corresponding (fl)-(+)-a-methylbenzylamide de
rivative indicated an enantiomeric purity of 89% ee; 'H NMR 
(CDCI3) 6 8.09 (dd, 1 H), 7.47-7.37 (m, 1 H), 7.27-7.18 (m, 4 H), 
6.99 (dd, 1 H), 6.68 (d, 1 H), 5.38 (dd, 1 H), 5.20-5.10 (m, 1 H), 
4.25-4.19 (m, 1 H), 3.46 (heptet, 1H), 2.77-2.52 (m, 2 H), 1.83-1.26 
(m, 9 H) ppm. Anal. (CssHjaFjNOyO^SC^HsOa) C, H, N. 

The compounds bearing a saturated two-carbon spacer between 
the quinoline nucleus and the lactone moiety can be synthesized 
in an entirely similar manner to that of lactones 8a-e. The 
experimental details for the key reduction of the a,/J-unsaturated 
esters 4 is exemplified below for the preparation of compound Ethyl 4-(4-Fluorophenyl)-l,2-dihydro-2-oxo-3-quinolme-

carboxylate (19). Ethyl malonyl chloride (125 g, 0.84 mol) was 
added in portions to a solution of 1817 in dichloromethane (1 L) 
at 0 eC under an atmosphere of nitrogen. The reaction mixture 
was warmed slowly (~1 h) to room temperature, dried, and 
concentrated to an approximate volume of 600 mL. Silica gel (50 
g) was then added. The resulting suspension was stirred overnight 
at room temperature, and filtered, and the silica gel was washed 
extensively with ethyl acetate. The filtrate was then concentrated 
and the residue triturated with hexanes to yield 19 (192 g, 88%) 

Methyl 3-[4-(4-Fluorophenyl)-2-(l-methylethyl)-3-
quinolinyljpropanoate (9). Compound 4c (10.0 g, 0,029 mol) 
and 10% Pd/C (0.75 g) were stirred in methanol (250 mL) at room 
temperature under 50 psi of hydrogen gas. After 5 h, the sus
pension was filtered and the filtrate concentrated in vacuo to yield 
10.14 g of an orange oil. Trituration with hexanes afforded 6.06 
g (60%) of 9 as an off-white solid: mp 117-119 ''C; 'H NMR 
(CDCI3) 6 8.06 (d, 1 H), 7.62 (t, 1 H), 7.33 (t, 1 H), 7.29-7.16 (m, 
5 H), 3.64 (s, 3 H), 3.44 (heptet, 1 H), 2.96 (t, 2 H), 2.39 (t, 2 H), 
1.44 (d, 6 H) ppm. Anal. (C22HKFN02) C, H, N. 

[i?-(i?*,^*,)]-l-Phenylethyl 3-[[(l,l*Diraethylethyl)di-
methylsiiyl]oxy]-7-[6-fluoro-4-(4-fluorophenyl)-2-(l-
raethylethyl)-3-quinoHnyl]-5-oxo-6-heptenoate (14). To a 
solution of 3d (0.6 g, 0.002 mol) and /3-ketophosphonates (12-13, 
8:1 mixture of diastereomers) (1.35 g, 0.003 mol) in dichloro
methane (10 mL) at -10 ®C under a nitrogen atmosphere was 
added a small amount of LiCl and DBU (2.85 mL, 0.019 mol). 
The resulting orange solution was stirred at -10 "C for 1.5 h and 
then quenched by addition of ice-cold phosphoric acid (0.5 M). 
The organic layer was separated, washed with water, dried, filtered, 
and concentrated in vacuo to yield a yellow oil (1.65 g). Flash 
chromatography on silica gel, eluting with 10% ethyl acetate-
hexanes gave recovered aldehyde 3d (0.29 g, 0.0009 mol, 48%), 
14-15 (0.42 g, 0.0006 mol, 33%), and recovered fJ-ketophosphonate 
12-13: 3H NMR (CDC13) 6 7.96 (dd, 1 H), 7.51 (d, 1 H), 7.33-6.84 
(m, 11 H), 5.89 (d, 1 H), 5.77 (q, 1 H), 4.45 (m, 1 H), 3.34 (heptet, 
1 H), 2.59 (d, 2 H), 2.40 (d, 2 H), 1.48 (d, 3 H), 1.33 (d, 6 H), 0.78 
(s, 9 H), 0.01 (s, 6 H) ppm. 

[4J?-i4a,60(£)]3-6-[2-[6-Fluoro-4-(4-fluorophenyl)-2-(l-
iiiethylethyl)-3-qumoUnyl3ethenyl3tetrahydro-4-hydroxy-
2iJ«pyran-2-one (17). A solution of 48% aqueous HF (0.36 mL, 
0.0007 mol) in acetonitrile (3 mL) was added to a solution of 14-15 
(0.42 g, 0.0006 mol) in acetonitrile (3 mL). The resulting solution 
was stirred at room temperature for 1.5 h. It was then diluted 
with diethyl ether (20 mL) and washed with saturated aqueous 
sodium bicarbonate solution. The organic layer was dried and 
concentrated in vacuo to give the desilylated compound (0.31 g, 
0.0006 mol, 89%) as a colorless oil, which was used in the next 
step without any further purification: ^ NMR (CDCI3) 6 8.02 
(dd, 1 H), 7.58 (d, 1 H), 7.39-6.83 (m, 11 H), 5.93 (d, 1 H), 5.85 
(q, 1 H), 4.34 (m, 1 H), 3.34 (heptet, I H), 2.59 (d, 2 H), 2.48 (d, 
2 H), 1.52 (d, 3 H), 1.37 (d, 6 H) ppm. 

The alcohols were then dissolved in anhydrous THF (5 mL) 
containing pivalic acid (0.006 g, 0.00006 mol) under a dry-air 
atmosphere at room temperature. To this solution was added 
triethylborane (0.63 mL of a 1 M THF solution; 0.0006 mol). The 
resulting solution was stirred at room temperature for 10 min 

as a white solid: mp 204-206 "C; lH NMR (CDC13) 6 12.60 (bs, 
1 H), 7.60-7.10 (m, 8 H), 4.17 (q, 2 H), 1.04 (t, 3 H) ppm. Anal. 
(C18HI4FN03) C,H,N. 

Ethyl 2-Chloro-4-(4-nuorophenyl)-3'qumolinec&rboxyIate 
(20). A solution of 19 (12.8 g, 0.041 mol) in phosphorus oxychloride 
(40 mL) was heated to reflux under an atmosphere of nitrogen 
for 1 h. It was then cooled and concentrated in vacuo and the 
resulting residue neutralized by the careful addition of cold 1 N 
sodium hydroxide solution. This was then extracted with ethyl 
acetate; the organic solution was filtered through a small bed of 
silica gel to yield 20 (13.2 g, 98%) as a white solid: mp 113-114 
0C; lH NMR (CDCI3) 6 8.02 (d, 1 H), 7.75-7.70 (m, 1H), 7.52-7.43 
(m, 2 H), 7.34-7.28 (m, 2 H), 7.20-7.12 (m, 2 H), 4,14-4.07 (q, 2 
H), 1.02 (t, 3 H) ppm. Anal. (C18H13C1FNOJ) H, N, CI, F; C: calcd, -
65.56; found, 66.17. 

2-Chloro-4-(4-nuorophenyl)-3-quiiLoliaecarboxaldehyde 
(21). Compound 20 was reduced to the corresponding alcohol, 
2-chloro-4-(4-fluorophenyl)-3-quinolinemethanol, in 83% yield 
in a manner analogous to the reduction of compounds la-e to 
compounds 2a-e in Scheme I: mp 159-160 0C; 'H NMR (CDCI3) 
6 8.07 (d, 1 H), 7.79-7.70 (m, 1 H), 7.53-7.22 (m, 6 H), 4.67 (d, 
2 H), 2.24 (t, 1 H) ppm. Anai. (CisHuClFNO) C, H, N. 

This compound was then oxidized to 21 in a manner analogous 
to the oxidation of compounds 2a-e to compounds 3a-e in Scheme 
I: mp 168-169.5 0C; yield 90%; ^ NMR (CDC13) 6 10.25 (s, 1 
H), 8.12 (d, 1H), 7.91-7.83 (m, 1 H), 7.57-7.53 (m, 2 H), 7.36-7.22 
(m, 4 H) ppm. Anal. (C^HgClFNO) C, H, N. 

2-(Diraethylamino)-4-(4-fluorophenyl)-3-quinoline-
carboxaldehyde (22). A solution of 21 (5.28 g, 0.019 mol) and 
dimethylamine (15 mL) in toluene (75 mL) was heated in an 
autoclave at 123-126 "C for 14 h. It was then cooled and con
centrated in vacuo. The residue was partitioned between ethyl 
acetate and saturated aqueous potassium carbonate solution. The 
organic layer was dried, filtered, and concentrated in vacuo. The 
residue was flash chromatographed on silica gel, eluting with 10% 

(17) Suzuki, K.; Weisburger, E. K.; Weisburger, J. H. J. Org. Chem. 
1961, 26,2239. 
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tion. 

Methyl (£)'3-(3-methyl-4-quiQolinyl)-2-propeDoate (30) 
was prepared in 76% yield via treatment of 29 with methyl 
(triphenylphosphoraflylidene)acetate in an analogous manner to 
the preparation of compounds 4a-e in Scheme I; lH NMR 

ethyl acetate-hexanes, to yield 22 (4.2 g, 77%) as an orange solid: 
»H NMR (CDCI3) 5 9.73 (s, 1 H), 7.78-6.96 (m, 8 H), 3.10 (s. 6 
H) ppm. Anal. (CuHisFNjO) C, H, N. 

Methyl (J5)«3-[2-(dijDethyUniino)-4-(4-fIuorophenyl)-3-
quinolinylj-2-propenoate (23) was prepared analogously to 
compounds 4a-e in Scheme I: yield 92%; JH NMR (CDCI3) 6 
7.78-6.87 (rof 9 H)f 5.98 {d, 1 H); 3.60 (s, 3 H), 2.95 (s, 6 H) ppm. 
A n a l .  (CKHUFNA)  C .H.N.  

(E)-3-[2-(Dimethylamjno)-4-(4-fluoropheny])-3-
quinolinyl]-2-propen-l-ol (24) was prepared analogously to 
compounds 5a-e in Scheme I: yield 98%; lH NMR (CDCI3) 6 
7.72 (d, 1 H), 7.50-7.30 (m, 1 H), 7.20-6.98 (m, 6 H), 6.31 (d, 1 
H), 5.72 (dtr 1H), 3.99 (bd, 2 H), 2.96 (s, 6 H), 1.54 (bs, 1H) ppm. 
Anal. (CjoHjgFNaO) H; C: calcd, 74.51; found, 72.52; N: calcd, 
8.69; found, 7.84. 

(E)-3-[2-(Dimethylamiiio)-4-(4-fluorophenyl)-3-
quinoUnyl]-2-propenal (25) was prepared analogously to com
pounds 6a-e in Scheme I: yield 92%; lH NMR (CDC13) i 9.35 
(d, 1 H), 7.75 (d, 1 H), 7.58-6.98 (m, 8 H), 6.32 (dd, 1 H), 2.99 
(s, 6 H) ppm. Anal. (CJOH^FNJO) H, N; C: calcd, 74.98; found, 
72.85. 

[4«,6£(E)]-6-[2-[2*(DimethylamiiioM-(4-fluorophenyl)-3-
quinoHnyl3ethenyl3tetrahydro-4«hydroxy-2H-pyran-2-one 
(26) was prepared in 29% overall yield from compound 25 in an 
analogous manner to the preparation of lactones 8a-e from al
dehydes 6a-e: mp 150-152 0C; ̂  NMR (CDCI3) 6 7.83 (d, 1 H), 
7.57-7.50 (m, 1 H), 7.26-7.16 (m, 6 H), 6.49 (d, 1 H), 5.66 (dd, 
1 H), 5.16-5.06 (m, 1 H), 4.28-4.25 (m, 1 H), 3.01 (s, 6 H), 2.75-2.60 
(q, 2 H), 2.07 (bs, 1 H), 1.82-1.51 (m. 1 H) ppm. Anal. ((V 
H23FN,O3'0.5C<H8O2) C, H, N. 

3-Mcthyl-4-quinolinemethanol (28) was prepared in 73% 
yield via a DIBAL-H reduction of 27:IS 'H NMR (CDCI3) 6 8.55 
(s, 1 H), 8.17-7.90 (m, 2 H), 7.68-7.42 (mf 2 H), 5.05 (sr 2 H), 2.46 
(s, 3 H), 2.20 (bs, 1 H) ppm. 

3-Methyl-4-quitiolinecarboxaIdehyde (29) was prepared in 
70% yield from 28 via a Swern oxidation: lH NMR (CDClj) 6 
10.77 (3.1 H), 8.68 (s, 1 H), 8.52-8.41 (m, 1 H), 8.03-7.87 (m, 1 
H), 7.67-7.34 (m, 2 H), 2.67 (s, 3 H) ppm. 

: -78 
30% 

(CDCI3) 5 8.70 (s, 1 H), 8.10-7.34 (m, 5 H), 6.21 (d, 1 H), 3.80 (s, 
3 H), 2.42 (s, 3 H) ppm. Anal. (C,<H,5N02) C, H, N. 

(£)-3-(3-Methyl-4-quinolmyl)-2'propen-l-ol (31) was pre
pared in 71 % yield from 30 via DIBAL-H reduction: NMR 
(CDCI3) S 8.65 (s, 1 H), 8.10-7.85 (m, 2 H), 7.66-7.33 (m, 2 H), 
6.92 (d, 1 H), 6.11 (dt, 1 H), 4.35 (bs, 3 H), 2.46 (s, 3 H) ppm. 

(£)-3-(3-Methyl-4-quinolinyl)-2-propenal (32) was prepared 
in 71% yield from 31 via a Swern oxidation. lH NMR (CDCi9) 
5 9.75 (d, 1 H), 8.63 (s, 1 H), 8.02-7.14 (m, 5 H), 6.38 (dd, 1 H), 
2.41 (s, 3 H) ppm. 

[4a,6^(iS')]-6-[2-(3>MethyJ-4-quiDoljiiyl)etheiiyl]tetra* 
hydro-4-hydroxy-2H'pyran-2-one (34) was prepared in 10% 
overall yield from aldehyde 32. The low yield is due to inefficient 
extraction of the dihydroxy acid from the aqueous phase during 
the acidification procedure: mp 198-200 0C; lH NMR (CDC13) 
5 8.61 (s, 1 H), 7.94-7.87 (m, 2 H), 7.55-7.34 (m, 2 H), 6.87 (d, 
1 H), 5.92 (dd, 1 H), 5.46-5.37 (m, 1 H), 4.90 (bs, 1 H), 4.26 (bs, 
1 H), 2.62 (d, 2 H), 2.33 (s, 3 H), 2.15-2.03 (m, 1 H), 1.89-1.76 
(m, 1 H) ppm. 
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H), In Vivo Acute Inhibition of Cholesterol Synthesis Assay 

(AICS). Male Sprague-Dawley rats (250 g body weight), pre
viously fed 2.5% cholestyramine for 3 days, were randomly divided 
into groups (N ~ 5/group) and given a single dose of vehicle 
(controls) or compound by an oral gavage at the indicated doses. 
One hour after drug dosing, all rats were injected intraperitoneally 
with sodium (l-MC)acetate (20.0 pCi/rat in 0.3 mL of saline). After 
50 min, blood samples were taken, plasma was obtained by cen-
trifugation, and plasma (NC)choIesteroI was measured after sa-
ponification and extraction. 
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Disubstituted Tetrahydrofurans and Dioxolanes as PAF Antagonists the 
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Jed, A new series of disubstituted tetrahydrofuran and dioxolane derivatives were prepared and evaluated for their PAF 

antagonist activity in the PAF-induced in vitro platelet-aggregation and in vivo hypotension tests. Several of these 
compounds exhibited more potent activity than the structurally related 2-[Af-acetyl-Ar-[|l[2-methoxy-3*((octa* 
decy]carbamoyl)oxy]propoxyjcarbonyljaminojmethyl]-l-ethylpyridinium chloride (CV-6209,3) in the in vitro assay, 
whereas all showed less potency in the in vivo test. The role of both the substituent nature and the placement and 
number of oxygen atoms in the ring are discussed. A qualitative SAR study was carried out on these nuclei. 

In vivo experiments have demonstrated PAF's role in 
several pathological conditions,6 such as asthma,1 inflam
mation® anaphylactic shock,9 gastric ulceration,10 and 

yde 
hoi, 
ield 
2 to 
CI3) 
(d 

• Platelet activating factor (PAF, 1) is a naturally oc
curring phospholipid first described in 1972.1 It is pro
duced by stimulated basophils, neutrophils, platelets, 
macrophages, endothelial cells, and IgE-sensitized bone 
marrow cells.2 PAF is involved in a wide range of bio
logical actions such as stimulation of platelets and leuko
cytes, bronchoconstriction, hypotension, negative inotropic 
cardiac effects, and increase in vascular permeability.3-5 

ous 
:me 
3, 1 
/.22 

(6) (a) New Horizons in Platelet Activating Factor Research; 
Winslow, C. M., Lee, M. L., Eds.; WHey. New York,.1987. (b) 
Braquet, P.; Touqui, L.; Shen, T. Y.; Vargaftig, B. B. Phar
macol. Reo. 1987,39, 97. 

(7) (a) Page, C. P. Developments in Asthma. A View of Current 
Research; PJB Publications: Richmond, Surrey, England, 
1987. (b) Mencia Huerta. J. M.; Benhamou, M. In Asthma. 
Clinical Pharmacology and Therapeutic Progress; Kay, A. B., 
Ed.; Blackwell Scientific; Oxford, 1986; pp 237-250. (c) Pat
terson, R.; Bernstein, P. R.; Harris, K. E.; Krell, R. D. J. Lab. 
Clin. Med. 1984,104,340. (d) Morley, J.; Page. C. P.; Sanjar, 
S. /at. Arch. Allergy Appl. Immunol. 1985, 77,73. (e) Page, 
C. P.; Archer, C. B.; Paul, W.; Morley, J. Trends Pharmacol. 
Sci. 1984, 5, 239. 
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(1) Benveniste, J.; Henson, P. M.; Cochrane, C. G. </. Exp. Med. 

1972, 336,1356. 
(2) Vargaftig, B. B.; Benveniste, J. Trends Pharmacol. Sci. 1983, 

4, 341. 
(3) Braquet, P.; Vargaftig, B. B. Transplant. Proc. 1986, 18 

[Suppl. 4), 10. 
(4) Morley, J. Agents Actions 1986, 5,107. 
(5) (a) Snyder, F. Med. Res. Reu. 1985,5,107. (b) Venuti, M. C. 

Annu. Rep. Med. Chem. 1$85, 20, 193. 
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Phosphorus-Containing Inhibitors of HMG-CoA Reductase. 2.1 Synthesis and 
Biological Activities of a Series of Substituted Pyridines Containing a 
Hydroxyphosphinyl Moiety2 

2804 

Jeffrey A. Robl * Laurelee A. Duncan, Jelka Pluscec, Donald S. Karanewsky, Eric M. Gordon, Carl P. Ciosek, Jr., 
Lois C. Rich, Vivians C. Dehmel, Dorothy A. Slusarchyk, Thomas W. Harrity, and Kelly A. Obrlen j f - .V  

The Bristol-Myers Squibb Pharmaceutical Research Institute, P.O. Box 4000, Princeton, New Jersey 08543-4000. 
Receiued February 22,1991 

A series of 2,3,4,(5),6-substituted pyridines containing a hydroxyphosphinyl functionality have been prepared and -
were evaluated for their ability to inhibit the enzyme HMG-CoA reductase. Systematic substitution of both RHR4 

and X-Y led to compounds of type 3-6 with in vitro potency greater then that of mevinolin (Na salt). 

Scheme Ia Introduction 
High serum cholesterol levels have been linked to the 

development of atherosclerosis and coronary heart disease 
(CHD).3 A major constituent of serum cholesterol, low 
density lipoprotein (LDL), is widely believed to be ath
erogenic upon oxidative modification in vivo,4 and there
fore methods to reduce circulating levels of LDL are highly 
desirable. Mevinolin (1) and pravastatin (2), two closely 

JU.-*- -V 
12 Si 

MeifwJA 

d Wh«fB - OEl 

1 0  

0 
R' 

R,yk<*C01 

R4 Q 0 K* 

»*• M^ihodB 

Wfwre • 

tf.H 

0 
7 . o H0' 

nr*! i P*^Y^"C02M 
'COjNa MO, 

OH Y OH R'-CHO X" 1 1  

R* VAtere X-Y b 
C-C(3), CH»CH(l) (4), 

CHJCH2 (5). or CHjO (6) 
R'.R'balky^ 
andM bNaorU 

CO^t ^
0H Hy) R' 

R4 
1, R • a-Me (Mevinolin Na) 
2. R • P-OH (Pravastaiin) 

related natural products, are currently finding use as 
therapeutic agents in the treatment of hypercholesterole
mia.6 These compounds act as HMG-CoA reductase 
(HMGR) inhibitors. Through a complex sequence of 
regulatory mechanisms, they serve to increase hepatic LDL 
receptor levels, thereby lowering LDL concentration in the 
plasma.6 Inhibition of HMGE, the rate-limiting enzyme 
in the biosynthesis of cholesterol, is therefore a proven 
approach to the treatment of hypercholesterolemia. 

In an attempt to design better, more potent reductase 
inhibitors, much effort has been expended on replacing the 
complex decalin portion of the mevinic acids (i.e. 1 or 2) 
with structurally simpler, achiral aromatic surrogates.7 In 

Br 

'Br 

.R* n'-.R* R'. 

R* R'' 1 6  k 17 
R* 

0 (a) EtONa, EtOH, room temperature; (b) 10, EtONa, EtOH, 
room temperature; (c) 8, piperidine, HOAc, PhH, reflux, -H90; (d) 
R4COCHjK3, L»N(TMS)5, THF, -78 #C; (e) NH4OAc, Cu(OAc)a, 
HOAc, reflux; (f) LiAlH^, THF; (g) Dess-Martin periodinane, 
tert-butyl alcohol, CHsCl^ room temperature, or DMSO, 
CHjClj, -78 0C then TEA or TPAP, 4-methylmorpholine iV-oxide, 
4A molecular sieves, CHjClj, room temperature; (h) CBr4> PPhj, 
CHjCljfCHjCN); (i) n-BuLi (2.2 equiv), THF, -78 "C, then satu
rated NH4CI quench. 

Scheme II* (1) For part 1 in this series, see: Karanewsky, D. S.; Badia, M. C.; 
Ciosek, C. P., Jr.; Robl, J. A.; Sofia, M. J.; Simpkina, L. M.; 
DeLange, B.; Harrity, T. W.; Biller, S. A.; Gordon, E. M. 
Phosphorus-Containing Inhibitors of HMG-CoA Reductase. 2. 
4-((2-Arylethyl)hydroxypho8phinyl]-S-hydToxybutanoic Acids: 
A New Class of Cell Selective Inhibitors of Cholesterol Bio-

- synthesis. «/. Med. Chem. 1990,33, 2952-2956. 
(2) Presented in part at the 199th Meeting of the American 

Chemical Society, Boston, MA, April 1990, Abstract MEDI 
128. 

(3) Endo, A Compactin (ML-236B) and Related Compounds as 
Potential Cholesterol-Lowering Agents That Inhibit HMG-
CoA Reductase. </. Med. Chem. 1985, 28,401-405 and refer
ences therein. 

(4) Steinberg, D.; Parthasarathy, S.; Carew, T. E,; Khoo, J. C.; 
Witztum, J. L..Modifications of Low-Density Lipoprotein That 
Increase Its Atherogenicity. N. Eng. J. Med. 1989, 320, 
915-924. 

(5) (a) Hoeg, J. M.; Brewer, H. B., Jr. 3-Hydroxy-3-Methyl-
glutaryl-CoEnzyme A Reductase Inhibitors in the Treatment 
of Hypercholesterolemia. J. Am. Med. Assoc. 1987, 258(24), 
3532-3536. (b) Grundy, S. M. HMG-CoA Reductase Inhibitors 
for Treatment of Hypercholesterolemia. N. Eng. J. Med. 1988, 
319, 24-31. 

(6) Brown, M. S.; Goldstein, J. L. A Receptor-Mediated Pathway 
for Cholesterol Homeostasis. Science 1986, 232, 34-47. 

"O 
HO OH b.c a, 

Brv^I^COjMfl 

HO OH 1 8  

O OSKt-butylJPhj OSi(t^wyi)Pn, d e.t.q l-PiO 

HW JO 
19 

O OSI([-buryl)Phj 

-fs^A^COjM# 
CI 

0 OSI(t-butyl)Ph2 

tAaO-P^X^COiMa 
DCHA'HO 21 

4 (a) See ref 12; (b) (C-Bu)Ph2Sia, DMAP, imidazole, DMF; (c) 
Nal, MEK, reflux; (d) (i-PrO>aP, 160 eC; (e) TMSBr, BSTFA, 
CH2CI2; (0 MeOH, DCC, pyridine; (g) dicyclohexylamine', EtjO: 
(h) 5% KHS0<, then TMSDEA, CHjCl2; (i) (CO)*Cl2, catalytic 
DMF, CHjClj. 

most cases, the 3,5*dihydroxyheptanoic acid portion of the 
molecule, the pharmacophore that interacts with the 3-
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hydroxy-3-methylglutaryl (HMG) binding domain of the 
enzyme,8 has been retained. In our previous communi
cation,1 we described a rationale for the design of a new 
class of HMGR inhibitors that utilizes a hydroxy-
phosphinyl functionality in place of the commonly ex
ploited C-5 hydroxy functionality present in the 3,5-di-
hydroxyheptanoic acid pharmacophore. The hydroxy-
phosphinyl group was designed to bind to the protonated 
form of the catalytic group, which serves to activate sub
strate carbonyl groups toward delivery of a hydride ion in 
the enzymatic reduction of HMG-CoA to mevalonic acid. 

We have prepared hydroxyphosphinyl-containing 
HMGR inhibitors utilizing a wide variety of aromatic 
hydrophobic binding domain surrogates. In this paper, we 

Scheme IIP 

"•o? 

osv*yiiffK, 

n'. A1. R'. •R' b JS^L. ft5 
R' 

if " k " 

Uffcrt Wrtrtan 

Urt.f ' wie.s we,! p'^Y^'co î 'CO,u* —"eo '̂i 

J OK OH 
»'T 

ft* 

.fl' R'. ,fl» fi1. 

S 
* 

25. X-T b 
». X-V b CHJCHJ 

0 (a) BujSnH, cat, AIBN, 140 CC, then U, Et,0; (b) J-BuLi, THF, 
-78 0C, then 22, THF, -100 0C; (c) TBAF, HOAc, THF; (d) H2, 
Pd/C, MeOH; (e) NaOH, HjO, dioiane, A. 

(7) (a) Stokker, G. E.; Hoffman, W. F.; Alberta, A. W.; Cragoe, E. 
J.; Deana, A. A.; Gilfillan, J. L.; Huff, J. W.; Novello, F. C.; 
Prugh, J. D.; Smith, R. L-i-Willard, A. K. 3-Hydroxy-3-
methylglutaryl-coenzyme A Reductase Inhibitors. 1. Struc
tural Modification of 5-Substituted 3,5-dihydroxypeiitanoic 
Acids and Their Lactone Derivatives. J. Med. Chem. 1985,28, 
347. (b) Hoffman, W. F.; AJberta, A. W.; Cragoe, E. J.; Deana, 
A. A.; Evans, B. E.; Gilfillan, J. L.; Gould, N. P.; Huff, J. W.; 
Novello, F. C.; Prugh, J. D.; Kittle, K. E.; Smith, R. L.; Stokker, 
G. E.; Willard, A. K. 3-Hydroxy-3-methylglutaryl-coenzyme A 
Reductase Inhibitors. 2. Structural Modification of 7-(sub-
stituted aryl)-3,5'dihydroxy-6-heptenoic Acids and Their 
Lactone Derivatives. J. Med. Chem. 1986, 29,159-169. (c) 
Stokker, G. &.; Alberta, A. W.; Anderson, P. S.; Cragoe, E. J.; 
Deana, A. A.; Gilfillan, J. L.; Hirshfield, J.; Holts, W. J.; 
Hoffman, W. F.; Huff, J. W.; Lee, T. J.; Novello, F. C.; Prugh, 
J. D.; Rooney, C. S.; Smith, R. L.; Willard, A. K. 3-Hydroxy-
3-methylglutaryl-coenzyme A Reductase Inhibitors. 3. 7* 
(3,5-Disubstituted Il,r-blphenyl]-2-yl)-3,5*dihydroxy-6-hep« 
tenoic Acids and Their Lactone Derivatives. J. Med. Chem. 
1986,29,170-181. (d) Stokker, G. E.; Alberts, A. W.; GilflUan, 
J. L.; Huff, J. W.; Smith, R. L. 3-Hydroxy-3-methylglutaryl-
coenzyme A Reductase Inhibitors. 5. 6-(Fluoren-9>yl)- and 
6-{Fluoren-9'yUdenyl)-3,5-dihydroxyheptaiioic Acids and Their 
Lactone Derivatives. J. Med. Chem. 1986, 29, 852-855. 
Balasubramanian, N.; Brown, P. L; Catt, J. D.; Han, W. T.; 
Parker, R. A.; Sit, S. Y.; Wright, J. J. A Potent, Tissue-Selec
tive, Synthetic Inhibitor of I 
Chem. 1989,32, 2038-2041. i 

Hoefle, M. L.; Stratton, C. D.; 
Newton, R. S. Inhibitors of Cholesterol Biosynthesis. 1. 
fran$-6-(2-PyTrol-l-ylethyO-4-hydroxypyran-2-ones, a Novel 
Series of HMG-CoA Reductase Inhibitors. 1. Effects of 
Structural Modifications at the 2- and 5-Positions of the Pyr
role Nucleus. "J. Med. Chem. 1990.33.21-31. (gftSliskovic, D. 
R.; Roth, B. D.; Hoefle, M. L.; Wilson, M. W.; Newton, R. S. 
Inhibitora of Cholesterol Biosynthesis. 2. l^.S-Trisubstituted 
f2-(Tetrahvdro-4-hvdroxv-2-oxopyran-S-vnethvllpvTa2ole3. *3. 
Med. Chem. 1990. 33. 51-38. @ Jendralla, H.; Baader, E.-, 
Bartmann, W.; Beck, G.; Bergmann, A.; Granzer, E.; Ker-
ekjarto, B. v.; Kesseler, K.; Krause, R.; Schubert, W.; Wess, G. 

_ Synthesis and Biological Activity of New HMG-CoA Reduc
tase Inhibitors. 2. Derivatives of 7-(lH-PyTroI-3-yl)-8ubsti-
tuted-3,5-dihydroxyhept*6(£)-enoic(*heptanoic) Acids. *</. 
Med. Chem. 1990.33, 61-70. ^j) Roth, B. D.; Biankley, C. J.; 
Chueholowski, A. W.', Ferguson, E.i Hoefle, M. L.; Ortwine, D. 
F.) Newton, R. S.; Sekerke, C. S.; Sliskovic, D. R.; Stratton, C. 
D.; Wilson, M. W. Inhibitors of Cholesterol Biosynthesis. 3. 
Tetrahydro-4-hydroxy-6-[2-(lH-pyTrol-l-yl)ethyl)-2H-pyran-
2-one Inhibitora of HMG-CoA Reductase. 2. Effects of In
troducing Substituents at Positions Three and Four of the 
Pyrrole Nucleus.^ Med. Chem. 1991.34,357-366. fjj Slis-
kovic, D. R.; Picard, J. A.; Jloark, W. H.;Roth,B. D.; Ferguson, 
E.; Krause, B. R.; Newton, R. S.; Sekerke, C. S.; Shaw, M. K. 
Inhibitors of Cholesterol Biosynthesis. 4. trans-6-(2-(Substi
tuted quinolmyl)ethenyl/ethyl)tetrahydro-4-hydroxy-2H-
pyran-2-onea, a Novel Series of HMG-CoA Reductase Inhib
itors. VJ. Med. Chem. 1991, 34, 367-373. 

(8) Abeles, R. H.; Nakamura, C. E. Mode of interaction of ^-Hy-
droxy«/?*methylglutaryl CoEnzyme A Reductase with Strong 
Binding Inhibitors: Compactin and Related Compounds. 
Biochemistry 1985, 24,1364-1376. 
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• (a) n-BuLi (1.1 equiv for 17, 2.2 equiv for 16), THF, -78 0C, 
then 22, THF, -78 0C; (b) TBAF, HOAc, THF, then CHjNj, Et,0; 
(c) NaOH or LiOH, HjO, dioxane, 50 0C. 

describe the utilization of substituted pyridines2,9 in the 
synthesis of hydroxyphosphinyl containing inhibitors 3-6, 
in which both the "linker" portion (X-Y) of the molecule 
and the substituents on the pyridine "anchor" have been 
widely varied. 

Chemistry 
Methods for the synthesis of the requisite pyridine 

nuclei are depicted in Scheme I. Claisen-Schmidt con
densation of methyl ketone 7 with aldehyde 8 provided 
trarw-enone 9. Ethoxide-catalyzed Michael addition of 
/3-keto ester 10 to 9 gave the desired adducts 11, usually 
as a 1:1 mixture of diastereomers. Method B provides 11 

) IG-CoA Reductase. J. Med. 
)Roth, B. D.; Ortwine, D. F.; 
iskovic, D. R.; Wilson, M. W.; 

(9) During the course of thia work, others have disclosed their 
efforts on pyridine based 3,5-dihydroxyheptanoic add con
taining HMGR inhibitora; see (g) Beck, G.; Kesseler, K.; 
Baader, E.; Bartmann, W.; Bergmans, A.; Granzer, E.; Jen-
dralia, H.; Kerekjarto, B. v.; Krause, R.; Paulus, E.; Schubert, 
W.; Wess, G. Synthesis and Biological Activity of New HMG-
CoA Reductase Inhibitora. 1. Lactones of Pyridine- and Py-
rimidine-Substituted 3,5-Dihydroxy-6-heptenoic(-heptanoic) 
Acids. J. Med. Chem. 1990. 33. 52-60. (b) Angerbauer, R.; 
Fey, P.; Hubsch, W.; Phillips, T.; Bischoff, H.; Petzinna, D.; 
Schmidt, D.; Thomas, G. European Patent Application EP-A-
0325130. (c) Chueholowski, A. W.; Roth, B. D.; Creswell, M. 
W.; Sliskovic, D. R. European Patent Application EP-A-
0306929. 
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Table I. Pyridyl Alcohols 14 
% yield'1 

mp, "C (method) R1 R3 R4 anal.fr RJ formula no. 
C,H6 ^FCeH^ 

4.FC6H4 
4-FCjH< 
4.FCaH4 
4.FC6H4 
4-FC8H4 
4<FCeH4 

4-FC6H4 
4-FC6H4 
4-FCSH4 
4-FC6H4 
4-FC,H4 
4-FC6H4 

4-FC#H4 

i-CjH, 
i-CjH, 
i'CjHj 

CjjHajFNO 
CaHaFNO 
CaHaaFNO 
CaHoFNO 
CjiH16F4N0 
CjfHuFMOS 
CTTHIEFNO 
CwHaFNO 
CJJHJOFNO 
CMHJBFNO 
C^H^FNO 
CJJHMFNO 
CJJHJOFNO 
CaHjoFNO, 

H 82 (B) 
65(B) 
40 (B) 
30 (B) 
60(B) 
37 (B) 
22 (B) 
57(B) 
24(B) 
13(B) 
49(B) 
40(B) 
56 (B) 
42(B) 

C,H,N 
C, H, F, N 
C, H.F.N 
C, H, F, N 

14a 167-169 
114-115 
122-124 
73-75 
130-132 
151-153 
154-155 
88-90 
94-95 
139-140 
112-113 
101-104 
143-145 
114-115 

H 2*MeC6H4 
2-(C8H6CH2)C6H4 
1-naphthyl 
2,3,5,6.(F)AH, 
2-thienyl 

14b 
H 14c 

i.C,H7 H 14d 
i-CjHj H 14e 
i-CjH, H C, H, F, N, S 

C, H, F, N 
C, H, F, N 
C, H, F, N 
C, H, F, N 
C, H, F, N 
C, H, F,N 
C, H, F, N 
C, H, F,N 

I4f 
CHj hCjHT 

!-C|H» 
i-CjH; 
i-W 

H U g  
} ' '  i-CaH, H 14h 

C-CJH4 14! H 
(C^jCH 
t-C4H9 
c-CiHn 
l.adanantyl 

H 14) 
i-CaH, H 14k 
i-CjH, 
i-^H, 
i'CjHt 

H 141 
H 14m 
H 

60 
Mn 

CeH6 68(A) 
53(A) 
21(A) 
52(A) 

CaHaFNO C, H, F, N 
CaH^FNO C, H, F, N 
CMHmFNO C,H,F,N 
CJIH^FNO C, H, F, N 
CaiHisFjNO c 
CaHjoFNO^ C.H,F,N 
CaHaFNO C,H,F,N 

••CJHT 182-184 
228-230 
244-246 
169-171 
163-165 
166-167 
138-139 

4-FC6H4 
4-FCttH4 
4-FC6H< 
4-FC8H4 
4-FC6H< 

CHJ 14o 
CeHj i-CjH, CH^Hj 

i-CjHt 
I4p 

CeH, i-CjH, 
i-CjH, 
i-CjH, 
'•Q>Ht 
UCjH, 

14q 
CeH# 14r 

C«H6 8(A) 148 F 
4'FCsH4 13(A) 14t n = 1 
4-FC6H< 41 (A) 14u n = 2 

i-CjH, 
t-C«Hj 
c-C,H# 
c-CjHe 

68(A) 
20(B) 
62(B) 
71(A) 
61(A) 
72(A) 
31 (B) 
60(B) 
66 (B) 

CHHMFNO 
CXJHWFNO 
CMHHFNO 
CJJHJOFNO 
CJJHJOFNO 
C2OH18FNO 
CJJHJOFNO 
C*HaFNO 
CgHgFNO 

i-FCJU 
i-FCJlt 
^FCeH^ 
4.FCeH4 
4>FCeH4 

4-FCeH4 

161-162 C, H, F, N 

C, H, F, N 
C, H, F, N 

14v- n = 3 
H C<H6 oil I4w 

CeHt H 176-177 
140-142 
180-181 
178-180 
172-173 
159-160 
134-135 

L4x 
CH, C«H4 I4y 

CJH4 CH, CeHe 14z c 
CHj C*H4 CHJ C, H, F, N 

C, H. F, N 
C, H, F, N 
C,H.F.N 

Maa 
i-C3H7 14bb 4-FC<H4 H C«H6 
4-F-3'MeC<Hj i-C3H7 
4-F-2-MeCeHj i-CjH, 

C,HS 14cc H 
0^6 14dd H 

'Repiesents overall yield from 12 (method A) or from 9 (method B). ^Analytical results were within ±0.4% of the theoretical value. 
'Microanalysis was not performed. Compound possessed lH NMR and MS in accord with assigned structure. ''Anal. Calcd: C, 79.25. 
Found: C, 78.74. 

in generally good yields in the cases where R3 - H but was 
unsatisfactory in cases where R3 was alkyl or aryl. In these 
cases, introduction of the R3 substituent was best carried 
out utilizing method A. jff-Keto a^-unsaturated ester 12, 
generated by Knoevenagel condensation of jS-keto ester 10 
with aldehyde 8, readily underwent Michael addition with 
lithium enolate R^CCOLQ^CHR3 to give 11 as a complex 
mixture of diastereomers. Treatment of 1,5'diketone 11 
with NH^OAc in hot HOAc afforded the intermediate 
dihydropyridine, which underwent Cu(OAc)>2 oxidation10 

in situ, affording pyridyl ester 13. Utilization of either 
method A or method B allowed for the rapid and con
venient generation of tetra- and pentasubstituted pyridines 
13, in which the substituents R^R4 could be independently 
selected from a variety of alkyl or aryl groups. Simple 
LiAlHj reduction of 13 gave pyridyl alcohols 14 (Table 1). 
Alcohols 14 provided an entry to phosphonic acid based 
inhibitors 6 (see Scheme V), but a one-carbon homologa
tion was necessary for generation of the phosphinic acid 
class of compounds (see Schemes III and IV). Oxidation 
of 14 could be effected under a variety of conditions to give 
the corresponding aldehydes 15. Reaction of 15 with 
CBr4/PPh3 provided the vinyl dibromides11 (Table II) in 

generally excellent yields. Treatment of 15 with n-BuLi 
in THF at -78 0C generated the corresponding acetylenic 
anions in situ. The anions could be utilized in carbon-
phosphorus bond formation directly or quenched with a 
proton source to give acetylenes 17. 

The routes we have developed1 for the synthesis of both 
the phosphinic and phosphonic add based inhibitors utilize 
phosphonochloridate 22 as a synthon for the introduction 
of the 3-hydroxy-4-(hydroxyphosphinyl)butanoic side 
chain. The S enantiomer of compound 22 was prepared 
by a multistep route (outlined in Scheme II) from iso-
ascorbic acid via known12 bromohydrm ester 18. Silylation 
of 18 followed by Finkelstein reaction on the silylated 
bromide provided 19 in 74% overall yield. Arbuzov re* 
action of 19 was best effected with triisopropyl phosphite 
to give 20 in 75% yield. Phosphorus de&sterification with 
TMSBr followed by reesteriflcation with MeOH/DCC in 
pyridine gave the corresponding phosphonic acid mono-
methyl ester, which was conveniently isolated and stored 
in stable form as its dicyclohexylamine salt 21. Regen
eration of the free acid followed by subsequent treatment 
with TMSDEA and oxalyl chloride thus provided phos-

(10) Bell, T. W.; Rothenberger, S. D. Synthesis of Annelated Pyr
idines from l,5*Diketone Equivalents using Cupric Acetate end 
Ammonium Acetate. T'efra/ie^ron Lett. 1987, 4817-4820. 

(11) Corey, E. J.; Fuchs, P. L. A Synthetic Method for Formyl-
Ethynyl Conversion (RCHO - RC«®CH or RCa®CR'). Tetra
hedron Lett. 1972, 3769-3772. 

(12) (a) Bock, K.; Lundt, 1.; Pedersen, C. Synthesis of (5)> and 
(fi)-4-Amino-3'hydroxybutyric Acid (GABOB) and (£)• and 
(fi)-Carnitine from Arabinose or "Ascorbic Acid. Acta Chem. 
Scand., B 1983, 37, 341-344. (b) Isbell, H. S.; Frush, H. L. 
Oxidation of L-ascorbic acid by hydrogen peroxide: prepara
tion of L-threonic acid. Corbohydr. Res. 1979, 72, 301-304. 

• . Jhj. 

Sawai Ex 1005 
Page 1022 of 4322



Journal of Medicinal Chemistry, 1991, Vol. 34, No. 9 2807 P/iosp/iorus-Confoinmg Inhibitors of HMG-CoA Reductnse 

Tfibie II. Pyridy) Viivy) Dibromides 16 
% yield6 

(method)' R3 R4 Ra mp, 0C R1 no." 
i-CsH, C6H6 4-FC6H4 

4-FC«H^ 
4.FCeH4 
4.FC«H« 
4.FC«H4 
4-FGA 
4-FC6H4 
4-FC6H4 
4-FCeH4 
4.FC.H4 
4-FC.H4 

4-PCeH4 
4-FC8H4 

4.FC6H4 

H oil 88 (C) 
68(D) 
62(D) 
74(D) 
62(D) 
86(D) 
94(D) 
71 (D) 
71(D) 
86(D) 
68(D) 
72(D) 
69 (D) 
74 (D) 

16a 
2-MeC«H4 
2-(C6HsCH2)C6H< 
1-naphthyl 
2,3,5,6-(FJ^H, 
2-thienyI 

i-CjHy H 16b 108-110 
foam 
foam 

i-CjHi 
i-CaH, 
i-CgH, 

H 16c 
16d H 

H 16e 77 
i-C3H7 H 107-108 16f 
i-CsHy H CH3 oil I6e 

i-C3H7 I-CSHT 
i-CjH, 
i-CsH, 

H 16h 52-53 
c-CjH* 
(CSHJJJCH 
trC4H9 
c-CeH,, 
1-adamantyl 

H oil 161 
H W 141-142 

98-100 
98-100 
176-177 
129-131 

i.C3H7 
i-CA 
i-CaH, 

H 16k 
H 161 
H 16m 

do 
H 16n 

C6Ha CHj 4-FC,H4 
4-FCaH4 
4-FC6H4 

4-FC6H4 

4-FC6H4 

i-CsH, 169-170 
155-167 

85(D) 
82(D) 
83(D) 
88(D) 
76(D) 
58 (D)rf 

16o 
CH,CH3 C«H# I-CSHT 16p 

CeHj i-CsH, i-C^H, foam l$q 
i-CsH? 
i-CaH, 

CeH, CaH4 155-158 
105-107 

16r 
C«H# F 168 

i-CaH, n = 1 foam 16t 

i-CaH, 
I-CSHT 
t-C4H9 
C-C3H5 
c-CaH, 

4-FC6H4 
4-FC«H4 
4-FCeH4 
4-FC6H4 
4>FCaH4 
4-FC6H4 
4-FCflH4 

i-CaH, 
4-F-3-MeC6Hj 
4-F-2-MeC<H3 

76 (E) 
83(D) 
58(D) 
69(E) 
77(E) 
72(E) 
73 (E) 
84(C) 
89(D) 
75(D) 

r t * 2  
n = 3 

121-122 
173-175 

16u 
Kv 

H CeH* oil 16w 
CeH5 H 170-172 

155-157 
137-138 
141-143 
124-126 
102-104 
128-129 

l$x 
CH, CeH6 l$y 

C<Hj CsHj CH3 16z 
CH3 CH, CJi6 16aa 

16bb 4-FC6HH H C«H6 
i-CsH, CeHj H 16cc 

CeHf 16dd H 
a Ail spectral data were consistent with assigned structures. 6 Represents overall yield from 14. 'Represents method of oxidation. Method 

C: Dess-Martin periodinane, tert-butyl alcohol, CHjClj, room temperature. Method D: (CO^Clj, DMSO, CHaCI* -78 "C, then TEA. 
Method E: TPAP, "(-methylmorpholine N-oxide, 4A molecular sieves, CH2C]2, room temperature. d CH3CN used as solvent in the formation 
of 16w from 15w. 

phonochloridate 22. Silylation of the free acid of 21 prior 
to treatment with oxalyl chloride generates TMSC1 rather 
than HC1 as a byproduct of the reaction, allowing the 
tert-butyldiphenylsilyl protecting group to remain intact. 

Scheme III outlines the route developed for the synthesis 
of frans-vinyl (X-Y - CH-€H(t)) and ethyl (X-Y -
CH2CH2) linked inhibitors 4 and 5. Hydrostaimylation of 
acetylene 17 with tributyltin hydride under free-radical 
conditions13 followed by treatment of the intermediate 
traru-vinylstannane with iodine atereospecifically provided 
the trans-vinyl iodides 23 in good yields. Metallation of 
23 with ter£»butyllithiuzn generated the corresponding 
vinyl anion, which was subsequently coupled with phos-
phonochloridate 22 at -100 0C to give 24 in yields aver
aging 55%. Higher reaction temperatures led to a sub
stantial diminution in product yield. Desiiylation with 
buffered fluoride provided 25, which was saponified to give 
traru-vinyl'linked inhibitors 4, or, was subjected to cata
lytic hydrogenation followed by saponification to give ethyl 
linked inhibitors 5. 

Synthesis of ethynyl (X-Y = 0=C) linked inhibitors 3 
was, in general, more straight forward (Scheme IV). The 

Scheme V8 

.OH 

fi'. H1 
a.b 

N 

T " 
Oxomelhylene Linked Inhibitor 

O 
P'^'Y'^'COiNa 

) nu I ns 
• NaO« 

jMe 

O O 

nl ,R« B». R'. c 
,N ,N 

R1 Rs 6 
n* R* 

29. R • s;(t-butyl)Ph2 

S O . R - H  

• (a) 22, pyridine, 4 0C; (b) TBAF, HOAc, THF; (c) NaOH, HsO, 
dioxane, 55 0C. 

lithium anion of 17, generated by the reaction of either 16 
or 17 with n-butylHthium, smoothly underwent coupling 
with phosphonochloridate 22 at -78 0C to give 27, usually 
in 65-80% yields. Desiiylation followed by saponification 
thus provided diacids 3. In the case of the ethynyl-linked 
compounds, cleavage of the silyl ether of 27 with fluoride 
ion also led to partial deesterification at the methyl 
phosphinate ester. Reesterification with diazomethane was 

(13) Tolstilkov, G. A.; Miftakhov, M. S.; Danilova, N. A.; Vel'der, 
Y. L. Regio- and Stereoselective Hydrostannylation of 3-
Hydroxy-4-phenoxy-l-butync: Effective Approach to Inter* 
mediates in the Total Synthesis of u^Aryloxyprostaglandins. 
Synthesis 1986, 496-499. 
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necessary in order to obtain the desired products, 28, in 
consistently good yields. 

Phosphonic acid based inhibitors 6 were generated as 
shown in Scheme V. Reaction of pyridyl alcohols 14 with 
phosphonochloridate 22 in pyridine gave 29, which were 
subsequently desilylated and saponified to give inhibitors 
of type 6. Treatment of diesters 30 with base led to a 
mixture of both 6 and 14, resulting from competing hy
drolysis of the methyl and pyridylmethyl phosphonic es
ters. 

In order to study the relationship between activity, the 
linker group X-Y, and the alkyl substituent at R2, a variety 
of inhibitors were synthesized in which the R2 group (R2 

~ methyl, ethyl, cydopropyl, and isopropyl) as well as the 
linker X-Y (OC, CH=CH(t), CH2CH2l and CH20) were 
varied. These studies show there is a strong interdepen
dence between R2 and X-Y. Where R2 is isopropyl or L^U;: 
cydopropyl (e.g 3-6a,klolp,v,y), the general order of ac
tivity with respect to X-Y is CH=CH(t) > CHjO > C^C 
> CH2CH2. In general, compounds possessing the trans-
vinyl group are 2-32-fold more active than their acetylenic 
or methylene ether counterparts and 5-95-fold more potent 
than their ethyl-linked counterparts. A reversal in activity 
occurs when R2 is methyl. In this case (e.g. 3aa, 5aa, and 
6aa), the order of activity is CH2CH2 » O^C ~ CH20. 
As expected, ethyl substitution at R2 (e.g. 3-6z) exhibits 
activity that is intermediate between that of isopropyl and 
methyl substitution (i.e. CH2CH2 ~ C^C for X-Y). In 
essentially all cases studied, the trans-vinyl group was 
found to be the superior linking functionality, regardless 
of the substitution pattern at R1 and R2. The SAR of the 
phosphonic acid based inhibitors 6 (X-Y is CH2O) more 
closely parallels that of the inhibitors possessing the ace
tylenic or trans-vinyl linkers, rather than the isosteric 
ethylene linkers. These data indicate that the alkyl R2 

group must be tailored to the appropriate linker X-Y in 
order to optimize inhibitory potency. On the basis of these 
SAR, the most potent compounds possess either an iso
propyl or a cydopropyl group at R2, a traru-vinyl or oxo-
methylene linker for X-Y, a 4-fluorophenyl group at R1, 
and substitution at both R3 and R4. Indeed, most of the 
compounds that possess low to subnanomolar activity 
against HMGR (i.e. 4o, 4p, 4V, Sv, and $y) fulfill these 

Since the main site of both LDL synthesis and expres
sion of LDL receptors lis in the liver, inhibition of chole
sterol biosynthesis in extrahepatic tissue may lead to un- £ 
desirable side effects. We therefore felt it would be ad
vantageous to develop HMGE inhibitors that would be 
selective for hepatic cells over extrahepatic cells.16 Con
sequently, the phosphorus-based inhibitors were evaluated 
for their ability to inhibit cholesterol synthesis from 
[14C]acetate in both hepatic and nonhepatic cells (Table 
IV). For comparison, mevinolin (1) and pravastatin (2) 
were also evaluated. One striking difference between 
pravastatin and mevinolin is exhibited in their ability to 
inhibit cholesterol synthesis in whole cells. Pravastatin 
shows inhibition in freshly isolated rat hepatocytes com-

Biological Results 
Compounds 3-6 were tested for inhibition of the con

version of 14C-HMG-CoA to ["CJmevalonic acid by par
tially purified HMG-CoA reductase (Table HI). Activities 
are expressed as concentration of drug producing 50% 
inhibition of the enzyme (/$o value). The /JO'S of the so
dium salts of mevinolin (1) and pravastatin (2) are shown 
for comparison. Structure-activity relationships were 
studied by (i) varying the nature of the substituents ortho 
to the binding domain pharmacophore, (ii) varying the 
substituents at carbons C-5 and C-6 (R3 and R1) on the 
pyridine ring, (iii) varying the nature of the >>lmkmgn group 
X-Y, and (iv) fusing the C-5 and C-6 positions of the 
pyridine ring with cycloalkylbenzo substituents. 

Workers at Merck had previously shown7b in a di-
hydroxyheptanoic acid based inhibitor series that, for 
optimal inhibitory potency, an aryl and an alkyl group 
must flank the HMGR binding domain pharmacophore. 
Early in our studies, we found that placement of the alkyl 
substituent (preferably isopropyl) at R2 and the aryl sub
stituent (preferably 4-fluorophenyl) at R1 lead to com
pounds of higher potency relative to their regioisomers 
(compare 3a and 4a with 3bb and 4bb). Subsequent 
studies were carried out utilizing this substitution pattern. 
It is apparent that the enzyme is able to accommodate a 
wide variety of substituents at C-6 (R4) of the pyridine 
nucleus. Very large groups such as naphthyl (3d), 2-
benzylphenyl (3c), and adamantyl (3m) are well tolerated. 
In general, the presence of sterically demanding groups 
such as diphenybnethyl (3j) and tert-butyl (3k) is preferred 
over smaller substituents such as methyl and isopropyl. 
A notable exception is seen in the case where R4 is cydo
propyl (31). This compound was found to be 20-fold more 
active than its isopropyl counterpart (3h). 

Substitution at C-5 (R3) of the pyridine nucleus with an 
alkyl or aryl group dramatically increases intrinsic potency 
(compare compounds 3o-r with 3a). The effect is greatest 
with methyl and decreases with increasing steric bulk (i.e. 
for R3, methyl > ethyl > isopropyl > phenyl) with R4 as 
phenyl It is believed that this effect is due to a favorable 
skewing of the R4 phenyl group out of the plane of the 
pyridine ring. In order to test this hypothesis, a series of 
conformationally restricted cycloalkylbenzo-fused pyridines 
were evaluated (compounds 3t-v), Cyclopentyl- and cy-
clohexylbenzo-fused pyridines 3t and 3u were essentially 
equipotent to their nonfused counterpart 3a, whereas cy-
cloheptylbenzo-fused pyridine 3v was 4-5-fold more active. 
The propylene bridge in 3v necessarily holds the fused 
phenyl group out of the plane with the pyridine ring.14 

The converse is true with methylene or ethylene bridging 
units. As proposed above, deviation of planarity of the R4 

phenyl substituent leads to optimal inhibitory potency. 

criteria. 

B'v 
(15) For papers concerning cell and tissue selectivity of HMGR 

inhibitors, see: (a) Tsujita, Y.; Kuroda, M.; Shimada, Y.; 
Tanzawa, K.; Axai, M.; Kaneko, I.; Tanaka, M.; Masuda, H.; 
Taiumi, C.; Watanabe, Y.; Fiji, S. CS-514, A Competitive In
hibitor of 3-Hydroxy-3-methylglutaryl Coenzyme A Reductase: 
Tissue Selective Inhibition of Sterol Synthesis and Hypolipi
demic Effect on Various Animal Species. Biochim. Biophys. 

. (^Germershausen, 
J. 1.; Hunt, V. M.; Bostedor, R. G.; Bailey, P. J.; Kkrkas, J. D.; 
Alberts, A. W. Tissue Selectivity of the Cholesterol-Lowering 
Agents Lovastatin, Simvastatin, and Pravastatin in Rats in 
Vivo. Biochem. Biophys. Res. Commun. 1989,158, 667-675. 
0 Roth, B. D.; Bocan, T. M. A.; Blankley, C. J.; Chucholow-
ski, A. W.; Creger, P. L.; Creswell, M. W.; Ferguson, E.; New
ton, R. S.; O'Brien, P.; Picard, J. A.; Roark, W. H.; Sekerke, 
C. S.; Sliskovic, D. R.; Wilson, M. W. Relationship between 
Tissue Selectivity and Lipophilicity for Inhibitors of HMG-
CoA Reductase. J. Med. Chem. 1991.34,463-466. (e) Shaw, 
M. K.; Newton, R. S.; Sliskovic, D. R.; Roth, B. D.j Ferguson, 
E.; Krause, B. R. HEP-G2 Cells and Primary Rat Hepatocytes 
Differ In Their Response To Inhibitors Of HMG-CoA Reduc
tase. Biochem. Biophys. Res. Commun. 1990,170, 726-734. 

Acta 1986,877, 50-60. (b) Reference 7e 

(14) For a study on the conformational analysis of bridged bi-
phenyls and S.S'-bipyridines, see: Jaime, C.; Font, J. Confor
mational Analysis of Bridged Biphenyls and 2I2'-Bipyridines 
Empirical Force Field Calculations (MM2-V4). J. Org. Chem. 
1990, 55, 2637-2644. 
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Table III. Inhibition of HMG-CoA. Reductase in Vitro for Compounds 1-6 
y («JD» % yield* 

X-Y M (e. MeOH) (method)6 
Im4 

R' RJ R4 R1 formula* DM no. 
e V 4.0 
e ,24.0 2 

C«H5 i-CaH, 
i-CjHj 

H Cs*C Li +4.8 (0.72) 
CH—CH(t) Li +6.2 (0.56) 
CHJCHJ Li -3.3 (0.45) 
CHaO Na -2.4 (0.47) 
CmC Li +4.0 (0^9) 

Na +3.4 (0.53) 
OmC Na +43(0.80) 

Na +2.7 (0.48) 
C—C Na +7.6 (0.95) 
C*C Na +4.7 (0^2) 
C=BC Na +6.6 (0.78) 
OsC Na +6.1 (0.74) 
OC Na +4.2 (0.38) 
0»C Na +6.5 (0.77) 
CH-CH(t) Na +3.3 (0.60) 
CHJCHJ Na +0.9 (0.68) 
CHjO Na -1.6 (0.43) 
0»C Na +4.4 (0.45) 
CBSC Na +5.8 (0.72) 
OmC Li +6.9 (0.12) 

59 0) CjjHnFNOjPLiyO.SOHjO 62.0 
C»HJ6FNO6PLir1.30H3(y IS  
CaH^FNOjPLij-ueHjO 181 
CjjHjsFNO^PNa^HjO 
C7,HlfiFN06PUrlJ.OH20 
C3jHsFN04PNarl.24H2Ofc 62£ 
C3oH24FN06PNar1.22HJO 28.7 
CHH1(F^06PNar4.60H90' 93 
C^H^FNOjPSNaj-l.SSHjO 14.6 
CjvHMFNOtPNaraJJHsO 231 
C33Hs(FNOtPNa2*1.40H)0 80.9 
C5jH»FNO6PNaI-2^0HJO 4.2 
C3,H»FNOjPNa2-2.0H5O 14.9 
CwHwPN06PNaa.l.l7Hj0 6.1 
CwHaFNO6PNa2.2.l0HjO 3  ̂
CMHjtFNOBPNar2.0HJO 17.2 
CoHsFNOePNaj-l̂ OHjO 1.4 
CaH^FNO^Naj-l.eOHjO 48.4 
CjoHjjFNOjPNaĵ .OHjO 4^8 
CjjHjjFNC^PLij'l̂ OHjO 84.6 

4-FC8H4 
4-FCflH, 
4-F(Vl4 

4-FC^H* 
4-FCsH4 
4-TCjli 
4-FC8H4 
4-FCeH4 
4-FCeH4 
4-FC#H4 
4-F(Vl< 
4-F(^H4 
4-FC6H4 
4-FC#H4 
4-FCSi 
4-FCeH4 

4-FC9H4 
4-FC#H< 

VFCgH^ 

3a 
C«H6 
C«H6 
CeH» 
2-MeC6H4 
2-(C6H6CH3)C8H4 OK) 
1-naphthyl 
2,3,4,5-F<C8H, OmC 
2-thienyI 

H 36(F) 4a •r 
i-CjH, H 10* 5a 

34 (J) i-CjH, 
i-CjHt 
i-CjHt 
i'CjHt 

H 12.7 
Z2A 

6a 
15 (H) 
55(H) 
33 (H) 
28(H) 
33(H) 
22(H) 
16(H) 
28(H) 

H 3b 
H 3c 
H 3d c 

i-CjHt H 3o 
i-CjH, 
i-CjHt 
i-CjH, 

H 3f 
y CH3 H 3g 

H i-CaH, 3h 
C-CJHJ 
(CeHJjCH 
t-C^Hj 
t-CA 
t-C4H9 
t-C^H# 
c-CsHn 
1-adamantyl 

t-CjH, H 3i 
17 0) i-C3H, H 3j S 33 (H) 
16 (F) 
28(G) 
32 (J) 
34(H) 
16 (H) 

i-CjHt H 3k i i-CjHt H 4k 
i-CjHj H 5k n 
i-CjHt 
i-C^H, 

H 6k 
H 31 3 

i-CaHr H 3m e 
S-CjH, H 13(H) 3n e 

o 
o> c 

2 CssC Li +9.4 (0.36) 
CH—CH(t) Na +104) (a50) 
CHjCH, Na +0.8 (a49) 
CH,0 Na -ZD (0.50) 
C^C Na +11.1 (0.45) 
CH—CH(t) Na +105 (0^2) 
CHJCHJ Na +1.0 (0.48) 
CHjO Na -0.1 (0.82) 
C^C Na +11.0 (0.39) 

Na +12.1 (0^2) 
Na +5.8 (0.48) 

OsC Li +14.1 (0.46) 

CnHuFNOtPLirLOeHiO 
CjrHjjFNOtPNayl̂ HjO 
CnHnFNOtPNa^egHsO 
Ca8H„FN0ePNar0.94H2O 
CjsHjjFNOjPNai-l.SDHjO 
CaHjaFN0JPNar3.85H,0 
CaHj^NOjPNaj^aSHjO 
C^HsFNOjPNarHjO 
CjjHjjFNOjPNaĵ .TSHjO 
CRH7rFN0(PNarl.22HaO 
CaHaFNOjPNarl.TgH^ 
CjjHjjFNOjPLij-l.SlHjO 

IfCjH; CH3 
J-CJH, CH3 

i-CjH, CHj 
i-C9Hi CH, 
i.CjH7 CHjCHj C9H4 
i.C3H7 CH2CH3 C6HS 
i-CjH, CH2CH3 C6H6 
i-C,H7 CHjCH, C6H8 

i-CjH; i-CjHi CSH& 
i-CjH, C#H6 

i-CjH? F 
i-CsHf n = 1 

CgHj 46(H) 
47(F) 
65(G) 

4-FC6H4 
4-FC#H< 
4-FCaH< 
^FCjH^ 
4-FCeH4 
4-FCjH^ 
4-FCJH4 

4-FC«H4 
4.FC#H4 
4-FC#H4 

4-FCJHJ 
4-FCjH4 

4.5 3o 
C#H8 1.2 4o 
CeHs 9^ 5o 
C6H4 34 (J) 5.1 6o 

53(H) 
36(F) 
68(G) 
33 (J) 
40 (H) 
49(H) 
40(H) 

5.6 3p 
0.55 4p 
19.1 5p 
2.5 6p B 
9.8 3q 

/ C#Ha C^C 15.6 3r d CeH, CsC 44.9 38 
18(H) 75.6 3t 

^6 (CH,),, 

CaHa8FN05pNaj.2.25H20 
C29H77FN05PNaJ-0.80H2O 
CoHaFNOjPNaĵ SOHjO 
Cj9H3,FNOjPNaj-2.04HsO 
CaH^FNOePNaĵ OHjO 
CrjHjsFNOjPLij-l.OlHjO 
CaHjiFNOjPNaĵ OHjO 
C34H2,FN0«PNar2.50H2Q 
C3tHaFN0«PNa3*1.25H20 
CjiHjjFNO^Narl̂ SHjO 
CjrH^FNOjPNarl̂ HjO 
C26H26FNOePNa2-1.75H20 
C»H2,FNO5PNa2.2.0H3O 
CaHjiFNOgPNarl.TSHjO 
CjeHuFNOsPNayl̂ SHjO 
CajHa5FN06PNa8.3.l3HJ0 
CJaH2iFN06PNaj-2.75HJ0 
CjsHjfiFNOjPNaĵ OSHjO 
C^HoFNOePNaj-l̂ HjO 
C2aH23FNO&PLi5*HlO 
CaHjsFNOsPLî ^HjO 
CTJH^FNOJPLIVI.UHJO 
CnH30FNO6PNar3.0H3O 
CnHjjFNOjPNa^HjO 
CnHsFNO(PNayl.78HiO 

Na +11.4 (0.40) 
Na +11.2 (0.60) 

CH-CH(t) Na +12^2 (0.45) 
CHjCHj 
CHiO 
CmC 
CmC 
CHjO 
OBC 
CH-CH(t) Na 
CHjCH, 
CHjO 
CeC 
CH=CH(t) Na +11.8(0.48) 
CHiCHj 
CHjO 
C=C 
CHJCHJ 
CHJO 

C*C 18 (H) 
66(H) 
21 (F) 
80(G) 
28 (J) 
17(H) 
59 (H) 
35 (J) 
57(H) 
30(F) 
76(G) 
32 (J) 
21 (H) 
13(F) 
46(G) 
22 (J) 
19 (H) 

4-FC,H4 
4.FC«H4 
4-FC6H4 

4-FCaH4 
4-FC^I4 
4-FCflH4 
4-FC#H4 
4-FGgH4 
4.FCBH4 
4-FC8H< 
4-FC8H4 
4-FCJH4 
4-FC6H4 
4-FCeH4 
4-FCeH4 
4-FCjH4 

3aa 4-FCJH4 
5aa 4-FCFLH4 
6aa 4-FC8H4 
3bb i-CaH, 
4bb i-CsH, 
3cc 4-F-3-MeCeHj i-C^I, 

- 3dd 4-F*2-MeC#H3 i-CjH7 
4dd 4-F-2-MeC(Hj i-CjHf 
5dd 4-F-2-McCeH3 i-CgHf 

i-C5H7 n = 2 
i-CjH7 n = 3 
i-CjH, n = 3 
i-CjHj n « 3 
i-CjH-j n - 3 
t-C4H9 H 
c-CjHj H 
cCaH, H 
c-CjHj CH, 
c-CjH* CHS 
c-CjHj CHj 
c-CjHj CH, 

52.5 3u 
OaC 14.4 3v 

1.3 4v 
Na +1.3 (0.38) 
Na -0.3 (0.34) 
Li +13.1 (0.42) 
Na +5.6 (0.81) 
Na -1.2 (0.50) 
Na +8.8 (0.62) 

+6.7 (0.50) 
Na -0.3 (0.32) 
Na -2.4 (0.41) 
Na +8.1 (0.35) 

18.6 1 5v 
1.2 6v 

\ CeH, 68.4 3w 
C,H# 90.9 3x 

) C«Hj 29 6z 
C«Hj 4.6 3y i 
C.Hj 15 4y 5 C,H} 9.2 5y 

1 C«H5 1.3 6y 
C«Hj 109.9 C2H4 CHJ 3z 
CeH» CjHg CH, 4.7 4z 
C4H5 Na 0 (0.33) 

Na -0.7 (0.45) 
Na +7.5 (0.4) 
Na 0 (0.44y 
Na -0.7 (a58) 
Li +7.5 (0.85) 

CH=CH(t) Li +1^ (0.45) 
Li +9.5 (0.78) 
Na +8.8 (0.38) 

CH-CH(t) Na +1.6 (0.41) 
CHtCH, Na -1.9 (0.43) 

CjH# CHS 79.8 5z 
C«H5 CJHJ CHj 19.4 6z t C«H# CH, CH, 1300 
C«H* CH, CH, W 235 
C,H6 29 (J) 1300 CH, CH, 
C«H4 41® 4.FCaH4 H 

4-FCeH4 H 
C^C 420 

C,H$ 12(F) 
53(H) 

45.3 
C«H» C^C 22.0 H 

33(1) C#H8 C^C H 156 
CeH, 12(F) 

63(G) 
H 3.9 

C4H4 H 115 
' Represants overall yield from vinyl dibromide 16 or acetylene 17. * Method F (Scheme HI, stepa a-ct a). Method G (Scheme HI, atapa d, a from 

25). Method H (Schema IV, stops a-c from 16). Method I (Scheme IV, steps a-c from 17). Method J (Scheme V, steps a-c). 'Analyzed for C, H, N, 
F, and P. Results w$re within ±0.4% of theory unless otherwise noted. ^Compounds were assayed against rat microsomal reductase using 100 /iM 
R.S-HMG-CoA and 2.7 mM NADPH. See the Experimental Section for a description of this assay. Reductase enzyme /* values and 95% confidence 
intervals were calculated from the linear segments of compoftita log dose versus percent inhibition regressicmB from 2-5 ezperinenta. The average 96% 
confidence interval for /«, values reported was ±18.4% with a range of 8-40%. 'Dihydrozy acid form, sodium aalt. 'Anal. Calcd: H, 5.36. Found: 
H, 5.82. 'Obtained via hydrogenation of 27 rather than 25. * Not analyzed for phosphorus. 'Anal. Calcd: Hf4.16. Found: H, 3.68. " -3.9° 
(MeOH, c » 0.44). 

1 

4-140-fold selectivity for inhibition in hepatocytes versus 
fibroblasts, with 3o being the most selective. This selec
tivity is directly related to the presence of the phosphinic 
acid functionality. The corresponding dihydroxyheptanoic 

parable to mevinolin but is a much weaker inhibitor in 
human skin fibroblasts (31-fold). In fact, mevinolin is 
7.7-fold more potent in fibroblasts than in hepatocytes. In 
contrast, our phosphorus-containing inhibitors exhibit a 

- .  
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Table IV. Inhibition of Cholesterol Synthesis from ("CJAcetate in Hepatocytes and Fibroblasts and Inhibition of Cholesterol 
Biosynthesis from (uC]Acetate in Rats on Intravenous (iv) and Oral (po) Administration0 

in vivo testing ; \ J 
(EDJO, 

iv 
mpk) fibroblasts6 reductase hepatocytes 

selectivity* (/M. nM) Uio, nM) (/JO, nM) po 5.ta no. 
0.40' 0.13 0.033 

0.053 
4.0 18.6 .146 

0.75 2 31 24.0 3080 100 u . -47 3a 59 9300 0.47 3.9 197 
4a 26 0.22 21.4 1.9 77 2000 

140 3.1 3o 11300 0.13 4.5 81 
3k 4.3 3.5 6.1 2400 0.7 556 

0.46 4o 1.2 7.7 0.1 260 2000 
Niy 4.5 13 3p 5.6 519 6750 
0.24 >10 4p 19.5 0.55 241 4700 

"The average 95% confidence intervals for the reported reductase, hepatocyte, and fibroblast /50 values were ±18.4, 40.9, and 56.9%, 
respectively. The average 95% confidence intervals for the iv and po EDJO values were 33.6 and 37.6%, respectively. All compounds were 
tested in 2-5 experiments. 6Human skin fibroblasts. 'Selectivity is measured as a ratio of /50 fibroblasts/Zso hepatocytes. ^Tested as the 
dihydroxy acid form, sodium salt. 'Tested po as the corresponding 6-lactone form. 'Not determined. 

acid16 of 4a (where the P(0)OH group in 4a is replaced 
by (S)-OH) is 69-fold more potent in fibroblast (750 = 2.6 
nM) than in hepatocytes {!& = 180 nM). These and other 
examples1 indicate that hepatocyte selectivity is a general 
phenomenon in the phosphinic and phosphonic acid class 
of reductase inhibitors. 

Also listed in Table IV are data obtained for the in
hibition of cholesterol biosynthesis from [14C]acetate in 
rats for a selected number of inhibitors. In general, these 
phosphinic acids are not as effective as the mevinic acids 
1 and 2 upon intravenous (iv) or oral (po) administration. 
An exception is compound 4o, which shows in vivo activity 
comparable to that of both 1 and 2. The oral activity of 
these phosphorus-containing HMGR inhibitors shows no 
direct correlation with either in vivo reductase inhibitory 
potency or with in vivo activity after intravenous admin
istration. However, there does appear to be a correlation 
between iv in vivo activity and activity in isolated rat 
hepatocytes. For example, despite the fact that 3o and 
3k are nearly equipotent against HMGR, 3k is a 7-fold 
weaker inhibitor of cholesterol biosynthesis in hepatocytes. 
This is mirrored in a 5-fold loss in potency relative to 3o 
upon iv administration. However, 3o is still 4-fold less 
active than mevinolin (1) on iv administration despite 

, y equivalent intrinsic potency against reductase. This sug-
i ( gests that the poor in vivo activity of these compounds may 
II be due in part to poor bioavailability to the liver, the target 
\\ organ. Differences in oral activity (e.g., compare 3o and 
^ 4o) are probably due to poor oral absorption. The reasons 

for the lack of correlation between the in vitro and in vivo 
potencies of these compounds are currently under inves
tigation. 

Conclusion 
A potent series of phosphorus-containing reductase in

hibitors has been synthesized based on the utilization of 
highly substituted pyridine nuclei as hydrophobic anchor 
groups. By proper selection of both the pyridine anchor 
group and linker X-Y, compounds with enzyme inhibitory 
activities comparable to or greater than mevinolin (Na salt) 
have been attained. As determined with rat hepatocytes 
and human skin fibroblasts, these compounds also show 
a degree of hepatocyte selectivity not generally exhibited 
in the dihydroxyheptanoic acid dass of inhibitors. In these 
studies* compound 4o exhibited acute in vivo activity in 
rats comparable to the clinically proven agents 1 and 2. 
Inhibitor 4o has been studied for cholesterol-lowering 

activity in other animal species such as rabbits, dogs, and 
monkeys. The results of these studies will be presented 
separately. In addition, an extension of this work to other 
aromatic and heteroaromatic hydrophobic anchor systems 
will also be the subject of future disclosures. 
Experimental Section 

All reactions were carried out under a static atmosphere of argon 
and stirred magnetically unless otherwise noted. All reagents used 
were of commercial quality and were obtained from Aldrich 
Chemical Co. Dry THF and Et^O were obtained by distillation 
from the sodium ketyl of benzophenone under nitrogen. Dry 
CHjC^ was obtained by distillation from CaH? under nitrogen. 
Pyridine and dioxane were obtained from American Burdick and 
Jackson and were stored over 4A molecular sieves. Boiling points 
are uncorrected. Melting points were obtained on a Hoover 
Uni-melt melting point apparatus and are uncorrected. Infrared 
spectra were recorded on a Mattson Sirius 100-FTIR spectro
photometer. lH NMR spectra were recorded on a JEOL JNM-
GX270 spectrometer using Me4Si as an internal standard. Optical 
rotations were measured in a 1-dm cell on a Perkin-Elmer 241 
polarimeter and c is expressed in g/100 mL. All flash chroma* 
tographic separations were performed using E. Merck silica gel 
(60, particle size, 0.040-0.063 mm). MCI Gel CHP-20P is a highly 
porous polystyrene-divinylbenzene copolymer resin (75-150 jiM) 
supplied by Mitsubishi Chemical Industries Ltd. Reactions were 
monitored by TLC using 0.25 mm E. Merck silica gel plates (60 
F^) and were visualized with UV light, 5% phosphomolybdic 
acid in 95% EtOH, or p-anisaldehyde in EtOH/H2SO</HOAc. 

General Procedure for the Synthesis of l^-Diketones 11. . 
Method A. 2-[(4-F!uorophenyl)metbyIene]-4-methyl-3-oxo-
pentanoic Acid, Ethyl Ester (12, R1 s 4-FC8H4, R* - i-Cgl^). 
A mixture of 4-nuorobenzaldehyde (3.00 g, 24 mmol), ethyl iso-
butyrylacetate (3.82 g, 24 mmol), piperidine- (240 pL), and HOAc 
(42 nb) was refluxed in benzene (15 mL) with removal of water 
(Dean-Stark trap) for 22 h. The cooled mixture was diluted with 
EtjO, washed successively with 2% HC1, saturated NaHCOj, HjO, 
and brine, dried (NajSOJ, filtered, and stripped to yield an oil. 
Distillation of the oil (bp 110-113 0C (0.25 tnmHg)) afforded 12 
(Rl = 4-FC6H4, R2 = i-CgH,, 5.32 g, 83%) as a pale yellow liquid. 
The compound was obtained as a 1:1 mixture of E and Z isomeis 
(a and b): TLC Rj 0.35 (20% EtOAc in hexanes); % NMR 
(CDCI3) 6 1.07 (d, J = 7.2 Hz, 6 H,), 1.18 (d, J = 7.2 Hz, 6 Hb), 
1.25-1.35 (m, 6 H,4b), 2.70 (m, 1 HJ, 3.14 (m, 1 Hb), 4.25-4.37 
(m, 4 Hrfb), 7.01-7.09 (m, 4 H^t), 7.34-7.49 (m, 4 7.53 (s, 
1 Hb), 7.72 (s, 1H,); IR (neat) 1722,1699,1605,1510,1239 cm"1. 
Anal. (C16H17F03) C, H, F. In the same manner, ethyl 3-cycIo-
propyl-3-oxopropionate17 (R3 = c-CgHs), methyl propionylacetate 
(R9 - CHgCHa), and ethyl acetoacetate (R2 = CHa) were reacted 
with 4-nuorobenzaldehyde to give the corresponding Knoevenagel 
condensation products 12 in 82%, 70%, and 68% yields, re
spectively. 

(16) The corresponding dihydroxyheptanoic add (Li salt) of 4a was 
prepared in racemic form from 15a utilizing methods similar 
to that described in ref 7c. 

(17) Jackman, M.; Bergman, A. J.; Archer, S. The Preparation of 
Some 6-Substituted-2-thiouracils. J. Am. Chem. Soc. 1948,70, 
497-500. 
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of ester I3o (4.571 g, 12.11 mmol) in dry THF (20 mL). Ten 
minutes after the addition, the cooling bath was removed and the 
mixture was stirred at room temperature for 4 h. Additional 
LiAlH4 (500 mg) was added, and stirring was continued for 2 more 
h. The solution was recooled to 0 0C and quenched in succession 
with HjO (2 mL), 10% NaOH (2.5 mL), and HjO (6 mL). The 
solution was filtered, and the salts were washed with EtOAc. The 
filtrate was washed with H30 end brine and then dried (NajSO<). 
Filtration end removal of the solvent afforded a solid. The solid 
was recrystallized from EtOAc/hex&ne to provide compound 14o 
(3.729 g, 92%) as white crystals: mp 182-184 0C; TLC JZ, 0.20 
(20% EtOAc in hexanes); lH NMR (CDClj) 51,29 (t, J = 5.3 Hz, 
1 H, OH), 1.36 <d, J » 7.0 Hz, 6 H), 1.96 (s, 3 H), 3.50 (m, 1 H), 
4.44 (d, J = 5.3 Hz, 2 H), 7.12-7.26 (m, 4 H), 7.33-7.47 (m, 3 H), 
7.54-7.60 (m, 2 H); IB .(KBr) 3420, 1509, 1218 cm"1. Anai. 
(CaHjjFNO) C, H, N.'F. 

General Procedure for the Synthesis of Pyridy] Vinyl 
Dibromides 16 (Table 11). Oxidation with Dess-Martin 
Periodinane.18 4-(4-Fluorophenyl)-2-(l-methylethyl)-6-
phenyl-3-pyridinecarboxaldehyde (15&). A slurry of Dess-
Martin periodinane (8.60 g, 20.3 mmol) in CHJC12 (100 mL) was 
treated with tert-butyl alcohol (1.9 mL, 1.49 g, 20.2 mmol), and 
the mixture was stirred at room temperature for 15 min. A 
solution of alcohol 14a (5.011 g, 15.6 mmol) in CH3CI2 (85 mL) 
was then added over a 5-min period. After 30 min, the mixture 
was diluted with EtjO and 1 N NaOH and stirred rapidly for 10 
min. The organic layer was separated and washed in succession 
with 1 N NaOH, HjO, and brine, dried (NajSO^), filtered, and 
stripped. The solid residue was flash chromatographed (10% 
EtOAc in hexanes as eluant) to give aldehyde 15a (4.314 g, 87%) 
as a white solid: mp 105-107 ®C (hexane); TLC fy (0.50 (20% 
EtOAc in hexanes); lH NMR (CDCI3) 31.41 (d, <7 = 6.6 Hz, 6 H), 
3.98 (m, 1 H), 7.16 (m, 2 H), 7.33-7.53 (m, 5 H), 7.57 (s, 1H), 8.17 
(m, 2 H), 10.07 (s, 1 H); IR (KBr) 1688,1573,1508, 1233 cm"1. 
Anal. (C2lH,8FNO) C,H,F,N. 

Oxidation with TPAP/NMO.19 6-(Cyclopropyl)-4-(4-
nuorophenyl)-5-methyl-2-(l-methylethyl)'3-pyridine-
carboxaldehyde (15y). A solution of 4-methylmorpholine N-
oxide (4.002 g, 34.2 mmol) in CH2Cl2 (130 mL) was dried over 
MgSO* for 15 min. The solution was filtered directly into a 
500-mL flask, using approximately 30 mL of CHjClj to effect the 
transfer. The flask was then charged with dry 4A molecular sieves 
(16 g), alcohol 14y (5.686 g, 17.05 mmol), and tetrapropyl-
ammonium perruthenate (TPAP, 301 mg, 0.86 mmol). After being 
stirred at room temperature for 30 min, the black solution was 
diluted with EtjO (200 mL), stirred for 5 min, and then filtered 
through a plug of silica gel (65 X 30 nun), washing with EtiO. The 
filtrate was stripped to give a pale yellow solid. The solid was 
recrystallized from EtOAc/hexane to give aldehyde 15y (3.982 
g) as white crystals. Flash chromatography of the mother Liquor 
(207o EtOAc in hexane as eluant) gave additional product, which 
was recrystallized from hexane (499 mg). Total pooled solids, 4.481 
g (79%); mp 137-139 *0; TLC 0.50 (20% EtOAc in hexane); 
lH NMR (CDCI3, 270 MHz) 5 1.00 (m, 2 H), 1.24 (m, 2 H), 2.00 
(s, 3 H), 3.16 (m, 1 H), 7.14-7.26 (m, 4 H), 7.39-7.58 (m, 5 H), 
9.88 (s, 1 H); IR (KBr) 1686, 1545, 1508, 1223 cm-1. Anal. 
(CaHjgFNO) C, H, F, N. 

Oxidation with Oxalyl Chloride/DMSO.20 4-(4-Fluoro* 
phenyl)-6,7-dihydro-2-(l-methylethyl)benzo[6>7]cycIo-
hepta[l,2-i)]pyridine-3-carboxaldehyde (15v). A-780Csch 
lution of oxalyl chloride (630 fiL, 917 mg, 7.2 iamol) in CHjClj 
(40 mL) was treated dropwise with a solution of dry DMSO (1.10 
mL, 1.21 g, 15.5 mmol) in CHjCl^ (1 mL). After 10 min, a solution 

P/iosphorus-Contaiviing Inhibitors of HMG-CoA Reductase 

/M4-Fluorophenyl)-a-(2-methyl-l-oxopropyl)-$-oxo-
benzenepentanoic Acid, Ethyl Ester (Ho). A -78 *0 solution 
of LiN(TMS)2 (1.0 M in THF, 14.1 mL, 14.1 mmol) in dry THF 
(15 mL) was treated with a solution of propiophenone (1.900 g, 
14.2 mmol) in THF (1.5 mL) over a 5-min period. After 1 h, a 
solution of compound 12 (Rl = 4^0^, R2 = i-CsH,, 3.717 g, 
14.1 mmol) in THF (3 mL) was added dropwise to the above 
solution. After 1.5 h, the mixture was quenched with saturated 
NH4CI and warmed to room temperature. The mixture was 
diluted with H20 and subsequently extracted twice with EtjO. 
The combined EtjO extracts were washed with brine, dried 
(NajSO*), filtered, and stripped to give an oil. Flash chroma
tography (15% EtOAc in hexane as eluant) afforded Michael 
adduct llo (4.755 g, 85%) as a complex mixture of three dia-
stereomers. The mixture was used directly in the next reaction: 
TLC R, 0.34-0.31 (20% EtOAc in hexanes); IR (CHCI3) 2974.1740, 
1713,1682,1510,1224 cm-1. In most cases, an excess of ketone 
R'COCHaR3 (1.2 equiv) and LiN(TMS)2 (1.2 equiv) relative to 
12 were used for the formation of compound 11. The crude 
adducts were used directly in the next reaction prior to removal 
of the volatiles by vacuum distillation (0.2 mmHg at 80 0C). 

Method B. 3-(4-Fluoro-3-methylphenyl)-l-phenyl-2-
propen-l-one (9, R1 = 4-F, S-MeCsHs, R4 = C5HS). A mixture 
of 4-fluoro-3-methylbenzaldehyde 8 (16.000 g, 115.8 mmol) and 
acetophenone (13.920 g, 115.8 mmol) in absolute EtOH (120 mL) 
was treated with a solution of EtONa in EtOH (21% wt solution, 
4.3 mL, 11.6 mmol). A precipitate soon fell out of solution. After 
stirring at room temperature for 16 h, the mixture was cooled to 
-10 0C and the precipitate was collected by filtration. The solid 
was washed with cold EtOH and dried in vacuo to yield enone 
9 (Rl = 4-F, S-MeCeH* R4 = CeH* 23.560 g, 85%) as a pale yellow 
solid: mp 100-101 0C; TLC fy0.42 (207c EtOAc in hexane); 'H 
NMR (CDCI3) 6 2.32 (s, 3 H), 7.04 (t, <7 « 8.8 Hz, 1 H), 7.40-7.62 
(m, 6 H), 7.75 (d, J = 15.8 Hz, 1H), 7.97-8.06 (m, 2 H); IR (KBr) 
1659, 1600,1587, 1501, 1247 cm-1. Anal. (Cj6Hi3FO) C, H, F. 

/H4-Fluoro-3-methylphenyl)-a-(2-methyl-l-oxopropyl)-&-
oxo-6-phenylpentanoic Acid, Ethyl Ester (llcc). A slurry of 
enone 9 (R1 = 4-F, S-MeCgHa, R4 = C6H5, 23.165 g, 96.5 mmol) 
and ethyl isobutyrylacetate (22.88 g, 144.6 mmol) in absolute 
EtOH (400 mL) was treated with a solution of EtONa in EtOH 
(21% wt solution, 5.4 mL, 14.5 mmol). After being stirred at room 
temperature for 4.5 h, the solution was concentrated to 200 mL 
and partitioned between 50% saturated NH<Ci and EtOAc. The 
layers were separated, and the EtOAc layer was washed with H30 
(2x) and brine (2X), dried (NajSO^), filtered, and stripped to yield 
an oil. The oil was taken up in warm hexane and cooled to produce 
a solid. The solid was boiled in hexanes and cooled to give Michael 
adduct llcc (30.815 g, 80%), a 1:1 mixture of diastereomers, as 
a white amorphous solid: TLC fy 0.34 and 0.30 (20% EtOAc in 
hexanes); lH NMR (CDCI3, 270 MHz, integration values are 
relative) 5 0.70 (d, <7 = 6.6 Hz, 3 H), 0.94-1.05 (m, 6 H), 1.07-1.13 
(m, 6 H), 1.24 (t, <7 = 7.2 Hz, 3 H), 2.18 (s, 6 H), 2.39 (m, 1 H), 
2.76 (m, 1 H), 3.20-3.52 (m, 4 H), 3.93 (q, J = 7.2 Hz, 2 H), 
4.06-4.23 (m, 6 H), 6.83 (paeudo t, 2 H), 7.01 (m, 4 H), 7.38-7.57 
(m, 6 H), 7.87 (m, 4 H); IR (KBr) 1738,1711, 1683,1503, 1245 
cm"1. Anal. (C^H^FOO C, H, F. 

General Procedure for the Synthesis of Pyridyl Alcohols 
14 (Table I). 4-(4-FIuorophenyl)-5-methyl-2-(l-methyl-
ethyl)*6-phenyl>3-pyridinecarboxyiie Acid, Ethyl Ester (13o). 
A mixture of 1 lo (4.730 g, 11.87 mmol), NHjOAc (2.745 g, 35.6 
mmol), and Cu(OAc)2 (5.935 g, 29.7 mmol) in glacial HOAc (30 
mL) was gently refluxed for 24 h. The solution was cooled to room 
temperature and subsequently poured into an ice-cold mixture 
of concentrated NH4OH (50 mL) in H20 (100 mL). The mixture 
was extracted twice with Et?0, and the pooled Et^O extracts were 
washed with H20 and brine, dried (NajSO*), filtered, and stripped 
to yield an oil. The oil was flash chromatographed (20% EtOAc 
in hexanes as eluant) to give pyridyl ester 13o as an oil (3.916 g, 
87%), which slowly solidified on standing: mp 84-88 0C; TLC 
Rf 0.47 (20% EtOAc in hexanes); lH NMR (CDC13) 51.00 (t, J 
= 7.0 Hz, 3 H), 1.33 (d,«7 
1 H), 4.01 (q, J = 7.0 Hz, 2 H), 7.05-7.59 (m, 9 H); IR (KBr) 1718, 
1510,1270 cm-1. Anai. (C2<Ha<FN02) C, H, F, N. 

4-(4-Fluorophenyl)-5-methyl-2-(l-methylethyl)-S-
phenyl-3-pyndisemethanol (14o). An ice-cold slurry of LIA1H4 
(1.49 g, 39.3 mmol) in dry THF (50 mL) was treated with a solution 

!• 

(18) Dess, D. B.; Martin, J. C. Readily Accessible 12-1-5' Oxidant 
for the Conversion of Primary and Secondary Alcohols to Al
dehydes and Ketones. J. Org. Chem. 1983, 48, 4155-4156. 

(19) Griffith, W. P.; Ley, S. V.; Whitcombe, G. P.; White, A. D. 
Preparation and Use of Tetra-n-butylammonium Perruthenate 
(TBAP reagent) and Tetra-n-propylammonium Perruthenate 
(TPAP reagent) as New Catalytic Oxidants for Alcohols. J. 
Chem. Soc., Chem. Commun. 1987,1625-1627. 

(20) Mancuso, A. J.; Huang, S.-L.; Swern, D. Oxidation of Long-
Chain and Related Alcohols to Carbonyls by Dimethyl Sulf
oxide "Activated" by Oxalyl Chloride. J. Org. Chem. 1978,43, 
2480-2482. 

= 6.5 Hz, 6 H), 2.04 (s, 3 H), 3.12 (m, 
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of alcohol 14v (2.000 g, 5.5 mmol) in THF (5 mL) was added 
diopwise to the above mixture. Fifteen minutes after the addition, 
TEA (4.6 mL) was added and the mixture was stirred at -78 0C 
for 5 min and then warmed to room temperature. The mixture 
was diluted with Et^O and washed twice with HjO and once with 
brine. The organic layer was dried (NajSO^), filtered, and stripped 
to give a yellow oil, which produced a solid upon cooling to -78 
0C in hexane. The mixture was crystallized from hexane to give 
aldehyde I5v (1.775 g, 89%) as white needles: mp 132-134 0C; 
TLC R/ 0.54 (20% EtOAc in hexanes); lH NMR (CDC13,270 MHz) 
6 1.37 (d, J = 7.0 Hz, 6 H), 2.06 (m, 2 H), 2.18 (m, 2 H), 2.62 (m, 
2 H), 3.96 (m, 1 H), 7.11-7.48 (m, 7 H), 7.89 (d, J = 8.0 Hz, 1H), 
9.90 (s, 1 H); IR (KBr) 1693, 1546, 1507r 1223 cm"1. Anal. 
(CMHJJFNO) H, F, N; C: calcd 80.20, found 79.58. 

3-(2,2-DibromoethenylM'(4-fluorophenyl)-6,7>dihydro* 
2-(l-methylethyl)benzo[6,7]cyclohepta[l^-i]pyridine (16v). 
A solution of carbon tetrabromide (2.336 g, 7.0 mmol) in CH2Ci2 
(6 mL) was added over a 7-rain period to a cold (0 0C) solution 
of aldehyde 15v (1.688 g, 4.7 mmol) and triphenylphoaphme (3.698 
g, 14.1 mmol) in CHjCl] (20 mL). After the addition was complete, 
the cooling bath was removed and the mixture was stirred at room 
temperature for 25 min. The solution was quenched with satu
rated NaHCOs and extracted twice with CHjClj. The organic 
layers were dried (l^SO*), filtered, and concentrated. The 
concentrate was flash chromatographed (40% CHjClj in hexane 
as eluant) to give vinyl dibromide 16v as a solid. Recrystailization 
of the material from EtOAc/hexane provided pure 16v (2.257 g, 
93%) as a white solid: mp 173-175 0C; TLC 21/0.44 (10% EtOAc 
in hexanes); lH NMR {CDCla, 270 MHz) 5 1.33 (broad, 6 H), 2.06 
(m, 2 H), 2.18 (m, 2 H), 2.61 (m, 2 H), 3.19 (m, 1 H), 7.03-7.43 
(m, 8 H), 7.84 (d, J = 8.4 Hz, 1 H); IR (KBr) 2950, 2920, 1603, 
1508, 1222 cm"1. Anal. (C^HnBrjFN) C, H, Br, F, N. 

(S)-4-Iodo-3-[[(l,l-dimethylethyl)diphenyl8ilyl]oxy]bu-
tanoic Acid, Methyl Ester (19). A solution of bromohydxin 18 
(4.00 g, 20.4 mmol), imidazole (6.94 g, 102 mmol), and DMAP (12 
mg) in dry DMF (40 mL) was treated with teri-butylchlorodi-
phenylsilane (5.84 mL, 6.17 g, 22.5 mmol), and the homogeneous 
mixture was stirred at room temperature overnight. The mixture 
was partitioned between 5% KHSOj and EtOAc, and the organic 
phase was washed with H2O and brine, dried (Na2SO<)) filtered, 
and stripped to give 9.32 g (100%) of the crude silyl ether (TLC 
Rf 0.75 (25% EtOAc in hexanes)). A solution of the silyl ether 
(9.32 g, 20.1 mmol) in dry methyl ethyl ketone (MEK, 60 mL) 
was treated with sodium iodide (15.06 g, 100.5 mmol), and the 
yellow suspension was refluxed for 5 h. The mixture was cooled, 
diluted with EtOAc, and filtered, and the filtrate was washed with 
dilute NaHSOs and brine. The organic layer was dried (NajSOJ, 
filtered, and stripped to give a yellow oil. Flash chromatography 
(25% CH2CI2 in hexanes as eluant) afforded iodide 19 (7.69 g, 
74% from 18) as a colorless oil: TLC Rf 0.75 (25% EtOAc in 
hexanes); ^ NMR (CDCI3, 270 MHz) 6 1.05 (s, 9 H), 2.67 (m, 
2 H), 3.20 (m, 2 H), 3.58 (s, 3 H), 3.95 (m, 1 H), 7.28-7.72 (m, 10 

mmol). After stirring at room temperature for 20 h, the reaction 
mixture was quenched with 200 mL of 5% KHSO4 and stirred 
vigorously for 15 min. The aqueous layer was extract with EtOAc 
(3x), and the pooled organic layers were washed with brine, dried 
(NaoSOJ, filtered, and stripped. The residue was azeotroped twice 
with 50 mL of toluene. The precipitate that formed was sus
pended in toluene and removed by filtration. The filtrate was 
concentrated, and the azeotrope/filter process was repeated to 
give a viscous, clear oil. The oil was dissolved in pyridine (50 mL) 
and subsequently treated with dicyclohexylcarbodiimide (DCC, 
4.65 g, 22.6 mmol) followed by methanol (1.67 mL, 1.31 g, 41 
mmol). After being stirred at room temperature for 20 h, the 
mixture was filtered through a pad of Celite, which was subse
quently washed with EtOAc. The filtrate was stripped, redissolved 
in EtOAc, and washed with 5% KHSO4 (2X) and brine. The 
EtOAc solution was dried (NajSOj, filtered, and stripped, and 
the residue was azeotroped twice with toluene. The residue was 
suspended in toluene and filtered. The filtrate was again con-
cenfrated, taken up in toluene, filtered, stripped, and placed under 
high vacuum to give the corresponding phosphonate monoester 
(10.2 g, >100%, TLC R, 0.50 (7:2:1 n-Pr0H-NH40H-H20)) as 

clear, viscous oil. Tne monoester (1.16 g, 2.57 mmol) was 
dissolved in dry Et^O (10 mL) and treated with dicyclohexylamme 
(0.528 mL, 0.481 g, 2.65 mmol). The resulting homogeneous 
solution was stored at room temperature for 7 h and at -20 0C 
for 16 h. The solid/liquid auspension was warmed to room tem
perature and filtered, and the solid was washed with cold Et^O 
and dried in vacuo to give 21 (1.25 g, 77% yield) as a white 
powdery solid: mp 155-156 cC; TLC Rf 0.57 (20% MeOH in 
CH2CI2); lH NMR (CDCI3, 270 MHz) 5 1.00 (s, 9 H), 1.08-1.92 
(m, 22 H), 2.56-2.62 (m, 1 H), 2.64-2.77 (m, 2 H), 3.11 (d, J = 
11.0 Hz, 3 H), 3.22 and 3.28 (2 m, 1 H), 3.52 (s, 3 H), 4.02 (m, 1 
H), 7.32-7.40 (m, 6 H), 7.65-7.71 (m, 4 H); IR (KBr) 1736 cm"1; 
[a]D = -16.0® (MeOH, c = 3.57). Anal. (C22H3j06PSi-Ci2Hi3N) 
C,H, N. . ^ 

General Procedure for the Synthesis of Acetylenic Linked 
Phosphinic Acids 3. (S)-4-[[[4-(4-Fluorophenyl)-2-(l-
methylethyl)benzo[6,7]cyclohepta[l,2-fc3pyridin-3-yi3-
ethynyl]methoxyphosphinyl]-3-[[(l,l-dimethylethyl)di-
phenylsilyljoxyjbutanoic Acid, Methyl Ester (27v). DCHA 
salt 21 (3.682 g, 5.83 mmol) was partitioned between EtOAc and 
5% KHSO^ The EtOAc layer was washed three times with 5% 
KHSO4 and then with brine, dried (NajSO^, filtered, and stripped 
to give a colorless oil (phosphonic acid monomethyl ester). The 
oil was dissolved in dry CHjClj (10 mL) and treated with di* 
ethyl(trimethylsilyl)amine (2.10 mL, 1.61 g, 11.1 mmol). After 
the mixture was stirred at room temperature for 1 h, the solvent 
was removed in vacuo and the residue was azeotroped with dry 
toluene (15 mL). The residue was redissolved in dry CH2Cl2 (15 
mL), cooled to 0 0C, and treated with 2 drops of DMF and oxalyl 
chloride (620 nL, 902 mg, 7.1 mmol). After 15 min, the solution 
was warmed to room temperature and stirred for an additional 
45 min. The solvent was stripped, and the yellow residue 
(phosphonochloridate 22) was azeotroped with toluene (15 mL) 
and dried in vacuo (oil pump) for 1 h. 

Meanwhile, a solution of vinyl dibromide I6v (2.000 g, 3.88 
mmol) in THF (10 mL) at -78 CC was treated with n-BuLi (2.5 
M in hexane, 3.3 mL, 8.2 mmol) over a 1-min period, and the 
resulting clear green solution was stirred at -78 "C for 50 min. 
The acetylenic anion solution was added dropwise via canula over 
a 10-min period to a -78 CC solution of the above prepared 
phosphonochloridate 22 in THF (12 mL). The resulting mixture 
was stirred at -78 0C for 30 min and then quenched with 50% 
saturated NH<C1. The solution was warmed to 0 0C and poured 
into saturated NaHCOs. The aqueous phase was extracted once 
with Et^O. The EtjO layer was washed with brine, dried (Na2SO<), 
filtered, and stripped to give an oil. The residue was flash 
chromatographed (40% EtOAc in hexanes as eluant) to afford 
compound 27v, a mixture of diastereomers, as a colorless foam 
(2.517 g, 82%); TLC J?, 0.31 (40% EtOAc in hexanes); W NMR 
(CDCI3,270 MHz) 61.02 (s, 9 H), 1.31 and 1.35 (2 d, J = 6.6 Hz 
each, 6 H), 2.00-2.38 (m, 6 H), 2.47-2.81 (m, 4 H), 3.30 and 3.37 
(2 d, JHr = 12.6 Hz each, 3 H), 3.54 (m, 1 H), 3.58 (s, 3 H), 4.51 
(m, 1 H), 6.99-7.46 (m, 13 H), 7.58-7.72 (m, 4 H), 7.83 (d, J = 
7.2 Hz, 1 H); IR (KBr) 2168,1740,1508,1224,1036 cm"1. In the 
case where acetylene 17 is used in the coupling reaction, 1.1 equiv 

a 

H). 
(S)-4-[Bi8(i8opropyloxy)phosphinyl]-3-[[(l,l-dimethyl-

ethyl)diphenylsilyl}oxy]butanoic Acid, Methyl Ester (20). 
Freshly distilled triisopropyl phosphite (113.4 mL, 93.92 gm, 451 
mmol) was added in one portion to iodide 19 (21.70 g, 45.1 mmol), 
and the mixture was heated at 155 0C for 16.5 h. The mixture 
was cooled to room temperature, and the excess triisopropyl 
phosphite and volatile reaction products were removed by short 
path distillation (10 mmHg) followed by Kugelrohr distillation 
(100 "C, 8 h at 0.5 mmHg). The product was further purified 
by flash chromatography (6:3:1 hexanes-acetone-toluene as 
eluant) to afford 20 (17.68 g, 75%) as a clear viscous oil: TLC 
R/ 0.32 (6:3:1 hexanes-acetone-toluene); ^ NMR {CDCl3l 270 
MHz) 61.01 (s, 9 H), 1.12 and 1.19 (2 d, J = 6.3 Hz each, 12 H), 
1.87-2.24 (m, 2 H), 2.60 and 2.65 (2d, J- 7.4 Hz each, 1 H), 2.88 
and 2.94 (2 d, J « 3.7 Hz each, 1 H), 3.59 (s, 3 H), 4.44-4.57 (m, 
3 H), 7.35-7.45 (m, 6 H), 7.65-7.70 (m, 4 H). 

(5)-4-(Hydroxymethoxypho8phinyl)-3-[[(lfl-dimethy]-
ethyl)diphenylsilyl]oxy]butanoic Acid, Methyl Ester, Di-
cydohexylamine (1:1) Salt (21). A solution of compound 20 
(10.66 g, 30.5 mmol) in dry CHjClj (80 mL) was treated dropwise 
(5 minutes) with bis(trimethylsilyl)trifluoroacetamide (BSTFA, 
8.71 mL, 8.44 g, 32.8 mmol), followed by dropwise addition (10 
min) of trimethylsilyl bromide (TMSBr, 6.75 mL;'7.84 g, 51.3 
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ion hexane to give compound 23o (1.335 g) as white crystals. The 
mother liquor was flash chromatographed (5% EtOAc in 
as eluant), and the desired fractions were pooled, stripped, re-
crystallized, and pooled with the above solid to give a total of 1.637 
g  (87%)  o f  t r ans -v iny l  iod ide  23o :  mp  148 .5 -150 .0  0 C;  TTLC R f  
0.13 (2% EtOAc in hezanes); NMR (CDCI3,270 MHz) 11.29 
(d, J = 7.0 Hz, 6 H), 2.00 (a, 3 H); 3.31 (m, 1H), &03 (d, J * 15.2 
Hz, 1H), 7.05-7.22 (m, 5 H), 7.34-7.49 (m, 3 H), 7.59 (m, 2 H); 
IR (KBr) 2961,1508,1221,841 cm"1. Anal. (C^JHJ.FIN) C, H, 
F,I,N. 

(jF),(5)-4-[[2-[4-(4-Fluorophenyl)-5-methyl-2-(l-methyl-
€thyl)-6-phenyl-3-pyridinyl]ethenyl]methoxy-
phosphinyl]-3-[[(l,I-dimethylethyl)diphenylBilyl3oxy]bU' 
tanoic Acid, Methyl Ester (24o). A solution of trans-vinyl iodide 
23o (1.400 g, 3.06 mmol) in THF (6 mL) was added over a 5*mm 
period to a -100 0C solution of fresh ferf-butyllithium (1.7 M in 
pentane, 3.70 mL, 6.3 mmol) in THF (8 mL). The resulting deep 

of n-BuLi is added to a solution of the acetylene in 17 in.THF 
at -78 "C. After 20 min, the acetylenic anion solution is then 
coupled to 22 as described above. 

(5)-4-[[[4*(4-FluorophenyI)-2-(l-methylethyI)benzo[6,7]-
cyclohepta[l,2'fc ]pyridin-3-yl]ethynyl]methoxy-
pho8phinyl]-3<hydroxyhutanoic Acid, Methyl Ester (28v). 
A mixture of compound 27v (2.487 g, 3.15 mmol) and HOAc (810 
ftL, 850 mg, 14.1 mmol) in THF (40 mL) was treated with tet-
ra-nsbutylammonium fluoride (1.0 M in THF, 11.0 mL, 11.0 
mmol). After stirring at room temperature for 18 ht the solution 
was diluted with EtOAc and washed with 5% KHSO4 (3*} and 
once with brine. The EtOAc layer was dried (NajSO^), filtered, 
and stripped to afford a yellow oil. The oil was dissolved in E^O, 
cooled to 0 0C, and treated with excess diazomethane for 10 min. 
The excess diazomethane was destroyed by the addition of HOAc, 
and the solvent was removed in vacuo. The residue was flash 
chromatographed (40% acetone in hexanes as eluant) to afford 
compound 28v (1.534 g, 89%) as a colorless foam: TLC /J/0.38 •_ red solution was stirred at T100 0C for 25 min and then added 
(1:1 acetone-hexanes); 'H NMR (CDClg, 270 MHz) 61.40 (d, J via canula over an 6-min period to a -100 eC solution of pbos* 
5 6.6 Hz, 6 H), 1.94-2.15 (m, 4 H), 2.15-2.28 (m, 2 H), 3.53-3.67 phonochloridate 22 (prepared as in the example for compound 
(m, 4 H), 3.59 (d, JH>p » 12.6 Hz, 3 H), 3.57-3.70 (m, 2 H, Ctf- 27v from 3.288 g 21) in THF (15 mL). The resulting yellow 
(CH^j and Otf), 3.73 (s, 3 H), 4.36 (m, 1H), 7.12-7.48 (m, 7 H), mixture was stirred at -100 0C for 5 min and at -78 0C for 25 
7.85 (d, J = 6.6 Hz, 1 H); IR (KBr) 2170,1737,1508, 1223,1035 min and then quenched with 50% saturated NH4CL The solution 

was warmed to room temperature, diluted with H2O, and poured 
into saturated NaHCOa. The aqueous phase was extracted twice 
with E^O. The combined E^O layers were washed with brine, 
dried (I^SOj), filtered, and stripped. The resulting yellow oil 
was flash chromatographed (50% EtOAc in hexanes as eluant) 
to afford adduct 24o, a 1:1 mixture of diastereomers, as an off-
white foam (1.541 g, 66%): TLC Rf 0.22 (40% EtOAc in hexanes); 
'H NMR (CDCI3,270 MHz) 5 1.01 and 1.03 (2 s, 9 H), 1.20-1.31 
(m, 7 H), 1.78 (m, 1 H), 1.98 and 2.00 (2 s, 3 H), 2.56 (m, 1 H), 
2.81 (m, 1 H), 3.19 (pseudo t, Juj ~ 11,5 Hz, 3 H), 3.21 (m, 1 H), 
3 .59  and  3 .61  (2  s ,  3  H) ,  4 .38  and  4 .52  (2  m,  1  H) ,  5 .01  (dd ,  J  -
17.9,24.8 Hz, 0.5 H), 5.26 (dd, J * 17.9,24.3 Hz, 0.5 H), 6.89-7.72 
(m, 20 H); IR (CHC13) 2959, 1740,1605,1508,1223,1036 cm"1. 

(Jp),(5)-4-[[2-[4-(4-Fluorophenyl)-5'methyl-2-(l-methyl-
ethyl )-6-phenyi-3-pyridinyl]ethenyl]methoxy« 
phosphinyll-3-hydroxybutanoic Acid, Methyl Ester (25o). 
A solution of compound 24o (1.519 g, 1.98 mmol) in THF (15 mL) 
was treated with HOAc (640 pL, 671 mg, 11.2 mmol) followed by 
tetra'tt-butylammonium fluoride (1.0 M in THF, 10.0 mL, 10.0 
mmol). After being stirred at room temperature for 19 h, the 
solution was poured into saturated NaHCOs and extracted with 
EtOAc. The EtOAc extract was washed with brine, dried 
(Na3S04), filtered, and stripped to give aii oil that was subse
quently flash chromatographed (40-60% acetone in hexanes as 
eluant). Compound 25o (978 mg, 94%) was obtained as a white 
foam: TLC Rf 0.34 (1:1 acetone-hexanes); lH NMR (CDClj, 270 
MHz) 6 1.30 (d, J = 7.0 Hz, 6 H), 1.68-1.93 (m, 2 H), 2.00 (s, 3 
H), 2.57 (m, 2 H), 3.30 (m, 1 H), 3.43 and 3.47 (2 d, = 4.7 
and  4 .1  Hz ,  3  H) ,  3 -66  and  3 .79  (2  d ,« /=  2 .4  Hz  each ,  1H,  Of f ) ,  
3.72 (s, 3 H), 4.19 and 4.31 (2 m, 1 H), 5.51 (dd, J « 17.6, 24.6 
Hz, 0.5 H), 5.52 (dd, J * 17.6,24.3 Hz, 0.5 H), 7.10-7.65 (m, 10 
H); IR (CHCI3) 2961,1736,1605,1510,1221,1034 cm'1. 

(S)-4-[[2-[4-(4-Fl\ioropheiiyl)-5-inethyl-2-(l-methyl-
ethyl)-6-phenyl-3*pyridinyl]ethyl]methoxypho8phinyl]-3-

. hydroxybutanoic Add, Methyl Ester (26o). A mixture of 
compound 25o (494 mg, 0.94 mmol) and 10% Pd on carbon (110 
mg) in MeOH (20 mL) was shaken under 50 psi of H3 for 3 days. 
The solution was filtered through Celite, stripped, and flash 
chromatographed (50% acetone in hexanes) to give compound 
26o (419 mg, 85%) as a colorless oil: TLC Ri 0.36 (1:1 acetone-
hexanes); NMR (CDClg, 270 MHz) 5 1.33 (d, J = 6.6 Hz, 6 H), 
1.57-1.91 (m, 4 H), 1.92 (s, 3 H), 2.42-2.59 (m, 2 H), 2.60-2.74 
(m, 2 H), 3.25 (m, 1H), 3.55 and 3.57 (2 d, JUT, - 10.8 Hz each, 
3 H), 3.72 (s, 3 H), 3.78 and 3.87 (2 d, J = 3.0 Hz each, 1H, OH), 
4.25 and 4.40 (2 m, 1 H), 7.11-7.25 (m, 4 H), 7.33-7.47 (m, 3 H), 
7.56 (m, 2 H); IR (CHClg) 1734, 1509, 1221, 1179, 1040 cm"1. 

(5)'4-[[2-[4-(4-Fluorophenyl)-5-methyl-2-(l-methyl-
ethyl)-6'phenyl-3-pyridinyl]ethenyl3hydroxyphosphlnyl]-
3-hydroxybutanoic Acid, Disodium Salt (4o). A solution of 
compound 25o (461 mg, 0.88 mmol) iii dioxane (5 mL) was treated 
with 1N NaOH (3.2 mL, 3.2 mmol), and the mixture was stirred 
at 60 *C for 1.5 h. The solvent was evaporated, and the residue 
was dissolved in HjO and chromatographed on CHP-20P (25 mm 
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'C (5)-4-[[[4-(4-Fluorophenyl)-2-(l-methylethyl)benzo[6,7]-

cyciohepta[l,2-i ]pyridin-3-yl]ethynyl]hydroxy-
phosphinylJ-S-hydroxybutanoic Acid, Disodium Salt (3v). 
A solution of compound 27v (780 mg, 1.42 mmol) in dioxane (7 
mL) was treated with 1 N NaOH (5.0 mL, 5.0 mmol), and the 
mixture was stirred at room temperature for 18 h. The solvent 
was evaporated, and the residue was chromatographed on CH-
P-20P (25 mm X 90 mm), eluting in succession with HjO (200 
mL), 50% MeOH in H20 (200 mL), and MeOH (100 mL). The 
desired fractions were pooled and evaporated, and the residue 
was taken up in HjO and lyophilized to give 3v (744 mg, 90%) 
as  a  whi te  so l id :  TLC R f  0 .17  (8 :1 :1  CH 2 Cl 2 -HOAc-MeOH);  l H 
NMR (CD3OD, 270 MHz) 6 1.36 (d, J = 7.0 Hz, 6 H), 1.55-1.72 
(m, 2 H), 2.01-2.20 (m, 4 H), 2.26 (dd, J= 7.8,15.0 Hz, 1 H), 2.40 
(dd, J = 4.2,15.0 Hz, 1 H), 2.59 (m, 2 H), 3.83 (m, 1 H), 4.19 (m, 
1H), 7.16-7.42 (m, 7 H), 7.72 (m, 1H); IR (KBr) 2164,1634,1508, 
1213,1184,1058 cm'1. Anal. (CaHyrFNNajO^P-O.SOHjO) C, H, 
F, N, P. 

General Procedure for the Synthesis of trans-Vinyl- and 
Ethyl-Linked Phosphinic Acids 4 and 5. 3-(l-Ethynyl)-4-
(4«fluorophenyl)-5-methyl-2-(l-methylethyl)-6-phenyl-
pyridine (17o). To a solution of n-BuLi (2.5 M in hexanes, 4.00 
mL, 10.0 mmol) in dry THF (8 mL) at -78 *C was added a solution 
of vinyl dibromide 16o (2.267 g, 4.63 mmol) in dry THF (8 mL) 
over a 5-min period. After being stirred at -78 0C for 1 h, the 
pale green solution was quenched with saturated NH4CI and 
warmed to room temperature. The mixture was diluted with HjO 
and extracted with EtjO, and the EtjO extract was washed with 
brine, dried (NajSOJ, filtered, and stripped to yield a solid. The 
residue was recrystallized from EtOAc/hexane to afford acetylene 
17o (1.420 g, 93%, 2 crops) as a white solid: mp 178.0-178.5 aC; 
TLC Rf 043 (10% EtOAc in hexanes); 'H NMR (CDCl3l 270 MHz) 
5 1.34 (d, J = 7.0 Hz, 6 H), 2.04 (s, 3 H), 3.18 (s, 1 H), 3.69 (m, 
1H), 7.15 (m, 2 H), 7.27 (m, 2 H), 7.36-7.48 (m, 3 H), 7.60 (m, 
2 H); IR (KBr) 3165, 2099,1509,1213 cm'1. Anal. (C^H^N) 
C, H, F, N. 

(E)*4-(4'Fluorophenyl)-3-(2-iodoethenyl)-5-methyl-2-(l-
methylethyl)-6-phenylpyridine (23o). A mixture of acetylene 
170 (1.355 g, 4.1 mmol) and AIBN (20 mg) in tri-n-butyltin hydride 
(2.0 mL) was rapidly heated to 120 0C. After 4 min of heating, 
the mixture was treated with additional Bu3SnH (0.6 mL) and 
the temperature of the reaction was raised to 140 0C. Approx
imately 20 mg of AIBN was added to the reaction mixture 1 and 
2 h after heating was initiated. After 3 h, the mixture was cooled 
to room temperature, diluted with EtsO (50 mL), and treated with 
solid Is (3.50 g, 13.8 mmol). The dark reaction mixture was stirred 
for 45 min apd then poured into a 50% saturated NaHC03 so
lution containing 6.7 g of NagSjOg. The layers were shaken and 
separated. The ethereal layer was washed successively with H2O, 
1.7 M NH4OH, and brine, dried (Ne^OJ, filtered, and stripped 
to yield a wet solid. The solid was taken up in Et^O, filtered 
through Celite, and stripped. The residue was recrystallized from 
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x 80 mm), eluting in succession with HjO (150 mL) and 507o 
MeOH m HjO (200 mL). The desired fractions were pooled and 
evaporated, and the residue was taken up in HjO and lyophilized 
to give 4o (430 mg, 87 7o) as a white solid: TLC Rf 0.10 (8-.l:l 
CH2Cl2-HOAc-MeOH); NMR (CDaOD, 400 MHz) 6 1.27 (d, 
J  = 7.0 Hz, 6 H), 1.54 (dd, J  = 7.2,14.5 H z ,  2 H), 1.93 (s, 3 H), 
2.33 (m, 2 H), 3.57 (m, 1 H), 4.10 (m, 1 H), 5.85 (dd, J = 18.0, 
19.8 Hz, 1 H), 7.07 (pseudo t, J = 18.0 Hz, 1 H), 7.19 (dr J = 7.0 
Hz, 4 H), 7.37-7.54 (m, 5 H); MS (FAB) [M - 2 Na + 3 H]+ 498. 
Anal. (CzjHtfFNNaAP-l̂ HjO) C, H, F, N, P. 

(S)-4-[[2-[4-(4-Fluorophenyl)-5-methyl«2-(l-methyl* 
ethyl)-6-phenyl-3-pyridinyl]ethyl3hydroxyphosphinyl3-3-
hydroxybutaaoic Acid, Disodium. Salt (So). Saponification 
of ethyl linked phosphinate 26o was similar to that of trans-vi-
nyi-linked phosphinate 25o to give 5o in 11% yield: TLC Rf 0.10 
(8:1:1 CHA-HOAc-MeOH); 'H NMR (CD3OD, 270 MHz) 11.41 
(d, J = 7.0 Hz, 6 H), 1.49 (dd, J = 6.0,12.6 Hz, 2 H), 1.71 (m, 
2 H), 1.93 (s, 3 H), 2.35 (m, 2 H), 2.78 (m, 2 H), 3.58 (m, 1 H),' ^ tassium phosphate, pH 7.2; 0.05 M KC1; 0.10 M sucrose; 0.03 M 
4.25 (m, 1 H), 7.20-7.60 (m, 9 H); IR (KBr) 2961,1579,1509,1405, 
1157 cm"1. Anal. (CtfHaFNNaAP-S.eg^O) C, H, F, N, P. 

General Procedure for the Synthesis of Phosphonic 
Monoesters 6. (5)-4-[[[5-Ethyl-4-(4-fluorophenyl)-2-(l-
methylethyl)-6-phenyl-3-pyridinyl3methoxyJmethoxy-
pliosphinyl3-3-[[(l,l-dimethylethyl)diphenylsily]Joxy}bu-
tanoic Acid, Methyl Ester (29p). A 0 0C solution of phos-
phonochloridate 22 (from 2.89 g, 4.57 mmol DOHA salt 21) in 
pyridine (20 mL) was treated with a solution of alcohol 14p (888 
mg, 2.54 mmol) in dry pyridine (7.0 mL). The resulting mixture 
was stirred at 0 0C for 16 h, diluted with EtOAc, and washed with 
50% saturated NH<C1. The organic layer was then washed with 
H2O followed by brine, dried (NajSO^, filtered, and stripped. The 
amber residue was subject to flash chromatography (30% EtOAc 
in hexane) to give adduct 29p (1.104 gm, 56%) as a yellow oil: 
TLC Rf 0.53 (45% EtOAc in hexanes); lH NMR (CDCI3,270 MHz) 
6 0.70 (m, 3 H), 1.00 (s, 9 H), 1.22-1.38 (m, 8 H), 1.90 and 2.12 
(2 m, 1 H), 2.37 (m, 2 H), 2.55 and 2.81 (2 m, 1H), 3.29-3.39 (m, 
4 H), 3.58 (s, 3 H), 4.43 (m, 1 H), 4.59 and 4.71 (2 m, 2 H), 7.02-7.70 
(m, 9 H); IR (CH2C12) 2954, 1740,1511, 1223, 1015 cm'1. 

(5)-4-[[[5-Ethyl-4-(4-fluorophenyl)-2-(l-methylethyl)-6-
phenyl-3-pyridinyl]methoxy]methoxyphosphinyl3-3-
hydroxybutanoic Acid, Metbyl Ester (30p). The silyl pro
tecting group on 29p was removed via the same procedure as that 
described for compound 24o to give 30p in 90% yield: TLC Rf 
0.59 (1:1 acetone-hexanes); ^H NMR (CDClg, 270 MHz) 5 0.70 
(t, J = 6.8 Hz, 3 H), 1.34 (d, J = 7.0 Hz, 6 H), 1.92 (m, 2 H), 2.39 
(q, J = 6.8 Hz, 2 H), 2.57 (d, J = 7.2 Hz, 2 H), 3.43 (m, 1 H), 3.63 
(d, c/H.p « 10.8 Hz, 3 H), 3.72 (s, 3 H), 4.31 (m, 1 H), 4.85 (m, 2 
H), 7.12-7.28 (m, 5 H), 7.39-7.56 (m, 4 H); IR (CH3CI2) 1734,1636, 
1510, 1221 cm"1. 

(S)-4-[[£5-Ethyl-4-(4-fluorophenyl)-2-(l-methylethyl)-6-
phenyl-3-pyridinyl3methoxy3hydroxypho8phinyl]-3-
hydroxybutanoic Acid, Disodium Salt (6p). A solution of 
compound 30p (650 mg, 1.20 mmol) in dioxane (10 mL) was 
treated with 1 N NaOH (3.7 mL, 3.7 mmol), and the mixture was 
stirred at 55 0C for 3 h. The solvent was evaporated to give a 
white solid. The residue was slurried in warm HaO and chro-
matographed on CHP-20P (25 mm X 100 mm) eluting in suc
cession with HjO (200 mL) and 50% MeOH in H20 (400 mL). 
The desired fractions were pooled and evaporated, and the residue 
was taken up in H20 and lyophilized to give 6p (435 mg, 65%) 
as a white solid: TLC /i/0.31 (8:1:1 CH2Cl2-HOAc-MeOH); ^ 
NMR (CDaOD, 270 MHz) 6 0.65 (t, J = 6.8 Hr, 3 H), 1.30 (d, J 
= 1.0 Hz, 6 H), 1.48 (dd, J = 7.6,16.0 Hz, 2 H), 2.28 (q,«/ = 6.8 
Hz, 2 H), 2.37 (m, 2 H), 3.66 (m, 1 H), 4.19 (m, 1 H), 4.64 (m, 2 
H), 7.18-7.50 (m, 9 H); IR (KBr) 2935,1581,1510,1404,1222, 
1020 cm"1. Anal. (C^H^FNNaAP'HaO) C, H, F, N, P. 

Biological Assays. Rat Hepatic HMG-CoA Reductase 
Inhibition. Rat hepatic HMG-CoA reductase activity is measured 
using a modification of the method described by Edwards.21 Rat 
hepatic microsomes are used as a source of enzyme, and the 

enzyme activity is determined by measuring the conversion of 
the uC-HMG-CoA substrate to ["CJmevalonic acid. Livers are 
removed from 2-4 cholestyramine-fed, decapitated, Sprague-
Dawley rats, and homogenized in phosphate buffer A (potassium 
phosphate, 0.04 M, pH 7.2; KC1, 0.05 M; sucrose, 0.1 M; EDTA, 
0.03 M, aprotinin, 500 KI units/mL). The homogenate is spun 
at 16000£ for 15 min at 4 0C. The supernatant is removed and 
recentrifuged under the same conditions a second time. The 
second 16000^ supernatant is spun at 100000# for 70 min at 4 0C. 
Pelleted microsomes are resuspended in a minimum volume of 
buffer A (3-5 mL per liver) and homogenized in a glass homor 
genizer. Dithiothreitol is added (10 mM), and the preparation 
is aliquoted, quick frozen in acetone/dry ice, and stored at -80 
0C. The specific activity of a typical microsomal preparation is 
0.68 nmol of mevalonic acid/mg of protein per minute. The 
reductase is assayed in 0.25 mL, which contains the following 
components at the indicated final concentrations: 0.04 M po-

7--j . • 

EDTA; 0.01 M dithiothreitol; 3.5 mM NaCl; 1% dimethyl sulf
oxide; 50-200 fig of microsomal protein; 100 ^M of WC-[D,L]-
HMG-CoA (0.05 /id, 30-60 mCi/mmol); 2.7 mM NADPH. Re
action mixtures are incubated at 37 0C. Under conditions de
scribed, enzyme activity increases linearly up to 300 Mg of mi
crosomal protein per reaction mixture and is linear with respect 
to incubation time up to 30 min. The standard incubation time 
chosen for drug studies is 20 min, which results in 12-15% con
version of HMG-CoA substrate to the mevalonic acid product. 
(D,L]HMG'COA substrate is used as 100 MM, twice the concen
tration needed to saturate the enzyme under the conditions de
scribed. NADPH is used in excess at a level 2.7 times the con
centration required to achieve maximum enzyme velocity. 
Standardized assays for the evaluation of inhibitors are conducted 
according to the following procedure. Microsomal enzyme is 
incubated in the presence of NADPH at 37 0C for 15 min. DMSO 
vehicle with or without test compound is added, and the mixture 
further incubated for 15 min at 37 0C. The enzyme assay is 
initiated by adding "C-HMG-CoA substrate. After 20 min of 
incubation at 37 0C, the reaction is stopped by the addition of 
25 fiL of 33% KOH. [3H]Mevalonic acid (0.05 /iCi) is added, and 
the reaction mixture allowed to stand at room temperature for 
30 min. Fifty microliters of 5 N HC1 is added to lactonize the 
mevalonic acid. Bromophenol blue is added as a pH indicator 
to monitor an adequate drop in pH. Lactonization is allowed to 
proceed for 30 minutes at room temperature. Reaction mixtures 
are layered onto 2 g of AG 1-X8 anion exchange resin (Biorad, 
formate form), poured in 0.7 cm (i.d.) glass columns, and eluted 
with 2.5 mL of H20. The first 0.5 mL is discarded, and the next 
2.0 mL is collected and counted for both tritium and carbon-14 
in 10.0 mL of Opti-fluor (Packard) scintillation fluid. Results 
are calculated as nanomoles mevalonic acid produced per 20 min 
and are corrected to 100% recovery of tritium. Drug effects are 
expressed as values (concentration of drug producing 50% 
inhibition of enzyme activity) derived from composite dose re
sponse data from 2-5 experiments. 

Inhibition of Cholesterol Synthesis in Freshly Isolated 
Rat Hepatocytes. Inhibitors of HMG-CoA reductase are 
evaluated for their ability to inhibit [uC]acetate incorporation 
into cholesterol in freshly isolated rat hepatocyte suspensions using 
a modification of the methods originally described by Capuzzi.22 

Sprague-Dawley rats (180-220 g) are anesthetized with Nembutal 
(50 mg/kg). The abdomen is opened, and the first branch of the 
portal vein is tied closed. Two closing sutures are placed on the 
distal section of the portal vein, and the portal vein is canulated 
between the sutures and the first branching vein. The liver is 
perfused at a rate of 20 mL/min with prewarmed (37 0C) oxy
genated buffer A ((HBSS, Hanks' Balanced Salt Solution) without 
calcium or magnesium containing 0.05% EDTA) after severing 
the vena cava to allow drainage of the effluent. The liver is 
additionally perfused with 200 mL of prewarmed oxygenated 
buffer B (HBSS containing 0.05% -bacterial collagenase). Fol
lowing perfusion with buffer B, the liver is excised and decap-
sulated in 50 mL of Waymouth's medium, allowing free cells to 

(21) Edwards, P. A.; Lemongelio, D.; Fogelmann, A. M. Improved 
Methods for the Solubilization and Assay of Hepatic 3-
Hydroxy-3*methylglutaryl Coenzyme A Reductase. J. Lipid 
Res. 1979, 20, 40-46. 

(22) Capuzzi, D. M.; Margolis, S. Metabolic Studies in Isolated Rat 
Liver Cells: 1. Lipid Synthesis. Lipids 1971, 6, 601-607. 
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and are approximately 15% of the label present in the total lipid 
extract. . 

Inhibition of cholesterol synthesis is determined as described 
for hepatocytes. Results are expressed as values and are derived 
from composite dose response curves from two or more experi
ments. 

of disperse into the msdium. Hepatocytes are isolated either by 
low-speed centrifugation for 3 min at 50# at room temperature 
or by unit gravity sedimentation at 4 0C for 30-45 min. Pelleted 
hepatocytes are washed once in Waymouth's medium, counted, 
and assayed for viability by trypan blue exclusion. These he-
patocyte enriched cell suspensions routinely show 70-90% via
bility. Hepatocytes are resuspended at 5 X 106 cells per 2.0 mL 
in incubation medium (IM) [0.02 M Tris-HCl (pH 7.4), 0.1 M KC1, 
0.33 mM MgC^, 0.01 mM MnC^, 0.001 mM sodium succinate, 
0.003 mM Coenzyme A, 0.33 mM sodium citrate, 0.67 mM nic
otinamide, 0.23 mM NADP, 1.7 mM glucose-6-phosphate]. Test 
compounds are routinely dissolved in H2O, DMSO, or DMSO-HjO 
(1:3) and added to the IM. Final DMSO concentration in the IM 
is ^1.0% and has no significant effect on cholesterol synthesis. 
Incubation is initiated by adding ("CJacetate (58 mCi/mmol, 2 
jiCi/mL) and placing the cell suspensions (2.0 mL) in 35-mm tissue 
culture dishes at 37 0C for 2.0 h. Following incubation, cell 
suspensions are transferred to glass centrifuge tubes and spun 
at 50# for 3 min at room temperature. Cell pellets are resuspended 
and lysed in 1.0 mL of H2O. Lipids are extracted essentially as 
described by Bligh and Dyer.23 Following extraction, the lower 
organic phase is removed and dried under a stream of nitrogen 
and the residue resuspended in 100 fib CHCl3-MeOH (2:1). The 
total sample is spotted on silica gel (LK6D) thin-layer plates and 
developed in CHjCla-acetone (60:1). Plates are scanned and 
counted using a BioScan automated scanning system. Radiolabel 
in the cholesterol peak (Rt 0.28) is determined and expressed as 
total counts per peak ana as a percent of the label in the total 
lipid extract. Cholesterol peaks in control cultures routinely 
contain 5000-20000 dpm, and are approximately 30% of the label 
present in the total lipid extract. Drug effects (percent inhibition 
of cholesterol synthesis) are determined by comparing the percent 
of label in the cholesterol peak for control and drug treated 
cultures. Dose response curves are constructed from composite 
data from two or more studies and results are expressed as /go 
values (concentration of drug which inhibits cholesterol synthesis 
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id In Vivo Cholesterol Biosynthesis Inhibition in Rats. The 

methods used for intravenous (iv) and oral (po) drug testing were 
adapted from a procedure originally described by Sandoz.24 Male 
Sprague-Dawley rats (200-300 g) were adapted to a reverse light 
cycle for 7-10 days and fed Purina rat chow (no. 5001) ad libitum. 
In order to measure cholesterol synthesis, sodium (l-uCjacetate 
(1-3 mCi/mmol) (25 jtCi/100 g of body weight) was injected 
intraperitoneally (ip) 2 h before the mid-dark point in the diumai 
cycle. Two hours after the mid-dark point animals were an
esthetized ip with ketamine/xylazine and bled into EDTA-treated 
centrifuge tubes from the abdominal aorta. Plasma was obtained 
by centrifugation at 1100# for 10 min. One-milliliter plasma 
samples were aliquoted and either processed directly or frozen 
at -20 0C. For iv testing, the salt forms of test compounds were 
routinely dissolved in saline and injected iv into the tail vein 5 
min before [MC]acetate injection. For po testing, drugs were 
dissolved in saline and given by gavage 30 min before [MC]acetate 
injection. Cholesterol synthesis was measured by determining 
the level of NC-labeled nonsaponifiable lipid present in 1 mL of 
plasma; the method used is a modification of the method described 
by Dugan.25 One milliliter physiological saline was added to 1 
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mL of plasma, followed by the addition of 5.0 mL of 10% KOH 
in absolute ethanol. Samples were mixed and saponified at 75 
0C for 1 h. After cooling, approximately 0.02 jiCi (44,000 dpm) 
[l,2-3H]cholesterol (40-60 Ci/mmoi) was added to each sample. 
Samples were extracted once with 5 mL of petroleum ether, and 
the organic phase was backwashes with 5 mL of saline. This 
extraction procedure resulted in 50-90% recovery of the added 
[3H]cholesterol internal standard. The extracts were dried m glass 
vials, and the residue resuspended in 0.5 mL of CHCls-MeOH 
(2:1). Samples were counted for both 3H and MC in 10 mL of 
Optifluor scintillation fluid. The [^cholesterol internal standard 
recovery value from each sample was used to correct each sample 
to 100% recovery of [I4C]cholesterol. In early experiments, sample 
extract residues were redissolved in 100 mL of CHC^-MeOH (2:1) 
and chromatographed on silica gel (Whatman LK6D) thin-layer 
plates using either hexanes-Et^O-HOAc (75:25:1) or CH2CI2-
acetone (60:1). Using either chromatographic system, greater than 
90% of the "C-label cochromatographed with authentic chole
sterol. Thus, to simplify the method, the TLC step was omitted 
in subsequent experiments and results were calculated as UC-
labeled nonsaponifiable plasma lipid values, of which, greater than 
90% of tbe ,4C-label is authentic cholesterol. The percent in
hibition of cholesterol synthesis was derived by comparing re
labeled nonsaponifiable plasma lipid values per milliliter of plasma 
from control and drug-treated animal groups (4-5 rats/group). 
Percent inhibition is plotted relative to the log drug dose and a 
linear best fit regression line is determined for each experiment. 
Mean ED50 values (level of drug required to suppress cholesterol 
synthesis in vivo by 50%) were calculated from two or more 
experiments. 

1 
) 

50%). 
Inhibition of Cholesterol Synthesis in Human Skin Fi

broblasts. Human skin fibroblasts (passage 7-27) are grown in 
minimal essential medium (MEM, Gibco) containing 10% fetal 
calf serum. For each experiment, stock cultures are trypsinized 
to disperse the cell monolayer, counted, and plated in 35-mm tissue 
culture wells (5 x 105 cells/2.0 mL). Cultures are incubated for 
18 h at 37 "C in 5% C02/9o% humidified room air. Cholesterol 
biosynthetic enzymes are induced by removing the serum con
taining medium, washing the cell monolayers with MEM, adding 
1.0 mL of MEM containing 1.0% fatty acid free bovine serum 
albumin, and incubating the cultures an additional 24 h. Test 
compounds are dissolved in H2O, DMSO, or DMSO-EM (1:3) 
(final DMSO concentration in cell cultures <1.0%) and added 
to the cultures, and the cultures are preincubated for 30 min at 
37 0C in 5% C02/95% humidified room air. Following prein
cubation with drugs, sodium [l-14C]acetate (2.0 /iCi/mL, 58 
mCi/mmol) is added, and the cultures are reincubated for 4 h. 
After incubation, the culture medium is removed and the cell 
monolayer is scraped into 1.0 mL of HjO. Lipids in the lysed cell 
suspension are extracted as described for hepatocyte suspensions. 
The organic phase is dried under nitrogen, and the residue is 
resuspended and analyzed as described for hepatocytes. Chole
sterol peaks in control cultures routinely contain 8000-12000 dpm 

(24) Wareing, J., U.S. Patent 4,613,610 and PCT Int. Appl., WO 
86/00367. ' 

(25) Dugan, R. E.; Slakey, L. L.; Briedis, A. V.; Porter, J. W. Factors 
affecting the Diurnal Variation io the Level of /?-Hydroxy-/?-
methylglutaryl Coenzyme A Reductase and. Cholesterol Syn-. 
thesizing Activity in Rat Liver. Arch. Biochem. Biophys. 1972, 
152, 21-27. 

(23) Bligh, E. G.; Dyer, W. J. A Rapid Method of Total Lipid Ex
traction and Purification. Can. J. Biochem. Physiol. 1959,37, 
911-917. 
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I. INTRODUCTION 

Coronary heart disease (CHD) continues to be one of the major health 
problems in all the developed countries of the world. A considerable body 
of clinical and epidemiological data has emerged over the years linking ele
vated blood levels of total cholesterol, Low Density Lipoprotein Cholesterol 
(LDL-C), and Very Low Density Lipoprotein Cholesterol (VLDL-C) as im
portant risk factors for the development of coronary heart disease.1 

For the treatment of elevated LDL-C and VLDL-C, a judicious diet low in 
cholesterol and fat with saturated fatty acids replaced by polyunsaturated 
fatty acids, is the recommended choice. However, for patients nonresponsive 

Medicinal Research Reviews, Vol. 11, No. 2, 121-146 (1991) 
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to dietary intervention, the development of effective and. safe therapeutic 
agents for the treatment of hyperlipoproteinemia remains an important need. 
This need has gained considerable support as a result of two important events: 
(1) the results of the Lipid Research Clinic's Coronary Primary Prevention 
Trial (LRC-CPPT), a multicenter, randomized, double-blind study involving 
3806 asymptomatic middle-aged men in the United States with type II hy
perlipoproteinemia, that demonstrated that a statistically significant reduction 
of 19% in the rate of fatal plus nonfatal coronary heart disease was associated 
with a 9% decrease in blood cholesterol levels,2 and (2) the recommendation 
to treat individuals with blood cholesterol above the 75th percentile/ which 
emerged from the consensus panel of the December, 1984 NIH Consensus 
Development Conference on the lowering of blood cholesterol to prevent 
coronary heart disease.3 

In recent years, to achieve this goal of finding effective and safe therapeutic 
agents to lower LDL-cholesterol, great interest has focused on potent inhib
itors of the enzyme p-Hydroxy-p-Methyl-Glutaryl-CoA reductase (HMG-CoA 
reductase, EC 1.1.1.34), which controls a key step in the endogenous synthesis 
of cholesterol. Several studies, both in animals and humans, have been re
ported with HMG-CoA reductase inhibitors; compactin (Mevastatin), CS-514 
(Pravastatin, Mevalotin®, Pravachol®), mevinolin (Lovastatin, Mevacor®) and 
Synvinolin (Simvastatin, Zocor®),4 which are structurally very closely related 
to one another. In order to assess fully the potential of HMG-CoA reductase 
inhibitors as an effective therapeutic intervention for the treatment of hyper
lipoproteinemia, it is thus desirable to study in humans a variety of these 
inhibitors derived from different structural prototypes which can be distin
guished in their overall biological profile from one another. This conceptual 
framework formed the basis for initiating efforts at the Sandoz Research In
stitute to develop and study a variety of HMG-CoA reductase inhibitors with 
chemical structures different in several respects from compactin, pravastatin 
(a hydroxy analog of compactin), lovastatin (a methyl analog of compactin), 
and simvastatin (a dimethyl analog of compactin), and has led to fluvastatin 
(XU 62-320), the first totally synthetic HMG-CoA reductase inhibitor currently 
in Phase III human clinical trials (Fig. 1). 

II. DESIGN ASPECT FOR HMG-CoA REDUCTASE INHIBITORS AT 
SANDOZ RESEARCH INSTITUTE LEADING TO FLUVASTATIN 

(XU 62-320) 

Investigations by Akira Endo with compactin4 have to be largely credited 
for the resurgence of the research on cholesterol biosynthesis and the renewed 
interest in HMG-CoA reductase inhibitors, a field now almost three decades 
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• Synthetic Organic Chemistry. After a fezo years of postdoctoral work at Harvard (Prof. R. B. 
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Medicinal Chemistry in the area of Lipoprotein Metabolism/Atherosclerosis. His research in
terests in Medicinal Chemistry are focused tozoards the discovery of agents affecting lipoprotein 
metabolism/atherosclerosis. 
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Figure 1 d 

d 
old. While all intensive studies hitherto conducted have been with closely 
related metabolites, such as compactin, mevinolin, and CS-514 (pravastatin), 
derived from fungal broths, efforts at the Sandoz Research Institute towards 
the development of new HMG-CoA reductase inhibitors have been based on 
synthesis, guided by the following assumptions: 

(a) There are two regions at the active site of the enzyme: one with high 
specific recognition of a 5-carbon unit (C-l to C-5 as shown below) of the (3-
OH-p-Methyl-Glutaryl portion, and the other of CoA moiety present in HMG-

e 

il 

h 

CoA (Fig. 2). 
n 

4 2 y CoAS. 5 3 I OH 

OH 0 0 

HMG-CoA 

Figure 2 

(b) Compactin (R = H, Fig. 3), a known inhibitor of the enzyme, may be 
regarded as a transition state analog, when in the open dihydroxy add form. d 

d 
2 6 4 O 1 OH 3 5 7 

O 
! H LH H OH H OH O 

CH3 :n 
A B 

)Z 
R of 

Compactin ( R= H) m 
Figure 3 

• • . 
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The 5-carbon unit of the side chain present in compactin (Fig. 3) probably 
occupies the same region as the 5-carbon unit in HMG-CoA (Fig. 2); the bicyclic 
A-B-ring system, with its substituents in compactin (Fig. 3), possibly sits in the 
same region or very close to the same region the CoA portion of the substrate 
HMG-CoA occupies at the active site of the enzyme. However, it is difficult to 
see any similarity in structure between the bicyclic-ring system of compactin 
and CoA, when one examines the structure of CoA shown in Fig. 4. 

N 
(* 0 0 HO NH2 

li II 0. 
HN P \ HN P 

|\) HS N 0 
0 OH 0 OH OH 

Coenzyme A 
- i^O HO 

OH 

Figure 4 

In light of (a) and (b) above, one hoped that it might possible to prepare 
interesting synthetic inhibitors of HMG-CoA reductase with a very general 
structure as shown in Fig. 5, with the 5-carbon unit (C-l to C-5) preferably 
possessing the absolute configurations of C-3-0H and C-5-0H as present in 
compactin. 

Choice of R and R! in Fig. 5 has depended on: 

7 ^ 5 A 

RJ  O  

R 

OH H 

R1 = H , CH3 

Figure 5 

(a) Consideration of the elements of structure of CoA. 
(b) Considerations of the overall shape and assumptions of the importance 

of substituents on Ring A-B of compactin (Fig. 3), first with molecular models 
and later with computer modelling. 

(c) Exploiting the knowledge gained in structure activity relationships with 
our own Sandoz Research Institute compounds or being reported in-literature 
by outside investigators. 

Efforts with the above considerations in mind have led to the development 
of a variety of novel HMG-CoA reductase inhibitors. Synthesis and Structure 
Activity Relationships (SAR) of some of these novel inhibitors are discussed 
below with emphasis on the Phase III candidate, fluvastatin (XU 62-320): 
[R*,S,f-(E)]-(±)-Sodium-3/5-dihydroxy-7-[3-(4-fluorophenyl)-l-(l-methyl-
ethyl-lH-indol-2-yl]-hept-6-enoate (Fig. 1), a mevalonic acid analog more po
tent than compactin and lovastatin. 

III. GENERAL CHEMISTRY APPROACH 

Guided by the conviction that the C-3, C-5 dihydroxy acid fragment was 
the key pharmacophore necessary for the inhibition of HMG-CoA reductase, 

• - - V-i 
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our synthetic approach towards the synthesis of compounds of generic struc
ture (Fig. 5) involved: 

(a) A convergent synthesis coupling chiral Synthon 1 or racemic or chiral 
(3R, 5S) C-3, C-5-dihydroxy ester Synthon 2 with a variety of aryl or alkyl 
fragments 3 (Fig. 6), or 

(b) A linear synthesis of the G-3, C-5 dihydroxy acid derivatives wherein 
the aldehyde 4 is reacted with acetoacetate 5 (Fig. 7) to provide a hydroxyketo 
ester intermediate, which, with subsequent steps, gives the desired final 
products of Fig. 5. 

OR 

"^5 OR, ORp 

R X 

X= P+(Ph)3Z' 

Y = P=0(0R3): 

1 6 
ORj 

0 I 
V"ko OCH3 

H 
1 2 3 

R, =Si(t-Bu)Ph2  R2 =«3 = Alkyl, 7." =CI, Ur 

Figure 6 

O O 
4 2 

l O R 2  3 
H 

5 4 

Figure 7 

A. Synthesis of Synthon 1 and 2, Fig. 6 (Scheme 1 and Scheme 2) 

Synthon 1 has been synthesized starting from D-glucose via the key lithium 
aluminum hydride reductive opening of the epoxide as depicted in Scheme 
I.5 The desired axial alcohol could be separated from the equatorial isomer 
by preparation of the silyl derivatives. The protected axial alcohol on PCC 
oxidation gave the desired lactol aldehyde. 

,OCPh3 
O 

. OCPh3 
0 

„ OCPh3 
O LAH HO 

o OCH3 1 HO OCH3 OCH3 THF RS1CI 
Imidazole 

OH OCPh3 - OCPh3 

O O O Na WH3 Of 

CF3COO'H / 

CHJCIJ 

+ RO 

RO OCH3 OCH3 RO OCH3 

Ij/PhjP/ 

Imidazole 
CHO I PCC 

O 

OR OCH3 RO OCH3 

SCHEME 1 R = SI(t-Bu)Ph2 
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l . D B M S / N a B H j  OH Ph.co'^'V00^ 
O H 0  

HO 

0  O H 0  3  . P h j C C l  

t  -  B u t y l a c c t a t e  

LDA 
i.; 

1 .  E t 3  B  / N a B H 4  0 

OR OR 0 

R * S I < t . B u ) P h 2  

PhaCO 0t'Bu 

O H 0  O  

.TBDPSCl 
IMIDAZOLE' 

3 .TFA/ H 2 O / C H 2 C I 2  

4 , PCCI CHJCIJ 

SCHEME 2 

O R  OH O H  

T U D P S C I A ) M K  Hj/RaNi 
*-

IMIDAZOLK KtOH 
O H  on . O H  R O  HO HO 

PCC 
CH2C12 
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2.PCC/CH2Cl2 R0 
0 COOCH3 

NaHCOj 
CUjCh 

CHO K O  KO 

SCHEME 3 (R = TBDPS) 

Synthesis of chiral Synthon 2 has been accomplished starting from S-malic 
acid in excellent yields via an eight-step reaction as illustrated in Scheme 2.6 

On the other hand, an efficient route was developed for the preparation 
of racemic Synthon 2 starting from l>3/5-trihydydroxy benzene through a 
five-step reaction sequence shown in Scheme 37 

B. Choice of R and Synthesis of Intermediates 3, Fig. 6, and 4, Fig. 7 

Our initial efforts at the synthesis, and the biological results of C-3, C-5-
dihydroxy add derivatives (Fig. 5) wherein choice of R was based on elements 
of substructures of coenzyme A (Fig. 4) or the decalin ring structure of com-
pactin (Fig. 3) were not promising.8 This led us to question the importance 
and the necessity of the complex stereochemistry and the substituents present 
in the decalin ring of compactin and turn our attention towards the prepa
ration of C-3, C-5-dihydroxy acid derivatives (Fig. 5) wherein R was a naph
thalene ring. During these ongoing efforts, we were being encouraged and 
helped by two important publications9 describing mevalonolactone deriva
tives of the general structure 6 and 7 as inhibitors of HMG-CoA reductase 
(Fig- 8). 

Further exploration of R in Fig. 5 led to the first interesting indolyl derivative 
(Fig. 9) comparable to compactin in its inhibitory activity against HMG-CoA 
reductase.10(a) 

An extensive and rapid analog program allowed the choice of XU 62-320 

- • . 
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(Fig. 1) as a candidate for extensive biological testing. Currently, fluvastatin 
(XU 62-320) is in clinical Phase III trials. 

With the discovery of XU 62-320, the stage was set for a large number of 
variations of R in Fig. 5. Extensive work at the Sandoz Research Institute has 
led to many novel HMG-CoA reductase inhibitors/ some of which are dis
cussed in this paper as shown in Fig. 10/10 and Figs. 12-14. 

Synthesis of the many interesting fragments 3 (Fig. 6) and 4 (Fig. 7) needed 
for synthesis of final HMG-CoA-R inhibitors are described in Schemes 4-12 
below.10 Since the appearance of Merck & Co., Inc. and Sandoz patents and 
publications/5,9,10^ extensive efforts have followed in many laboratories 
worldwide with semi-synthetic and totally synthetic HMG-CoA reductase 
inhibitors. A brief overview of these reported activities is presented in Section 
VIII. It is no wonder that in such a feverish pursuit of finding patentable 
HMG-CoA reductase inhibitors/ review of patent and published literature 
presents overlapping activities in the laboratories of competing pharmaceut
ical research companies. 

21-23 

£ 

1 

0 
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C Synthesis of Indole Intermediates 

Scheme 4 describes the preparation of o^p-unsaturated aldehydes readily 
obtained from a variety of 3-phenyI substituted indoles using dimethylamino-
acrolein and phosphorous oxychloride, while the triphenyl phosphonium 
salts of indolyl derivatives are prepared via the 2-formyI and 2-hydroxymethyl 
indoles using standard procedures (Scheme 5). 10(a) 

D. Synthesis of Indene Intermediates 

A variety of indenyl-ct, p-unsaturated aldehydes and phosphonates have 
been synthesized via a six-step reaction sequence as depicted in Schemes 6 
and 7.-The synthesis of these derivatives involves the preparation of the 
desired indenes from the respective indanones followed by either formylation 
at C-2 and subsequent alkylations at C-l or vice versa, and then processing 
the formyl group through standard reaction sequences to the desired inter
mediates.10^ 

E. Synthesis of Naphthalene Intermediates 

For the preparation of naphthalene derivatives, a novel photochemical route11 

was exploited to give the key hydroxy aldehyde, which on dehydration pro
vides the ene aldehyde. Dehydrogenation of the ene aldehyde and chain 

• ; 2^ 
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extension of the formyl group then leads to the desired a,p-unsaturated 
aldehydes10^ (Scheme 8). 

F. Synthesis of Imidazole Intermediates 

Highly substituted imidazole derivatives with the desired functional group 
at the desired C- or hetero- atom are not well described in the literature. 
Synthesis of the required imidazole intermediates was best accomplished 
starting from the respective glycine derivatives as shown in Scheme 9. The 
key step in the synthetic pathway involves oxidation of the methyl group 
with potassium persulfate to give the 5-formyl imidazole derivatives, which 
through standard reaction sequences give the needed c^p-unsaturated alde
hydes or the phosphonates. 30(d) 

fH3 1.R2COCI 

2. AcjO I AcOH, Pyridine, A R CO2H N-R3 
Rl-( 
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I n 
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2. MnOj 
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Rlv^S'N-R3 
R|, Rj. R3 = ALKYL OR SUBSTITUTED ARYL 

R 

N ^ R  
r2 N ^ R  R 2  

SCHEME 9 

G. Synthesis of Pyrazole Derivatives 

A number of pyrazole intermediates have been prepared via procedures 
dependent on whether one needs the 1,5 (Scheme 10)/ the 1/3 (Scheme ll), 
or the 3/4 (Scheme 12) disubstituted pyrazole intermediates. 2,3-disubstituted 
pyrazole derivatives are obtained through the reaction of the appropriate 
diketoesters with aryl-hydrazines, requiring separation from the concomitant 
formation of the corresponding 1/3 isomer (Scheme 10).3O<e) . ' 

1,3-disubstituted pyrazoles can be best synthesized from the imide chloride 
on reaction with the acetoacetate derivatives (Scheme 11)/ while the ring 
closure of arylhydrazones give the desired 3,4 diaryl pyrazole intermediates 
(Scheme 12). 

H. Synthesis of HMG-CoA-R Inhibitors 

All of the intermediates of the many different prototypes described above 
in Schemes 4-12 could be converted to the final HMG-CoA reductase inhib-

• • 
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itors either using the linear route involving the "dianion chemistry/' or the 
coupling of the respective phosphonates or phosphonium salts with the chiral 
Synthons 1 and 2 (Fig. 6) or with the racemic Synthon 3 (Fig. 6). 

2. Linear Route, Synthesis using the linear route is illustrated in Scheme 13 
for the preparation of the indolyl HMG-CoA reductase inhibitors. The key 
step involves the reduction of the hydroxyketoester using trialkylbor-
ane/THF/MeOH with sodium borohydride at - 78° (Ref. 12) to give the mixture 
of desired erythro and threo isomers in the ratio of 95-98:5-2%, respectively. 
In some cases, the boronic esters can be crystallized, which on methanolysis 
and subsequent hydrolysis with sodium hydroxide provide the desired so
dium salts. Nqnstereoselective reduction of hydroxyketoester with borane t-
butylamine complex has been used to prepare a mixture of cis and trans 
lactones separable on flash chromatography.10^ 
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2. Convergent Route. For illustrative purposes, a convergent route for the 
preparation of chiral indolyl HMG-CoA reductase inhibitors using the silyl 
protected Synthon 1 is depicted in Scheme 14. The crucial step in this reaction 
pathway is the oxidation of lactol with RuC^PPhsVNMMO.10^ 

Scheme 15 shows the use of silyl-protected aldehyde Synthon 2 (derived 
from malic acid) for the synthesis of indenyl HMG-CoA reductase inhibitors.13 

IV. BIOLOGICAL RESULTS AND DISCUSSION 

A. Results in in vitro HMG-CoA Reductase Microsomal Assay and in in 
vivo Cholesterol Biosynthesis Assay 

All initial studies to assess the inhibitory potency of various compounds 
against HMG-CoA reductase were conducted with rat liver microsomal sus
pensions, freshly prepared from male Sprague-Dawley rats, using an assay 
for HMG-CoA reductase activity as described in Ref. 14, The potency of each 
compound is expressed as IC50 (in jxmoles, the concentration which inhibits 
to the extent of 50% conversion of the substrate HMG-CoA to mevalonate) 
and for structure activity relationship compared either to compactin = 1 or 
to XU 62-320 = 1. Tables I-XII summarize the most salient features of structure 
activity relationships for a few of the varied structural prototypes as HMG-
CoA reductase inhibitors being currently studied at the Sandoz Research 
Institute. In Tables X-XIII, the Relative Potency column is derived from the 
IC50 values of each compound vs. compactin in the in vitro rat microsomal 
HMG-CoA reductase assay. 

B. SAR of Fluvastatin (XU 62-320) Analogs 

Table I compares the in vitro inhibitory activity against HMG-CoA. reductase 
of XU 62-320 with compactin and lovastatin and as their corresponding sodium 
salts. XU 62-320 is 146- and 52-fold more active than compactin and Lovastatin, 
respectively. As compared to the respective sodium salts of compactin and 
Lovastatin, XU 62-320 is 22- and 10-fold more potent in inhibiting HMG-CoA 
reductase. It is important to note that current clinical studies are being con
ducted with XU 62-320, which is a dihydroxy acid sodium salt. In contrast, 
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Table I 
Comparison of Microsomal HMG-CoA Reductase Inhibitory Activity 

ICso (|AM) Relative Potency* Compound 

0.0069 146.1 XU 62-320 
Compactin 
Lovastatin 
Na Salt Compactin 
Na Salt Lovastatin 

1.011 1.0 k-J OH OH 0 0.352 
0.154 
0.068 

2.8 
6.5 N»+ 

14.8 

*As compared to Compactin = 1 

compactin used in clinical studies and Lovastatin (Mevacor®), now marketed, 
both exist as the lactone forms (Fig. 1). 

Features of the side chain are very important for maximal inhibitory activity 
as shown in Table II. Erythro configuration, as well as the double-bond con
figuration, are very important [anti-isomer 17-fold less active and dramatic 
loss of activity for one (Z) diene isomer]. The dihydro derivative, as well as 
the ester and the lactone forms, are considerably less active. Maximal inhib
itory activity resides in the 3R, 5S antipode. 

The importance of the features of the side chain described in Table II for 
the indole series holds true as well for all the prototypes to be described later 
and hence, during the discussion of SAR of these prototypes, these aspects 
will not be reemphasized. HMG-CoA, the substrate for the HMG-CoA re
ductase, has at C-3 a methyl group. It was important to determine if an analog 
of XU 62-320 carrying a methyl group at C-3 would be more potent. Surpris
ingly, introduction of methyl group at C-3 in either of syn- or anti-configu
ration was considerably less active (Table III). 

Studies of the effects of the substituents in the 3-phenyl ring of the indole 
moiety are given in Table IV. Either electron-withdrawing or electron-donat
ing substituents in the 3-phenyl ring tend to decrease the potency, which is 
unaffected by the presence of alkyl groups. 

Electron-donating or electron-withdrawing substituents (not shown in Ta
ble IV) or bulky alkyl groups at C-5 of the indole moiety led to decrease of 
potency. However, alkyl or alkoxy groups at C-4 and C-6 tend to maintain 
or enhance the potency slightly (Table V). 

Table H 
SAR of Variations m the Side Chain 

Compound ICso (M-M) Relative Potency* 

0.0069 
0.0024 

F XU 62-320 
3R, 5S 
3S/ 5R 

1.0 
2.8 / \ 0.08 0.086 \ // 0.057 i Na Salt, ANTI 

^ OH OH o | Methyl Ester. SYN 
0.12 
0.052 0.13 

Trans Lactone 0.029 0.23 
0" aS(Z) Double Bond 

Na+ Dihydro (Reduced 
Double Bond) 

0.62 0.011 N 
0.114 0.06 

*As compared to XU 62-320 = 1. 

Sawai Ex 1005 
Page 1045 of 4322



HMG-CoA REDUCTASE IJNHIBITORS 135 

Table III 
Comparative Activity of XU with the 3-Methyl Analogs 

Compound ICso (M-M) Relative Potency* 

0 XU 62-320 
R « CH3, SYN 
R = CH3, ANTI 

0.0069 1.0 

^ s,* 0.14 0.049 
0.51 0.013 

"As compared to XU 62-320 = 1 

Table IV 
SAR for the Substituents of the 3-Phenyl Ring 

R ICso (nM) Relative Potency* 

4-F 0.0069 1 
R 2-Me 0.34 0.049 

2-Me, 4-F 
OH OH O 3-Me, 4-F 
* T n 3,5-diMe, 4-F 

Q- 3,5-diMe 
+ H 

0.004 v\ h 1.7 
0.009 0.76 
0.02 0.345 v- V 1.38 0.005 
0.017 N 0.40 Na 4-CF3 

4-SCH3 
4-COONa 

0.09 0.076 
0.006 1.152 

>10.0 

*As compared to XU 62-320 = 1 

Table V 
SAR for the Substituents of the Benzenoid Indole Ring 

ICso (p-M) Relative Potency* R 
F 0.0069 1.0 H (62-320) 

4,6-diMe 
4,6-dii-Pr 

. S-QHu 
6-OCH2Ph 

0.011 0.62 
f OH OH o 0.005 1.38 

O' 0.0022 24.0 N 
Na* >- 0.0026 2.65 

•As compared to XU 62-320 = 1 

Table VI 
SAR for the Substituents of Indolyl-Nitrogen 

Relative Potency* IC50 (nM) R 
F 1.0 0.0069 i-Pr (62-320) 

0.011 CH3 0.62 
^ h 0.071 0.096 C2H5 OH OH o 

0.0001 
0.0001 

C1H11 
CHjCHzPh 
CH,CH(CH3)2 

50 
O" N 49.4 Na+ \ 0.028 0.245 R 

"As compared to XU 62-320 = 1 
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Table VII 
SAR for Reversing Substituents at 1 and 3 Positions 

IC50 Relative 
Potency* R R2 (liM) 

RJ OH OH 0 0.0069 
0.0016 

i-Pr (62-320) 
4-FC6H^ 

4-FC6H4, syn 1.0 
i-Pr, syn 4.3 

0,12 i-Pr 4-FQH4, anti 0.057 R. 

*As compared to XU 62-320 — 1 

Most sensitive to the activity is the substituent on the nitrogen of the indole 
moiety (Table VI). Optimal activity is provided by the isopropyl group, while 
marked loss in potency results with either bulky alkyl or phenethyl groups. 

Reversing the substituents on N-l and C-3 of the indole moiety to give 
(Table VII) 3-isopropyl-N-p-fluorophenyl analog of XU 62-320 gives a 4-fold 
increase in potency. 

Most of the substances with a reasonable level of activity against HMG-
CoA reductase in in vitro microsomal assay were studied in vivo for their 
effects on inhibition of sterol biosynthesis. Results are expressed as ED50 

(mg/kg), effective concentration which inhibits to the extent of 50% incor
poration of C14 acetate into sterols in rats when administered as appropriate 
doses of drug substances as compared to controls receiving vehicle alone. 
Table VIII shows that in vivo XU 62-320 is about 40- and 4.5-fold more potent 
than compactin and Lovastatin, respectively/ in inhibiting endogenous cho
lesterol synthesis in rats. For most substances, although not for all, the relative 

Table VIII 
Relative Potency for Inhibition of Cholesterol Biosynthesis 

Relative Potency* ED50 (mg/kg) Compound 

37.6 XU 62-320 
Compactin 
Lovastatin 
(Monacolin) 

0.093 
kJ 1.0 3.5 Oil Oil 0 

8.4 0.414 
NV 

*As compared to Compactin = 1 

Table IX 
SAR for Cholesterol Biosynthesis Inhibition 

Relative 
Potency* 

ED50 

(mg/kg) Compound 

F 0.093 
0.056 

1.0 XU 62-320 
3R, 5S 
3$, 5R 
Na Salt, Anti 
Methyl ester, Svn 
Trans Lactone 
Dihydro (Reduced 

Double Bond) 

lo 
1.66 

<S h 0 % o  ?l 
0 .  *  57 

0. 

>0.5 
0.067 OH OH o 1.37 
0.23 0.40 •>' 

O" 0.28 0.33 -N, N 
Na+ 0.075 1.23 

XU 62-320 

*As compared to XU 62-320 = 1 

Bt 
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Table X 
SAR of Indene Derivatives 

Relative Potency* Ri 

202 (CH2)4 

F (Racemic) 
337 (CH2), «>+ ST 

-0 (CH2)5 

CH2CH3 

V' 38 
1.5+ 

Ri '/rI 
<.2 

OH OH O 2 CH, 
8 H,iPr 

R2 

88+ Phenyl 
3,5-Dimethylphenyl 

R2 Na+ 
146 O* 
<0.5 iPr 

OH OH O Cydohexyl 16.5 

Rj 

4-Me 
6-Me 

114 
181 Na+ ' 

7-Me 
6-OMe 
4,6-(OMe): 

24 
0" 

130 
OH OH 0 60 

*As compared to Compactin • 1 
+As its Ethyl Ester 

potency determined in in vitro microsomal assay against HMG-CoA reductase 
parallels the in vivo activity in rats for the inhibition of MC-acetate into sterols. 

As an example, comparison of Tables II and IX reveals the relative potency 
of several analogs of XU 62-320 when compared in in vitro and in in vivo. 
Thus, as compared to XU 62-320, the anti-isomer is — 17- (Table II) and ~ 
15-fold (Table IX) less active than XU 62-320 in in vitro and in in vivo assays, 
respectively. Similarly, close parallelism prevails for the ester (less active ~ 
7.5-fold, in vitro vs. 4.3-fold, in vivo), transA&ctone (less active 4.2-fold, in vitro 
vs. 3.5, in vivo) and the dihydro derivative (less active 16.5-fold, m vitro vs. 
13-fold in vivo). 

C. SAR of Indene Derivatives 

The structure activity relationships for the indene derivatives can be best 
summarized as follows: Maximal activity is obtained with a spiro cyclopentyl 
group at C-l, again emphasizing the importance of the bulky group in the 
vicinity of the dihydroxy acid side chain. At C-3 the best substituent is 4-F-
phenyl, while the optimal substituent for the benzenoid portion of the indene 
moiety is hydrogen (see Table X). 

D. SAR of Naphthalene Derivatives 

The most interesting part of the structure activity relationships for this 
group of compounds is the difference observed in the potency of 

« -  .  
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Table XI 
SAR of Napthalene Derivatives 

Relative 
Potency* R2 R 

H 0.10 4-F-Ph 
4-F-Ph 
4-F-Ph 
4-F-Ph 
3,5-dlMe-Ph 

CH5 8 OH OH O R i Et 19 
i-Pr 22 .s. 

O" CH3 56 
CHj 2 Ph 

Na+ 
R2 4-F-Ph 337 i-Pr 

i-Pr Ph 144 

•As compared to Compactin « 1 

phenyl)-3-isopropyl derivative vs. l-isopropyl~3-(4-F-phenyI) compound (22 
times more potent vs. 337 as compared to compactin) (see Table XI). 

E. SAR of Pyrazole Derivatives 

Table XII illustrates the structure activity relationships for a few of the many 
pyrazole derivatives prepared. Here, too, the optimal substituents are the 4-
F-phenyl and isopropyl group adjacent to the dihydroxy acid side chain. The 
dihydro and the 5-keto derivatives are substantially less potent. 1,3-diaryl-
substituted pyrazole derivatives show decreased inhibitory activity (not shown 
in the table) in contrast to the 1,5 and 3,4-diaiyl-substituted compounds, 
which tend to have comparable potency. 

F. SAR of Imidazole Derivatives 

To emphasize the most salient features of the structure activity relationships 
for the imidazole derivatives, only a few of the derivatives prepared are 
tabulated in Table XIII. Optimal activity is obtained with 1,2-diaiyl derivatives 

Table XII 
SAR of Pyrazole Derivatives 

R Relative Potency* 

4-F 60 £v OH OH o 4-F (6,7 Dihydro) 
4-F (5 Keto) 

5.9 

O-fcC o* ,3.5 
Na+ H 5.6 

3,5 Dimethyl 4.1 

30 4-F 
V OH OH o R 

O* 
v\ /> 

Na+ 

*As compared to Compactin = 1 
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Table XIII 
SAR of Imidazole Derivatives 

Relative 
Potency* 

/e 
Ri y* 

4-F 337 3 OH OH o 
(Racemic) 
4rF 532 O" 

N^N (3R, 5S) R 1 Na+ p-Cl 84 
p-Br 20 Cs (j ^ 3,5-Di-Me 
3,5-Di-Cl 

7 
10 

R2 

OH OH o i-Pr 4.4 
t-Butyl 
cyclohexyl 
2-Thienyl 
1,4-BiphenyIyi 
p-Dimethylamino-phenyl 
p-Nitro-phenyl 

4.4 
CS 4.8 O" 12 

Nv V T  ^-N 202 
Na+ 35 

R2 56 
F 72 

R3 

4^ i-Pr 1.1  
4-F-Phenyl <0.1 16 

OH OH o 
'1-

O' 'n Na+ 
S, 

*As compared to Compactin = 1 

DS 

re with the 4-F substituent preferred in the phenyl ring on nitrogen and H atom 
being the preferred substituent for the phenyl ring at C-2. Alkyl substituents 
at C-2 tend to lead to considerable loss of activity. The l^S-diaryl-substituted 
imidazole derivatives suffer a dramatic loss of activity when compared to the 
very potent 1,2-diaryl compounds. 

3S 

r V. EFFECTS OF FLUVASTATIN (XU 62-320) ON PLASMA 
LIPOPROTEIN LEVELS 

Fluvastatin (XU 62-320) has been studied in several species for its effects 
on serum lipoprotein levels. 

Significant and sustained reductions of rat serum VLDL + LDL-cholesterol 
have been observed after treatment of rats with XU 62-320. However, these 
lipoprotein changes are not observed after chronic dosing of normolipemic 
rats either with compactin or lovastatin. 

In the beagle dog, after three weeks of administration, fluvastatin lowers 
serum LDL + VLDL-cholesterol to the extent of — 47% either at 2 mg/kg/day 
given once a day or 1 mg/kg/day given twice a day. A comparable effect on 
VLDL + LDL-cholesterol is observed with compactin at a dose of 20 mg/kg/day 
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given once a day. In the Rhesus monkey, a reduction of 30% in serum 
VLDL + LDL-cholesterol is achieved with fluvastatin at a dose of 30 mg/kg/day 
at the end of three weeks of daily administration.13 

VI. TOXICOLOGICAL, DRUG METABOLISM, AND 
PHARMACOKINETIC STUDIES OF FLUVASTATIN (XU 62-320) 

The safety, drug metabolism, and pharmacokinetic evaluation of fluvastatin 
(XU 62-320) has been extensively carried out in acute, subchronic, and chronic 
rat, dog, monkey, and mouse studies at Sandoz Research Institute. These 
studies have allowed extensive clinical trials with the first totally synthetic 
HMG-CoA reductase inhibitor.16 

VII. HUMAN STUDIES WITH FLUVASTATIN (XU 62-320) 

Through completion of Phase II multi-center dose-response and dose-fre
quency trials, in all 658 subjects have been randomized to treatment with 
fluvastatin (XU 62-320) in double-blind safety and efficacy trials with another 
269 placebo subjects serving as controls. Fluvastatin (XU 62-320) was well 
tolerated at all doses studied and was free from serious or unexpected adverse 
effects. Dose-dependent mean reductions of 11% to 21% in total plasma cho
lesterol and 15% to 28% in LDL-cholesterol were achieved on 5 to 40 mg QPM 
of fluvastatin. Dose-dependent mean reductions of triglycerides and a drug-
related increase in HDL-cholesterol were also observed. Equivalent reductions 
of LDL-C (22% vs. 23%) were produced by 20 mg per day of fluvastatin when 
given as a single dose or divided into a BID regimen. A dose of 20 mg once 
a day at bedtime gave LDL-cholesterol reductions similar in magnitude to 
that of the marketed agent lovastatin (Mevacor®). 

VIII. OVERVIEW OF PUBLISHED LITERATURE ON HMG-CoA 
REDUCTASE INHIBITORS 

A very large number of reviews have described the importance of HMG-
CoA reductase inhibitors for the treatment of elevated serum total cholesterol 
and LDL-f-VLDL-cholesterol.4,17 Also, extensive information is available on 
the pharmacology and clinical efficacy of lovastatin (Mevacor®, MSD), mar
keted in the United States,4,18 simvastatin (Zocor®, MSD),19 marketed in sev
eral European countries but not yet available in the United States, and pra
vastatin (Mevalotin®, Pravachol®, Sankyo, Squibb), yet marketed only in Japan.20 

However, in this section, an overview is presented (Figs. 11-19), describing 
the attempts in many laboratories towards the discovery of new HMG-CoA 
reductase inhibitors since the discovery of compactin lovastatin, simvastatin, 
pravastatin, and fluvastatin. In Figures 11-19, only one specific representative 
structure is depicted to describe the varied structural prototypes reported in 
the literature as HMG-CoA reductase inhibitors. 
• Scientists at Merck & Co. continue the derivatization efforts towards 

semisynthetic derivatives using lovastatin as starting material (Fig. II).21 Very 
many wide variants in the acyloxy side chain at C-8 of mevinolin have been 
executed. Elegant "Barton-type" chemistry has allowed the functionalization 
of 6-Methyl group in ring A of mevinolin leading to a large number of deriv
atives with many functional groups at C-6. 
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M E R C K  &  C o .  
HO OH 

V • 0 '  0 ..OH 0 HO 
0 

O 
? H HO 0 cry OH n 

c EP 251625 EP 245990 

Figure 11 

• At Sandoz Research Institute, besides the fluvastatin, indenyl, naphthyl, 
imidazolyl, and pyrazolyl analogs discussed in this paper, a variety of other 
HMG-CoA reductase inhibitors have been synthesized varying the hetero
cyclic hydrophobic domain. These derivatives are described in Figs. 12-14.22" 
24 The overlapping reports from other companies on similar derivatives are 
shown as well in Figs. 12 and 13. 
• In addition to the HMG-CoA reductase inhibitors described above, sci

entists at Hoechst, Baeyer, Warner-Lambert, May & Baker, Rorer, Bristol-
Myers, Squibb, and Pfizer have published their efforts and their results in 
this exciting area (Figs. 15-17). 
• A set of novel structural prototypes as HMG-CoA reductase inhibitors 

have been claimed by Pan Medica (Fig. 18).28 One of the Pan Medica candi
dates is currently in clinical trials. 
• Two groups have focused their efforts towards the development of "reg

ulators of HMG-CoA reductase" rather than towards the development of 
competitive inhibitors. 
• Schroepfer et al. have studied extensively Cholest-8(14)-en-15-one as a 

very interesting hypolipoproteinemic agent. This agent is being studied in 

11 22,23 

1 
25-27 

S 

J 

1 SANDOZ F 
OH OH 0  

^  N ̂  0" N a +  

OH OH 0 
V" 1] US 47S1235 

T WO 88/01997 
F EP 265640 

()• Na+ 
N -N 

WO 88/01997 
EP 265640 F F 

OH OHO OH OH O N 
* I 0*Na+ I O* Na+ 

N 
O 

Hetcrocyclcs 29(8) 1497 (1989) Sandoz Patent Pending 
W.Lambert US 4761419 
Nissan EP 304063A 

Figure 12 
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SANDOZ F OH OH O 
cs 0-N,a+ •> 

X'* 
OH OH 0 X=O,S,NR 

0"Na+ 7 ^ 
N' EP 221025 

US 4851427 
US 4829081 
Bayer EP 300278 

/y 
F N N EP 327500 

US 4822799 
NISSAN WO 89/100-365 

F 

OH OH O 

O" Na+ O" Na+ 
N^ 

R^N ^ OH OH O 

Sandoz Patent Pending 
Hocchst EP 324347 

Sandoz EP(APPL.89I0393i.5) 
Hoechs( EP 319847 
Baeyer EP 330057 
W.Lambert US 4868185 

Figure 13 

SANDOZ 0 H HO O 
HO 

"o O 

O-sT 
F 

t 

US 4876280 US 4588715 

Figure 14 

F OH O 
OH O 

F 

N 
O^O i, 

^ W.Lambert WO 88/04657 
^ ^ W.Lambert EP 330172 

Baeyer EP 33414.7 

Hoechst EP 319847 
Baeyer EP 325130 
W.Lambert EP 306929 

N 

F 
OH OH O 

V' 

N 0"Na+ 
0=< I 

OH OH O N 
()-Na+ 

7 / Baeyer EP 334014 N r A May & Baker 

EP 326386 F O 

Figure 15 
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F 
Oil OH O 

OH \u + 
( ) -fN -

-0 0^0 </ * 

A 
^ ^ BristoNMycrs F /. Mav & Baker 

F EP 319330 
EP 303-446 

N:N WO 88/06584 
WO 88/0907 

HO 0 

0 

F Rorcr WO 89/05639 
US 4863957 

Figure 16 

the clinic (Lederle Labs). Taylor et al, (DuPont) have attempted to develop 
inhibitors of HMG-CoA reductase via inhibition of lanosta-8, 24-dien-3 beta-
ol-14 alpha-methyldemethylase (Fig, 19).29 

i 

IX. CONCLUSION 

During the discussion on cholesterol biosynthesis inhibitor, Sabine com
mented, "The development of an effective agent that will lower, and/or pre
vent a rise in man's level of plasma cholesterol, without accompanying any 
undesirable side effects, is a pharmacological rainbow at the end of which is 
an immense pot of gold. Hence, the search for such an agent is conducted 
with a great deal of vigor, skill, imagination, and money. I myself certainly 
hope that the attainment of this therapeutic ideal is indeed not a rainbow, 
but that the possible existence of such an agent is in fact a solid reality and 
not just a pleasant illusion of light and color."30 

Since Sabine's remark, HMG-CoA reductase inhibitors have indeed emerged 
as solid realities and have not remained mere pleasant illusions of light and 
color, Mevacor®, Zocor®, and Mevalotin® are marketed products showing 
remarkable efficacy in lowering LDL-cholesterol without serious side effects. 
Fluvastatin (XU 62-320), being studied intensely in Phase III clinical trials, has 
shown very good efficacy with no serious adverse effects. Future work will 
certainly shed more experience not only with Mevacor®, Zocor®, Mevalotin®, 
and Fluvastatin, but possibly with a host of other HMG-CoA reductase in
hibitors reviewed in this paper. Also, in 1989 the worldwide sales of Merck's 
Mevacor® (launched in September, 1987), being $535 M, speak to the HMG-
CoA reductase inhibitor as being the pharmacological rainbow at the end of 
which is an immense pot of gold. 

Excitement has been added to the fascinating story of the development of 
HMG-CoA reductase inhibitors by the elegant and outstanding work in the 
laboratories of Hobel laureates Brown and Goldstein, to explain the mecha
nism of action of these inhibitors. The HMG-CoA reductase inhibitors lower 

- • i-'w, 
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SIDE CHAIN VARIANTS F 
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OH t OH O HO 

H HO 
H 

Du Pont 
EP 276823 
US 07/008812 

GJ.SchroepferJr. 
PNAS 79,3042-46 (1982) 

Figure 19 

serum lipoprotein levels by up-regulating the lower LDL-receptors. But how 
do the many different HMG-CoA reductase inhibitors, described in this paper, 
affect the HMG-CoA reductase activity precisely at the detailed molecular 
level? The elegant molecular biology efforts in the laboratories of Brown and 
Goldstein have given us the amino acid sequence of HMG-CoA reductase of 
several species, but little is known of the detailed tertiary structure of the 
enzyme. What are the precise conformations of the many HMG-CoA reduc
tase inhibitors, described in this paper, when bound to the active site domain 
of HMG-CoA reductase? What is the topography of the amino acid residues 
at the active site of HMG-CoA reductase when one or the other HMG-CoA 
reductase inhibitors is bound to it? What precise details of molecular recog-

Sawai Ex 1005 
Page 1055 of 4322



HMG-CoA REDUCTASE INHIBITORS 145 
LA 

nition are involved and need to be understood to explain the rank-order 
potency of many of the described analogs of HMG-CoA reductase inhibitors? 
Fascinating work remains to be done to provide answers to the many inter
esting unanswered questions, in the exciting field of HMG-CoA reductase 
inhibitors. 
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Case No. 600-7101/CONT/INTEYJ 
Patent 

FEB i-.lWk 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES RECEIVED IN 
so:; miatfsstfics 

WATTANASIN 
Interference Nos. /102,648, 102,975 

Examiner-in-Chiefi M. Sofocleous 
v. 

FUJIKAWA et al. 

^WATTANASIN REPLY TO 
FUJIKAWA OPPOSITION TO 

WATTANASIN MOTION FOR LEAVE TO PRESENT ADDITIONAL TESTIMONY 

I. BACKGROUND 

By paper dated December 15, 1992, Fujikawa et al. served 

on Wattanasin a notification pursuant to 37 CFR §1.632 in the 

above interferences, indicating an 
• * * 

affirmative defense of abandonment, suppression or concealment. 

intention to raise an 
i i 

In response, the party Wattanasin on December 31, 1992 

filed and served a motion for leave to present additional .. 

testimony going to the absence of abandonment, suppression or 

concealment of the Wattanasin invention. 

The testimony in question would be presented in 

affidavit form, and relates primarily to activity of the inventor. 

Dr. Wattanasin, showing the absence of abandonment, suppression 

and concealment, and to attorney activities over a period o£ about 

fifteen months prior to the filing of the Wattanasin application 

on March 3, 1989. 
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Fujikawa have now opposed the Wattanasin motion (Paper 

of January 13, 1993). 

Fujikawa in their Opposition have made certain arguments 

with respect to the substantive requirements of Rule 632, as well 

as the formal sufficiency of the Wattanasin motion, to which 

Wattanasin replies as ̂follows: 

XI. 37 CFR §1.632 

37 CFR §1.632, which became effective on February 11, 

as part of the revised • interference rules, has no 

• predecessor section in the prior interference rules. 

1985, 

; / 

The related commentary of the Patent and Trademark 

Office makes clear that Rule 632, as a newly created rule, was 

specifically intended to address situations developing in the 

issue of abandonment, law where the concealment or 

suppression was not raised by a party until the briefing stage or 

at final hearing, thereby depriving the opposer of a fair 

opportunity to present relevant testimony thereon, except by way 

of a re-opened testimony period well beyond the interlocutory 

stage^". 

case 

The commentary refers to Kluq v. Wood, 212 USPQ 
767, 771, n. 2 (Bd. Pat. Int. 1981) wherein the senior party 
apparently raised the defense suppression and concealment 
in the final brief. The Board's denial of the junior party's 
motion to re-open its testimony period to admit evidence to 
rebut the accusation turned on the belatedness of that 
motion, which was not made until after final hearing 
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The commentary on Rule 632 states in part as follows 

(the sentences being separated into numbered paragraphs for 

convenience): 

"[1] Under current practice where notice is not 
required, it is possible that a party may learn for 
the first time that abandonment, suppression, or 
concealment is an issue when the party receives an 
opponent's brief at final hearing. See Kluq v. 
Wood, 212 USPQ 7^.7, 771, n.2 (Bd. Pat. Int. 1981). 
At that point it is often too late to reopen 
proceedings in the interference. The purpose of 
requiring the notice under §1.6 32 is to make the 
parties and the Board aware during the 
interlocutory stage of an interference that 
abandonment, suppression, or concealment may be an 
issue in the interference. 

[2] Early notice will permit the parties to ask for 
and the examiner-in-chief to set appropriate 
testimony periods for a party to present evidence 
related to abandonment, suppression or concealment, 
particularly in cases where long unexplained delays 
tend to prove the allegation of suppression or 
concealment." [emphasis supplied] 

" [ 3 ]  Early notice will also eliminate the need for 
the party moving to reopen the testimony period. 
Kluq v. Wood, supra". 

1062 OG 219 (January 7, 1986)- • • 

m 

First of all, paragraph [2] makes clear that the 

drafters of Rule 632 contemplated that parties will be permitted 

to ask for, and the EIC to set, testimony periods for evidence to 

be presented going to the abandonment issue during the 

interlocutory period. 

(Footnote 1 continued from previous page) 
(evidently some six months after submission of briefs). 
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isolated from context is noted that paragraph [3] 

and lacking the citation of the 1981 Kluq opinion — was relied on 
It 

by Fujikawa in their Opposition at p. 9 as a blanket assertion by 

the drafters that early notice would eliminate the need for a 

party to reopen the testimony period. 

On the contrary, when paragraph [3] is read in context, 

i.e. sequentially after paragraph [2], and with the reference to 

Klug restored, it obviously reflects an intention by the drafters 

not that testimony periods never be reopened, which would surely 

be at variance with the prior paragraph, but that recurrence of 

another Kluq-type situation be prevented. 

Thus it is evident that the drafters did intend that 

reopened testimony periods, if seasonably requested, be permitted 

in response to a Rule 632 Notification. Moreover, given that Rule 

632 permits Notification to be made even up to 10 days beyond the 

opposing party's testimony-in-chief, it must typically be the case 

that any reopened testimony period of the opposer would extend 

well beyond the period originally set. 

i* 

The rationale of Rule 632 is clearly to facilitate an 

presentation of testimony on all orderly 

submission of briefs and final hearing. 

issues prior to 

However, notwithstanding the clear directive contained 

in the PTO.commentary, Fujikawa further argue that the receiving 

party of a Rule 632 Notification must meet some additional 

threshold element of "surprise" in order to be granted leave to 

present . additional testimony going to abandonment, etc. (Opp. at 

Sawai Ex 1005 
Page 1061 of 4322



Case 600-7101/CONT/INT. 
Int. No. 102,648, 102,975 

Reply to Fuj. Opp. 
page - 5 -

p. 9).2 < 

On this rationale, Fujikawa sieze upon Wattanasin's 

statements concerning the substance of its proofs as to priority 

already made of record — which were made for the convenience of 

the EIC in evaluating Wattanasin's motion 

admission that Wattanasin lacks the requisite mental state of 

"surprise" to be granted a reopened testimony period. 

as some sort of 

fact is, no such element of "surprise" is envisaged 

by the commentary in relation to practice under the new Rule 632. 

The 

Fujikawa cite various pre-1985 and post-1984 cases, none 
of which is considered on points 

Suh v. Hoefle, 23 USPQ2d 1321 (BPAI 1992), turns on 
whether a belated motion for judgment based on unpatentability, 
made some 34 months after close of the preliminary motions period, 
met the good cause requirement of 37 CFR §1.655(b)(3). Hanaqan v. 
Kimura, 16 USPQ2d 1791 (Comm. Pat; 1990), concerns the sufficiency 
of a Rule 639 motion to take testimony. At issue in Jacobs v. 
Moriarity, 6 USPQ2d 1799 (BPAI 1988), is the sufficiency of a 
preliminary motion for judgment on the ground of unpatentability. 
Issidorides v. Ley, 4 USPQ2d 1854 (BPAI 1987), concerns a belated 
motion after final hearing to reopen the testimony period to 
retake deposition testimony invalidated by formal deficiencies, 
where the movant had already been given at least 3 "bites at the 
apple," including leave to take testimony after final hearing. 

With respect to the pre-1985 cases: 

Rexroth v. Gunther, 202 USPQ 837 (BPAI 1978), is an 
example of the confusion arising under the old interference 
rules concerning notification of intent to argue abandonment. In 
that case the Board ruled that the senior party had in effect 
given notice by requesting additional discovery in relation 
thereto, making the junior party aware of the issue prior to the 
times for taking testimony. Horwath v. Lee, 195 USPQ 701 (CCPA 
1977), also referred to in the commentary to Rule 632, simply 
stands for the proposition that suppression or concealment issues 
must be' considered on a case-by-case basis. In Horwath, a nearly 
e^year delay between reduction to practice and filing was found 
prima facie unreasonable under the circumstances but rebuttable 
(even though not found rebutted) by the evidence. 
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Quite to the contrary, paragraph [2], above, 

specifically states that it is "particularly" instances where 

"long, unexplained delays" raise, a prima facie case of 
3 abandonment, etc., that the rule was intended to address. 

While Wattanasin does not believe that the period of 

time at issue, i.e. aljout 15 months, raises a prima facie case of 

abandonment^ paragraph [2] obviously indicates the drafters' 

intent, even in cases where the delay does rise to such level, 

that there should be no restriction on reopening of testimony to 

from being complete the record in this regard. 

"extraordinary," as Fujikawa persist in alleging (Opp. at p. 4-5), 

Far 

the Wattanasin motion is fully countenanced by the PTO commentary 

on Rule 632, as evident above. 

Furthermore',' in order to harmonize the commentary • on 

Rule 632 with the other involved interference rules, it has to be 

inferred that a Rule 632 Notification, in itself, provides 

sufficient "good cause" under 37 CFR §1.651 for reopening the 

testimony period. 

Wattanasin also takes issue with the Fujikawa 

characterization of the time period at issue as being either "not 

per se reasonable (Opp., P'7), or alternatively, "per se 

unreasonable" (Opp. at p. 11), neither of. which terms to 

Wattanasin's knowledge has a recognized legal meaning. Fujikawa's 

citation to Engelhard Corp. v. M.C. Canfield Sons,. 13 USPQ2d 1561 

Alternatively, Fujikawa can hardly be.saying that only a 
party who is "unaware" or "surprised" by either the content of its 
own proofs and/or the law concerning 35 USC 102(g) would receive 
the benefit of a reopened testimony period I 

3. 
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(DNJ IS'SS), is ironic given that the district court in that case 

acknowledged the virtual unanimity of the case law on the point 

that "delays of less than two years are reasonable," 13 USPQ2d at 

1564-1565. 

Of course, when an affirmative defense of abandonment is 

raised, the issue turns not on whether a period of inactivity is 

"not per se" reasonable or "per se unreasonable"; but, rather, 

whether it is "prima -facie" unreasonable. And even when a prima 

facie case has been established, it can be overcome by submission 

of proofs that it is not unreasonable. 

Lacking any real support in either the PTO commentary on 

Rule 632 or the relevant case law for challenging the substantive 

basis of the Wattanasin motion, Fujikawa refer to a litany of 

alleged formal deficiencies in the motion. 
** 

• i 

However, Wattanasin submits that its motion was both 

seasonably presented and had ample specificity, in that it 

referred to the Fujikawa Rule 632 notification, presented the 

status of the subject interferences, and described Wattanasin's 

requested relief in the form of an additional testimony period to 
present evidence going to the absence of abandonment, suppression 

and concealment of the Wattanasin invention. 

III. CONCLUSION 

The arguments of Fujikawa are contradicted by the clear 

language of the PTO commentary on Rule 632. Rule 632 is intended 

precisely to permit a party on notice of an affirmative defense of 

abandonment, suppression or concealment to seasonably request and 
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in order to 

and 

present' evidence going to the absence thereof, 

facilitate a full briefing on the issues before the Board 

avoid belated presentation of testimony. 

In the present circumstances, where in fact the relevant 

period of time before the filing of the Wattanasin application is 

not considered prima facie unreasonable under the prevailing law, 

it is appropriate and entirely consistent with the commentary 

surrounding Rule 632f that the Wattanasin motion be granted. 

It is noted that undersigned counsel for Wattanasin in 

the prior motion inadvertently expressed a preference that a 

reopened Wattanasin testimony period run from January 4, 1993 to 

February 1, 1993, in erroneous disregard of the need to account 

for periods for filing opposition and replies on the Wattanasin 

motion. 

extent of requesting that any such re-opened testimony period 

preferably run for a period of about two to three weeks from the 

date of the EIC decision thereon. 

Therefore, Wattanasin hereby amends its motion to the 

Grant of the Wattanasin motion would not be seem to 

impinge on the PTO interest in expediting resolution of the 

underlying interferences: Since Fujikawa et al. are relying on 

their Japanese priority documents as a constructive reduction to 

practice, it is expected that the interlocutory period will be 

effectively completed in relatively short time, i.e. as soon as 

Fujikawa 

testimony. 

have completed cross-examination of the Wattanasin 

It is further noted that Mr. Kelber, counsel for 

Fujikawa et al. has indicated to the undersigned that he will be 

unavailable and out of the country during the period of February 2 
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February 13f 1993; and therefore the scheduling of a re-opened 

testimony period overlapping at least with this period 

would not seem to be particularly disruptive to Fujikawa et al. 

to 

Wattanasin 

Accordingly, grant of the Wattanasin motion for leave to 

present additional testimony is respectfully requested. 

Respectfully submitted. 

m. 
Diane E. Furman 
Attorney for the Party Wattanasin 
Registration No, 31,104 
201-503-7332 . 

SANDOZ CORPORATION 
59 Route 10 
East Hanover, NJ 07936 

i# 

DEFsrmf 
January 28, 1993 

l h<3r^bv certify that this correspondence is beino 
dofiosrted with the United States Postal Service as 
first cia$s mail in en envelope addressed to: Commis
sioner of Patents end Trademarks, Washington, O.C. 
20231, on 

(Date of Deposit) 

"ferCTatete" 
'Mi 
dL£mi„.. 

f Date of Signature 

• • -'va 
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CERTIFICATE OF SERVICE 

It is hereby certified that a true copy of the paper 

entitled; 

> WATTANASIN REPLY TO 
^FUJIKAWA OPPOSITION TO 

WATTANASIN MOTION FOR LEAVE TO PRESENT ADDITIONAL TESTIMONY 

was served on counsel for the party Fujikawa et al., this 28th day 

of January 1993, by postage pre-paid first-class mail addressed to 

the following: 

ft. 

Obion, Spivak, McClelland, Maier & Neustadt, P.C. 
Attn: Steven B. Kelber, Esq. 
1755 South Jefferson Davis Highway 
Crystal Square 5, Ste. 400 
Arlington, VA 22202 

'totu. fttmzcuf 
Diane E. Furman 

- .-Vi. 
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Paper No. 7"1 
All eot.imuHicaiioHS respecting this 
ease should identify it by number 
and names of parties. U.S. DEPARTMENT OF COMMERCE 

Patent and Trademark Office /fW% 
Address: BOX INTERFERENCE 

Commissioner of Patents and Trsdemarks 
Washington, D.C. 20231 

§ 

(703)557-4007 
(703)557-8642 

Telephone: 
Facsimile: 

Interference No. 102,648-'^^ 

Wattanasin et al. 

,'v.C> V. 

Fujikawa et al. 

Receipt is acknowledged of the motion for leave to present 

additional testimony, filed on January 6, 1993 by Wattanasin et al. 

Piii opposition and a reply thereto have been filed. 

For the reasons stated therein and in the reply to the 

It is the practice of the Board 

(Paper No. 72). 

opposition, the motion is granted, 

to permit a party to reopen its testimony for the purpose of 

presenting additional evidence where an opponent files a notice under 

37 CFR 1.632 raising the issue of abandonment, suppression or 

concealment. 

Accordingly, the times are reset as follows: 

Testimony-in-chief of the junior party Wattanasin for 

deposition testimony, including cross-examination of witnesses, to 

close February 25, 1993. 

Testimony-in-chief of the junior party Wattanasin for 

affidavit testimony (affidavits pursuant to 37 CFR 1.671(e) and 

1.672(b) must be filed) to close February 20, 1993. 

Cross-examination of any junior party's affiants to close 

February 25, 1993. 
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Interference No. 102,648 

Since the parties have agreed to have the rebuttal 

testimony of the senior party Fujikawa et al. run concurrently with 

any cross-examination of the junior party witnesses, the EIC does not 

perceive of any reason to reset the rebuttal testimony period. 

The time for filing and serving the record and the briefs 

remains as set in Paper No. 5^ 

Michael Sfeiooaeous 
Exarainer-in-Chief 
(703) 557-4066 

gjh 

-2-
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jOARCr OF PATENT 
" A P P E A L S  I  

FEB 18 1993 

49-111-0 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

WATTANASIN 

INTERFERENCE N0«: 102,648 
V. 

EXAMINER-IN-CHIEF: 

FUJIKAWA ET AL MICHAEL SOFOCLEOUS 

irflr 
MOTION FOR EXTENSION OF TIME, 

37 CFR §1.645, §1.635 \ • P I f  1993 

iner-ln-Chidf 
"Jy 

HONORABLE COMMISSIONER OF PATENTS AND TRADEMARKS 
WASHINGTON, D-C. 20231 

BOX INTERFERENCE 

SIR: 

Responsive to the Decisions of the EIC in the above-captioned 

Interference and related Interference (Paper No. 77 in Interference 

102,643 and Paper No, 22 in Interference 102,975), Fujikawa et al 

hereby move all pending dates for action subsequent to the date for 

completion of testimony-in-chief by the Junior Party be extended 

one month. ..Accordingly, cross-examination of any Junior Party 

affiant, and the date for completion of any Senior Party rebuttal 

testimony, including any cross-examination, would close March 25, 
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1993. Other dates would be extended, as set forth below. 

As grounds for this request, it is respectfully submitted that 

the reopening of the Junior Party testimony period for leave to 

present new testimony related to the issue of abandonment, 

suppression or concealment ordered does not provide sufficient time 

for cross-examination of the Junior Party affiants, followed by the 

submission of rebuttal testimony, if necessary. Specifically, the 

testimony of the Junior Party will not be completed until February 

20, 1993 (actually filed and served February 22, 1993). 

current date for cross-examination of such witnesses to close, and 

the date for presentation of rebuttal testimony by the Senior 

It is unlikely that undersigned 

Counsel will receive the testimony of the Junior Party, much less 

be in a position to cross-examine with respect to the same, or 

present rebuttal testimony, by February 25, 1993. 

Accordingly, Counsel for the Junior Party and undersigned 

Counsel have discussed the situation, and are in agreement that all 

dates in Interferences 102,648 and 102,975 subsequent to the 

closing date for testimony-in-chief of the Junior Party be extended 

one month. This will provide sufficient time for cross-examination 

of the Junior Party affiants, as well as the presentation of 

rebuttal testimony, which should be completed by March 25, 1993. 

The 

Party, is February 25, 1993. 
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If granted, this Motion will extend the established times as 

follows: 

—Testimony-in-chief of the Junior Party for Affidavit 

Testimony to close February 20, 1993. 

—Cross-examination of any Junior Party's affiants to 

close March 2 5 ,  1993. 

—Rebuttal testimony for the Senior Party, including 

affidavit testimony and cross-examination as well as 

deposition testimony, to close March 25, 1993. 

—Filing and serving of the record, April 2 5 ,  1993• 

—Junior Party's Opening Brief due May 25, 1993. 

—Senior Party's Brief due June 25, 1993. 

—Junior Party's Reply Brief due July 15, 1993. 

EIC Sofocleous was contacted on the morning of February 18, 

1993, and indicated that on the above grounds, this Motion would be 

* ' 

Sawai Ex 1005 
Page 1072 of 4322



4 

The cooperation and assistance of the EIC is deeply granted, 

appreciated. 

Respectfully submitted, 

OBLON, SPIVAK, MCCLELLAND, 
MAIER & NEUSTADT, P.C. 

Steven B. Kelber 
Registration No.: 30,073 
Attorney for Fujikawa et al 

Sawai Ex 1005 
Page 1073 of 4322



CERTIFICATE OF SERVICE 

I hereby certify that true copies of: 

MOTION FOR EXTENSION OF TIME, 37 CFR §1.645, §1.635 1. 

2. CERTIFICATE OF SERVICE 

were served upon Counsel for Wattanasin as follows: 

Diane E. Furman 
SANDOZ CORP. 
59 Route 10 
E. Hanover, New Jersey 07936 

via first-class mail, postage prepaid, this 18th day of FEBRUARY, 
1993. 

B. KELBER STE' 
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umm WCES: 
FEB 18 1993 n-rq-1 0 •' 

) -» mt » 

r-At. ! /1. C!"™-:1' 
'V^lK ' .'-iV. 49-111-0 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

WATTANASIN 

INTERFERENCE NO.: 102,648 
V. 

EXAMINER-IN-CHIEF: 

MICHAEL SOFOCLEOUS FUJIKAWA ET AL 

i • 1993 

&amlner.|n-Chief 

i 

MOTION FOR EXTENSION OF TIME, 
37 CFR §1.645, §1.635 

3y 
HONORABLE COMMISSIONER OF PATENTS AND TRADEMARKS 
WASHINGTON, D.C. 20231 

BOX INTERFERENCE 

SIR: 

Responsive to the Decisions of the EIC in the above-captioned 

Interference and related Interference (Paper No. 77 in Interference 

102,643 and Paper No. 22 in Interference 102,975), Fujikawa et al 

hereby move all pending dates for action subsequent to the date for 

completion of testimony-in-chief by the Junior Party be.extended 

one month. . Accordingly, cross-examination of any Junior Party 

affiant, and the date for completion of any Senior Party rebuttal 

testimony,, including any cross-examination, would close March 25, 
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jtfO 49-111-0 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

WATTANASIN 

INTERFERENCE NO.X 102/648 
V. 

EXAMINER-IN-CHIEF: 

MICHAEL SOFOCLEOUS FUJIKAWA ET AL 

FUJIKAWA ET AL REQUEST FOR 
CROSS-EXAMINATION 

HONORABLE COMMISSIONER OF PATENTS AND TRADEMARKS 
WASHINGTON, D.C. 20231 

BOX INTERFERENCE 

SIR: 

Responsive to the filing of Wattanasin Consolidated Affidavit 

Testimony (Volume IV) bearing a filing date of February 22, 1993, 

Fujikawa hereby requests cross-examination of the following 

Affiants: 

1. Sompong Wattanasin 

2. Melvyn M. Kassenoff 

3. Joanne M. Giesser 
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4. Linda Rothwell 

5. Lorraine M. Chesley 

Engstrom will not be The cross-examination of Robert G. 

required. 

The cross-examination will be as to all Declarations submitted 

by Sompong Wattanasin in this Interference. The remaining 

declarants are believed confined to Volume IV* 

Respectfully submitted. 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 

Steven B. Kelber 
Registration No.: 30,073 
Attorney for Fujikawa et al 
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CERTIFICATE OF SERVICE 

I hereby certify that true copies of: 

FUJIKAWA ET AL REQUEST FOR CROSS-EXAMINATION 1. 

2. CERTIFICATE OF SERVICE 

were served upon Counsel for Wattanasin as follows: 

Diane E. Furman 
SANDOZ CORP. 
59 Route 10 
E. Hanover, New Jersey 07936 

via first-class mail, postage prepaid, this 25th day of FEBRUARY, 
1993. 

B. KELBER 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

WATTANASIN 

INTERFERENCE NO. : 102,648 
V. 

EXAMINER-IN-CHIEF: 

MICHAEL SOFOCLEOUS FUJIKAWA ET AL 

RECEIVfcD 

MAR 1 1993 
BOARD OF PATENT APPEALS 

AND INTERFB3ENCES 

NOTICE OF DEPOSITION 

HONORABLE COMMISSIONER OF PATENTS AND TRADEMARKS 
WASHINGTON/ D.C. 20231 

BOX INTERFERENCE 

SIR: 

Pursuant to 37 CFR §1.673(3), Fujikawa et al hereby serve 

notice of the deposition of Dr. Chester E. Holmlund to be held at 

the offices of undersigned Counsel on March 12, 1993, beginning at 

10:00 AM, and continuing from time-to-time until done, 

expected that the deposition will last beyond a single day, but in 

the event it does, the deposition will be resumed March 15, 1993. 

The current address for Dr. Holmlund is 9200 Edwards Way, 

Apartment 516, Adelphi, Maryland. 

It is not 

The witness is expected to 

• '.i 
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testify in a rebuttal capacity, as to the adequacy of the proof of 

the Junior Party with respect to conception and actual reduction to 

practice. 

Undersigned Counsel, prior to the service of this notice, 

contacted Counsel for the Junior Party, Diane Furman, to establish 

a mutually acceptable time and place for conducting the deposition. 

Counsel for the Junior Party indicated that she could not at the 

time agree to any date in the period provided in the approved 

Motion for Extension of Time, mailed February 19, 1993, due to 

unspecified contingencies, 

indicates the designated time is unacceptable, undersigned Counsel 

shall initiate a conference call with the EIC. 

If Counsel for the Junior Party 

Respectfully submitted. 

OBLON, SPIVAK, MCCLELLAND, 
MAIER & NEUSTADT, P.C. 

*»,' *wiui.r 

StteVen B. Kelber 
Registration No.: 30,073 
Attorney for Fujikawa et al 
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CERTIFICATE OF SERVICE 

I hereby certify that true copies of: 

1. NOTICE OF DEPOSITION 

2. CERTIFICATE OF SERVICE 

were served upon Counsel for Wattanasin as follows: 

Diane E. Furman 
SANDOZ CORP. 
59 Route 10 
E. Hanover, New Jersey 07936 

via facsimile and via first-class mail, postage prepaid, this 1ST 
day of MARCH, 1993. 

IN B. KELBER S1 
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Case No. 600-7101/CONT/INT.(1) 
Patent 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

WATTANASIN 

Interference Nos. 102,648, 102,975 

Exaininer-in-Chief: M. Sofocleous 

v. 

FUJIKAWA et al. 

SUPPLEMENTAL DECLARATION OF SOMPONG WATT ANAS IN, PH.D. 
PURSUANT TO 37 CFR l.,672 

I, Sompong Wattanasin, do hereby declare as follows: 

1. 'All of the below-indicated activities took place in the 

United States. 

BACKGROUND 

2. Since about 1981, Sandoz Research Institute (SRI) has 

been engaged in a concerted research effort to develop compounds 

having utility as HMG-CoA reductase inhibitors for treatment of 

hypercholesterolemia. 

3. Much of this research has focused on compounds which 

comprise heterocyclic analogs of mevalonolactone and the open 

chain derivatives thereof. 

4. For example, since 1981 SRI has prepared indenyl, 

indolyl, indolizinyl, imidazolyl, pyrazolopyridinyl, pyrrole, as 

well as quinolinyl, and other analogs of mevalonolactone and 

derivatives thereof. 

5. The Sandoz research effort culminated in 1992 in the 

completion of an NDA filing on fluvastatin, i.e. (E)-(+)-7-[3-

(4-fluorophenyl)-1-(1-methylethyl)-lH-indol-2- yl]-3,5-dihydroxy-

6-heptenoic acid, sodium salt, which compound is a member of a 

family of indole analogs of mevalonolactone and the open chain 

analogs thereof. 
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Wattanasin 
Suppl. Declaration 
page - 2 -

6. My laboratory was only one of six laboratories devoted 

virtually exclusively to the synthesis of HMG-CoA reductase 

inhibitors. By way of illustration of the large number of HMG-CoA 

compounds being synthesized at Sandoz, I note that during the 

period of July 1985 to July 1987, my laboratory alone prepared £0 

such compounds. This is evidence of Sandoz' high level of 

interest in the project and intention since 1981, and including 

the period of July 1985 to July 1987/ to pursue its basic research 

project in the HMG-CoA reductase area and the inventive concept 

behind it. 

SANDOZ QUINOLINE COMPOUNDS 

7. In late March of 1987, I submitted Patent Disclosure 

299/84 direct to quinoline analogs of HMG-CoA reductase inhibitors 

(Exhibit A-3 hereto) to the Sandoz Patent and Trademark 

Department. 

8. I understand that between April and November of 1987, 

this disclosure was presented for rating on four occasions at the 

regular Sandoz patent committee meetings. On each of these 

occasions, PD 299/84 was rated either "B" or "X", indicating that 

further information was needed in order to file a patent 

application thereon (Exhibits M-l - M-4 hereto). 

9. In the period between July and December 1987, additional 

compounds of the invention were synthesized under my direction, 

and they were tested for activity in vitro and in vivo as HMG-CoA 
reductase inhibitors. 
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Wattanasin 
Suppl. Dec. 
page - 3 -

' (The synthesis and testing of these compounds are further 

described in my Declaration of November 13, 1992; the Declaration 

and Supplemental Declaration of Rajeshvari Patel dated November 13 

and 16, 19 92; the Declaration of Dr. Terence Scallen dated 

November 13, 1992; and the Declarations of Robert G. Engstrom and 

Rodney Slaughter dated November 13, 1992.) 

I learned shortly after the January 1988 

Committee Meeting that my Patent Disclosure 299/84 was rated for 

filing. 

10. Patent 

11. 2. 

information to Melvyn M. 

relating to PD 299/84. 

On or about February 29 1988, I sent certain 

Kassenoff of the Patent Department 

Exhibit 0 hereto comprises a true copy of the following 

material which I sent to the Patent Department: . 

(1) a "post-it" stating "sent to M. Kassenoff. 2/29/88" which 

is in my handwriting' . 

(2) 4 pages comprising handwritten reaction schemes and notes 

bearing my name and a date in my handwriting of February 29 

on the first page (see also Exhibit P-l); 

1988 i 

12. Additional material which I sent to the Patent 

Department comprises the following: 

Exhibit P-2: 7 pages of computer printouts of specific 

compounds containing my handwritten notations of the Notebook 

pages on which they were prepared and relevant physical 

properties; and 
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Wattanasin 
Suppl. Decl. 
page - 4 -

Exhibit P-3: 9 laboratory notebook pages numbered 130, 137, 

145r 153, 158, 166, 172, 175 and 176. 

13. On November 1, 1988, I printed out the Sandoz database 

containing the structures of the quinoline compounds of PD 299/84. 

I subsequently consulted with Robert G. Enstrom about the IC50 and 

ED^Q values for these compounds, which I wrote on the printout. I 

sent this printout to the Patent Department. Since the cover page 

is dated January 4, 1989 in my handwriting, I would have mailed it 

on or about that date. 

Exhibit Y-2 comprises a true copy of the printout bearing 

handwritten notations. 

my 

14. On or before November 8, 1988, I sent to Mrs. Joanne M. 

Giesser of the. Patent Department a handwritten memorandum 

outlining a synthesis of the quinoline compounds 'of my invention 

according to the procedure identified as "Route I" in my patent 

disclosure. 

Exhibit U-2 comprises a true copy of this memorandum. 

front page bears my initials and the date of November 7, 1988 in 

my handwriting. 

The 

15. I received a memorandum dated December 14 1988 from Mrs. 

Giesser enclosing a first draft of the patent application on PD 

299/84. 

Exhibit W comprises a true copy of the memorandum I received. 
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Wattanasin 
Suppl. Decl. 
page - 5 -

16. I made handwritten corrections on pages of the draft 

application and returned them to the Patent Department on or about 

December 22, 1988. 

Exhibit X comprises a true copy of these pages bearing my 

corrections and my handwritten date of December 22, 1988. 

17. On or about January 4, 1989/ I returned to Mrs. Giesser 

a handwritten memorandum and other material in connection with the 

patent application draft for case 600-7101. 

Exhibit Y hereto comprises a true copy of this material, 
i.e.: 

Y-li 6 pages of handwritten notes on the first draft and a 

handwritten synthesis step; 

Y-2: the computer printout I received from Biology, which I 
dated January 4, 1989. 
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Wattanasin 
Suppl. Decl. 
page - 6 -

The undersigned declares further that all statements made 

herein of my own knowledge are true and that all statements made 

on information and belief are believed to be true; and further 

that these statements were made with the knowledge that willful 

false statements and the like so made are punishable by fine or 

imprisonment, or both, under Section 1001 of Title 18 of the 

United States Code and that such willful false statements may 

jeopardize the validity of this application or any patent issuing 

thereon. 

I hereby subscribe my name to the foregoing Declaration this 

day of February, 1993. 

K *  

Sompong Wattanasin, Ph.D. 
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Case No. 600-7101/CONT/INT.(2) 
Patent 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

WATTANASIN 

Interference Nos. 102,648, 102,975 

Examiner-in-Chief: M. Sofocleous 

v. 

FUJIKAWA et al. 

DECLARATION OF MELVYN M. KASSENOFF PURSUANT TO 37 CFR §1.672 

I, Melvyn M. Kassenoff, do hereby declare as follows: 

All of the below-indicated activities took place in the 1. 

United States. 

I have been employed by Sandoz Corporation in the Patent 

and Trademark Department since 1972. . My current position is 

Director, Patent and Trademark Affairs. I am an associate counsel 

of record in these interferences. 

2. 

I have had responsibility for the filing and prosecution 

of Sandoz patent applications in the HMG-CoA reductase inhibitor 

area since 1982. However, this area was only a very small portion 

of my total workload, the bulk of which comprised prosecuting 

applications in the azo dye area originating from research done by 

Sandoz AG in Basle, Switzerland. 

3. 

Since about 1981, Sandoz Research Institute has been engaged 

in a research effort to develop compounds having utility as 

HMG-CoA reductase inhibitors for use in the treatment of 

hypercholesterolemia. This project resulted in numerous patent 

disclosures being submitted to the Patent Department, including 

Patent Disclosure 299/84 of Dr. Wattanasin. 
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Kassenoff 
Declaration 
page - 2 -

Prior to approximately April 1987f when he took permanent 

leave for health reasons, Mr. Fred VJeinfeldtf a senior patent 

attorney in the Sandoz Patent Department, shared the 

responsibility of filing of patent applications in the HMG-CoA 

reductase inhibitor area. In August 1987, Mrs. Joanne M. Giesser 

joined the Department as a patent attorney and took over a portion 

of Mr. Weinfeldt's docket of patent disclosures to be filed. 

4. Within a week or two following the January 27, 1988 

Patent Committee meeting, I was aware that Patent Disclosure 

299/84 of Sompong Wattanasin had received an "A" rating. It was 

my intention that the case would be filed by Mrs. Giesser or 

myself depending on who was available after existing filing 

priorities had been completed, inasmuch as following Mr. 

Weinfeldt's departure, a backlog in unfiled HMG-CoA reductase 

disclosures had been developing. 

It is noted that the Sandoz U.S. filings in the HMG-CoA 

reductase area commenced in about 1982 and continued into 1991. 

For example, a representative list of Sandoz original (including 

CIP) U.S. patent application filings in the HMG-CoA reductase 

inhibitor area comprises the following: 

5. 

Case 600-6951 filed Nov. 22, 19 82 (abandoned) 
Case 600-6951/B filed Nov. 4, 1983 (R60 of which) issued as 

U.S. 4,739,073 (1988) 
Case 600-6951/C filed Nov. 22, 19 82 (pending) 
Case 600-7013 filed June 4, 1984 now U.S. 4,588,715 (1986) 
Case 600-7015 filed June 22, 1984 (abandoned) 
Case 600-7022 filed Dec. 4, 1984 (abandoned) 
Case 600-7025 filed Apr. 12, 1985 (abandoned) 
Case 600-7028 filed May 22, 1985 now U.S. 4,668,794 (1988) L 
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Kassenoff  
Dec la ra t ion  
page - 3 -

Case 600-7015/B filed June 6, 1985 now U . S .  4,613,610 (1986) 
Case 600-7035 filed Oct. 25, 1985 (abandoned) 
Case 600-7022/B filed Mar. 7,'1986 (abandoned) 
Case 600-7041 filed Apr. 30, 1986 (abandoned) 
Case 600-7028/B filed May 14, 1986 (R60 of which) issued as 

U.S. 4,755,606 (1988) 
Case 600-7035/B filed Oct. 15, 1986 now U.S. 4,851,427 (1989) 
Case 600-7050 filed Dec. 23, 1986 now U . S .  4,751,235 (1988) 
Case 600-7025/ filed May 5, 1987 (abandoned) 

CIP 
Case 600-7Q22/C filed Jul. 1, 1988 now U.S. 5,001,255 (1991) 
Case 600-7025/ 

CIP/CIP/CIP filed Oct. 6, 1988 (abandoned) 
Case 600-7025/ 
CIP/CIP/CIP/ 

filed Jan. 16, 1990 (pending) CIP 
Case 600-7041/ 

CIP filed Mar. 6, 1987 (abandoned for R60) 
filed Jan. 27, 1988 now U.S. 4,822,799 (1989) 

filed Mar. 10, 1988 (abandoned) 
filed Mar. 10, 1988 now U.S. 4,876,1989 (1989) 

Case 600-7064 
Case 600-7041/ 

CIP/CIP 
Case 600-6955/ 
XN//B/CONT/X 

Case 600-7087 
Case 600-7101 
Case 600-7087/B filed May 
Case 600-7104 
Case 600-7041/ 

CIP/CIP/II 
Case 600-7104/ 

filed Oct. 13, 1988 (abandoned) 
filed Mar. 3, 1989 (abandoned for R60 cont.) 

8, 1989 (abandoned) 
filed May 22, 1989 (abandoned) 

filed Jul. 13, 1989 now U.S. 4,870,199 

CIP filed Feb. 20, 1990 (pending) 
CAse 600-7087/C filed Sept. 5, 1990 (abandoned) 
Case 600-7087/D filed Feb. 26, 1991 (pending) 

Appendix Z hereto contains copies of the cover sheets of some 

of the above-indicated U.S. patents which issued on the above 

cases. 

It is my best recollection that in February of 1988, I 

was in communication with Dr. Wattanasin concerning information 

6 • 
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Kassenoff 
Declaration 
page - 4 

sWhich was needed by the Patent Department in order to prepare an 

application based. PD 299/84. (The application that was 

subsequently filed was designated as, and is referred to herein 

as, "Case 600-7101". ) 

Exhibit N hereto comprises a true copy of a page containing 

handwritten notations concerning 

handwritten date of February 12, 1988. 

Case 600-7101 and my 

These notes comprise a checklist of information items which 

needed to be developed or confirmed in order to draft Case 

600-7101. The fact that these notes were made on the reverse side 

of the second attachment page to PD 299/84; and furthermore, that 

paragraph 2 discusses the scope of the disclosure and in 

sub-paragraph (c), refers to "other substitu [sic] on the 

quinoline ring," indicates their pertinence to the involved 

Wattanasin application. 

These notes further indicate that I spoke with Sompong 

Wattanasin ("S.W.") on February 12, 1988 concerning his quinoline 

and requested that compounds 

information. 

he provide me with certain 

7. On or about March 1, 1988, I received from Dr. Wattanasin 

, certain reaction schemes which were to be included in case 

600-7101. 

Exhibit 0 comprises a copy of material which I received from 

Dr. Wattanasin for the preparation of Case 600-7101. This shows 

two different reaction routes to preparing quinoline compounds of 

the case. 
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Kassenoff 
Declaration 
page - 5 

8. It was my practice to request the Sandoz Biology 

Department to send me IC^Q and ED5o va^ues tor compounds I was 

planning to cover in a patent application, as well as other 

biological information necessary to properly draft a patent 

application directed to a pharmaceutical. 

Exhibit Q hereto comprises a Biological Data Report and 

computer printout which I received from the Sandoz Biology 

Department. The Wattanasin disclosure number, i.e. "299/84" is 

written in my handwriting on the front page, and the compounds of 

Patent Disclosure 295/84 as well as PD 299/84 are included in the 

printout. 

The printout bears a date of May 23/ 19 88. L 

1988 I filed Case 600-7022/C based on PD 

295/84, which was indicated for filing ahead of PD 299/84. 

9. On July 1 

Exhibit R hereto comprises a copy of the front page of U.S. 

Patent No. 5,001,255, which issued on Case 600-7022/C, and 

indicates a filing date of July 1, 1988. 

10. With reference to Exhibit Y-2: page 2 of this computer 

printout bears a date of January 11, 1989 written in my 

handwriting. 

11. At no time subsequent to the "A" -rating of Patent 

Disclosure 299/84 did I or, insofar as I am aware, any other 

Patent and Trademark member of the Department of 

Corporation, ever have any intention not to file a United States 

Sandoz 

patent application on the quinoline compounds of said patent 

disclosure in due course. 
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The undersigned declares further that all statements made 

herein of my own knowledge are true and that all statements made 

on information and belief are believed to be true; and further 

that these statements were made with the knowledge that willful 

false statements and the like so made are punishable by fine or 

imprisonment, or both, under Section 1001 of Title 18 of the 

United States Code and that such willful false statements may 

jeopardize the validity of this application or any patent issuing 

thereon. 

f**" 

I hereby subscribe my name to the foregoing Declaration this 

day of February, 1993. f* 11 

W W&fyboytrjf 
MELVYN M. KASSENOFF 

:;L.. 
t: 
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Case No. 600-7101/CONT/INT.(3) 
Patent 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

WATTANASIN 

Interference Nos. 102,648/ 102,975 

Examiner-in-Chiefs M. Sofocleous 

v. 

FUJIKAWA et al. 

DECLARATION OF JOANNE M. GIESSER PURSUANT TO 37 CFR Si.672 
J ,.i 

I, Joanne M. Gieeser, do hereby declare as followsi 

All of the below-lndlcated activities took place in the 1. 

United States. 

2. I was employed by Sandoz Corporation as a patent attorney 

from August 16, 1987 to November 6, 1992, and during the time 

. periods referred to herein was a member of the Patent and 

Trademark Department located in East Hanover, New Jersey. (On 

September 1, 1992, I transferred to the patent department of the 

Sandoz Crop Protection affiliate of Sandoz Corp. in Palo Alto, 

I am currently employed as a patent attorney for California.) 

Amoco Corporation in Naperville, Illinois. 

3. I filed the involved Wattanasin continuation application, 

and I also drafted and filed the parent application thereof. 

Serial No. 07/318,773 filed on March 3, 1989» As of its filing 

date, the '773 application received internal docketing number 

600-7101, and is hereinafter referred to as "Case 600-7101". 

Case 600-7101 is based on Patent Disclosure No. 299/84 of 
Dr. Sompong Wattanasin.' ' 

4. 

WdT2:E0 £6. 6T 83J 
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Giesser 
Declaration 
page - 2 -

5. At the January 27, 1988 meeting of the Sandoz Corporation 

. .Patent Coinmitteer said PD 299/84 was rated "A" for filing. 

. would have received a copy of the Minutes of the meeting sometime 

in February 1988. 

I 

PD 299/B4 was aesigned to mer although Mr. Kaeeenoff of 

the Patent Department and I intended that the case would be filed 

by either one of us depending on who was available after existing 

filing priorities had been completed. 

6. 

I received certain materials from Dr. Wattanasin in 

connection with the filing of Case 600-7101. 

7. 
/ • - •  

Exhibit P comprises a copy of material which the Patent 

Department received which related to the preparation of Case 

600-7101. These materials comprisei 

4 pages containing handwritten reaction schemes and 

notes bearing the handwritten name of "S. Wattanasin" and a date 

of February 29# 1988 on the first page; 

F-l: 

7 pages of computer printouts of specific compounds 

containing handwritten notations of the Notebook pages on which 

they were prepared and relevant physical properties; and 

9 laboratory notebook pages numbered 130, 137, 145, 

175 and 176. 

P-2f 

P-3« 

1S3, 156/ 166/ 172, 

8. When I received the pages which comprise Exhibit P, I made, 

handwritten annotations on some of the pages, which appear on the 

pages of the Exhibits. 

UdT2:£0 £6, 6T 831 
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page - 3 

It will be noted that in the calendar year- 1988, I 

compiled an airline travel mileage of approximately 75,000 miles• 

My travel and entertainment expense reports for the period of 

' February 1, 1988 to March 3, 1989, indicate that I was required to 

be out of the office on business on at least the following dates: 

9. 

.i I 
« 

' 

February 21-26. 
March 1, 15-16, 20 and 28-31. 
April 20-22. 
May 2 
June 15-16, 24 
July 12 
August 29-31 
September 1, 10-14 
October 9-11, 16-17, 27-28 
December 6-8 
January 8-12' 
February 21, 28 
March 1-2 

S hereto comprises true copies of travel and 

entertainment expense reports which 1 filled out and submitted to 

the Sandoz Travel Department to obtain reimbursement of my 

Each of these reports is in my 

Exhibit 

business travel expenses, 

handwriting and bears my true signature. 

No later than October 1988, X would have started writing 

a draft of Case 600-7101. 

10. 

On November 6, 1988# I filed continuation-in-part 

application, Case 600-7025/CIP/CIP (Serial No. 07/466,083), which 

was indicated for filing ahead of PD 299/84. 

11. 

Exhibit T hereto comprises a copy of the filing receipt for 

Case 600-7025/CIP/CIP/. 

1, 

Wd22:E0 £6, 6T 83d 
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In early November of 1908, my secretary, Ms* Lorraine M. 

Chesley, began typing a draft of Case 600-7101* 

12. 

Exhibit U-l hereto appears to comprise a copy of the label of 

the computer disc on which this application is stored, which 

indicates a starting date of November 3# 1988 and a mailing date 

of March 3/1989. 

k \  

*r 

13. Also in about November of 1988> I received a memorandum 

from Dr. Wattanasin which outlined certain synthesis steps for 

preparing compounds of Case 600-7101. 

[! 

U-2 comprises a memorandum 

by the Patent Department, which comprises a cover page 

synthesis steps for preparing compounds 

Exhibit 

Wattanasin 

and 8 pages containing 

covered by PD 299/84. 

received from Dr. 

This memorandum bears a handwritten date of November 7, 1988 

and was date stamped November 8# 1988 by the Patent Deparmeht. 

On or before November 8, 1988, I requested Mr. Siegfied 

S. Warhznan of Sandoz Information Services to provide correct 

nomenclature for various compounds of PD 299/84 and starting 

materials used in their synthesis. 

14. 

Exhibit V-l comprises a true copy of my handwritten request, 

which became the cover page of a responding memorandum from Mr. 

Henry Mah, also of Sandoz Information Services, 

memorandum is dated November 8, 1988; and the Patent Department 

date stamp on my request memo indicates that it was received by 

the Patent Department on November 9, 1988. 

The return 

Wd22:£0 £6, 6T E3J 
9/t>*d W1 GNU •JLtU -ddCO ZOaNbS E2:9T £6. 6T S3J 
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Exhibit V-2 is another memorandum which was received by the 

mt Department from Mr. Henry Mah which bears a date of 

imber 14, 1968 and is also date stamped November 14, 1988, 

h provides further nomenclature of the quinoline compounds of 

PD 299/04 and their reaction intermediates. 

On or about December X4, 1988, I sent a first draft of 

600-7101 to Dr. Wattanasin for his review. 

15. 

Exhibit W comprises a true copy of 

application which 1 sent to Dr. Wattanasin. 

the cover letter for the 

Further information related to Case 600-7101 which is in 15. 

assession of the Patent Department comprises: 

Exhibit X: which comprises four pages of reaction diagrams 

.ning notations some of which are written in my handwriting, 

\B handwritten date of December 22, 1988. £ 

xhibit T-l: a handwritten memorandum of changes in a draft 

s 600-7101 bearing a date of January 4, 1989; 

chibit Y-2 s a computer printout of the structures of the 

ids of PD 299/84, with handwritten IC50 and/or ED50 values 

handwritten date of January 4, 1989. 

. On March 3# 1989, I filed Case 600-7101, the parent 

tion of the involved Wattanasin application. 

3J 
wi awy "ittd 'dyoo zoawts WSSST ee, GT 83J 
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•n •. (• 

The undersigned declares further that all statements made 

herein of my own knowledge are true and that all statements made 

on information and belief are believed to be true; and further 

that these statements were made with the knowledge that willful 

false statements and the like so made are punishable by fine or 

imprisonment/ or bothr under Section 1001 of Title 18 of the 

United States Code and that such willful false statements may 

jeopardize the validity of this application or any patent issuing 

thereon. 

nv:v 

•H • • 

Sit' 1 

I hereby subscribe my name to the foregoing Declaration this 

/f day of February, 1993. 

JOANNE M. GIESSER 

'? • 

'Wde2:60 EG, SI 9.3J 
9/9* d wi oNiy 'lyd 'daco zoowys ̂ 2:9T se, ST aad 
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Case No. 600-7101/CbNT/l'NT. (4) 
Patent 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

WATTANASIN 
Interference Nos. 102,648, 102,975 

Examiner-in-ChiefJ M. Sofocleous 

v. 

FUJIKAWA et al. 

DECLARATION OF LINDA ROTHWELL PURSUANT TO 37 CFR §1.672 

I, Linda Rothwell, do hereby declare as follows: 

All of the below-indicated activities took place in the 

United States. 

I have been employed by Sandoz Pharmaceuticals 

Corporation continuously since 1968 to the present. My position, 

both currently and during the time periods indicated below, has 

been Patent Administrator of the Sandoz Patent Department. 

1. 

One of my responsibilities as Patent Administrator has 

been to type or supervise the typing of the Minutes of each Sandoz 

Pharmaceutical Corp. Patent Committee Meeting based on notes taken 

The Minutes serve as 

official record for the Sandoz Patent Department of decisions 

and recommendations made at each Patent Committee Meeting (PCM). 

2 .  

at the meeting by the attending attorney(s). 

the 

3. Since prior to April 1987, another of my responsibilities 

as Patent Administrator has been to docket patent disclosures as 

soon as they are received by the Patent and Trademark Department, 

for consideration at the following scheduled PCM. 

Patent Disclosure 299/84 was docketed for initial 

consideration by the Sandoz Pharmaceuticals Corp. Patent Committee 

at its April 29, 1987 Meeting. 

4. 

Sawai Ex 1005 
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Rothwell 
Declaration 
page - 2 

5. According to Sandoz policy which has been in effect since 

prior to April 29, 1987, a disclosure which is considered by the 

Patent Committee and is rated "B", is deferred for reconsideration 

by the Patent Committee within three months' time.. An "XM- rated 

disclosure is deferred for reconsideration by the Patent Committee 

within one month's time. A "B" or "X" rating is given when 

further information is needed before making a decision whether to 

file a patent application. An "A"- rated disclosure represents a 

decision to file a patent application on the subject matter of the 

patent disclosure. 

Section 5 of the Minutes is devoted to the rating of newly 

submitted Patent Disclosures or the re-rating of previously rated 

Patent Disclosures. 

appended hereto comprise copies of 

of Patent Committee Minutes prepared in the ordinary course 

business by me or under my supervision.. Confidential material 

unrelated to PD 299/84 

with respect to the unmasked material. 

Exhibits M-l to M-5 6 .  

pages 

of 

has been masked. These are true copies 

.Minutes are maintained under my 

the files of the Sandoz Patent and Trademark Department in the 

ordinary course of my employment. 

supervision and control The 

in 

Exhibit M-l is a masked copy of page 2 of the minutes of the 

Sandoz Pharmaceuticals Corp. PCM held on Wednesday, April 29, 

This page shows that Patent Disclosure 299/84 was rated 

"B," and was assigned to Frederick H. Weinfeldt ("FHW"), a senior 

patent attorney in the Sandoz Patent Department. 

1987. 
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Rothwell 
Declaration 
page - 3 

Exhibit M-2 is a masked copy of page 3 of the minutes of the 

This page shows that PD PCM held on Wednesday, July 29, 1987. 

299/84 was re-rated "B". 

Exhibit M-3 is a masked copy of page 3 of the minutes of the 

PCM held on October 28, 1987. This page shows that PD 299/84 was 

rated "X". 

Exhibit 

PCM held on Wednesday, November 25, 

299/84 was rated "X". 

M-4 is a masked copy of page 2 of the minutes of the 

1987. This page shows that PD 

Exhibit M-5 is a masked copy of page 4 of the minutes of the 

PCM held on Wednesday, January 27, 1988. This page shows that PD 

299/84 was rated "A," and was re-assigned to Mrs. Joanne M. 

Giesser, a patent attorney in the Sandoz Patent Department. 

The Patent Department records indicate that no later than 

about April 1987, Mr. Weinfeldt had taken permanent disability 

leave (and is now deceased)» In August of 19 87, Mrs. Giesser 

joined the Patent Department and assumed a part of Mr. Weinfeldt's 

docket. 

The undersigned declares further that all statements made 

herein of my own knowledge are true and that all statements made 

on information and belief are believed to be true; and further 

that these statements were made with the knowledge that willful 

false statements and the like so made are punishable by fine or 

imprisonment, or both, under Section 1001 of Title 18 of the 

Sawai Ex 1005 
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Declaration 
page - 4 -

United States Code and that such willful false statements may 

jeopardize the validity of this application or any patent issuing 

thereon. 

I hereby subscribe my name to the foregoing DECLARATION this 

day of February, 1993. -

LINDA ROTHWELL 

Sawai Ex 1005 
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Case No. 600~7101/CONT/INT.(5) 
Patent 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

WATTANASIN 

Interference Nos. 102/648, 102,975 

Examiner-in-Chief: M. Sofocleous 

v. 

FUJIKAWA et al. 

SUPPLEMENTAL DECLARATION OF ROBERT G.ENGSTROM PURSUANT TO 37 CFR §1,672 

I, Robert G. Engstrom, do hereby declare as follows: 

All of the below-indicated activities took place in the 

United States. 

Exhibit Q comprises a true copy of a Biological Activity Data 

Report dated May 24, 1988 which I sent to the Patent Department 

concerning the compounds of PD 299/84, together with a computer 

printout of the Sandoz database dated May 23, 1988, The printout 

contains IC5o an<^ some ED5Q values for compounds of Patent 

Disclosure 295/84 and compounds of the subject Patent Disclosure 

299/84. 

(I note that I became aware of a computer entry error 

comprising the inadvertent "switching" of the ED 

compounds 64-933 and 64-935. The corrections on the printout are 

in my handwriting and would have been made on or about May 23, 

data for 50 

1988.). 

The undersigned declares further that all statements made 

herein of my own knowledge are true and that all statements made 

on information and belief are believed to be true; and further 

that these statements were made with the knowledge that willful 

Sawai Ex 1005 
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Engstrom 
Suppl. Decl. 
page - 2 -

,false statements and the like so made are punishable by fine or 

imprisonment, or both, under Section 1001 of Title 18 of the 

United States Code and that such willful false statements may 

jeopardize the validity of this application or any patent issuing 

thereon. 

p: . 

I hereby subscribe my name to the foregoing Declaration this 

day of February, 1993. 

V v  

/? 

Robert Engstrom 

tff'lii 
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Case No. 600-7101/CONT/INT.(6) 
Patent 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

WATTANASIN 

Interference Nos. 102,648f 102,975 

Examiner-in-Chiefs M. Sofocleous 

v. 

FUJIKAWA et al. 

DECLARATION OF LORRAINE M. CHESLEY PURSUANT TO 37 CFR §1,672 

I, Lorraine M. Chesley, do hereby declare as follows; 

All of the below-indicated activities took place in the 1 .  
United States. 

I have been employed as a secretary in the Patent and 2 .  
Trademark Department of Sandoz Corporation since August 6 ,  1984 to 

the My current position is Senior Administrative present. 

Secretary. 

I was Mrs. Joanne Giesser's secretary from 1987 to 1991. 2 .  

Exhibit U-l hereto comprises a true copy of a computer 

disc label which is written in my handwriting, indicating that 

I started typing Case No. 600-7101 on November 3, 1988 and that 

the case was mailed to the Patent and Trademark Office on March 3/ 

1989. 

3. 

The undersigned declares further that all statements made 

herein of my own knowledge are true and that all statements made 

on information and belief are believed to be true; and further 

that these statements were made with the knowledge that willful 

false statements and the like so made are punishable by fine or 

imprisonment, or both, under Section 1001 of Title 18 of the 

Sawai Ex 1005 
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Chesley 
Declaration 
page - 2 

United States Code and that such willful false statements may 

jeopardize the validity of this application or any patent issuing 

thereon. 
i'i--

-h-;-' 
ViV 

V' t -  -

I hereby subscribe my name to the foregoing DECLARATION this 

day of February, 1993. 66 /?  
iV''' 

LORRAINE M. CHESLEY 
u. 

d" 
e; 

m 
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MR. J. BOROVIAN 
MR. T. DOYLE 
MR. R. HONOR ' 
MR. W. JEWELL 
MR. M. KASSENOFF 

MR. T. MC GOVERN 
MRS. L. ROTHWELL 
MR. G. SHARKIN 
MR. R. VILA 
MR. F.'WEINFELDT 

DR. J. NADELSON 
DR. L. SALANS 
DR. R. SAUNDERS 
DR. D. WEINSTEIN(2) 
DR. D. WINTER 

DR. D. CORNISH 
DR. J. FOLEY 

— DR. G. HARDTMANN 
DR. W. HOULIHAN 
DR. F. KATHAWALA 
BASLE (2) 

MINUTES 

PATENT COMMITTEE MEETING 

HELD WEDNESDAY, APRIL 29, 1987 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
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' Minutes 
April 1987 

3. NOTICES OF ALLOWANCE; 

in-part; 3.1 Th 
a 

13 

respecting Th 3.2 
th f  

65 

4. FINAL REJECTIONS: 

4.1' T5 

5. DISCLOSURES: 

The following disclosure has been rated "A": 5.1 

3 "A" and a 
jiatter from a 
F.S. patent 
considering 
itent 
a separate 

ter in due 

5.2 

The following disclosures have been rated "x" :  5.3 

The following disclosures have been rated "B": 5.4 

299/84 WATTANASIN FHW 

5.5 
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DR." I/. OSTBERG 
DR. h. SALANS 
DR. R. SAUNDERS 
DR. D. WEINSTEINU) 
DR. D. WINTER 
BASLE (2) 

MR. J. BOROVIAN 
MR. T. DOYLE 
MR; R. HONOR 
MR. W. JEWELL 
MR. M. KASSENOFF 

MR. T. MC GOVERN 
MRS'. L. ROTHWELL 
MR. G. SHARKIN 
MR. R. VILA 
MR. F. WEINFELDT 

)R. D. CORNISH 
DR. J. FOLEY 
-OR. G. HARDTMANN 
3R. W. HOULIHAN 

-DR. F. KATHAWALA 
DR. J. NADELSON 

MINUTES 

PATENT COMMITTEE MEETING 

HELD WEDNESDAY, JULY 29, 1987 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * 
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Minutes 
July 1987 

5. DISCLOSURES: 

The following disclosures are rated "X": 5.1 

' " The following disclosures are rated '"B": 5.2 

7 
299/84 WARRANASIN FHW 

.ml—- i 
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MCGOVERN 
ROTHWELL 
SHARKIN 
VILA • 
WEINFELDT 

MR. J. BOROVIAN 
T. DOYLE 
J. GIESSER 
R. HONOR 
W. JEWELL 
M. KASSENOFF 

MR. T. 
MRS. L. 
MR. G. 
MR. R. 
MR. F. 

DR. L. OSTBERG 
DR. L. SALANS 
DR. R- SAUNDERS 
DR. D. WEINSTEIN(2) 
DR. D. WINTER 
BASLE (2) 

CORNISH 
FOLEY 
HARDTMANN 
HOULIHAN 
KATHAWALA 
NADELSON 

. D. 
« J • 
. G. 
.  W .  
» F • 

MR. 
MRS . 
MR. 
MR. 
MR. 

MINUTES OF THE 

PATENT COMMITTEE MEETING 

HELD WEDNESDAY/ OCTOBER 28/ 1987 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
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Minutes . 
October 1987 
Page 3 

1 

The following disclosures aire rated"X. 5.3 

299/84 WATTANASIN FHW 

The following disclosures are rated B. 5.4 

r^V:Imc 
: ./6/87 
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JM 
DR. L. OSTBERG 
DR. L". S ALANS 
DR. R. SAUNDERS 
DR. D. WEINSTEIN(2) 
DR. D. WINTER 
BASLE (2) 

MR. J. 
MR. T. 
MRS.J. 
MR. R. 
MR. W. 

BOROVIAN 
DOYLE 
GIESSER 
HONOR 
JEWELL 

MR. M. KASSENOFF 
MR. T. MC GOVERN 
MRS.L. ROTHWELL 
MR. G. SHARKIN 
MR. R. VILA 

CORNISH 
FOLEY 
HARDTMANN 
HOULIHAN 
KATHAWALA 
NADELSON 

D R .  D .  
DR. J. 
DR. G . 
DR. W. 
DR. F. 
D R .  J .  

MINUTES 

PATENT COMMITTEE MEETING 

HELD WEDNESDAY, NOVEMBER 25, 1987 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

1A. FOREIGN FILINGS: 

i 
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Minutes 
November 1987 

(Cent.) - TV1/"-> C . 

5. DISCLOSURES: 

The following disclosures are rated "X": 5.1 

\ 

FHW 299/84 WATTANASIN 

6 

L 8 i  

..,9! 
—-'•••r • •— 
IZL uviK'tfrK • 

• '  . i  
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DR. L. OSTBERG 
DR. L. SALANS 
DR. R- SAUNDERS 
DR. D. WEINSTEIN(2) 
DR. D. WINTER 
BASLE (2) 

MR. J. BOROVIAN 
T. DOYLE 

MRS. J'. GIESSER 
R. HONOR 
W. JEWELL 
M. KASSENOFF 

T. MCGOVERN 
MRS. L. ROTKWELL 

G. SHARKIN 
R. VILA 

"DR. D. CORNISH 
^OR. J. FOLEY 
DR. G. HARDTMANN 
DR-'W. HOULIHAN 

,j>R. F. KATHAWALA 
3R. J. NADELSON 

MR. 
MR. 

MR. 
MR. MR. 
MR. 
MR. 

MINUTES OF THE 

• PATENT COMMITTEE MEETING 

HELD WEDNESDAY, JANUARY 27/ 1988 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

l.A. FOREIGN FILINGS: 

^kiij 
(J 
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Minutes 
Jan. 1988 -
Page 4 

'tes 
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5. ' ' DiSCLOSURES": 

The following disclosures are rated A. 5.1 

.lity search 
•formed) . 

.ction 
only). 

299/84 JMG WATTANASIN 

D EM/ • 1 m n  
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î
- 

+
0
 

^
C

ti
e

M
tl

. 
a
 c

 

sn
n.

N
u 

RE
G.

NO
 

DR
TE

 
MW

 
C

H
E

M
IS

T
 

P
R

T
E

L 
N

R
T

T
fl

N
R

S
IN

 
0

9
-2

1
-8

7
 

S
fl

H
-0

6<
J9

3'
J 

3
0

4
 4

 2
 

4
2

7
.4

8
 

ty
- 

3
6

 
O

N
 

Sawai Ex 1005 
Page 1150 of 4322



S
T

R
U

C
T

U
R

E
 

O
fu

n
 

VO
 o

'b
: 

b-
o 

o 
•JJ

r 
\1

,o
 (

, 
_ 

tq
o-

 M
 

o
 i 

\ 

V
lj

 —
 
^
 V

jl-
b
 

^ 
1

 
^ 

vx
iw

v 
C

V
, 

h
\X

) 

\ • 
H 

C 
M

 ,
 L

U
)

 
Jv

 H
 c

. 
*>

0,
 

?>
 A

 
C 

I 
V 

B 
.<r

 (
• ^

 j 
i. 

(. 
^
 

j 
m

1) 
4-

a 
C 

 ̂
\ H

") 
H-

.v
 c.

 
 ̂j

 

H
-.a

 C
 m

 ,
 

l H
i 

<• 
V 

) 
IW

) 
lo

i 
(o

 
C

 
j 

\ 

^
 .(

. 
C

M
, 

iv
O

 ,
 i

'\
 (

 <
Aj

 W
) 

(X
C

C
on

^
iU

j,
 
H

 
So

tt
G

M
 f

c 
I 
. 

H
 

0 (
/\̂

 ̂
 

0 
s>

>
 

!] 

Sn
H

.N
O

 
R

E
G

.N
O

 
D

R
T

E
 

H
N

 
C

H
EM

IS
T 

P
R

T
E

L
 

H
fl

T
T

R
N

fl
S

IN
 

0
9

-2
1

-0
7

 
s

n
H

-o
b

'i
g

a
s

 
S

O
1!

1]
? 

4
5

1
.5

4
3

 

Sv
. 

Jt
-

Sawai Ex 1005 
Page 1151 of 4322



ST
R

U
C

TU
R

E 
:

 • 
Df

lT
fl

 

K
io

tX
tr

o
o

^
 

I
V

O
t 

-
 X

o
l 

-
 ̂

0
 

JL
 V

 
tC

\ \A
> 

 ̂
• 

C
 

l.
\ 

c4
 ,

 (
. 

"i
-.

v 
C

 t
*

 j
 

XH
-^

 

3
 , L

 
C 

*VN
 ,

 V
 H

) 

?>.
 V 

^ 
^

 i 
V 

H
.V

.X
 

C
th

j 
IH

")
 

T
, T

 C
. 

\
 ̂ 

IW
')

 
t.

U
 <.

 «
*, 

IH
^ 

C 
n

,,
 

q-
u)

 

'-)
'' t

. 
C 

I 
?

i
l
 

C
 c

<
 
j 

H
4

)
 

P
^

^
C

A
O

J
 

Q
 C

 CA
 t-

tU
 l

y_
 
H

 
1

«
V

E
M

&
\ I

 

y
\f

f\
^

 

\
 

N
N

 
0

 ̂

/ 0
"
 N

n
f 

sn
h.

N
O

 
R

c
C

.N
O

 
D

A
T

E
 

C
H

E
M

IS
T

 
H

N
 

P
fl

T
E

L
 

W
R

T
T

D
N

R
S

IN
 

S
fl

H
-0

&
l1

9
3

&
 

30
4 

4 8
 

0
9

-2
2

-0
7

 
4

4
5

.4
7

 

-y
fa

 
3

0
 

Sawai Ex 1005 
Page 1152 of 4322



I 

1 

4 

» 

Sawai Ex 1005 
Page 1153 of 4322



l-'l 

IBi-' iso proj. 
Title- 1 Date 101 f  • 1  

• J**) 
Cont'd F CV, .0 ^7  ̂1 I 

'i % * 

l^rr; ;  .  .  •  P  -
ICOVrtrr^^L J : \ -\?o 

; i' 1 

vjf?-" "l- " ' ' 

 ̂ "''' f̂ 3-̂  î r ':x$ • 
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^<A \ A ^ L, - • .Q.K'̂   ̂eVJ^ro <2/yy4\x>\'i,*yz— 

(^TVJ?^ - "^v-O^ec-n . CC^VT?. 0G^^U^^AV^.30 

i^S^Ai^rvriy. 
x ."V^S w** - ̂ ,̂2-

•ir 

-f" 
;0-k-e. 

^VNCI'VU^VJ QA\WN> ^7 A^' 
CUce_ 

C^-rw'^lr^v 
StJli ^-5 
ftcVa^cvf 

TcU^\ 

'7^^; V. -^eltc^o c^\ 
7 - G - f ^  

0 "̂Ko P**ci-/ • > 

tffi wsl:' ̂  yy 
yVl VTKAA; V:.>'^MCN - 33— ,  — '  .  > > 2 - - -  /  

•^-*7>vc«i s ^ 7 eWoo ^volc 

1 o - } C \ 6 'y 
•O nJ\^l C^c€— 

. 1 J -; • ; ; i ; ".- I . 

h:-F~-h 
^^fiLufcjir-

'ix'-i-pfr"— -—--'-• 

. I2.lf—.W'*-•"i"' • -V^ 'p. 

•j "'^ 

Performed b ? - S-f^ y. r—I—oK 
TZZZJ T 

Witnes s -

f ""  ̂ Ĵ /P1 
t r* 

AoT TRtt r* Cont'd to-^WE - •  ir^ rurcr UttrH 

- H^^UH^ftilKi-

•ste 
•S%5R4 jStes^™ Si^gjp 

mmm SjESin 
""r.^fvt ?is î 

RsS il rsah1 
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Date 9 Proi Title-w1 • in f -A Cont'd Q 

;  DtS-At-H 
.f c 4" "1 x: '3 T O 

^>3 
. ( iV ^ ) 

C 'o- cT^^S^^c'Up ^ 
o 'P 3 7"7 G 4 2. i€'iil 

- -  — — —  

. :'53V . 

yi- - -l-i 

! .:. i iP.<ĵ r !P . - . S' 2S . 
I-S.™ 35 2.S-.1® VA^ ( 

' " ! ^ 75 r-il ; 

5 

• : •  

r~ : Re-f..'• uog-- i s'C $ 7 '  •  
Y ' • i . • . ; 

"3 
B 

" a : - .; 

£ '•15' • • — 
i . .X<J . . r ^ L~i^_l crH^.^4_. GJC* .OkaltclUoJ.. 

J JL-Sii ;. . .iStS^fd. cJr ..J| 
. : - 7 ^ c U . . ^ _ 3 i J A V S .LC(?^- 5 . ;  i' . 

S- / — 
rjw ' 

XvJ'J—U- • •• 
•W4 % 120' .W/.5ktL \. ::L.-

i - T " ;  1 -•. • * 

'.'.i. fw 

C •• iH: O f ' 

£•&. "i s  I' . ' l  

..© p 
- —i- •<» -f. *-'• .- .. S ... <1 • *  : • ; .  7_j— r • 

;25- v -ri r •;.v '!::'i''?l 
tii. « . . 

/T •  « •  •  ^  .  • • • • • .«<  .> •« • •  • • •  •» • •  •  • •  •  • •  • •  • •  »  •  •  a  •  . . .  .  _ .  . . .  s  . .  .  £  

C\ . .  d1  CvytL j_i 
: tWk. ; iSW-^-ed 1> . icO -^of 

C .Ccx 'v^—.ovw^ - :*  

Rl-H^Tci. 

• ' i 

30 
v'.* 

. 9 ^ ^  
|li 

. ^'0/Vc/ 0-O!3.SW*4 .oVA .. VQt'Y <2^/ 
*hj. I^V^\A^ 5 C  d.ff cvUi 'k. -5Vtic( ? 

£\A,CG-~ )C& " X)i's.^c^yt,A .Ci'd ̂  T-n 
£•) K^e^l C-^^CA/'C C I <ila^V -fwi-w 

J O ^ C .  u.U.ht --f^Uc^O 
1 4 ' 

9 - ^  ̂  l y i f i c l - u b ^  (  c \  I  tj. ^v\. |  y »  i V V U  .ii 
^ 1 HA^CA \/tfVo vo ̂  f t) . '  .  do*^ KC<. £yQi-v< <$e\, J5 . A | i  J; 

C^AC^ |S*&- Ax")  iy \VV-.-V •  ̂ rv_ >^5 . ^ Vc^ys-'C wvir"'^©^ w-.. t%-o y * 

1 l  U J  a. < U ^ c( JL! 

• -li 
X uU» hfjjji 

Q x  11 'tc\ < ĴL 

c^ifiy i'r0 c 

!)c 
35 

j,- li C ^ Y^tv CO L1 CL£_ ^ 1^ 

"Tjopia^Y ' 7 '?\C 

w ^ <  t> 

l ^ T L .  
v» 

•. '-"C-

TA- 9- r • ••' 

5flSR 7-17-^)  ?. Performed by-

Cont'd to-
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% t » A U U  
I X Tide. | Dale ^ 0 y ^roi 
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{ V .  '  

flf I 'U 

Cf'.; • eft f } >  
1 '  •) '*  -sCfrtlS <U-

«.... 'fC:'""-" rSO^- jjfc tv 
§ ' 

1 ^ 0  'i.;3?. --.J. 
•  2 .03 ; ^"••'Sh 1" t -  '  

-I 

1 
no •* v 

:!h -

.H-ti 1 VULrvJ-CJ 

!?•?' 

^P. 
» •, , 

:  ^  (• : -  1 . ^ 0 ^  jgif : 

Un : r '  1 '  T o ^  jaoGr- 1  ^-ri: ;. i  

' •i,'..v.J.? 
. * 
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'•'.*•> .• 
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O •f 
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I 
: • ,  * "  
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• • cfvv.w.sr • • v ' 
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30 
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T i t l e - U»eue / * 
'  •  V J -
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1  v  ^-6  O '  y  . y  '  
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D 1 U Li U U I V_' r. i_i .-\V- l i V I ; J un i n. r. c. r •_< c\ i \ r u f\ r n  i c. I H i i.' c. t' » . / 

y/^ D I S C L .  N O . :  2 5 9 - 8 4  I N V E N T O R :  S . .  W a t t a n a s i n  

D A T E :  M a y  2 4 ,  1 9 8 8  A T T O R N E Y :  M .  K a s s e n o f f  

A C T I V I T Y  T O  B E  D I S C L O S E D :  
I n h i b i t i o n  o f  c h o l e s t e r o l  b i o s y n t h e s i s ,  a n t i h y p e r c h o 1 e s t e r e m i c ,  
a n t i a t h e r o s c l e r o t i c  

I F  A N Y  C O M P O U N D S  C O V E R E D  B Y  A B O V E - N O T E D  D I S C L O S U R E  H A V E  M O R E  T H A I  
O N E  A C T I V I T Y ,  I N D I C A T E  T O T A L  N U M B E R  O F  A C T I V I T I E S  A N D  P R E P A R E  A  
S E P A R A T E  B . A . D . R .  S H E E T  F O R  E A C H .  

•n 

T O T A L  N O .  O F  A C T I V I T I E S :  1  

3 . a ;  T E S T  M E T H O D S  U S E D  T O  E S T A B L I S H  A C T I V I T Y :  .  
H M G - C o A  r e d u c t a s e  i n h i b i t i o n  i n  r a t  l i v e r  m i c r o s o m e s  ( D T  6 4 )  
C h o l e s t e r o l  s y n t h e s i s  i n h i b i t i o n  i n v i v o  i n  r a t s  ( D T  6 5 )  

b )  D O S A G E  R A N G E S  B A S E D  O N  A C T U A L  D O S E S  U S E D  I N  T E S T  P R O C E D U R E :  
0 .  0 5 0  1 . 5  m g / k g  

C O M P O U N D S  T E S T E D  W I T H I N  D I S C L O S U R E  W H I C H  E X H I B I T  W E A K  O R  
G R E A T E R  A C T I V I T Y :  
6 4 - 9 3 5 .  6 4 - 9 3 3  

4 .  

D O S A G E  S C H E D U L E  -  B r o a d  R a n g e s :  
a )  L a r g e  /  s m a l l  a n i m a l s :  
b )  L a r g e  a n i m a  1 s :  

5 .  
m g / k g .  
m g / d a y .  

1 .  0  .  1 0  t o  
200 20 t o  

M O S T  P R E F E R E D  C O M P O U N D  F O R  A C T I V I T Y  D E S I G N A T E D :  6 .  

6 4 - 9 3 5  

O T H E R  P R E F E R R E D  O R  P O T E N T I A L L Y  P R E F E R R E D  C O M P O U N D S  F O R  D E S I G N A T E !  
A C T I V I T Y :  
6 4 - 9 3 6 ,  6 3 - 3 6 6 «  6 4 - 9 3 3 ,  6 4 - 9 3 4  

E D 5 0  F O R  T H E  P R E F E R R E D  C O M P . O U N D  I N  E A C H  O F  T H E  T E S T  M E T H O D S  
I N D I C A T E D  I N  3 a )  F O R  T H E  D E S I G N A T E D  A C T I V I T Y :  

8 .  

I C 5 0  u M  D T 6 4  E D 5 0  m g . k g  D T 6 5  P o t e n c y  x  M e v i n o l i n *  C O M P O U N D  

3 . 5  
0 . 4 1  
0 .  4 9  
>  A  < 7  
2 .  4 0  

m e v i n o l i n  ( L o v a s a t i n )  =  2 0 - 8 0  m g / d a y  

1 . 0 1  
0 .  1 4  
0 .  4 1  
0 .  5 3  
2 .  3 7  

0 .  1 1  
1  C  s t a n d a r d )  

C o m p a c t  i  n  
M e v  i  n o  1  i n  
6 4 - 9 3 5  
6 4 - 9 3 6  
6 4 - 9 3 3  

*  C l i n i c a l  d o s e  o f  

0 . 3  
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User: -at  pro  SIR 

hi <USERtWi_NGS TRMCS TA>PD2V5-B4 

**•»****•»••»**#•«•###•«••«• **###*#•»#**#####**•«••«•* 
••a**#*****###******* -
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**#*##*•******##•**»*•** **»*»»********************»»»*»•** *****#*******«***«#***#**-

L a b e l :  P R T 0 0 2  - f o n f :  

Pathname: <USER0a>£NSSTR>IC50DATA>PD295-84 
File last modified' 58—OS—SS. 08: 25: 36. Hon 

CSpooler 
on: PRO 

88-05-23 08:50:36. Mon 
88-05-23 08:50:40. Mon 

r e v  1 9 .  4 .  6 3  
by: PRO 
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S t a r t e d :  

i 

V 

i a  

ir 

stmOTrnmsRaBfis^OTraasBaresassK umvummam BBRBRBRB 

Sawai Ex 1005 
Page 1165 of 4322



"i
 

L 
i 

: 
' 

• 
' 

' 
L 

i 
tf)

 
C

fl 
U

J 
u
j 

CO
 

U
J 

U
J 

tO
 O

J 
U

J 
U

) 
CO

 u
; 

U
J 

CO
 (

JJ
 
u
j 

CO
 

CO
 

u
J 

CO
 0

) 
u
j '

CO
 

(/>
 

j)
 C

O 
U

J 
u>

 (
f)

 (
JJ

 
U

* 
If

i 
CO

 
u>

 J
l 

CO
 

CD
 G

J 
>

>
>

>
>

>
>

>
>

>
>

>
>

>
>

>
>

>
>

>
>

>
>

>
>

>
>

>
>

>
>

>
>

>
>

>
>

>
>

>
>

>
>

 
X

X
I

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
I

I
X

X
X

X
X

X
X

X
X

I
X

 
I 

I 
i 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

1 
I 

1 
I 

I 
I 

I 
I 

I 
I 

I 
I 

1 
I 

I 
I 

t 
I 

o
 

r
 

O
 -

1
 

o
 

>
 

2
 X

 X
 

m
 »

-i 
3
 

CO
 

I 
I 

I 
I 

I 
I 

I 
I 

I 
a

 
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

 
C

h
C

h
C

h
O

C
h

O
O

C
h

C
h

C
h

C
h

C
h

C
h

O
O

C
h

O
O

O
O

O
C

h
O

C
h

O
-

O
C

h
O

O
^

O
-

O
-

O
O

-
O

-
O

-
O

-
O

-
O

O
-

O
O

-
O

-
O

-
C

JC
O

C
O

C
JC

O
C

JC
JC

JC
JC

O
C

JC
JC

JC
JC

O
C

JC
O

C
JC

JC
O

C
O

C
JC

O
C

O
C

JC
O

C
JC

O
C

JC
JC

JC
JC

JC
JC

JC
JC

JC
JC

JC
JC

JI
or

O
 

r
o

fo
r

o
p

jr
o

r
o

r
o

fo
^

^
»

-
'-

-
h

-
M

h
-

H
-

l
-

h
-

h
-

K
.

 M
h

-
H

-
h

-
h

-
^

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
 

v
J

M
^

J
O

C
h

C
O

C
O

f
O

M
^

J
^

J
O

C
h

O
O

O
O

U
l

U
l

O
l

U
l

J
i

^
^

^
j

i
C

O
C

O
C

O
C

O
v

J
v

j
N

j
s

j
s

j
s

j
s

j
c

j
t

J
t

J
O

J
N

j
N

j
 

»
-

»
^

0
0

0
'-

4
O

O
C

J
i-

t»
-

t»
f

O
I

O
»

-
,
-

»
-

,
-

O
O

O
O

C
O

C
O

l>
O

l(
J

l-
t»

4
i4

i4
^

C
O

C
O

l>
O

I
>

U
iU

l-
ti

-
t»

C
J

l-
t»

C
J

C
J

C
D

N
4

 

HO
 

—
I 

—
I 

CO
 

o
 

X
 n

 
m

 o
 "n

 
z

 •-
73

 c
 r

 
m

 m
 m

 

c
 

c
 

"D
 

y. 
D

 
D

 
>

 
r

 33
 

H
 

m
 c

o 
»-i

 
<

 *
-i

 
iS

i 
>

 o
 

z
 z

 >
 

m
 

k'
. 

h
H

 

o
 

ro
ro

p
ji

o
fo

ro
fo

fo
ro

ro
ro

ro
ro

ro
ro

io
fo

ro
p

jr
o

p
jr

o
fo

io
ro

p
ji

o
p

ji
o

fo
io

tu
fo

iv
jf

o
iv

ji
v

jf
o

fo
iv

ji
o

iv
jf

o
 

P
JP

JP
JI

O
fO

O
O

O
C

D
C

O
C

O
C

O
C

D
C

O
C

O
C

O
C

O
C

O
C

O
C

D
C

O
-
^

J
v

jv
jv

jv
ju

it
n

u
it

n
ja

js
.

j
i

j
i

j
i

j
i

^
c

j
c

j
c

j
c

j
^

^
 

aD
C

O
C

hU
lU

l<
IC

O
C

J
lC

h
U

lC
J

ir
O

IO
»

-
k

>
-

4
>

-
4

>
-

i
O

O
<

I
O

l
>

O
l
C

J
l
O

O
P

J
I

O
»

-
k

»
-

A
0

<l
>

O
C

O
C

D
I>

l>
N

4
0

(j
ic

nC
JP

J 

73
 

o 
tn

 
m

 
PJ

 
—

i 
o

 
o

 
I 

o
 o

 
o

 *
n 

>
 

z
 

—
i 

o
 

4
 

o
 

>
 

o
 

3
 3

 0
 

TJ
 2

 C
 

a
 o

 r
' 

c
 i

 
>

 
z
 n

 —
i 

a
 o

 m
 

co
 >

 o
 

tx
 

5. 
r 

CG
 

£ 
I 

i 
I 

I 
!•

 <
 

i 
• 

I 
I 

• 
I 

I 
I 

!•
 »

 
i 

• 
> 

« 
I"

 »
 

I 
• 

I-
 I

 
I 
'
 I

* 
• 

I-
 •

 
!•

 •
 

!•
 «

 
.
 
• 

I 
i 

i 
i 

!•
 »

 
I 

i 
(•

 I
 

I 
I 

I*
 «

 
•

 •
 

I 
• 

I 
« 

1
«

«
 

I 
• 

l*
*«

 
I 

i 
!•

 «
 

I 
1

 
J

»
J

 
!•

 I
 

J'
*«

 
I'

*
l 

|«
i 

|*
j 
|0

 
..

 
0

0
0

0
<

l
<

l
0

0
0

<
1

0
0

0
<

l
<

l
'

,
0

0
0

<
l

0
-

0
0

*
0

 0
0

0
0

0
0

0
0

<
l

'
0

'
0

'
0

'
0

'
0

>
0

'
0

'
0

'
0

'
0

<
l

 
Ti

 
c

ji
c

ji
c

ji
o

iu
ia

ic
ji

c
ji

o
io

ic
ji

o
ic

ji
c

ji
c

ji
c

ji
o

ic
ji

c
ji

c
ji

u
ic

ji
u

ic
ji

c
ji

c
ji

c
ji

o
io

ic
ji

c
ji

tn
u

jc
ji

m
tn

u
it

n
tn

u
iu

ic
n

c
n

 
t: 

i 
i 

I 
I 

I 
I 

I 
I 

I 
I 

i 
I 

I 
i 

I 
I 

I 
i 

I 
I 

i 
i 

I 
I 
!
!
 

I 
I 

I 
! 

I 
I 

I 
I 

I 
1 

I 
I 

I 
I 

I
 
I 

I 
p

- 
C

O
C

D
C

O
C

O
C

O
C

O
C

O
C

D
C

O
C

O
C

O
C

O
O

O
O

O
C

O
C

O
O

O
O

O
O

O
C

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
m

G
O

O
O

C
D

O
O

C
O

C
O

C
D

C
O

C
IC

lC
D

O
O

 

r. 
CO

 
o

 

CO
 

3
3

 
O

 
>

 
-

I
 

c
 H

 m
 

"0
 O

 C
O 

3
 

h
H

 

V
 V

 V
 

—
I 

o
 

I?'' 
10

 
3

3
 

—
I 
3

 »
-i 

O 
m 

3
 

•c 
> 

H
 >

 H
 

i—
< 

 ̂
o 

o 
o 

o 
o 

o 
p 

p 
p 

p 
p 

p 
p 

p 
p 

j-* 
p 

p 
o 

p 
o 

o 
p 

p 
ro 

i- 
j> 

co 
pJ 

 ̂p
 p

 p
 p

 p
 p

 p
 p

 p
 p

 o
 p

 u
\ 

2
 

I-
 o

 O
 O

 O
 O

 O
O

 O
O

O
O

O
O

O
O

i
'-

f
O

P
J

C
J

^
O

O
O

O
^

-
C

J
^

-
C

J
O

O
O

O
i

'O
O

i
C

h
^

O
C

J
c

j
i

O
O

O
 

S.-
 

^
C

O
O

^
O

O
O

O
P

J
^

^
-

O
O

O
O

O
-

H
-

O
f

O
^

O
O

O
O

P
J

O
P

J
O

-
P

J
^

-
O

J
^

C
O

O
W

'
O

O
-

^
C

h
P

J
^

^
o

 
g

- 
U

i
P

J
O

D
^

C
j

C
J

i
-

^
O

C
h

O
^

C
O

C
O

P
J

P
J

O
'-

C
O

O
i

C
O

O
O

O
O

O
O

O
O

O
O

O
O

O
-

^
O

O
O

O
C

J
C

J
i

C
J

i
C

D
O

 
O

O
O

O
O

C
O

I
O

O
O

O
O

U
I

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
 

o
 

o
 

CO
 

cn
 

o
 

o
 

x
 r

 m
 

3
 

m 
o
 

>
 

c
 

3
 

CO
 

z
 o

 
CO

 >
 T

I 
O

 —
I 

x
 m

 —
( 

o 3
3

 
>

 
ft

- 
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

 
g

. 
<

i^
O

O
^

C
O

a
D

C
O

C
h

l>
l>

C
h

C
h

l>
l>

C
h

l>
l>

l>
l>

C
h

C
J

iC
J

iC
J

iL
n

c
ji

C
O

l>
C

O
C

O
C

O
U

ii
>

C
J

-^
C

J
iL

n
P

J
P

J
P

J
4

ir
O

P
J

 
1 

I 
I 

I 
[

!
 I

 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

!
 

I 
I 

!
 

I 
!

 
I 

I 
I 

I 
I 

I 
[ 

I 
I 

I 
I 

I 
t 

I 
I 

I 
I 

I 
I 

fe
! 

^
 M

. o
 •

-* 
M

.
 o

a
o

o
o

o
^

-
O

'-
o

o
o

o
M

o
o

o
^

o
^

^
r

o
^

p
j

p
j

f
o

r
o

^
i

o
^

f
o

io
iO

f
o

iO
H

'
O

O
 

A
 

[
O

O
C

J
iP

J
0

4
i»

-
»

4
iO

C
h

C
h

p
J

4
iP

J
4

i4
a

4
i4

ip
J

4
i^

v
J

O
v

J
O

O
C

O
P

J
O

O
C

O
I

>
C

O
I

O
l>

a3
l>

C
J

I
O

I
O

>
O

r
o

^
-

J
 

I 
I 

f 
I 

I 
i 

l 
1 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

t 
I 

i 
I 

I 
.1 

I 
I 

I 
1 

I 
1 

I 
I 

I 
I 

I 
;j-

- 
C

O
C

O
O

D
C

O
C

O
C

O
C

O
aD

C
O

C
D

C
O

O
O

O
O

O
O

C
O

O
O

O
O

C
D

O
O

C
O

C
O

C
O

O
O

O
O

O
O

C
D

O
O

O
O

O
O

C
D

C
O

ro
C

O
C

O
aJ

C
O

C
D

C
D

C
O

C
D

C
O

C
O

C
O

 

—
I 

CO
 

X
 

CO
 

H
 

o
 

to 
ca 

m 
>

 
>

 
o

 <
 

<
 

<
 

—
i 

>
 

»—
i 

m 
H

 t
n o

 
m

 o
 cn

 
• 

x
 o

 
o

 
1—

( 

CO
 

C
) r 

c
 o

 
to

 o
 

1-c 
z

 
z

 n
 

o
 m

 

t-
L 

|_
1.

 
V

J.
 

(_
»

 
(_

»
 

»-
» 

»-
» 

»-
» 

»-
» 

o
o

o
o

b
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
 

z
 

1*
5 

• 
a

 

i
 i

 
i 

i
 

i
 

i 
i

 
i 

i 
i 

i
 

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
P

J
P

J
P

J
P

J
P

J
f

O
P

J
W

P
J

P
J

I
O

I
O

f
O

P
J

P
J

f
O

f
O

f
O

f
O

P
J

P
J

P
J

 
tA

. 
C

n
u

iU
lU

iO
lC

J
C

J
C

O
^

^
i-

'O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
C

O
C

D
C

O
C

D
-

^
J

-
^

jN
jN

jN
jN

jN
jO

lO
lO

lO
l-

^
J

s
' 

ii
i:

C
n

y
i4

iC
O

C
O

a
D

v
J

0
4

a
C

J
C

J
O

O
O

lO
l4

i4
iC

J
C

J
fO

P
J

I>
O

lO
l4

i^
P

J
fO

»
-4

^
-0

<i>
O

C
O

a
3

s
J

-J
<

lC
D

-J
-J

<
IC

O
 

3
3

 
o

 
I 

i 
i 

I 
I 

I 
I 

I 
I 

I 
I 

!
!

 I
 

1 
I 

I 
I 

I 
I 

I 
I 

!
!

 I
 

I 
I 

I 
I 

I 
I 

CO
 

• m
 

(',}
• 

T
l 

z
 

h
H

 I 
>

 —
I 

r 
33

 
r 

> 
—

I 
0-

—
I 

ft 
4*

 
—

I 
»-«

 
X 

o 
m 

z 
•Jy

V- S
: 

CO
 

CO
 

•T
^ 

>
 

>
 

co
 2:

 
—I 

X 
c

 ̂
 

D
 o

 
h
H

 
X

 
.

 

"D
 

"D
 

f:
 

|v
 

o
 

o
 

>
 

z
 

o
 

z
 

a
 

o
 

1—
( 

1—
( 

"n
 

T
I 

3
 

CO
 

CO
 

CO
 

CO
 

z
 

CO
 

CO
 

m
 

>
 

>
 

>
 

J>
 

1—
< 

1—
( 

>
 

t—
I 

CO
 3

3
 

m
 

m
 

m
 

m
 

"
0
 

"
0
 

"
0
 

1
3

 
T

I 
U

 
1

3
 

m
 

a 
z

 
o

 
o

 
o

 
•
 

o
 

o
 

•
 

V
-H

 

1
' 

D
 

—
I 

z
 

m
 

z
 

z
 

z
 

z
 

z
 

c
 

CO
 

a
 

JJ
V

i 
M

 
&

•.:
 "n

 
•—

i 
»—

i 
»—

i 
•—

i 
M

 
o

 
n

 
11

 
'T

| 
T

] 
T

) 
W

 
m 

:—
i 

M
 

V
-H

 
h
-t

 
t—

I 
M

 

®;
B 

V
 

co
 

m
 

m
 

m
 

m
 

m
 

a
 

ct
 

a
 

D
 

a
 

i 

II- ^ <
• 

ijj;
--

SS
W

I3
?-?

.?;
 

' 

Sawai Ex 1005 
Page 1166 of 4322



11-24-86 
05-01-87 
05-01-87'' 
07-07-87 
07-07-87 
07-07-87 
07-07-87 
01-12-88  

1149-227 
1149-293 
1149-294 
1149-297 
1238-001 
1238-002 
1238-003 
1238-030 

0. 0320 
0. 0320 
0. 0030 
0. 0030 
0. 0220 
0. 0450 
0. 0080 
0. 0020 

195-84 
195-84 
•795-84 
•195-84 
•-I95-84 
*195-84 
•195-84 
•195-84 

SAH-064484 F 29413 
pAH—064744 E 30059 
: Si1-1-064745 S 30060 
wAH-064745 S 30060 
SAH—064815 E 30198 

AH—064816 S 30199 
AH—063162 S 30203 

30765 SAH—064745 

1. 5800 
7. 3100 
3. 7750 
2. 3700 
2. 6100 
0. 4130 
0. 5300 

12-13-84 
06-13-84 
06-13-84 
10-08-87 
10-08-87 
10-08-87 
10-13-87 

1069-113 
1069—197 
1069-198 — 
1238-013 
1238-014 
1238-015 — 
1238-016 

M99-84 
•199-84 
•199-84 
•199-84 
•199-84 
"199—84 
"199—84 

25496 
26082 
26080 

-r'csAH—063366 
SAH—063549 

AH—063548 
. .AH—064933 E 30441 

-* SAH—064934 S 30442 
v"AH—064935 E 30447 
^ AH—064936 S 30448 

ED50 TABLE SAT INVIVO ACETATE INCORPORATION (CSIV-DT65) 

"'HIS FILE IS A CALCULATED ESTIMATE OF THE ED50 (DOSE WHICH REDUCES THE 
NCORPORATION OF 14C-ACETATE INTO CHOLESTEROL BY 50"/.) USING ALL THE STUDIES 

ON THE RELEVANT COnPGUNDS UP TO THE SORT DATE. 

SORT BY: REGNO LAST UPDATE: 1-06-85 

REF COMMENTS REGNO CISCL ED50 
m g / k g  

DATE 
mm-dd-yy 

IMPOUND 
bk—pg 

10-20-87 
02-19-88 
02-19-88 
09-18-37 
09-18-87 
10-11-84 
05-16-86 
07-14-87 
10-12-87 • 
02-06-87 
04-17-86 
11-03-86 
08-30-84 
02-25-87 
11-29-84 
04-04-86 
03-20-85 
11-03-86 
02-06-87 
02-07-85 ... 
10-11-84 
01-21-85 
02-06-87 
06-19-84 

917-127 
917-154 
917-154 
917-101 

N=9 O. 016 
0. 016 
O. 016 
0. 019 
0. 040 
0. 079 
0. 08 
0. 10 
0, 10 
0. 13' 
0. 19 
0. 19 
0. 25 
0. 25 
0. 250 
0.  28 

30060 
30765 

•J95-84 = 
'Z95-84 = 
•-:95-B4 = 
'195-84 = 
•195-84 = 
'195-84 = 
*:95-84 = 
*195-84 > 
•195-84 = 
•295-84 = 
'195-84 = 
'195-84 = 

SAH-064745 
SAH-064745 
SAH-064745 
SAH—063162 

. SAH—063162 
SAH—063162 
SAH—064119 
5AH-064744 

' SAH—064816 
SAH—064483 
SAH-064063 
5AH-064309 
SAH—063231 
SAH-064393 
SAH—063161 
SAH-063989 

—SAH—063425 
SAH—064305 
SAH—064480 

„ SAH-063270 
, SAH-063270 

SAH-063270 
SAH—064307 
SAH—063159 

N=3 BS BATCH 
N=12 2BATCHES 
N=i0 
N=19 3BATCHES 

ALL 
25500 
ALL 
25085 
27563 
30059 
30199 
29412 
27424 
28718 
25079 •195—84 > 
29163 
24821 
27237 
25687 
28701 
29404 
ALL 
25206 
25501 
28705 
24810 

812-266 N=B 
869-228 N=6 
917-090 N=3 —21*/ 10 
917-119 N=6 
917-024 N=3 
869-211 N=3 
869-283 N=3 
812-250 
917-031 N=6 
812-293 -12@0. 25 
869-195 N=6 • 
869-046 N=3 
869-280 N=3 -347. 3 
917-023 N=3 +3% 3 

N—11 2BATCHES 

•195-84 = 
'195-84 > 
•195-84 « 
•195-84 > 
"£95-84 > 

• '195-84 > 
•195-84 = 
•295-84 = 
•:95-B4 = 
•195-84 = 
•195-84 > 

0. 3 
0. 3 
0. 3 • 
0. 308 
0. 33 
0. 362 
O. 47 
O. 5 

812-267 
869-018 
917-020 
812-219 

N=6 
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812-219 N=1 —87@0. 5 
812-220 
812-294 
917-011 N=3 
812-201 
812-208 
812-208 
812-220 
917-024 N=3 -287. €1.0 
917-041 -41"/. 61. 0 
869-263 N=6 
869-298 N=6 
917-029 N=6 -247. 61.25 
869-283 N=3 -167. 61.5 
869-269 N=3 -247. 62. 4 
812-204 
812-201 

06—19—84 
06-19-84 
11-29-84 
10-30-86 
05-07-84 
05-18-84 
05-18-84 
06-19-84 
02-06-87 
03-18-87 
07-17-86 
10-02-86 
02-24-87 
11-03-86 
07-24-86 
05-14-84 
05-07-84 

0. 5 •^95-84 < 
"195—84 < 
-195-84 > 
"195—84 = 
"195-84 > 
'295-84 > 
*195-84 > 
•195-84 = 
"^95—84 > 
"195-84 > 
*195—84 = 
'195-84 = 
'195-84 > 
*195-84 > 
•195-84 > 
:I95-84 < 
•Z95-84 > 

. SAH—063162 24822 
SAH—063175 24866 
SAH—063230 25078 
SAH—064391 29161 

;SAH-063035 24317 
—SAH—063145 24755 

SAH—063146 24756 
SAH—063174 24865 
SAH—064481 29406 

i SAH-064482 29411 
L _  SAH-064064 27433 

SAH-064204 27793 
r- SAH-064141 27630 

SAH-064308 28717 
SAH-064193 27760 

„ SAH-063076 24449 
SAH-063084 24512 

0. 5 
0. 500 
O. 51 
0. 6 
0. 6 
0. 6 
0. 706 
1 .  0  
1. 0 
1. 05 
1 .  2 1  
1. 25 
1. 5 
2. 4 
2. 5 
2. 5 

->t ?@l-0 
0.  /19>/ 917-138 N=3 

917-138 N—3 ,  
12-09-87 
12-09-87 

4 SAH-064933 30441 
-j.. SAH-064935 30447 

•:99-84 « 
:Z99-84 =5 

; 
L.  
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m 
1,00 -7$ AA/c 

United States Patent us] 

Kathawala et al. 

[ii] Patent Number: 5,001,255 
[45] Date of Patent: Mar. 19, 1991 

549/214 
. 514/63 
514/406 
514/422 
. 560/56 

4,474,971 10/1984 Wareing 
4,588,715 5/1986 Damon 
4,613,610 9/1986 Wareing 
4,647,576 3/1987 Hoefle 
4,654,363 3/1987 Pnigh 

FOREIGN PATENT DOCUMENTS 

142146 5/1985 European Pat. Off. . 
84/02131 6/1984 PCT Int'l Appl. . 
84/02903 8/1984 PCT Int'l Appl. . 
86/03488 6/1986 PCT Int'l Appl. . 

OTHER PUBLICATIONS 

Hulcher, Arch. Biochem. Biophys. 146,422-427 (1971). 
Sato et al., Chcm. Pharm. Bull. 28, 1509-1525 (1980). 
Singer et al., Proc. Soc. Exp. Biol. Med. 102, 370-373 
(1959). 

[54] IDENE ANALOGS OF 
MEVALONOLACTONE AND DERIVATIVES 
THEREOF 

1 [75] Inventors: Faizuila G. KathawaJa, Mountain 
Lakes; Sompong Wattanasin, 
Hopatcong, both of N.J. 

[73] Assignee: Sandoz Phann. Corp., E. Hanover, 
N.J. 

[21] Appl. No.: 214,560 

[22] Filed: Jul 1,1988 

Related U.S. Application Data 

[63] Continuation-in-part ofScr. No. 837,479, Mar. 7,1986, 
abandoned, which is a continuation-in-part ofSer. No. 
677,917, Dec. 4, 1984, abandoned. 

. Primary Examiner—Paul J. Killos 
C07C 69/76 Attorney, Agent, or Firm—Gerald D. Sharkin; Richard 

560/56; 560/53; E. Vila; Melvyn M. Kassenoff . 

ABSTRACT 

[51] Int. CI.5 

[52] ' U.S. a. 
556/441; 549/264; 549/291; 562/462; 562/466 

560/56, 53; 549/264, l57J 
549/291; 562/462, 466; 514/530, 569 Compounds of the formula 

[58] Field of Search 

References Cited 

U.S. PATENT DOCUMENTS 

" 3,207,779 9/1965 Cutler 
3,532,752 10/1970 Shen 
3,668,241 6/1972 Cragoe et al 
3,983,140 9/1976 Endo et al 
4,006,180 2/1977 Cragoe et al 
4,012,524 3/1977 Cragoe et al 
4,057,573 11/1977 Haas et al 
4,070,539 1/1978 Cragoe et a] 
4,125,731 11/1978 Sugie et al 
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[56] 
R>. 
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.... 560/56 
.... 560/56 
.... 560/56 
260/343.5 
.... 560/56 
.... 560/56 
.... 560/56 
.... 560/56 
.... 560/56 
.. 424/273 
.. 424/279 
.. 424/308 
.. 424/279 
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.. 549/292 
.. 424/279 

X — Z ,  

Ri R 
Rj 

the use thereof for inhibiting cholesterol biosynthesis 
and lowering the blood cholesterol level and, therefore, 
in the treatment of hyperlipoproteinemia and athero
sclerosis, pharmaceutical compositions comprising such 
compounds and processes for and intermediates in the 
synthesis of such compounds. 
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L 
Hp

fp/
1- 

K
iw

vw
Q

l̂r^
 

— 
V

\)i
^ 

As
 lO

i'v
^/

jL
Tl

-
Zu

SZ
 

A 
m

* 
i 

f.'
T 

lo
o
' 

i 
V

 
{£

£>
 

i 
i 

s 
ab

a 
tit

sf
eA

 
I'
l 

la
T

 
I
 

I
 

9 
i 

Q
]^

 
)b

\d
- 

\b
h>

 A
-lio

 
^z

L
r 

10
 

i 
ii
 

i 
12

 
fi 

c
c
 E

Iv
 C

 D
 

i 
i 

('
Il

li
lt

C
O

 
L
/i
v
io

l—
»i

 
I
 

13
 

PO
 

14
 

U
M

i 
-i 

i i 
15

 
jr
a
v
e
i 

Q
~

r
-H

nn
 

—
 

I
 

16
 

i 
17

 

1
8

 
i 

19
 

l t 
20

 
i i 

21
 

I
 

if 
22

 
" 

/
 

[c00Y
AU

LM
EN

X5Pfa
S 

Z
 

23
 

E
S

 
V 

TR
A

N
S

FE
R

 O
F 

EX
PE

N
SE

S 
AP

PR
O

VE
D

 B
Y 

M
A

N
A

G
E

R
 

(F
U

LL
 S

IG
N

A
TU

R
E

) 

EX
PJ

NS
ES

 
A

L 
73

? 
\W

 
O

FF
IC

E 
C W

 
v
 

US
E 

Ĉ
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Washington, D.C. 20231 
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^CORRECTED •gjuTop-

FIL FEE REC'D ATTORNEY DOCKET NO. DRWGS TOT CI IND CI GRP ART UNIT FILING DATE SERIAL NUMBER 

600-7025/01?^//^ 07/254,514 10/06/88 $ 450.00 1 2 1  0 14 1 

• PATENT AND 
TRADEMARK DEPT. GERALD D.. SHARKIN 

SAND0Z CORPORATION 
59 ROUTE 10 
EAST HANOVER, NJ 07936 MAY 7 -1990 

Rtceipt is Acknowledged of th« pettnt application identified herein. It will be considered in its order end you will be notified as to the 
examination thereof. Be sure to give the U.S. SERIAL NUMBER. DATE OF FILING, NAME OF APPLICANT, and TITLE OF INVENTION when 
Inquiring ebout this epplicstion. Fees transmitted by check or draft are subject to collection. Please verify the accuracy of the data 
presented on this transmittel. 

Applicant^) FAIZULLA G. KATHAWALA, MOUNTAIN LAKES, NO. 

CONTINUING DATA AS CLAIMED BY APPLICANT-
THIS APPLN IS A CIP OF. 07/047,358 05/11/88 

WHICH IS A CIP OF 06/722,829 04/12/85 ABAN 

FOREIGN FILING LICENSE GRANTED 12/29/88 
TITLE • 
PYRIMIDINE DERIVATIVES 
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SANDOZ RESEARCH INSTITUTE 
East Hanover, New Jersey 

Tos Jody Giesser 

Henry Mah From: 

Date: November 8j 1988 

SubjectsNomenclature on the following 

L?<D # 15994 

PLEASE NOTE THE CHANGE IN THE NUMBERING OF THE COMPOUNDS. 
COMPOUNDS (2) AND (3) ON THE ORIGINAL SHEET ARE IDENTICAL. 

( 1 )  (2) '*v 

r""" ̂ i-"' o o 

N SN CI 

<3) (4) 
CT-v. 

0 0 

JJ j 

N N 
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ISO 
(7) (6) (5) 
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J) v 

A0 

h y 
sy-V" 

(9) (8) ^ > o 0 

y 
X .-̂  

0 

r#""v̂ V- •'''' --'"̂ •d 

N̂ " N 

(1) Methanone, <2~aminDphenyl)phenyl-
hydrochloride 

(2) 3-Quinolinecarboxylic acid, 2-< 1-methylethy'l >—4~phenyl-
ethyl ester 

(3) 3-Quinolinemethanol, 2-(l-methy1©thy1)-4-pheny1-

(4) 3-QuinolinecarbQKaldehyde, 2~(1-methylethyl)-4~phenyl~ 

<5) 2-F,ropenoic acid , 3-C2-( l-methy 1 ethyl)-4-phenylqLiinolin-3--yl 3-
methyl ester, (E)-

(6) 2-Propenol, 3-C2-(1-methylethyl)-4-phenylquinolin-3-yl3-
(E)-

(7) 2-Propenal, 3-C2-< l-methylethy 1 )-4~phenylqLiinolin-3-yl3-
(E)-

(8) 6—Heptenoic acid, 5-hydroxy—7— C2-( 1-methylethyl )-4-phenylqLiinoliri-
3-yl3-3-oxo-

ethyl ester, (E)-

(9)6~Heptenoic acid, 3,5-dihydroxy-7-C2-(l-methylethy1)-4-
phenylquinolin-3-yl1— 

ethyl ester, (E)-

Sawai Ex 1005 
Page 1204 of 4322



J 

2 

Sawai Ex 1005 
Page 1205 of 4322



PATENT AND 
TRADEMARK DEPT. 

NOV i 4 1S83 

Is I 
SANDOZ RESEARCH INSTITUTE 

East Hanover, New Jersey 

Ms. Jodv Giesser To: 

From: Henry Mah 

November 14, 19B9 Date : 

SubjectiNomenclature on the following 

L?<D # 1600B 

(2) (1) 
• 

0 

0 
'N 

L "N 
^0 

(4) (3) 

o 
Jl. 

• 

'N 

CI 
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(6) 

"N̂  

I 0 CI 

J x̂ -' N-
s* 

N 

(7) 
\ 

rv>;0 xo-^\ 
""•-••K̂ V 0 u 

V 

<9> 
(8) 

• • 

\ 
.**"* \ 

tBu Fh 0*' xo %*•* Fh / 
xSi \ t̂EU 

Fh "9 Si 
• r N̂ r 0 ^ KJ, ' Fh' N^NV (10) 0 ŝ -* 

1 
..̂ 'x N^\ 

ii 0 *• •o''X 
0" '̂o 

i, 

< i )  4H-3,l-Ben2oxa2ine-4-ones ^-methyl-

(2) Acetamide, N-C2-(3,S-dimethy1 benzoyl)phenyl 3 — 

(3) tlethanone, (2-afnin,ophenyl > (ri'yS-dimethylphenyl )-
hydrochloride 

(4) 3-0uinolinecarboxy1ic acid, 4-<3,5~dimethyl phenyl)-2-methy1-
methyl ester 
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î s 
(5) 3-Quinpl inemethanol, 4-(3 ̂S-dimethyl phenyl) -2-rnethy 1-

(6) Quinoli/ie, 3-chloramethyl~4-(3,5-dimethy 1 phenyl )-2-methyl-

(7) Phosphonic acid, C C4-<3!15—dimethyl phenyl )-2-methylquinolin-
3—ylDmethyl3— 

diethyl ester 

(8) 6-Heptenoic acid, 3,5-bisCC(1,l~dimethylethyl)diphenylsilylJoxy]-* 
7-[4-- ( 3 5-d ime thy 1 phenyl') -2-methylquinolin—3-yl 3-

ethyl ester, C (R* , S* ) - (E) ] -, (H-,-)-

< 9) 6-Heptenoic acid , 7~C4-(3,5-d ime thy 1 phenyl) -2-niethy Iquinol in-3-y 1H-

ethyl ester ? C(R*,3*)-(E> D-, ( + ,-)-
3,5-di hydroxy-

(10>2H-Pyran-2-one, 6-C2-C4-(3,5-dimethy1pheny1)-2-methyIquinolin-
3-ylDethehylDtetrahydro-

C t r a n s - ( E ) ( + , - ) -

OuA/l 

¥ 
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757 

SANDOZ PATENT AND TRADEMARK DEPARTMENT 

Telex 240867 -• ' 
Telefax (201) 503-8807 

DATE: December 14,- 1988 

TO: Dr. Sompong Wattanasin 

FROM: Joanne M. Giesser 

Quinoline Analogs of Mevalonolactone and Derivatives 
Thereof 

SUBJECT: 

Enclosed is the first draft of the patent application entitled 
"Quinoline Analogs of Mevalonolactone and Derivatives Thereof". 
Please feel free to make any changes you think are appropriate 
and call me at X8420 so we can discuss the next draft. 

Regards/. 

JMG:lmc-
Enc. 

- . 85330/81A (Rev. 2) 
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K S  
The compounds of both Formula I  may be prepared 

according to the following Reaction Scheme A. 

—REACTION SCHEME A 

0 0 R 
M & o 

\ X ses£ \ K  dUj R opt o \ 
J ^ o f  1 U 7  + 

NH 2 -HC1 
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CH^OH co2et^ 

o o 
N I N I R R A-2 £  

7 _  

( V I )  ( V )  

CL-O 

CHO p<^ PH ©^^3 3 o 
N R S-ti^p_*£A~4 

S^ep A-3 
( V I I )  

R H o 
co2«- , 

C l Z n L  
O O 

N R • S e e p  A-5  
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Sawai Ex 1005 
Page 1212 of 4322



?0 

OH Mnt l  o 
V •  N*  

R  
A - 6  .  

( I X )  

R 
Q 

othyl ae^'L-̂  
jLrQtatof (Xa) 

CHO 
R o so-

N ^ R  V 
( X )  

R O H  0  VX 
2^ 

o 

^•gqent 
CO 

O 
N  E A-8 

( X I )  

R OH OH o 
co2&s. Y. 

o o 
A-9 R. N 

fc 

( X I I )  

OH -OH 0  R o 

(L o ^ \ o 
N ^ • 

( X I I I )  

m^mmm jiii 
vi; tj 

'•'(tilt /ui^' 

Sawai Ex 1005 
Page 1213 of 4322



vs?-
'Starting material III  is known and can be obtained .by'  

methods described by Morrison and Mulholland, 1958, J .  
Chem. Soc. p.  2702, which is  hereby incorporated by 
reference. Next,  V is  reduced with l i thium aluminum 
hydride, (LAH) to give VI. .This reaction has also been 
described by Fehnel,  1S68. J .  Heterocyclic Chem 4:565, 
which is also hereby incorporated by reference. In Step 
A-3, VI is  oxidized to VII,  Step-A-4 is a Wittig reaction 
producing VIH. Compound VIII is  then reduced using 
diisobutylaluminum hydride (DIBAL) to IX. In Step A-6, IX 
is  oxidized to X. The aldehyde X is  then reacted with ethyl 
acetoacetate in Step A-7 to give XI. Compound XI is  reduced 
to give XII.  Next,  in Step A~9, .XII is  hydrolyzed to the 
salt  form XIII.  

Compounds of both Formula I  and II  may be made 
according to Reaction Scheme B. Starting material for 
Reaction Scheme B is  Compound VI from Reaction Scheme A. 

REACTION SCHEME B 

.S R R o o 5 c-\ •SQCl h 
OH 3 o 

S t o p  B - l  
•N R R 

• (XIV) ( X V )  
R / O  x. o r P ( O f t t  )  il x \ p(-Bt)2  N  O i o 

% 
• • (XV) SEIP B-2 

fi 

Uv 
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United States Patent [is] [ii] Patent Number: 4,588,715 
[45] Date of Patent: May 13,1986 Damon, II 

[54] HEPTENOIC ACID DERIVATIVES 

[75] Inventor: Robert E. Damon, II, Wharton, N.J. 

[73] Assignee: Sandoz, Inc., E. Hanover, N.J. 

[21] AppL No.: 616,720 

[22] Filed: Jun. 4,1984 

[51] Int. Q.4 

[52] U.S. a 

[58] Field of Search 

R1 CH=£H 
I 

R2-Si ,D 
i 
Ri 

c 
B 

C07F 7/08; A61K 31/695 
514/63; 549/214; wherein R1, R2 and R3 are alkyl or aryl groups, A, B, C 
549/292; 55o/441 and D are non-reactive substituents or two are joined to 

.... 549/214, 292; 556/441; form an additional ring, and Z is either of the formula . 
424/184; 560/56; 514/63 z»: s 

References Cited 

U.S. PATENT DOCUMENTS 

4,000,265 12/1976 Quilichini 
4,255,444 3/1981 Okaetal. • 
4,262,013 4/1981 MistuietaJ 
4,293,496 10/1981 WDlard 
4,361,515 11/1982 Terabaraeta] 
4,375,475 3/1983 Willardetal 
4,420,475 12/1983 Damon, II 
4,472,426 9/1984 HofTman et al 

FOREIGN PATENT DOCUMENTS 

•.7713317 5/1979 France 

Primary Examiner—Alton D. Rollins 
Assistant Examiner—D. L. Dinner 
Attorney, Agent, or Firm—Gerald D. Sharkin; Richard 
E. Vila; Frederick H. Weinfeldt 

ABSTRACT 

[56] 
—CH—CHj—CH—CH2— COOR4 

1 1 
OH OH 424/184 

549/292 
549/292 
549/292 

.... 549/292 
..... 549/292 
.... 424/184 

549/292 

wherein R4 is H, lower alkyl or a cation; or a -6-oxotet-
rahydropyran-2-yl ring of the formula Z": 

.OH 
mil 

o 
•7." i 

f 424/184 11 
O 1 

e.g. 4-hydroxy-6-{2-[2-(methyldiphenylsilyl)phenyl)e-
thenyl]ethyenyl}-tetrahydro-2H-pyran-2-one, (trans, 
trans). The compounds inhibit cholesterol biosynthesis 
and are useful as anti-atherosclerotic agents. 

[57] 
22 Claims, No Drawings Compounds of the formula 
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L O C -  / O i O  LffO 

4,613,610 .. 
Sep. 23,1986 

United States Patent nsj [ U ]  Patent Number: 

[45] Date of Patent: Wareing 

/ 
[54J CHOLESTEROL BIOSYNTHESIS 

INHIBmNG PYRAZOLE ANALOGS OF 
MEVALONOLACTONE AND ITS 
DERIVATIVES 

Rt 

Rj- R7 
[75] Inventor: James R. Wareing, Randolph, N.J. 

Sandoz Pharmaceuticals Corp., E. 
Hanover, N.J. 

Rx R4 

[73]. Assignee: 

/ 

[21] 'Appl. No.:;.741,903 

x-z, 
n - n  

5 

R l  R »  

[22] FUed: Jun. 6,1985 
wherein 

R] is Cj.^alkyl not containing an asymmetric carbon 
atom, 

each of R2 and Rs is.independently hydrogen, Ci-jal-
kyl, n-butyl, i-butyl, t»butyl, Cioalkoxy, n-b\itoxy, 
i-butoxy, trifluoromethyl, fluoro, chloro, phenyl, 
phenoxy or benzyloxy, 

each ofRj and Re is independently hydrogen, Cioal-
kyl, CuaJkoxy, trifluoromethyl, fluoro, chloro, 
phenoxy or benzyloxy, 

- each of R4 and R? is independently hydrogen, Ci.jal* 
kyl, Ci.salkoxy, fluoro or chloro, with the provisos 
that not more than one of R2 and R3 is trifluoro
methyl, not more than one of Rjand Rj is phenoxy, 
not more than one of R2 and R3 is benzyloxy, not 
more than one of Rs and Rg is trifluoromethyl, not 
more than one of Rj and Rg is phenoxy, and not 
more than one of Rs and Rg is benzyloxy, 

X is -.(CH2)m—, —CH=CH—, —CH= 
CH—CH2— or —CH2— CH=CH—, wherein m is 
0,1, 2 or 3, and 

Related U.S. Application Data 
\ • 

[63] . Continuation-in-part of Ser. No. 623,393, Jun. 22,1984, 
abandoned. \ 

[51] Int. CI.4 

[52] US. a 

[58] Field of Search 

A61K 31/415; C07D 231/12; 
. C07D 405/06 

514/406; 548/374; 
548/378 

548/374, 378; 514/406 

•: .• ?. 

/ A i 

[56] References Cited 

U.S^PATENT DOCUMENTS 
3,983,140 /9/1976 Endo et a] 
4,198,425/ 4/1980 Mitsui et al 
4,248,889 2/1981 Oka et al v.... 
4,255,444 3/1981 Oka el al 
4,308,378 12/1981 Stokker 
4,351,844 9/1982 Patchett et al 
4,361,515' 11/1982 Terahara et al 
4,375,475 3/1983 Willardeial 
4,376,863 3/1983 Lam 
4,387,242 6/1983 Lam 
4,440,927 4/1984 Pnigh 
4,474,971 10/1984 Wareing 
4,503,072 3/1985 HofToian et al 

FOREIGN PATENT DOCUMENTS 
895445 4/1983 Belgium 
38061 10/1981 European Pat. Off. .. 
68038 1/1983 European Pat Off. .. 

56-7775 1/1981 Japan 
WO84/02131 6/1984 PCT Int'l Appl. 
W084/02903 8/1984 PCT IntT Appl 

OTHER PUBLICATIONS 

Hulcher, Arch. Biochem. Biophys. 146,422-427 (1971). 
Sato et al., Chem. Pharm. Bull. 28, 1509-1525 (1980). 
Singer et al., Proc. Soc. Exp. Biol. Med. 102, 370-373 
(1959). 

\ 

549/292 
549/292 
560/56 

549/292 
549/292 
549/292 

..... 549/292 
549/292 
549/292 
560/119 
549/292 
549/214 
514/529 

2 is •• Zi 

•f.-fJW CH2 OH 
/ \ / Rio —CH C I \ —CH—CHj—C—CHi—COORn or Rio' I I o CH2 OH OH \ / 549/292 

549/292 
549/292 
549/292 
548/467 
549/292 

C 
il 
o 

wherein Rjois hydrogen or Cioalkyl, wherein 
R12 is a physiologically acceptable and hydrolyz-

able ester group, and 
M is a pharmaceutically acceptable cation, 

with the provisos that (i) the—X—Z'group is in the 4-
or 5-position of the pyrazole ring, and (ii) the R] group 
and the —X—Z group are ortho to each other, 
the, use thereof for inhibiting cholesterol biosynthesis 
and lowering the blood cholesterol level and, therefore, 
in the treatment of hyperlipoproteinemia and athero
sclerosis, pharmaceutical compositions comprising such 

- compounds and processes for and intermediates in the 
synthesis of such compounds. 

Primary Examiner—Richard A. Schwartz 
Assistant Examiner—Kurt G. Briscoe 
Attorney, Agent, or Firm—Gerald D. Sharkin; Richard ' 

t, 

E. Vila; Melvyn M. KassenofT 

•[57] ABSTRACT 

Compounds of the formula 27 Claims, No Drawings 
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United States Patent us] 
Kathawala 

[ii] Patent Number: 4,739,073 
[45] Date of Patent: Apr. 19, 1988 

[54] INTERMEDIATES IN THE SYNTHESIS OF 
INDOLE ANALOGS OF 
MEVALONOLACTONE AND DERIVATIVES 
THEREOF 

,R4 

Rj 
[75] Investor. Fiizolli G. Kathnnla, Mountain ~ 

Lakes, NJ. 
Rja 

and the other is primary or secondary Ci-^alkyi not 
cootainiag an asymmetric carbon atom, Cj^cycioalkyi 
or phenyKCHJm—, wherdn 
IU Is hydrogen, Cj.salkyJ, n-butyl* i-butyl, t-butyl, C|. 

Jaikoxy, n-butoxy, i-butoxy, trifluorometbyl, fluora 
chloro, phenoxy or benzyloxy, 

R5 is hydrogen, Cj.jalkyl, CwalJcoxy, trifluorometbyl, 
fluoro, chloro, phenoxy or bcazyloxy, 

Rjais hydrogen, Ci-jallcyl, Q.ialkoxy, fluoro or chloro. 

[73] Assignee: Saadox Phtrmaeeoticals Corp  ̂H. f Hanover, NJ. 1 

[21] AppL No.: 707,854 

[22] Filed: Mar. 4, IMS 

and Related U.S. Application Data m is 1, 2 or 3, with the provisos that both R$ and Rj* 
must be hydrogen when R4 is hydrogen, R5a must be 
hydrogen when R5 is hydrogen, not more than one of 
R4 and R) is trifluoromethyl, not more than one of BJ 
and R5 is phenoxy, and not more than one of R4 and 
Rj is bcnzyloxy, 

R2 is hydrogen, Ci.jallcyl, n-butyl, i-butyl, t-butyl, Cj. 
ficycloalkyl, Ci.jaUtoxy, n-butoxy, i-butoxy, trifluoro
metbyl, fluoro, chloro, phenoxy or benzyloxy, 

Rj is hydrogen, Ci-jalkyl, Ci.jalkoxy, trifluoromethyl, 
fluoro, chloro, phenoxy or benzyloxy, with the provi
sos that Rj must be hydrogen when Rj is hydrogen, 
not more than one of Rj and Rj is trifluoromethyl, not 
more than one of R2 and Rj is phenoxy, and not more 
than one of R2 and Rj is benzyloxy, 

X is —(CH:)*— or —CH=CH—, wherein n is 0,1,2 or 
3, and 

[63] ContmiwioQ of Ser. No. 545*830, Nov. 4,1983, which 
is a coDtinuatjoQ'in-pajt of Ser. No. 443,668, Nov. 22, 
1982. 

C07D 405/06; C07D 209/12 
548/406; 548/414; 

548/494 
548/465, 467,494, 468, 

548/414,406 

[51] Int. O.4 

[52] UAO. 

[58] Field of Search 

[561 References Qted 
U.S. PATENT DOCUMENTS 

3,239,633 7/1966 Mctlesica et aL 
4^48,889 2/1981 Oka et al 
4,233,444 3/1981 Oka et al 
4,27^333 6/1981 Gradient et al 
4,373,473 3/1983 Wtllard et al 
4,474,971 10/1984 Wareing 

o 348/493 
314/332 
314/460 • 
514/212 Z Is 
514/460 
549/214 OH C H : /  

C — R j  —CH—CHi—C—CHj—COORj or —CH 
Primary Examiner—Donald G. Daus 
Assistant Examiner—William A. Teoli, Jr. 
Anomey, Agent, or Firm—Gerald D. Sharking Richard 
E. Vila; Melvyn M. Ka&senoff 

J \ 
OK OH 

O 

wherein 
R< is hydrogen or Cioalkyl, and 
R? is hydrogen, Cusalkyl, n-butyl, i-butyl, t-butyl, 

benzyl or M, wherein M is a pharmaceutically 
• acceptable cation, 

the use thereof for inhibiting cholesterol biosynthesis 
and lowering the blood .cholesterol level, and, there
fore, in the treatment of hyperlipoproteinemia and ath
erosclerosis, pharmaceutical compositions comprising 
such compounds and processes for and intermediates in 
the synthesis of such compounds. 

20 Claims, No Drawings 

[57] ABSTRACT 

Compounds of the formula 

R; R 

Vx 
•if ' 

N 

Rj Ro 

wherein one of R and Ro is 
t  
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ifX 
United States Patent M 
Anderson 

4,751,235 
Jim. 14,1988 

[11] Patent Number: 

[45] Date of Patent: 

[54] ANn-ATHEROSCLEROTIC JNDOT.TZTNE 
DERIVATIVES 

[75] Inventor: PanI L Aadenon, Randolph, NJ. 

Attorney, Agent, or Firm—Gerald D. Sharkin; Richard 
E. Vila; Melvyn M. KLasscnoff 

[57] ABSTRACT 

7-{mdoIiziii-2-yl)hept-6-enoic adds of the formula I; [73] Assignee: Sandoz PhaniL Corpn East Hanover, 
NJ. 

[21] Appl. No.: 945,750 

[22] Filed: 

[51] In ta 4  

[52] û .a 
[58] Field o/Search 

j R2 

Dee. 23,1986 
Y-Z 

A61K 31/435; C07D 471/04 
514/299; 546/112 
546/112; 514/299 

N 
R' 

[56] References Qted 

U.S. PATENT DOCUMENTS 
4^45,889 2/1981 Oka et aL 
4,255,444 3/1981 Oka et aL 
4,375,475 3/1983 WDlard et aL ^ 
4,474,971 10/1984 Warring 
4,520,026 5/1985 Rosseels et aL 

FOREIGN PATENT DOCUMENTS 
6/1984 PCT Intl Appl . 
8/1984 PCT Intl Appl. . 
1/1986 PCT Intl Appl . 
6/1986 PCT Intl Appl. . 

Primary Examiner—'Richard A. Schwartz 
Assistant Examiner—Bcmasd 1. Dentz 

wherein each of R1 and R2 is, independently, H, alkyl. 
cycloalkyl, aralkyl or aryl, 

424/308 
424/279 
549/292 
549/214 

... 546/112 

Y b —CH=CH—, or —CHj—CHj—; and 

Z is CH— CHr-CH—CHjCOOR8 

I 
OH • OH 

S402131 
8402903 
8600307 
8603488 

in which R8 is H, an ester residue or cation; or the lac
tone thereof. The compounds are useful as hypocholeS' 
teremic agents. 

is-: 

20 Qalina, No Drawings 
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United States Patent m 4,755,606 
Jul. 5, 1988 

[n] Patent Nuinber: 

[45] Date of Patent: Wareing 

[54] IMB)AZOLYL.3)5.DI-(DIPHENYL.BUTyL. 
SILYLOXY) CAHBOXYLIC ACID ESTER 
INTERMEDIATES 

Primary Examiner-— Richard A. Schwartz 
Attorney, Agent, or firm—Gerald D. Sharkin; Richard 
E. Vila; Melvyn M. Kassenoff 

ABSTRACT [57] [75] Inventor: James R. Wareing, Randolph, N.J. 

[73] Assignee: Sandoz Fharm. Corp^ E. Hanover, Compounds of the formula 
t NJ. 

R| x-z [21] Appl. No.: 79,194 

[22] Filed: Jul 29,1987 M 
N 

T 
N-Ri 

Related U^. Application Data 
Division of Sex. No. 863,267, May .14, 1986, ab&a-
doaed, which is a continuation-in-part of Ser. No. 
736,679, May 22, 1982, Pat No. 4,668,794. 

Rj i [60] 

aad tie pharmaceutically acceptable acid addition salts 
C07D 7/18 thereof, wherein the various substuuents are defmed 
.... 548/110 hereia 

.... 548/110 the use thereof for inhibiting cholesterol biosynthesis 
and lowering the blood cholesterol level and, therefore, 
in the treatment of hyperlipoproteinemia and athero
sclerosis, pharmaceutical compositions comprising such 

~ 548/110 x compounds and processes for and intermediates in the 
1 548/110 X synthesis of such compounds. 

556/446 
548/491 

[51] IntCL* 
[52] U.S. CI 
[58] Field of Search 

[56] References Cited 

U.S. PATENT DOCUMENTS 
4,028,343 6/1977 Amort et aL 
4,530,922 7/1985 Moberg : 
4,650,890 3/1987 Jewell etaL 
4,677,211 6/1987 Jewell et aL 

1 

"5 

12 Claims, No Drawings 

• .  • A  .  .  

f j  

jui-jiviii 

• aiUf' i  
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United States Patent m 
Katbawala 

[ii] Patent Number: 4,822,799 
[45] Date of Patent Apr. 18,1989 

[54] PYRAZOLOPYMDINE ANALOGS OF 
MEVALONOLACTONE AND DERIVATIVES 
1KEREOF USEFUL FOR INHCBITING 
CHOLESTEROL BIOSYNTHESIS IN 
MAMMALS 

[75] Inventor: Faizulla G. Katha^ala, Mountain 
Lakes, NJ. 

47/02662 5/1987 World Int. Prop. O. . 

OTHER PUBLICATIONS 
Hulcher, Arch. Biochem. Biophys. 146,422-427 (1971). 
Sato et al., Ghem. Phann. Bull. (Tokyo) 28, 1509-1525 
(1980). 
Suger et al., Froc. Soc. Exp. Biol. Med. ICS, 370-373 
(1959). 

Primary Examiner—Mary C. Lee 
Assistant Examiner—John A. EL Russell 
Attorney, Agent, or Firm—Gerald D. Sharkin; Richard 
E. Vila; Melvyn M. Kassenoff 

ABSTRACT 

[73] Assignee: Saodoz Phann. Corp^ E. Honover, 
NJ. 

[21] Appl.No.: 149,232 

[22] Filed: Jan. 27,1988 

[51] Int CL* 
[52] US. CL 
[58] Field of Search 

m .... C07D 471/04; A61K 31/395 
514/303; 54^/119 Compounds of the formula 
54^/119; 514/303 

*2 t*] References Cited 

U.S. PATENT DOCUMENTS 
4,248,889 V1981 Oka et d. 
4,255,444 3/1981 Oka et a] 
4,293,496 10/1981 WillanJ -
4,459,422 7/1984 Willard etaL 
4,479,965 10/1984 Terahan et al. 
4,571,428 2/1986 Kapa 
4,588,715 5/1986 Damon 
4,613,610 9/1986 Warexng 
4,647,576 3/1987 Hoefle et al. .. 
4,751,235 6/1988 Anderson 
4,755,606 7/1988 Warring 

FOREIGN PATENT DOCUMENTS 
84/02131 6/1984 World Int. Prop. O. . 

RK x-z. 
424/308 
424/279 

260/343.5 
. 560/59 
424/279 
556/437 
. 514/63 
514/406 
514/422 
514/299 
548/110 

N Ri N 
I IU 

and processes for and intermediates in the synthesis 
thereof, pharmaceutical compositions comprising such 
a compound and the use of such compounds for inhibit* 
ing cholesterol biosynthesis and lowering the blood 
cholesterol level and, therefore, in the treatment of 
hyperUpoproteinemia and atherosclerosis. 

20 No Drawings 
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VrJ 

United States Patent [193 4,851,427 
Jul. 25, 1989 

[11] Patent Number: 

[45] Date of Patent: Wareing 

[54] PYRROLE ANALOGS OF 
MEVALONOLACTONE, DERIVATIVES 
THEREOF AND PHARMACEUTICAL USE R z  

Rj. X-z 

[75] Inventor: James R. Wareing, Randolph, NJ. 
N 

fU Ri [73] Assignee: Sandoz Pharnu Corp., E. Hanover, 
NJ. 

wherein Ri is Ci-jaikyl not containing an asymmetric 
carbon atom, Cj-TcycloaJkyI or [21] Appl. No.: 919,275 

[22] Filed: Oct 15,1986 •*5 

Related U^. Application Data 
[63] Cootinuaiion-in-part ofSer. No. 791,198, Oct. 25. 1985, 

abandoned. 
R? 

[51] lata/ AfilK 31/40; C07D 707/337; 
C07D 405/04; C07D 405/05 

514/422; 514/427; 
548/517; 548/562 

548/517, 562; 514/422, 
514/427 

wherein Rj, Re and R7 are as defined below, 
R2 is Cu^aikyl not containing an asymmetric carbon 

atom, CjlvcycloaJkyl or 
[52] US. a. 

[58] Field of Search 
R« 

R9 [56] References Cited 
U.S. PATENT DOCUMENTS 

4.198.425 4/1980 Mitsui et aJ 
4,255,444 3/1981 Oka et a! 
4,459,422 7/1984 WUIard « li. 
4.472.426 9/1984 Hofftnan et al 
4,474,971 10/1984 Wareing 
4,588,715 5/1986 Damon 
4,613,610 9/1986 Wareing 
4,647,576 3/1987 Hoefle et aJ 
4,681,893 7/1987 Roth 

FOREIGN PATENT DOCUMENTS 
11928 6/1980 European Pat. Off. . 

179559 4/1986 European Pat. Off. . 
2261965 6/1973 Fed. Rep. of Gennaoy . 

84/02131 6/1984 PCT Int'l Appl. . 
84/02903 8/1984 PCT Int'l Appl. . 

OTHER PUBLICATIONS 
HofTman et al., J. Med. Chem., 29, 159-169, (1986). 
Hulcher, Ajch. Biochem. Biophys., 146, 422-427, 
(1971).. 
Sato et a!., Chem. Pharm. Bull., (Tokyo), 28,1509-1525, 
(1980). 
Singer et aL, Proc. Soc. Exper. Biol. Med., 102, 
370-373, (1959). , 
Stokker et aL, J. Med. Chem., 28, 347-358, (1985). 
Stokker et al., J. Med. Chem., 29, 170-181, (1986). 

B 

,. 424/279 
.. 424/279 

560/59 
.. 424/279 
.. 549/214 
.... 514/63 
.. 514/406 
. 514/422 
.. 514/422 

RlO 

wherein Rg, R9 and Rio are as defined below. 
R3 is hydrogen, Ci-^alkyl not containing an asymmet

ric carbon atom, Cj-Tcycloalkyl or 

Rn 
R|2 

/ c  

Ro 

wherein Rn, Ru and R13 are as defined below, 
Rjis hydrogen, Ct-^alkyl not containing an asymmet

ric carbon atom, C7_7cycloaJkyl or 

Ri* 
R|5 

R|6 

wherein R14, Ru and RIG are as defined below, 
X is —(CHz)^—, — CH=CH—, — CH= 

CH—CHi— or —CH2—CH=rCH—, wherein m is 
0, 1, 2 or 3, and 

Primary Examiner—Richard L. Raymond 
Attorney. Agent, or Firm—Gerald D. Sharkin; Richard 
E. Vila; Melvyn M. Kassenoff 

Z is [57] ABSTRACT 
Compounds of the formula (Abstract continued on next page.) 
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United States Patent m 4,876,280 
Oct. 24,1989 

[i i]  Patent Number: 
[45] Date of Patent: Damon, II 

[54] ARYLCYCLOHEXANE AND 
ARYLCYCLOHEXENE ANALOGS OF 
MEVALONOLACTONE DERIVATIVES AND 
THEER USE 

R> 

/ X—2 *4 
6 1 [75] Inventor: Robert E. Damon, II, Wharton, NJ. 

^7 ir*». 
3 

[73] Assignee: Sandoz Phana. Corp., £. Hanover, R3 RJ 
NJ. 

wherem Rj is hydrogen, Ci^alkyl. n-butyl, i-butyl or 
t-butyl, 

R2 is hydrogen or Ci.jalkyl, 
R3 is hydrogen or Cioalkyl, 
R4 is hydrogen, Cioalkyl, n-butyl, i-butyl or t-butyl, 
Rj is hydrogen, Cioalkyl, n-butyl, i-butyl, t-butyl, 

CuaUcoxy, n-butoxy, i-butoxy, fluoro, chloro, tri-
fluoromethyl, phenoxy or benzyloxy, 

R4 is hydrogen, Cuaalkyl, Cioalkoxy, fluoro, chloro, 
trifluoromethyl, phenoxy or benzyloxy, with the 
provisos that not more than ooe of R; and is 
trifluoromethyl, not more than one of Rj and R* is 
phenoxy, and not more than one of Rs and Ri.is 
benzyloxy, or 

Rs and are attached to adjacent carbon atoms and 
taken together form a radical of the formula 
—CH=CH—CH=CH~f . 

Rid is hydrogen, Cj^alkyl, fluoro or chloro, 
X is — CHiCHj— or 

[21] Appl. No.: 166,356 

[22] Filed: Mar. 10,1988 

[51]. Int. a/ 
[52] u&a. 

A61K 31/19; A61K 31/215 
514/510; 549/292; 

514/460; 514/532; 562/469 
549/292; 562/469 [58] Field of Search 

[56] References Cited 

U.S. PATENT DOCUMENTS 
9/1976 EadoetaL 
2/1981 OkaetaL 
3/1983- WUUrd « •!.... 

260/343.5 
424/308 
424/279 
549/214 
549/292 
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Case No. 600-7101/CONT/Int. 
Patent 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

WATTANASIN wsa, Interference No. 102,648 

Examiner-in-Chief; M. Sofocleous 
v. 

FUJIKAWA et al. 

WATTANASIN 

-^FST) Interference No. 102,975 

Examiner-in-Chief: M. Sofocleous 
v. 

FUJIKAWA et al. 

FYI v. 

FUJIKAWA et al. 

an w 
NOTICE OF THE FILING OF WATTANASIN RECEIVED IN 

BOX INTERFERENCE CONSOLIDATED AFFIDAVIT TESTIMONY (VOL. IV) 
PURSUANT TO 37 CFR 1.672 

Appended is Volume IV of the consolidated affidavit testimony 

of the party Wattanasin for the above-numbered interferences. 

These papers are being filed pursuant to the EIC decision 

dated February 5, 1993 in the above-numbered interferences (Int. 

No. 102,648, Paper No. 77; Int. No. 102,975, Paper No. 22). 

Respectfully submitted, 

M (Ml 
Diane E. Furman 
Attorney for the Party Wattanasin 
Registration No. 31,104 
201-503-7332 

SANDOZ CORPORATION 
59 Route 10 
E. Hanover, NJ 079 36 I hereby certify that this correspondence is being 

deposited with the United States Postal Service as 
first class mail in en envelope addressed to: Commis
sioner of Patents and Trademarks, Washington, D.C. 
20231,on February 22, 1993 

"""(Dateof Deposit) „ 
Diane E. Furman 

DEFsrmf 
February 22, 199 3 

(cont'd) 1 (cant assignee, or 
JteBreseniative 

leofa 
egistei 

x-y—signature 

tei Dateo IQ nature 
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Int. Nos. 102,648, 102,975 Notice of Filing of Wattanasin 
Consolidated Affidavit Testimony 
(Vol. IV) 
page 2/3 

Enclosures: Volume IV (pages 356-477) 

(pages 356-381) 
Supp. Declaration of S. Wattanasin 
Declaration of M. Kassenoff 
Declaration of J. Giesser 
Declaration of L. Rothwell 
Supp. Declaration of R. Engstrom 
Declaration of L. Chesley 

(pages 382-477) 
Exhibits M-l, M-2, M-3, M-4 and M-5 
Exhibit N 
Exhibit 0 
Exhibits P-l, P-2, P-3 
Exhibit Q 
Exhibit R 
Exhibit S 
Exhibit T 
Exhibits U-lf U-2 
Exhibits V-l,V-2 
Exhibit W 
Exhibit X 
Exhibits Y-l, Y-2 
Exhibit Z 

Sawai Ex 1005 
Page 1240 of 4322



Notice of Filing of Wattanasin 
Consolidated Affidavit Testimony 

Int. Nos. 102,648, 102,975 

• (Vol. IV) 
page 3/3 

CERTIFICATE OF SERVICE 

It is hereby certified that a true copy of the paper 

entitled: 

NOTICE OF THE FILING OF WATTANASIN 
CONSOLIDATED AFFIDAVIT TESTIMONY (VOL. IV) 

PURSUANT TO 37 CFR 1.672 

together with the declarations and exhibits appended to said 

paper, were served on counsel for the party Fujikawa et al., this 

22nd day of February, 1993 by postage pre-paid first-class mail 

addressed to the following: 

Obion, Spivak, McClelland, Maier & Neustadt, P.C. 
Attn: Steven B. Kelber, Esq. • 
1755 South Jefferson Davis Highway 
Crystal Square 5, Ste. 400 
Arlington, VA 22202 

'lUfHOtf 
E! Furman 

'/MJ 
Diane 
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Iw 

ERRATA SHEET 

, Wattanasin v. Fujikawa et al. 
Sompong Wattanasin 
March 22, 1993 

Name of case: 
Deposition ofs 
Date taken: 
Page 1/1 

REASON CHANGE PAGE LINE 

33 16 Change "hardware" to 
"pathway". 

My best recollection is that I 
actually spoke the term 
"pathway," and not "hardware". 
Also, I would not have said 
"hardware" because it makes no 
sense in this context. 

46, 13 
46 15 

Change "and" to "an". This is an obvious typographical 
error, 
obviously 
makes no sense 

The proper word is 
"an"; the word "and" 

in this context. 

I believe that the question 
actually referred to "1985", and 
that the date of "1988" appears 
to be a typographical error, 
since it refers to the date of 

38, 5 Change "1988" to 
"1985". 

5/7/85 on page 37, 1. 22. 

SOMPONG WATTANASIN 

SUBSCRIBED AND SWORN TO BEFORE ME 

This day of , 1993 

Notary Public 

ANTOINETTE LOMBARD! 
Notary Public of New Jersey 

My Commission Expires April 3,1994 

• - v-J. 
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49-111-0 

IK THE UNITED STATES PATENT AND TRADEMARK OFFICE 
BEFORE THE BOARD OF PATENT APPEALS AMD INTERFERENCES 

WATTANASXN 

INTERFERENCE NO. 3 102,648 
V. 

EXAMINER-IN-CHIEF: 

MICHAEL SOFOtiLEOUS FUJIKAWA ET AL t 

FUJIKAWA ST AL REQUEST FOR 
CROSS-EXAMINATION 

HONORABLE COMMISSIONER OF PATENTS AND TRADEMARKS 
WASHINGTON, D,C. 20231 

BOZ INTERFERENCE 

SIR? 

Responsive -to -the filing of Wattanasin Consolidated Affidavit 

Testimony (Volume IV) bearing a filing date of February 22, 1993, 

Fujikawa hereby requests cross-examination of the following 

Affiants: 

Sompong Wattanasin 1. 

Melvyn M. Kassenoff 2. 

Joanne M* Giesser 3. (\ 

Û£0ST02 Wbt72:TT £6/ T0 ddW 9 / ^ ' d  
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4* Linda Rothwell 

5. Lorraine M. Chesley 

The cross-examination of Robert 0* Engstrora will not be 

required. 

The cross-examination vill be as to all Declarations submitted 

by Sompong Wattanasin in this interference, 

declarants are believed confined to Volume IV. 

The remaining 

Respectfully submitted, 

OBLQN, SPIVAK, MCCLELLAND, 
. HAIER & NEUSTADT, • C. 

Steven B. Kelber 
Registration No.: 30,073 
Attorney for Pujilcava et al 

LVMSftSlftZ WbSS.'TT £6, T0 ^bW 9/S'd 

• V ŵ 

Sawai Ex 1005 
Page 1244 of 4322



IN THE UNITED STATES PATENT AND TRADEMARK- QEFICE,,1 f'FVl.Ti 
BEFORE THE BOARD OF PATENT APPEALS- AND- INTERFERENCfejLpp~l 

ENCES :> 

WATTANASIN- w!n 1 9  m 
Interference Nos. 102,648, 102,975 v. 

36^ 
Examiner in Chief: M. Sofocleous FUJIKAWA et al. 

LAI!'1' j p f ,  

-V/ p93 
JOINT REQUEST FOR EXTENSION OF 

The parties Wattanasin and Fujikawa et al. jointly request an 

extension of time in which to complete taking of cross-examination 

and rebuttal testimony, as well as an extension of the dates 

action, in the currently set for taking subsequent 

interferences. 

above 

The EIC and the parties have been in agreement 

cross-examination of the junior party Wattanasin's affiants may 

run concurrently with the rebuttal testimony of senior party 

Fujikawa. The current closing date for cross-examination and 

rebuttal is set for March 25, 1993. 

that 

Fujikawa et al. have noticed five Wattanasin affiants for 

cross-examination, and will also take rebuttal testimony from one 

non-party witness. . 

• j-, 

Sawai Ex 1005 
Page 1245 of 4322



Joint Motion for'Extension of Time 
March 17t 1993 
page - 2 -

However, owing to other commitments of the involved parties 

and their witnesses, it has been necessary to tentatively defer 

the dates for taking rebuttal testimony and certain of the cross-

examination until after the current closing date of March 25, 

1993"*", pending decision on this motion. 

Therefore, the parties now jointly move to reset the relevant 

dates in the above interferences as follows: 

Cross-examination of Wattanasin affiants to close April 15, 1993« 

to close April 15, 1993. 

MayilS, 1993. 

June 15, 1993. 

July 15, 1993. 

August 4, 1993. 

Rebuttal testimony for Fujikawa .... 

Filing and serving of the record due 

Wattanasin opening brief due 

Fujikawa brief due 

Wattanasin reply brief due 

Undersigned counsel for the party Wattanasin has discussed 

this matter with EIC Sofocleous, who indicated he would be 

agreeable to resetting the dates as set forth above. The courtesy 

of the EIC is gratefully acknowledged. 

1. 
The rebuttal testimony, of Dr. Holmlund is tentatively 

1993, and cross-examination of Joanne M. 
The 

set for March 26 
Giesser, Esq. is tentatively scheduled for April 91993. 
cross-examination of the other Wattanasin affiants will be held on 
March 22, 1993. 
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Joint Motion for Extension of Titne 
March 17, .1993 
page - 3 

Accordingly, grant of this joint motion is respectfully 

requested. 

Respectfully submitted, 

/ 'AJD Md'tUL 7W 
Diane E. Furman 
Attorney for the party Wattanasin 
Registration No. 31,104 
201-503-7332 

Steven B. Kelber 
Attorney for the party Fujikawa et al. 
Registration No. 30,073 
(703) 413-3000 

' -* -
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* r >  

600—7101-05 Attorney Docket No. 

w .m 
•.> . i 

TS THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Honorable Commissioner of Patents and Trademarks 
Washington, D.C. 20231 

Dear Sirs 

Transmitted herewith is a patent application 

of: Sompong Wattanasin 

Quinoline Analogs of Mevalonolactone and Derivatives Thereof For 

Also enclosed are a return postcard and 

Sheets of drawing included with the application. A. • 

• A check in the amount of $_ fee, calculated as follows: 
, to cover the filing B. 

= $ 340 Basic Filing Fee 

Multiple Dependent 
Claim Fee $110 0 

-20 x $12 = Total Number of Claims 0 10 

Total Number of 
Independent Claims 

3 x $34 = 1 0 

$ 340. * TOTAL FILING FEE 

The Commissioner is hereby authorized to charge to Deposit 
Account No. 19-0134 

1. [ X 1 $340 Basic filing fee, if not enclosed herewith, 

2 .  | x | $340 Basic filing fee plus fee for all other claims 
submitted on filing, if not enclosed herewith. 

3. I x I The issue fee, but only when a signed issue fee trans-
—1 mittal form is filed, if not covered by a valid check. 

4. | x | All other required fees not referred to in 1 * 2 and 3 
above, e.g., fees for claims added during prosecution, 
for extensions of time, for petitions, and for appeals, 
if not covered by a valid check. 

The Commissioner1 is likewise, authorized to credit any 
overpayment to said Deposit Account. . A duplicate of this 
sheet is appended. 

Respectfully submitted, 

6̂  
nne M. Giesser 
torney/Agent of Record 

(2,01) SBXXX 503-8420 
Registration No. 32/838 

SANDOZ CORP. 
59 Route 10 
E. Hanover, NJ 07936 

Enclosure: As Noted 

DATE: March 3/ 1989 

JMG:Imc 
SUBMITTED IN DUPLICATE 

*• • ̂  
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bo 
QUINOLINE ANALOGS OF MEVALONOLACTQNE AND DERIVATIVES THEREOF 

This invention relates to compounds of the formula 

R o 
R1 X-Z 

o ( A )  O 

N 
R 

R 2  

wherein each of R and R0 is, independently Ci-galkyl 

(primary, secondary or tertiary), C3»7cycloalkyl or ring A 

R3 

R4 I A 
R5 

each of R-j , R21 R31 R4 and R5 is, independently hydrogen, 

Ci_4alkylf C-|_4alkoxy, trifluoromethyl, fluoro, chloro, 

phenoxy, benzyloxy or hydroxy? with the provisos that not 

more than one of R-j and R2 is trifluoromethyl, not more than 

one of R-j and R2 is phenoxy, not more than one of R-j and R2 

is benzyloxy, not more than one of R-j and R2 is hydroxy, not 

more than one of R3~R5 is the trifluoromethyl, not more than' 

one of R3-R5 is phenoxy, not more than one of R3-R5 is 

benzyloxy and not more than one of R3-R5 is hydroxy;. 

X is -(CH2)2~ or -CH-CH- (cis and/or trans); 

r6 

(a) Z is -Q-CH2-C-CH2-CO2R7 

OH or 

Case No. 600-7101-US 
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CH 
2 OH 

C CH 
(b) J 

R6 CH 0 2 

C 

0 

wherein Q is -C- or -CH-

0 OH 

w i t h  t h e  p r o v i s o  t h a t  Q m a y  b e  -C- o n l y  w h e n  X  i s  -CHaCH 

0 

a n d / o r  R g  i s  C i - j a l k y l ;  

i s  h y d r o g e n  or C i ^ j a l k y l ;  
R y  i s  h y d r o g e n ,  Rs or M ;  
R g  i s  a  p h y s i o l o g i c a l l y  a c c e p t a b l e  a n d  h y d r o l y z a b l e  

e s t e r  group; and 
M is a pharmaceutically acceptable cation. 

T h e  t e r m  "pharmaceutically acceptable and hydrolyzable 
ester group" means a group which, together with the -COO-
radical to which it is attached, forms an ester group which 

is physiologically acceptable and hydrolyzable under 

physiological conditions to yield a compound of Fonoula A 

wherein R7 is hydrogen and an alcohol which itself 

physiologically acceptable, i.e. non-toxic at the desired 

dosage level, and which, preferably, 

Examples of such groups are C-j-jalkyl, n-butyl, 

i_-butyl, t-butyl, and benzyl, collectively referred to as 

R8a-

is free of centers of 

asymmetry. 

Compounds of this invention may conveniently be 
categorized into two groups, depending on the value of Z. 

Compounds where Z is -CH-CH2-CH-CH2-COOR7 will be 

OH OH 
referred to as compounds of Formula I. Compounds where Z is 

2 

Case No. 600-7101-CJS 
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C H2 OH 
CH 

R6 CH 0 2 will be referred to as compounds of 

C 

0 

Formula XI. 

The compounds of the present invention have two centers 

of asymmetry (the two carbon atoms bearing the hydroxy 

groups when Z is 

hydroxy group and the carbon atom having the free valence 

when Z is (b) provided that R7 is free of centers of 

asymmetry). Thus there are four stereoisomeric forms 

(enantiomers) of each compound (two racemates or pairs of 

diastereoisomers). The four stereoisomers may be designated 

as the RfR, RrS, SrR, and S,S enantiomers, all four 

stereoisomers being within the scope of this invention. 

When R7 contains one or more centers of asymmetrYr there are 

eight or more stereoisomers. When Q is -CH-, then each 

(a) , and the carbon atom bearing the 

I 
OH 

compound has one center of asymmetry (the carbon atom 

bearing the. hydroxy group and Rg), and therefore, there are 

two enantiomers of each compound, provided that R7 does not 

contain any center of asymmetry. The two stereoisomers may 

be designated as the 3R and 3S isomers. If R7 contains one 

or more centers of asymmetry, then there are four or more 

centers of asymmetry. 

As between otherwise identical compounds of Formula A, 

those where the z group is a) are generally preferred over 

those where the Z group is b). For compounds where Z is a)r 

3 

Case No. 600-7101-US 
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erythro isomers are generally preferred over the threo 

isomers, erythro and threo referring to the relative 

positions of the hydroxy groups in the 3- and 5- positions 

of the group a). When Z is b), the trans lactones are 

generally preferred over the cis lactones, cis and trans 

referring to the relative positions of Rg and the hydrogen 

atom in the 6- position of the group h) (adjacent to the 0 

in the ring). 

The preferred stereoisomers of the compounds having 

only two centers of asymmetry wherein X is -CB^CH- and z is 

a) are the 3R, 5S and 3Rf5R isomers and the racemate of 

which each is a constituent, i>e« the 3R,5S-3S,5R (erythro) 

and 3R,5R-3S,5S (threo) racemates, with the 3R,5S isomer and 

the racemate of which it is a constituent being more 

preferred and the 3R,5S isomer being most preferred. 

The preferred stereoisomers of the compounds of Formula 

I having only two centers -of asymmetry wherein X is b) are 

the 4R,6R and 4R,6S isomers and the racemate of which each 

is a constituent, i.e., the 4R,6R-4S,6S (trans lactone) and 

the 4R,6S-4S,6R (cis lactone) racemates, with the 4R,6R 

isomer and the racemate of which it is a constituent being 

more preferred and the 4R,6R isomer being most preferred. 

These preferences also apply to compounds having more 

than two centers of asymmetry and represent the preferred 

configurations of the indicated positions. 

Preferred compounds of this invention are the 

following. 

R-] and R2 are preferably hydrogen? 

one of R and R0 is preferably C-i^galkyl, more preferably 

isopropyl or methyl, and the other ' is 

preferably Ring A, more preferably phenyl, 

4-f luorophenyl or 3 ,5-dimethy.lphenyl; 

most preferably R is the alkyl group and R0 

is Ring A; 

4 

Case No. 60Q-7101-US 
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X is preferably -CH=CH-f most preferably (E)-CH=CH- ? 

Z is preferably (a) wherein Q is -CH-

OH 

or (b), most preferably the former, 

0 is preferably -CH- ? 

O H  

R5 is preferably hydrogen? 

R7 is preferably hydrogen, M or C"[-2a^^y^' most 

preferably M or Ci„2a-L^yl' 

Rg is preferably methyl or ethyl; 

M is preferably Na+, K+ or NH4 + , most preferably Na+. 

Specific compounds of Formula I may be prepared 

according to the following preferred Reaction Scheme A. It 

should be noted in the following Reaction Schemes/ that if 

any compound of Formula A contains a hydroxy group as R<)-Ri^f 

then the hydroxy group should be protected by e.g. a 

diphenyl-t-butyl silyl. group (in compounds of formula III-XI 

and XIV-XVI), The group is cleaved at the end of the 

synthesis by Reaction B-4 (detailed below). 

5 

Case No. 600-7.101-03 
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REACTION SCHEME A 

0 0 
R 
O R 

1 A-l o-x  R 1 0 
O + 

0 
NH« * HCl R 2 2 

O-X 1 
(III) (IV) 

R R 
O o R R 1 CH^OH 

C02 X1 2 

o o o o 
N R R A-2 R * R 2 2 

(VI) (V) 

R o R 1 
CHO Ph CO-X 3 2 2 o o 

R N R A-4 
A-3 

(VII) 

R o R 
1 CO X9 

2 2 

o o 
N R A-5 R 

2 

(VIII) 

6 
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• 

Sn-T0TZ.-009 -ON L 

(IIIX) 

H H N 

o o W o 
e © H 

o 
H 0 HO HO 

(IIX) 

5H H N 6-V 
o o 

EXSOD TH 
o 

HO HO H 

(IX) 

SH 8-V H N 

O o 
ex ZOD' 

o 0 HO H 

(X) 
£-v 

5a H^N 

o o ex 
OHO 

o 
H 

(XI) 

9-V 
H •N 

o o HO 
TH 

0H 
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Starting material III can be obtained by methods 

described by Morrison and Mulholland, 1958, J. Chem. Soc. 

p, 2702, which is hereby incorporated by reference. Next, V 

is reduced to give VI, This reaction has also been 

described by Fehnel, 1968. J. Heterocyclic Chem 4:565, 

which is also hereby incorporated by reference. In Step 

A-3, VI is oxidized to VII. Step A-4 is a Wittig reaction 

producing VIII. Compound VIII is then reduced to IX. In 

Step A-6, IX is oxidized to X. The aldehyde X is then 

reacted with an acetoacetate in Step A-7 to give XI. 

Compound XI is reduced to give XII. Next, in Step A-9, XII 

is hydrolyzed to the salt form XIII. 

Compounds of both Formula I and II may be made 

according to Reaction Scheme B. Starting material for 

Reaction Scheme B is Compound VI from Reaction Scheme A. 

REACTION SCHEME B 

R R 0 0 
Ri Ri 

CI O OH o o 
N' R R2 R2' B-l 

(XIV) (VI) R o 
0 R1 1 

Po o 
PO(X!}3 

P(X,)2 

N R 

(XV) B-2 
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11« p;n 

Ph 9 
\ z 

Ph 2 
i 

o-sif -j-Si— 0 

C02X2 

OHC R 
6 

B-3 

Ph 2 

Ph2 S i -r-

-|-Si- O Q o 
R 
1 

OEX 2  o o R 6 N R R 
2 

(XVI) 

OH R 
6 

Ro 
R 
1 and \ 0 

O o o 

B-4 N R 
R2 

(II) 

R OH HO o 
C 0 2 - X 2  R1 

V̂  / o o cH2 6 
N R R 2 

(I) 
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Step R-1 is a chlorination of Compound IV to yield 

Nextr the phosphonate (XV) is made, 

coupling reaction forms Compound XVI. 

deprotected in Step B-4 to yield Compounds of Formulae I and 

1 1 .  

XIV. In Step B-3,•a 

This product is then 

REACTION SCHEME C 

Compounds of formula A wherein X is -(^2)2- and Z is 

(a) where Rg is hydrogen may be synthesized by the following 

reactions: 

R 
Ri 

o 

(CH2)2-CHO C-l 

o o * 
N-

R2 R 
1) base + , 

CH3-CO-CH2-COOR12 

2) aldehyde of XVII 

(XVIII) 
XVII 

R o 
R1 

— (CH2)2-CH-CH2-C-CH2-COOR,7 C-2 o o OH 0 
R 

XIX 

R o 
Ri 

£ CH2 ) ̂CH-CH^CH-C^-COOR1 7 

o o OH OH 
R 

R2 

XX 
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REACTION SCHEME D 

R R R 6 o 
1 

® OH ® i M X-CH-CH ̂-C-CH^-COOR 7 2 2 2 O O 
OH OH R R 

D-l 

(XXI) 

R o R © R 6 1 H © M © X X-CH-CH.-C-CH.-COO M 
2 2 2 o o D-2 

OH OH 
R R 

2 

(XXII) 

R R O 
© OH O R 6 1 M v\ X-CH-CH ̂-C-CH ̂-COOH 

2 2 o O D-3 OH OH 
•N" R R 2 

(XXIII) 

R ,0 R R 6 1 O M © X-CH-CH^-C -CH.-COO M 2 2 O O 
OH OH 

R R 2 

(XXIV) 

1 1  
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REACTION SCHEME D (continued) 

R o R R 6 1 
X-CH-CH^-C-CH^~COOH 2 2 o o 
OH OH R R 

2 

(XXIII) 

A olc 
Lactonization 

agent 

D-4 D-6 N/ 

© .H H R 6 
R D-5 o R I V: X © 0 O' o o OH M O 

2 
N-R R 2 

H (XXV) 

D-7 R o 
R1 6 © © © M  ©  OR M 7 2 X-CH-CH^-C-CH^-COO M 

2 2 2 © o N / 

OH OH N 
R 2 

R (XXVI) p R 6 R 
X-CH-CH2-C-CH2~COOR7 o o 
OH OH 

R 2 

(XXVII) 

1 2  
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REACTION SCHEME"E 

R R o 6 R 
1 i  

X-CH-CH~-C-CH ~-COOR 7 2 2 o o E-l 
OH OH 

N R R ̂ 2 

(XXI) 

© © R R OH M o 6 R 2 1 i  
X-C-CH^-C-CH^-COOR 7 2 o o E-2 

OH /X 0 
R 

2 

(XXVIII) 

R r+j 6 o 
H R 

1 & X-C-CH^-C-CH.-COO M 2 2 2 O | o E-3 
OH 0 

"N R R ' 2 

(XXIX) 

R R 
M ©  © O H  

o 6 R 1 
X-C-CH «~C-CH «-COOH 

2 2 
E-4 V OH 0 

'"N R R 2 

(XXX) 

R R o 6 R 
I 

& M ̂  v X-C-CH _-C-CH «-COO 2 2 o o OH 0 
R R 2 

(XXXI) 
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In the foregoinq reaction schemes, 

X - j  may be any alkyl group, especially CT_2alky1' 

X2 may be C-]_3 alkyl, n-butyl, _i-butyl, t-butyl or benzyl; 

X3 may be any alkyl group, preferably X2 and most preferably 

Ci_2alkyl? 

X' may be ethyl or methyl? 

Xa is an acetoacetate, alkyl or benzyl ester, preferably 

ethyl acetoacetate; and 

Rg may be as defined above. 

R17 is C^.jalkyl, £-butyl, ̂ -butyl, _t-butyl or benzyl, 

more preferably Cj^alkyl, and most preferably Cf_2alkyl, 

especially ethyl. 

Particular reaction conditions for Reaction Schemes A 

In this table, the following and B are presented below, 

abbreviations are used: 

AIO = anhydrous inert organic solvent 

ES s ether solvent, for example, diethyl ether, 

1,2-diethoxyethane, 1,2-dimethoxyethane, 

tetrahydrofuran and mixtures thereof 

esp. • especially 

HC = hydrocarbon solvent, for example, benzene, 

toluene, xylene and mixtures thereof 

HLA • halogenated lower alkane solvent, for example, 

carbon tetrachloride, chloroform, 1,!-dichloro-

ethane , 1,2-dichloroethane , methylene chloride 

and 1 ,1,2-trichloroethane, usually preferably 

methylene chloride 

hr. (hrs. ) • hour(s) 

10 • inert organic solvent 

min. « minutes 

pref. « preferably, preferred 

THF « tetrahydrofuran 
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Compounds of high optical purity are obtainable by a 

multi-step procedure involving carrying out a Wittig 

reaction between a 1) 3R,5S-dihydroxy-diprotected aldehyde 

of the formula W1: 

1 1 0 OP OP 
W1 

7" H C-OR CH CH 
/ X / 

CH CH 0=0 
2 2 

in which R7" is a Ci_3 alkyl, n-butyl, ̂ -butyl, t-butyl or 

benzyl, preferably methyl or ethyl, and P' is a protective 

group, i.e. a trisubstituted silyl radical in which the 

substituents are bulky groups, e.g. aryl or tertiary-aryl, 

such as diphenyl-tert.-butyl-silyl, and 2) a Wittig reagent 

of the formula W2 or W3: 

0 

Ra-CH2-P(ORk)2 W2 or 

Ra-CH=P W3 O or 
3 

where Ra is a quinolinyl moiety of the formula 

R o 
R1 
>Or 

O o 
N R 

R2 
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R-j and R2 are as defined above and is 

methyl or ethyl, to obtain a corresponding intermediate of 

the formula W4: 

where R R a' O' 

1 O OP OP 

7" C-O-R W4 CH CH H 
X X 

CH CH C=C 
2 2 \ 

Ra H 

in which Ra/ R7", and P1 are as defined above? and 

deprotecting the resulting compound W4 to obtain the 

corresponding quinoline. 

The process may also be employed to obtain all the 

compounds of Formula I where Q is -CH- , and X is 

OH 

-CH=CH- by reacting appropriate compounds of the formula 

W1 1: 

R 6  

7 1 W1 OHC-CH-CH2-C-CH2-COOR 

1 OP1 OP 

with a reagent of formula W2 or W3, 

tendency to give the trans olefin exclusively although some 

cis olefin may be obtained, whereas the latter gives a 

The former has a 

mixture of cis and trans olefins, but predominantly the 

trans olefin. Compounds of the formula W11 are disclosed in 

The obtained olefinic United States Patent 4,613,610. 

compounds may be hydrogenated analogously to the 

hydrogenation reactions of said patent to obtain the 

corresponding compounds of Formula I where X is -CH2-CH2-. 
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Most of the molar amounts (ratios) given in the 

following table are merely exemplary and may be varied, as 

is evident to one of ordinary skill in the art. 

example, in a reaction of two compounds one of which is 

readily available and one of which isn't, an excess of the 

readily available compound may be used to drive the reaction 

further towards completion (unless the use of an excess 

would increase the synthesis of an undesired compound). 

Likewise, most of the temperature ranges given in the 

following table are merely exemplary, and it is within the 

ability of one of ordinary skill in the art to vary those 

that arfe not critical. 

The reaction times set forth in the following table are 

also merely exemplary and may be varied. 

For 

As is well-known, 

the reaction time is often inversely related to the reaction 

Generally, each reaction is monitored by, for 

example, thin layer chromatography and is terminated when at 

least one starting material is no longer present, when it 

appears that no more of the desired product is being formed, 

etc. 

temperature. 

Conventional work-up procedures have generally been 

omitted from the table. 

As utilized in the following table, the term "solvent" 

embraces mixtures of solvents and implies that the reaction 

medium is a liquid at the desired reaction temperature, 

should, therefore, be understood that not all of the 

solvents listed for a particular reaction may be utilized 

for the entire recited temperature range, 

understood that the solvent must be at least substantially 

inert to the reactants employed, intermediates generated and 

end products under the reaction conditions utilized. 

The term "inert atmosphere", as utilized in the 

following table, means an atmosphere that does not react 

with any of the reactants, intermediates or end products or 

It 

It should also be 

17 
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otherwise interfere with the reaction, 

dioxide atmosphere is suitable for certain reactions, the 

inert atmosphere is usually dry nitrogen, helium, neonr 

argon or krypton, or a mixture thereof, and most often dry 

nitrogen, to maintain anhydrous conditions, 

including those where the use of an inert atmosphere is not 

specified, are carried out under an inert atmosphere, 

usually dry nitrogen, for convenience. 

In the preceding table, ̂ n-butyllithium is preferably 

employed as a 1.3-1.7M. solution in hexane, and lithium 

diisopropylamide is preferably prepared in situ from 

n^-butyllithium and diisoipropylamine. 

While a carbon 

Most reactions, 

18 
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UTILITY 

The compounds of formulae I and II, ie in lactone, 

ester, free acid or salt form, exhibit pharmacological 

activity and are therefore useful as pharmaceuticals, e.g. 

for therapy. . 

In particular the compounds show activity in the 

following tests: 

Test A. In Vitro Microsomal Assay of HMG-CoA Reductase 

Inhibition: 

200 yl. aliquots (1.08-1.50 mg./ml.) of rat liver 

microsomal suspensions, freshly prepared from male 

Sprague-Dawley rats (150-225 g. body weight), in Buffer A 

with 10 mmol. dithiothreitol are incubated with 10 yl. of a 

solution of the test substance in dimethylacetamide and 

assayed for HMG-CoA reductase activity as described in 

Ackerman et al. , J. Lipid Res. _1_8, 408-41 3 ( 1 977). In the 

assay the microsomes are the source of the HMG-CoA reductase 

enzyme which catalyzes the reduction of HMG-CoA to 

mevalonate. The assay employs a chloroform extraction 

or a Dowex® 1X8 (200-400 mesh, formate form) ion exchange 

column to separate the product, [1]mevalono-

lactone, formed by the HMG-CoA reductase reduction of the 

substrate, [^C)HMG-CoA. [ Jmevalonolactone is added as an 

internal reference. Inhibition of HMG-CoA reductase is 

calculated from the decrease in specific activity 

([1^C/^H]mevalonate) of test groups compared to controls. 

The following results were obtained by test A: 

Product of Example 3C IC50 - 0.41 y molar. 

Product of Example 4 IC5Q = 0.53 ymolar. , 

Compact in IC50 = 1.01 y molar. 

Mevinolin IC5Q = 0,14 y molar. 

IC50 is the concentration of the test substance in the 

assay system calculated to produce a 50% inhibition of 

33 
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HMG-CoA reductase activity, 

trations of test substance between 0.05 and 1000 v molar. 

In Vivo Cholesterol Biosynthesis Inhibition 

Test; In vivo studies utilize male Wistar Royal Hart rats 

The tests are run at concen-

Test B. 

weighing 150 + 20 g. which have been kept for 7-10 days on 

6:30 P.M. dark) housed an altered light cycle (6:30 A.M. 

two per cage and fed powdered Purina Rat Chow and water ad 

libitum. Three hours before the diurnal maximum of 

cholesterol synthesis at mid-dark, the rats are administered 

the test substance (e:g; , 0.01-20 mg./kg. body weight) 

dissolved or as a suspension in 0.5% carboxymethyl-

cellulose in a volume of 1 ml./100 g. body weight. Controls 

receive vehicle alone. One hour after receiving the test 

substance, the rats are injected intraperitoneally with 

about 25 yCi/100 g. body weight of sodium [1-14C]acetate 1-3 

mCi/mmol. Two hours after mid-dark, blood samples are 

obtained under sodium hexobarbital anesthesia, and the serum 

is separated by centrifugation. 

Serum samples are saponified, neutralized, and the 

3p-hydroxysterols are precipitated with digitonin basically 

as described in Sperry et al., J. Biol. Chem. 187, 97 

( 1950). The [1]digitonides are then counted by liquid 

scintillation spectrometry. After correcting for 

efficiencies, the results are calculated in nCi (nanocuries) 

of 3p-hydroxysterol formed per 100 ml. of serum. Inhibition 

of 3p-hydroxysterol synthesis is calculated from the 

reduction in the nCi of 3p-hydroxysterols formed from test 

groups compared to controls. 

The following results were obtained by Test B: 

Example 3C ED50 = 0.49 mg/kg. 

Example 4 ED50 = >1.0 mg/kg. 

Compactin ED^Q = 3.5 mg/kg, 

Mevinolin ED50 = 0.41 mg/kg. 
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The above presented test data indicate that the 

compounds of Formulae I and II are competitive inhibitors of 

3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase, 

the rate limiting enzyme in cholesterol biosynthesis, and, 

therefore, they are inhibitors of cholesterol biosynthesis* 

Consequently, they are useful for lowering the blood 

cholesterol level in animals, e;g;, mammals, especially 

larger primates, and, therefore, as hypolipoproteinemic and 

anti-atherosclerotic agents. For these indications, the 

exact dosage will of course vary depending upon the compound 

employed, mode of administration and treatment desired. For 

the larger primates, e.g. humans, an indicated daily dosage 

is in the range from about 1 mg to about 500 mg, preferably 

from about 10 to 80 mg of a compound of formula I 

conveniently administered, for example, in divided doses 2 

to 4 times a day in unit dosage form containing for example 

from about 0.25 mg to about 250 mg, preferably in unit 

dosages of from about 0.25 to 25 mg, of the compound or in 

sustained release form. 

The preferred compounds of the invention are the 

products of Examples 30 and 4. 

The compounds of Formulae I and II may be administered 

in lactone, ester or free acid form or in pharmaceutically 

Such salts may be prepared in acceptable salt form, 

conventional manner and exhibit the same order of activity 

The present invention also provides 

a pharmaceutical composition comprising a compound of 

Formula I or II in any of its forms in association with 

pharmaceutically acceptable solid or liquid carrier or 

Such compositions may be formulated in 

as the free acid form. 

diluent. 

conventional manner. 
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The compounds may be administered by any conventional 

route in particular enterally, preferably orally, e.g., in 

the form of tablets or capsules, or parenterally, e.g., in 

the form of injectable solutions or suspensions. 

Salts may be prepared in conventional manner from free 

acids, lactones and esters and vice-versa. Whilst all salts 

are covered by the invention pharmaceutically acceptable 

salts especially sodium, potassium and ammonium, 

particularly sodium salts are preferred. 

The following non-limiting Examples illustrate the 

invention. Thus another aspect of this invention is a 

method of inhibiting cholesterol biosynthesis comprising 

administering a cholesterol biosynthesis-reducing amount of 

the compounds of either formula I or II. 

Example 1 

Preparation of 6-Heptenoic acid, 3,5-dihydroxy-7-[2-(1-

roethylethyl)-4-phenylquinolin-3-yl]- ethyl ester, (E)-

Step A: Preparation of 3-Quinolinecarboxylic acid, 2-(1- -

methylethyl)-4-phenyl- ethyl ester 

j I 
O 

ethyl isobutyiylacetate  ̂ O V" 
O 

NT 
NH2Ha 

A solution of 11.5 g (0.0493 mole) a-aminobenzo-phenone 

hydrochloride and 11.93 ml ethyl isobutyrylacetate (0.07395 

mole) in 150 ml abs. ethanol is refluxed for 6 hrs. After 

the reaction is complete, the solvent is removed under 
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reduced pressure. The residue is basified with NH4OH and 
product is isolated by extraction with ether. The combined 

ether extracts are washed with H2O and brine. The organic 

phase is dried (MgSO^ and concentrated under reduced 

pressure giving 10.21 g (65%) orange yellow solids. 

M.P.: 77o-800. Anal. Calcd. for C2iH2iN02; C, 78.97? 

H, 6.63; N, 4.39. Found: C, 78.97; H, 6.63; N, 4.39. 

NMR(90 MH2): 60.9,t,3H; 1.4,d,6H; 3.2,m,lH; 4.0,q,2H; 

7 .3-7 .7 ,in, 8H; 8.2,d,lH. 

Step B: Preparation of 3-Quinolinemethanol, 2-(1-methyl-

ethyl ) -4-phenyl-

1 
>. 

O 
LAH 

OEt OH V I ! >. N N 

To the solution of 10.21 g (.03196 mole) guinoline 

is added 2.43 g (.0 63 242 

After 3 hr. stirring at R.T., the 

ester in 100 ml anhydrous ether 

mole) LiAlH4 portionwise, 

reaction mixture is quenched by pouring it into cold water 

and is then extracted with ether. The dry ether layer is 

evaporated in vacuo leaving 8.5 g (96%) of alcohol as yellow 

solids. 

CDCI3): 

6.3-7.5,m,9H. 

NMR(90 MH 6l.0,d,6H? 2.0 , m, 1 H 4. 0 , s, 2 H; Z ' 

4.1,S,1H? 
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Step Cs Preparation of 3-Quinolinecarboxaldehyde, 

2-(1-methylethyl)-4-phenyI-

x-

MnOj CHO *> OH 

N N 

A mixture of 8.0 g alcohol from Step B and 16 g of 

activated manganese dioxide in 150 ml toluene is refluxed 

for 4 hrs. and is filtered through a pad of silica gel. 

evaporation of solvent yields 5.91 g (75%) aldehyde as 

yellow solids. 

The crude product is purified by flash chromatography 

(elution with 20% ether/pet. ether) M.P.: 82'>-85'>C. Anal. 

Calcd. for C^H^NO: C, 82.88; H, 6.22; N, 5.09; Found: 

C, 82.48; H, 6.43; N, 4.72. NMR<200 MHZ,CDCI3): 61.35,d,6H? 

4.1,m,1H; 7.3-7.7,m,8H; 8.1,d,lH; 10.0rsr1H. 

The 

Step D: Preparation of 2-Propenoic acid, 3-[2-(1-methyl-

ethyl )-4-phenylquinolin-3-yl] methyl ester, (E)-

O 

x. o o 
PhaP^Y CHO O 

I Toluene 
N N 

38 

Case No. 600-7.101-US 

Sawai Ex 1005 
Page 1286 of 4322



A solution of 5.91 g (0.02149 mole) aldehyde and 8.6 g 

(0.02578 mole) methyl(triphenyl phosphoranylidene)acetate in 

100 ml toluene is refluxed for 1.5 hrs. and is stirred at 

R.T. overnight. The reaction mixture is diluted with 50% 

ether/pet. ether and filtered through pad of silica gel. 

The solvent is removed under reduced pressure. The 

resulting crystalline residue is triturated with MeOH to 

give 5.5 g (77.6%) off-white solids. 

M.P.: 128o-130oC. Anal. Calcd. for €32^21N025 C' 79.73; 

H, 6.38; N, 4.37; Found: Cf 78.74,Hf 6.55; M,4.03. NMR<90 

MHZ,CDCI3): Sl.4,d,6H; 3.5,mflH; 3.7,s,3H; 5.5-5.75,df2H; 

7.1-7.7,m,8H; 8.1,dflH. 

Step E: Preparation of 2-Propenol, 3-[2-(1-methylethyl)-4-

phenylquinolin-3-yl]-(E)-

OH O 

sZ O 
1.5 M DIBAL-H 

> 
v* 

> >. 
N N 

To a cold solution (-780C) of 6.25 g (0.01888 mole) 

atp-unsaturated ester in 75 ml CH2CI2 is slowly added 25.2 

ml (0 .037764 mole) 1 . 5M diisobutylaluminum hydride in 

toluene. After the addition is complete, the reaction 

mixture is stirred at -7 80C for an additional 3 hrs*, at 

which time it is quenched by the addition of 12 ml of 2N 

NaOH and diluted with ethyl acetate. The mixture is 

filtered through a pad of silica gel and is washed 

exhaustively with ethyl acetate. The combined dry organic 

layers are concentrated in vacuo, yielding 5.42 g crude 
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alcohol as off-white solids. The solids are dissolved in 

ether and insolubles (aluminum oxides) are filtered. The 

solvents are evaporated under reduced pressure to give 4.2 g 

(73.4%) pure alcohol as yellow solids. 

M.P.: 1 19 C-1210C. Anal. Calcd. for 03^2^0: C, 83.13; 

H, 6.98; N, 4.62, Found: C, 82.05; Hr 6.86; N, 3.9. NMR(9C 

MHz,CDCl3); 61.4,d,6H; 3.5,in,lH; 4.0,t,2H; 5.3-5.7, pair of 

t,1H; 6.4-6.6, pair of t,lH; 7.1-7.7,m,8H; 

Step F: Preparation of 2-Propenal, 3-[2-(1-methylethyl)-4-

phenylquinolin-3-yl]-(E)-

OH 

CHO 
Mn02 

> 

I 
>» 

N *s 

N 

A mixture of 4.0 g (0.0132013 mole) a,p-unsaturated 

quinoline alcohol and 8.0 g of activated manganese dioxide 

in 50 ml toluene is heated to reflux for 1 hr. and filtered 

Evaporation of the solvent through, a pad of silica gel. 

yields 3.5 g (88%) of yellow crystalline solids. 

M.P.: 98"-101"C. Calcd. exact mass: 302. 1 5448; Obsd. 

exact.mass: 302. 15404. 

5.9,d#1H; 6.11d,1H; 

NMR(90 MHZ): a 1 . 4,d r 6 H; 3.5,mr1H; 

7.1-77/m,8H; 8.1,d,1H; 9.5,d,1H. 
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Step G: Preparation of 6-Heptenoic acid, 5-hydroxy-7-

[2-(1-methylethyl)-4-phenylquinolin-3-yl]-3-oxo-

ethyl ester, (E)-

J 
O 

o 

o 
CHO 

OH 
ethyl acetoacecate 

NaH.BuLi 

N N 

To a solution of 5 ml (0.04 mole) ethyl acetoacetate in 

50 ml dry THF is added at -50 to -10oC, 1.9 g 50% NaH in 

mineral oil. After stirring for 15 min. at this 

temperature, 27 ml, 1.6M BuLi/hex. is added at -10* to 

-130C. Continued stirring at -10*0 for 20 min. gives 92 ml 

(0.04 mole) of dianion of ethyl acetoacetate as a yellow 

homogeneous solution. 

To a solution of 3.5 g (0.0116 mole) of 

a,p-unsaturated quinoline aldehyde in 40 ml dry THF is added 

at -5° to -10oC 38 ml (0.0165 mole, 1.2 equiv.) of the above 

dianion solution, freshly prepared. After 1/2 hr. stirring 

at this temperature, the reaction mixture is quenched with 

saturated NH4CI, extracted with ethyl acetate and washed 
with water and brine. The ethyl acetate layer is dried over 

anhydrous MgS04 and concentrated _in vacuo. The crude 

product is chromatographed on silica gel. Elution with 25% 

ether/pet, ether gives 3.4 g. (67.8%) a ,p-unsaturated 

hydroxy keto ester as yellow solids. 

M.P.; 840-87<,C. Anal. Calcd. for C27H29NO4: C, 75.15; 

H, 677; N, 3.25. Found: C, 74.99; H, 7.04; N, 2.98. 

NMR (2 00 MHZ f CDCI3): ct 1.3ftf3H; 1.35, pair of df6H; 2.3/m,2H; 
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2.5,(3f1H; 3.35,"s,lH? 3.5,in,1H; 4.2,gf2H; 4.5r broad sflH? 

5. 25 ,q, 1H; 6.55fd,1H; 7.1-7.7 ,mf 813; 

Step H: Preparation of 6-Heptenoic acid, 3,5-dihydroxy-

7-[2-(1-methylethyl)-4-phenylquinolin-3-yl]-

ethyl ester, 

j j 
0' o 

o o 
OH 0 

1) BEt3 

2) NaBH4 

3) CH.OH 

X. OH OH 

V' v- 3 
•v 

N N 

A solution of 1.0 g (0,0023201 mole) hydroxy keto ester 

and 3.5 ml (0.0034801 mole) 1M Et3B/THF in 2.5 ml/10 ml 

MeOH/THF is stirred at R.T. for 1 hr. Then, 0.1315 g 

(0.0034801 mole) NaBH4 is added at -78®C portionwise. After 

stirring for 4 hrs. at -78*0, 5 ml acetic acid is added, 

followed by the addition of ethyl acetate at R.T. The ethyl 

acetate extracts are combined, washed with saturated sodium 

bicarbonate, water, and brine and are dried over anhydrous 

MgS04. Removal of solvent iri vacuo yields a crude product 

which is redissolved in methanol and concentrated. Iftis 

procedure is repeated until a boron complex disappears from 

a thin layer chromatograph (using 50% ether/petroleum ether) 

and only main product appears. The crude product (1.0914 

g), an orange oil, is chromatographed on silica gel. 

Elution with 80% ether/pet. ether gives 0.91 g (90.5%) 

yellow solids. 

M.P.: 104o-106*C. NMR (200 MHz,CDCl3): 6l.3,t,3H; 

1.35,d,6H? 2.35,m/lH; 2.9,d,lH; 3.6,d,1H; 3.5,m,lH; 

4 .0 ,m, 1H; 4.2,q,2H? 4.35,m,jH; 5.35,q,lH,' 6.6,d,1H; 

7 .1-7.7fmf8H; 8.1,d,lH. 
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Example 2 

Step A: Preparation of Acetamide, N-[ 2-( 3 , 5-ciimethyl-

benzoyl)phenyl]-

o 
o 

o o o \ o 
o o N 

CH 
3 H N CH 

3 

MgBr 

4H-3,1~benzoxazine-4-one, 2-methyl- is prepared 

according to Morrison and Mullholland, 1958, J, Chem. Soc. 

p. 2702^ and 10 g (0.0621 mol) in THF (50 ml) is added 

dropwise to a solution of 3r5-dimethylphenyl-magnesium 

bromide (which is prepared from 17.2 g ( 0.0931 mole) 

5-bromo-m-xylene, 2.33 g(0.0931 mole) magnesium, a trace of 

iodine, and 1,2-dibromoethan in 40 ml diethyl ether), 

resultant mixture is stirred at room temperature under 

nitrogen, then quenched with a saturated ammonium chloride 

solution, and is extracted with ethyl acetate, 

are dried (Na2S04) and'*evaporated at a reduced pressure. 

The resulting oil (10 g) is chromatographed on a silica gel 

column to obtain the product as an oil (6 g). 

The 

The extracts 
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•mf* 

Step B: Preparation of Methanone, (2-aminophenyl)(3,5-

dimethylphenyl)-hydrochloride 

O 
EtOH O 
HC1 0 

0 O 
0 N o CH3 H 

H2-HCI 

A mixture of the keto amide of Step A (3.8 g., 0.01428 

mol) and 12 N hydrochloric acid (1.19 ml, 0.01428 mol) in 20 

ml absolute ethanol is stirred and is heated at reflux for 3 

hrs. 

ether. 

washed with diethyl ether and 

g of a pale yellow solid, m.p. 

The mixture is then cooled and diluted with diethyl 

The resulting solid is collected by filtration, 

vacuum dried to yield 2..85 

1 93-1 95 0C. 

Step C: Preparation of 3-Quinolinecarboxylic acid, 

4-< 3,5-dimethylphenyl) -2-inethyl- methyl ester 

o o 

o 1) 
0CH3 

2) diisopropylamine 

O o 
NH«•HC1 2 

o 
C02CH3 

O O 
(4 

CH 
3 
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A mixture of the ketone hydrochloride of Step B (0.8 g, 

0.003059 mol), and 0.33 ml.f £0.00306 mol) methyl 

acetoacetate is stirred in 20 ml ethanol at reflux for 3 

hrs. The mixture is slowly cooled to 10oC and diluted with 

The precipitating white solid is collected diethyl ether. 

by filtration and dried to obtain 930 m'g of the quinoline 

hydrochloride, m.p. 209-211*0. 

A mixture of 620 mg of the above hydrochloride salt and 

2 ml diisopropylamine in 10 ml dry diethylether is stirred 

at room temperature for 1 hr. 

diethyl ether, and the diisopropylamine hydrochloride is 

The remaining filtrate is evaporated 

at reduced pressure, and a colorless oil results, 

product, a colorless solid, is crystallized from petroleum 

Yield is 600 mg., m.p. 88-90oC. 

The mixture is diluted with 

removed by filtration. 

The 

ether. 

Step D: Preparation of 3-Quinolineinethanol, 

4-(3,5-dimethylphenyl)-2-methyl-

'V 

o 
C02CH3 LAH 

o jS * % 

N • 
CH 
3 

o 

OH O o 
N 

CH3 
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148 rag of lithium aluminum hydride is added to a 

solution of 486 mg (0,00189 mol) of the ester of Step C in 9 

ml dry diethyl ether at 0oC, and stirred at 0oC for 3.5 

hrs. The reaction mixture is poured into cold water and 

extracted with ethyl acetate. The extracts are dried 

(Na2S04) and are filtered. The filtrate is concentrated at 

a reduced pressure to give solids. This product is 

recrystallized in petroleum ether to yield 213 mg of a 

colorless solid, m.p. 194-1950C. 

Step E: Preparation of Quinoline, 3-chloromethyl-4-(3,5-

dimethylphenyl)-2-methyl-

\ o o 

OH CI SOCl2 

"N 
o O U 

-s 
*^N CH CH 3 3 

0.1 ml (0.00137 mol) thionyl chloride is added to a 

solution of 190 mg (0.0006859 mol) of the quinoline alcohol 

of Step D in 5 ml C H 2 C I 2  at room temperature. This solution 

is stirred at room temperature for 4 hours, after which the 

solvent is removed at reduced pressure. The resulting oil 

is purified by Prep TLC (ether-petroleum 1:1) to yield 160 

mg of a white solid. 
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Step F: Preparation of Phosphonic acid [ [4-(3,5-diinethyl-

phenyl)-2-methylquinolin-3-yXJmethyl]-diethyl ester 

o o 
o 

CI o o P(OEt)3 P(OEt) 2  o I o N 
OH3 N 

CH3 

150 mg 

mixed with 0.8 ml triethyl phosphite 

then is stirred at reflux under nitrogen for 20 hours, 

result is evaporated under reduced pressure to give an oily 

(0.000508 mol) of the chloride of Step E is 

in 2 ml toluene, and 

The 

product which solidifies upon standing to yield 160 mg of 

105-l07ffC. product, m.p. 
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Step G: Preparation of 6-Heptenoic acid, 3f5-bis[[(1,1-

dimethylethyl)d iphenylsilyl]oxy]-7-[4-(3,5-

dimethylphenyl)-2-methylquinolin-3-yl]- ethylester 

[(R*fS*)-(E)]-(+,-)-

O 
0 

1) LDA 
" P(OBt)2 O I o ost 2) 

N CH 
3 

RO OR O 

(R = SiPh2) 

o 
RO OR 0 

AAA 
OBt o O 

C H  
3 

A solution of 0.27 ml (1.7M) lithium diisopropylamide 

monotetrahydrofuran/cyclohexane is added to 150 mcj (0 .000378 

mol) of the diethyl phosphonate of Step F in 3 ml THF, at 

-550C. The mixture is stirred at -55° to -60oC for 10 min., 

then a solution of the above aldehyde (293 mgf 0.0004534 

mol) in 2 ml THF is added dropwise at -55QC. 

mixture is stirred at -550C for 20 min. 

The reaction 

Next, 0.5 ml acetic 

acid and 10% HCl are added, and the mixture is extracted 

with ethyl acetate, 

water, saturated sodium bicarbonate, water, and .brine, then 

The extracts are combined, washed with 

dried (^2804), filtered, apd evaporated at a reduced 

pressure to give the crude product as a yellow oil. 

Prep'arative TLC (ether: petroleum 1:1) yields 100 mg of a 

pale yellow oil. 

48 

Case No. 600-7101-US 

-  - 1  

Sawai Ex 1005 
Page 1296 of 4322



Step H: Preparation of 6-Heptenoic acid, 7-[ 4-(3,S-dimethyl-

phenyl)-2-methylquinolin-3-yl]-3,5-dihydroxy- ethyl 

ester [(R*fS*)-(E)]-, (+,-)- and 

2H-Pyran~2-one, 6-[2-[4-(3 f5-dimethylphenyl)-2-

methylquinolin-3-yl]-ethenyl]tetrahydro-

[trans-(£)]-,(+,-)-

\ 

O 
RO OR 0 

's. 
•s. 

n-Bu^NF OEt O o 
THF CH 

3 
HOAc 

(R = SiPh2) 

+ 
OH c x. o HO O HO 

II 
\  O S  0  OEt O o 

CH N 
CH3 3 

(ID (I) and 

To a solution of the silyl ether of Step G (90 mg, 

0 .0001 01 2 mol) and glacial acetic acid (0.03 ml, Q.'QQOS mol) 

in 2 ml THF at room temperature is added a solution of 1M, 

0.61 ml, 0.000607 mol of tetra-n-butyl ammonium fluoride/ 

tetrahydrofu ran. 

for 40 hr. 

The reaction mixture is stirred at SO-eO'C 
The mixture is then evaporated at a reduced 

pressure to give the crude product as a brown oil. 

purified by preparative chromatography (ether: ethyl acetate 

1:1) to obtain product I as an oil (10 mg) and product II as 

This is 

an oil (10 mg). 
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/ ' 

The Formula I compound is in an erythro:threo ratio of 

approximately 95:5. Nmr analysis yields the following: 

1.3 (t, 3H); 2.4 (m, 5H); 4.1 (m, 1H); 4.2 (q, 2H); 

4.4 (m, 1H); 5.5 (qp 1H); 6.5 (d, 1H); 6.7-8 (m, 7H) . 

The Formula II compound is in a cis:trans ratio of 

approximately 5:95. Nmr analysis yields the following: 

2.3 (s, 1H); 2.5-2.9 (m, 4H); 4.1 (m, 1H); 5.1 (m, 1H);-

5.5 (q, 1H); 6.6 (d, 1H); 6.8-8.0 (m, 7H). 
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\ 1 

Example•3 

Following procedures analogous to those described in 

Examples 1 and 4 the following compounds are made: 

Example 3A Example 3B 

ss Q 

s* 

0 - 0  

o" 

«a+ 

Example 3C Example 3D 

O/V— 0 

NS 

I 
X. «»• 

Example 3E 

ou 

//£> ̂  
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NMR analysis of the above compounds gives the following 

results: 

Ex NMR spectra 

0.9 "(t, 3H); 1.6 (d, 6H)-; 2.1 (in, 2H); 3.7 (m, 1H); 

3.7-4.0 (ra, 3H); 4.2 (mr 1H); 5.4 (q, 1H); 

6.6-7.7 (m, 8H); 8.4 (d, 1H) 

3 A 

1.4 (d, 6H); 2.2 (m, 2H); 3.6 (m, 1H); 3.8 (m, 1H); 

4.2 (m, 1H); 5.4 (g, 1H); 6.6 (d, 1H); 7.1-7.7 (m, 8H) ? 

8.1 (d, 1H) 

3B 

1.3 (t, 3H); 1.4 (dd, 6H); 2.4 (m, 2H); 3.1 (d, 1H)? 

3.5 (m, 1H); 3.6 (m, 1H); 4.1 (m, 1H); 4.2 (q, 2H); 

4.4 (m, 1H); 5.4 (a, 1H); 6.6 (d, 1H); 7.0-7.4 (mf 7H); 

7.6 (m, 1H); 8.1 (d, 1H) 

3C 

1.3 (d, 6H); 2.2 (m, 2H); 3.6 (m, 1H); 3.8 (m, 1H); 

4.25 (m, 1H); 5.5 (a, 1H); 6.6 (d, 1H); 

7.3-7.4 (m, 7H)? 7.6 (m, IH); 8.1 (d, 1H) 

3D 

1.3 (t, 3H); 2.4 (m, 5H); 4.1 fm, IH); 4.2 (q, 2H) ; 

4.4 (m-t IH); 5.5 (q, IH); 6.5 (d, IH); 6.7-8 (m, 7H) 

3E 

d ». doublet? dd = doublet of a doublet; 

m = multiplet? q • quartet, t = triplet 
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Example 4 

F 

o 
OH OH 0 
? 

IN NaOH 
OEt O / 

<5, abs. EtOH N CH(CH3)2 

F 

o 
HO HO 0 

? 
©Na© O o  

•> 
N CH(CH3)2 

To a solution of 100 mg (0.00022172 mole) of the diol 

ester of Example 1 in 3 ml absolute ethanol is added 0.2173 

ml (0.000217294 mole) IN NaOH dropwise at 0oC. The mixture 

is stirred for 3 hours at 0oC, then diluted with ether and 

is evaporated ^in vacuo, leaving a yellow oil. Upon the 

addition of ether, yellow solids are precipitated out, which 

are then filtered, washed with ether and dried (86.4 mg), 
m.p, > 2250C. 

NMR (CD3OD, 500 MH2): 1-39 (m, 1H); 1.35 (d, 6H).; 

1.5 (m, 1H); 2.13-2.3 (m,,1H); 3.65 (q, 1H) f 3.75 (m, 1H)? 

4.25 <m, 1H); 5.45 (dd, 1H); 6.59 (d, 1H); 7.21 (m, SH); 

7.36 (m, 1H); 7.62 (m, 1H); 8.05 (d, 1H). 
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/ 

What is claimed is: 

1. A compound of the formula 

S! I 
- • I 

?o 
R1 X-Z 

Ci*  ̂  i O O 
( 

•w" 
R2 R 

wherein each of R and R0 is, independently, C-j^galkyl, 

C3-7cycloalkyl or 

R3 
'R4 

7 

R5 

each of R-j / R j *  R 3 f  R 4  and R 5  is, independently, hydrogen, 

C-j^alkyl, Ci.4alkoxyr trifluoromethyl, fluoro, 

chloro, phenoxy, benzyloxy or hydroxy; — ^ w.': 
\V\ 

with the provisos that not more than one or R-j and R 2  is 

trif luoromethyl, not more than one of R-j and R2 is phenoxy, 

not more than one of R-j and R2 is benzyloxy, not more than 

one of R-| and R2 is hydroxy, not more than one of R3-R5 is 

trifluoromethyl, not more than one of R3-R5 is phenoxy, not 

more than one of R3*~R5 is benzyloxy, and not more than one 

of R3-R5 is hydroxy; 

X is ~ (C H 2  ) 2" o r- -CH-CH-; 

I n ̂  

1 6 '  
Z is -Q-CH2-C-CH2-G02R . (a) or 

OH 
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V /CH2 
/ \ 

I 
' I ̂  OH 

c '  — CH (b) 
R6 

?H2 O 
\ / c  

0 

wherein Q is -C- or -CH-; 

0 OH 

with the proviso that Q may be -C- only when X is -CH=CH 

0 

and/or Rg is•Ci_3alkyl? 

Rg is hydrogen or C-(_3alkyl? 

R7 is hydrogen, Rg-or M; 

R8 is a physiologically acceptable and hydrolyzable ester 

group; and 

is a pharmaceutically acceptable cation. M 

A compound according to claim 1, wherein Z is (a)-2. 

and Q is -C-

OH . 

A compound according to claim 2 which is a 3R,5S 3. 

isomer. 

A compound according to claim 2 wherein R and R0 

are independently CH3, isopropyl, phenyl, 3,5-dimethylphenyl 

or 4-fluorophenyl. 

4. 
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iilli w.fiOA i*»«. 

t 

5. A compound according to claim 1 which is (E)-6-

heptenoic acid, 3,5-dihydroxy-7-[2-(1-methylethyl)-4-

phenylquinolin-3-yl)-ethyl ester, or its sodium salt. 

6. A compound accordino to claim 1 which is 7-[4-

( 3 , 5-dimethylphenyl) -2-me thylot.unol.Ln-3-yl-3,5-dihydroxy-

ethyl ester, or its sodium salt. 

7. A compound according to claim.1 which is 

6-[2-[4-(3,5-dimethylphenyl)-2-methylquinolin-3-yl3 -

ethenyl]tetrahydro-2H-pyran-2-one/ or its sodium salt. 

8. A method of inhibiting cholesterol biosynthesis 

comprising administering to a mammal in need of such 

treatment a cholesterol-biosynthesis-inhibiting amount of a 

compound of claim 1. 

9. A method of treating atherosclerosis comprising 

administering to a mammal in need of such treatment an 

effective amount of a compound according to claim 1j said 

effective amount being an amount effective for the treatment 

of atherosclerosis. 

t; ̂  

5 'i 

A pharmaceutical composition comprising a 

cholesterol-biosynthesis inhibiting amount of a compound 

accordino to claim 1 and a pharmaceutically acceptable 

carrier. 

1 0 .  
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ABSTRACT 

Quinoline analogs of mevalonolactone of the following 

formula are useful as anti-cholesterol synthesis agents: 

*o 
Rls X-Z 

o o 
N"' 

R 

where R and R0 are each, independently Ci-galkyl, C3_7cyclo~ 
alkyl, or 

R3 

•R4 
'/ 

R5 

each of R^, R2* R4f and R5 is independently hydrogen, 

Ci_4alkyl/ Ci_4alkoxyf trifluoromethyl, fluoro/ chloro, 

phenoxy, benzyloxy or hydroxy; 

X is -(CH2)2 ~  or -CH-CH- ? 

^6 

z is -Q-CH2-C-CH2-CO2R7 

OH . 

or 
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,CH 
2 OH 

— GH G 
R 6 CH O 
2 

C 

O 

Q is -0- or -C-

OH 0 

alkyl; Rn is hydcogerw R R^ is hydrogen or C 6 1-3 7 8 

is a physiologically acceptable and hydrolyzable 

ester group; and M is a pharmaceutically acceptable 

cation. 

or M? R 8 
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A Cas^ No. 600-7101-US 

&. 
PATENT 

n? .̂1 prn'-X 
o 

r, '•?? 
• ••MI ' * 1 

• 

Xi: lOW ,C-rf THE UNITED STATES PATENT AND TPADEMARK OFFICE 
• ' s  ̂  

In re Application of 

V' 

SOMPOMG WATTANASIN 

: Art Unit: Unassigned Serial No. 

Examiner: Unassigned Filed: Herewith 

For: QUINOLINE ANALOGS OF 
MEVALONOLACTONE AND 
DERIVATIVES THEREOF 

i vumty mat (his cor/uspandoneo is lifting 
du|j.>siicd with the United Siatos Posl.'il Ssivicd M 
tint ctass mnii in an onvolopo eddraisbd to;Cvtnm}|^ 
wonor of Patents and Trodormirks, ̂/^sgi^lon, D. C 

.aoarin'e;'M0' .̂ ekser _ 
^BHI* of appHco.it-, usstgnoe. OC si 
/ Rfiiljslofud r<opr«4«n)blJvO 

REQUEST FOR INTERFERENCE WITH 
PATENT•UNDER•3 7•CFR 1 . 6 0 7  

M^chJ? l̂rf_89 
Date of Sipnoftiro Honorable Commissioner of Patents 

and Trademarks 
Washington, D.C. 2 0 2 3 1  

Dear Sir: 

Applicant hereby seeks to have an interference 

declared between the instant application and the following 

unexpired patent under the provisions of 3 7  CFR 1 . 6 0 7 :  

U.S. Patent 4,761 ,419 

Issued August 2, 1988 

Filed December 1, 1987 

Inventors: Picard, et al. 

Assignee: Warner-Lambert Company 
Morris Plains, New Jersey. 

A copy of this patent accompanies this Request. 

Three proposed counts for the interference are 

as follows: 

• -
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Fx,-?-
X 
' Z l  

i 'J 

-J 

feci9 A; 
, )̂y 

Proposed Count 1 

1. A compound of the formula 

Ri R o 

O' o x-z 
\.M>\ 

N R R2 

wherein each of R-j and R 2  is, independently, 

hydrogen, C-j^alkyl, Ci_4alkoxy, tr ifluoromethyl, fluoro-, 

chloro-, bromo-, phenoxy-, benzyloxy, hydroxy, cyclopropyl, 

cyano, nitro, amino, acetylamino, aminomethyl, phenyl, 

phenyl substituted with: fluorine, chlorine, bromine, 

hydroxy, trifluoromethyl, Ci_4alkyl or Ci_4alkoxy; 

phenylmethyl, phenylmethyl substituted with: fluorine, 

chlorine, bromine, hydroxy, trifluoromethyl or C^_4alkylj 

each of R and R0 is, independently, hydrogen 

Ci-galkyl, trifluoromethyl, Cj-ycycloalkyl, 

cyclohexylmethyl, phenylmethyl, phenylmethyl substituted 

with: fluorine, chlorine, bromine, hydroxy, trifluoromethyl, 

C-j^alkyl, or Ci_4alkoxy; 2-, 3-, or 4-pyridinyl, 2-, 4-, or 

5-pyrimidinyl, or 

R3 I  J  
R 4  

-// 

R 5  

2 
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wherein each of R3, R4 and R5 is, independently, hydrogen, 

Ci_4alkyl, C-]_4alkoxy, trifluoromethyl, fluoro-, 

chloro-, bromo-, phenoxy-, benzyloxy or hydroxy? 

X is -(CH2)2" or -CH=CH-? 

?6 

Z is -Q-CH2--C-CH2-CO2R7 (a) o r 

OH 

CH 
/ 2 OH \ / 

CH 
(b) 

R6 CH 2 O 

c 

0 

wherein Q is -C- or -C- ; 

0 OH 

Rg is hydrogen, or C«j_3alkyl? 

R7 is hydrogen, Rg or M; 

Rg is a physiologically acceptable and hydrolyzable ester 

group; and 

M. is a pharmaceutically acceptable cation. 

3 

• *'s if A 
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Proposed Count 2 

2, A pharmaceutical composition for inhibiting 

cholesterol biosynthesis comprising an effective amount of a 

compound of Count 1 in combination with a pharmaceutically 

acceptable carrier. 

Proposed Count 3 

3. A method of inhibiting cholesterol 

biosynthesis in a patient in need of such treatment 

comprising administering a cholesterol biosynthesis 

inhibiting amount of a compound of Count 1 in combination 

with a pharmaceutically acceptable carrier. 

Claims which correspond to the above proposed 

Counts are as follows: 

Proposed•Count • 1 Count 2 Count'3 

Picard, et al. 1-13 14 15 

Wattanasin 1 ID 8 

Respectfully submitted, 

he M. Giesser 
rney for SOMPONG WATTANASIN 

Registration No. 32,838 
(201) 503-8420 

jo 
At 

JMG:Imc 

SAND02 CORPORATION 
5 9 Route 10 
E. Hanover, N.J. 07936 

March 3, 1989 

Enclosures: U.S. Patent 4,761,419? 
Postcard; COM Stamp 

4 
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3S< 
Case No. 600-7101/CONT/INT.(1) 
Patent 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

WATTANASIN 

Interference Nos. 102,648, 102,975 

Examiner-in-Chief: M. Sofocleous FUJIKAWA et al. 

SUPPLEMENTAL DECLARATION OF SOMPONG WATTANASIN, PH.D. 
PURSUANT TO 37 CFR 1.'672 

I, Sompong Wattanasin, do hereby declare as follows: 

1. All of the below-indicated activities took place in the 

United States. 

BACKGROUND 

2. Since about 1981, Sandoz Research Institute (SRI) has 

been engaged in a concerted research effort to develop compounds 

having utility as HMG-CoA reductase inhibitors for treatment of 

hypercholesterolemia. 

3. Much of this research has focused on compounds which 

comprise heterocyclic analogs of mevalonolactone and the open 

chain derivatives thereof. 

For example, since 1981 SRI has prepared indenyl, 

indolyl, indolizinyl, imidazolyl, pyrazolopyridinyl, pyrrole, as 

well as quinolinyl, and other analogs of mevalonolactone and 

derivatives thereof. 

4. 

5. The Sandoz research effort culminated in 1992 in the 

completion of an NDA filing on fluvastatin, i.e. (E)-(+)-7-[3-

(4-fluorophenyl)-1-{l-methylethyl)-lH-indol-2- yl]-3,5-dihydroxy-

6-heptenoic acid, sodium salt, which compound is a member of a 

family of indole analogs of mevalonolactone and the open chain 

analogs thereof. 
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3Sf 
Wattanasin 
Suppl. Declaration 
page - 2 

6. My laboratory was only one of six laboratories devoted 

virtually exclusively to the synthesis of HMG-CoA reductase 

inhibitors. By way of illustration of the large number of HMG-CoA 

compounds being synthesized at Sandoz, I note that during the 

period of July 1985 to July 1987, my laboratory alone prepared £0 

This is evidence of Sandoz' high level of 

and intention since 1981, and including 

such compounds. 

interest in the project 

the period of July 1985 to July 1987, to pursue its basic research 

project in the HMG-CoA reductase area and the inventive concept 

behind it. 

SANDOZ QUINOLINE COMPOUNDS 

7. In late March of 1987, X submitted Patent Disclosure 

299/84 direct to quinoline analogs of HMG-CoA reductase inhibitors 

(Exhibit A-3 hereto) to the Sandoz Patent and Trademark 

Department. 

8. I understand that between April and November of 1987f 

this disclosure was presented for rating on four occasions at the 

regular Sandoz patent committee meetings. On each of these 

occasions, PD 299/84 was rated either "B" or "X", indicating that 

further information was needed in order to file a patent 

application thereon (Exhibits M-l - M-4 hereto). 

9. In the period between July and December 1987, additional 

compounds of the invention were synthesized under my direction, 

and they were tested for activity in vitro and in vivo as HMG-CoA 

reductase inhibitors. 
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352 
Wattanasin 
Suppl. Dec. 
page - 3 

(The synthesis and testing of these compounds are further 

described in my Declaration of November 13, 1992; the Declaration 

and Supplemental Declaration of Rajeshvari Patel dated November 13 

and 16, 1992; the Declaration of Dr. Terence Scallen dated 

November 13, 1992; and the Declarations of Robert G. Engstrom and 

Rodney Slaughter dated November 13, 1992.) 

I learned shortly after the January 1988 

Committee Meeting that my Patent Disclosure 299/84 was rated for 

10. Patent 

filing. 

1988, I sent certain 

information to Melvyn M. Kassenoff of the Patent Department 

relating to PD 299/84. 

On or about February 29 11. 2. L 

Exhibit 0 hereto comprises a true copy of the following 

material which I sent to the Patent Department: 

(1) a "post-it" stating "sent to M. Kassenoff. 2/29/88" which 

is in my handwriting' 

(2) 4 pages comprising handwritten reaction schemes and notes 

bearing my name and a date in my handwriting of February 29 

on the first page (see also Exhibit P-l); 

1988 L 

12. Additional material which I sent to the Patent 

Department comprises the following: 

Exhibit P-2: 7 pages of computer printouts of specific 

compounds containing my handwritten notations of the Notebook 

pages on which they were prepared and relevant physical 

properties; and 

Sawai Ex 1005 
Page 1313 of 4322



357 
Wattanasin 
Suppl. Decl. 
page - 4 

Exhibit P-3: 9 laboratory notebook pages numbered 130, 137f 

145, 153, 158, 166, 172, 175 and 176. 

13. On November 1, 1988, I printed out the Sandoz database 

containing the structures of the quinoline compounds of PD 299/84. 

and I subsequently consulted with Robert G. Enstrom about the IC 

values for these compounds, which I wrote on the printout. I 

sent this printout to the Patent Department. Since the cover page 

is dated January 4, 1989 in my handwriting, I would have mailed it 

on or about that date. 

50 
ED 50 

Exhibit Y-2 comprises a true copy of the printout bearing 

handwritten notations. 

my 

14. On or before November 8, 1988, I sent to Mrs. Joanne M. 

Giesser of the Patent Department a handwritten memorandum 

outlining a synthesis of the quinoline compounds of my invention 

according to the procedure identified as "Route I" in my patent 

disclosure. 

Exhibit U-2 comprises a true copy of this memorandum, 

front page bears my initials and the date of November 7, 1988 in 

my handwriting. 

The 

15. I received a memorandum dated December 14, 1988 from Mrs. 

Giesser enclosing a first draft of the patent application on PD 

299/84. 

Exhibit W comprises a true copy of the memorandum I received. 

- - Jyi 
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Wattanasin 
Suppl. Decl. 
page - 5 -

k 16. I made handwritten corrections on pages of the draft 

application and returned them to the Patent Department on or about 

December 22, 19 88. 

Exhibit X comprises a true copy of these pages bearing my 

corrections and my handwritten date of December 22, 1988. 

17. On or about January 4, 1989, I returned to Mrs. Giesser 

a handwritten memorandum and other material in connection with the 

patent application draft for case 600-7101. 

Exhibit Y hereto comprises a true copy of this material. 

i.e.: 

Y-l: 6 pages of handwritten notes on the first draft and a 

handwritten synthesis step; 

Y-2; the computer printout I received from Biology, which I 

dated January 4, 1989. 
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3i l  
Wattanasin 
Suppl. Decl. 
page - 6 -

The undersigned declares further that all statements made 

herein of my own knowledge are true and that all statements made 

on information and belief are believed to be true; and further 

that these statements were made with the knowledge that willful 

false statements and the like- so made are punishable by fine or 

imprisonment, or both, under Section 1001 of Title 18 of the 

United States Code and that such willful false statements may 

jeopardize the validity of this application or any patent issuing 

thereon. 

I hereby subscribe my name to the foregoing Declaration this 

day of February, 1993. 

Sompong Wattanasin, Ph.D. 
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' * • • - *** 

Sawai Ex 1005 
Page 1330 of 4322



•? Pate V V Proj. 

""i- Cont'd From- f A ̂ G~t'^ 3--

Title 

; -i-' 

R) V. 
. SWVc/s ..!.. 

4-^7°t 

; 1 I 
cy^os-i-) ? ̂  9^ i) v^L  ̂"V i 

\ 

YV^'CA'C1 
•yv>h-5^a 
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IN T?* UNITED ST&IBS BASEST AMD TRADEMARK OFFICE 
BEFORE THE BOARD OF PATENT APPEALS AHD INTERFERENCES 

WATTAHASIN 
INTERFERENCE 102,648 
EXAMINER—IN—CHIEF : 
MICHAEL SOFOCLEOUS 

V. 

FICARD BT A!* 

V. 

FUJIKAWA ET AL 

DECLARATION—PATEOTABLY DISTINCT 
SUBJECT HATTER 

HONORABLE COMMISSIONER OF PATENTS AND TRADEMARKS 
WASHINGTON, DC 20231 • 
BOX INTERFERENCE 

SIR: 

I, MASAKI XISAHARA, do hereby declare and state that: 

I am a citizen and resident of Japan, and a named co-

inventor in U.S. Patent Application 07/233,752, involved in the 

above-captioned patent Interference. 

1. 

To demonstrate the unpredicted improvement in inhibition 

of cholesterol biosynthesis obtained when making specific election 

2. 

- • • ; 

Sawai Ex 1005 
Page 1333 of 4322
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for the substituents of the subject matter of the Count of the 

above interference, the tests described below were conducted by me, 

or under my direct supervision. 

3. Tests were conducted to determine the impact of specific 

substituents on compounds of the following formula: 

K3 

o ^ z 

OTO 
p5 N 

R1 « H wherein 

R3 « p 

Rs = cyclopropyl (c-Pr) and Z is selected from the 

group consisting of 

•  • .  

Sawai Ex 1005 
Page 1334 of 4322



(carboxylic acid), 

(sodium salt), 

(calcium salt), 

-CH (OH) -CH2-CH (OH) -CH2-COOH 

-CH (OH)-CHa-CH (OH)-CH2-COONa 

-CH (OH) -CH2-CH (OH) -CH2COO JCa 

-CH(OH) -CH2-CH(OH)-CH?COOR, wherein R is C^3 alkyl and 

HO 

j>0 

(lactone) 

of the above formula, where R5 is cyclopropyl. In compounds 

unpredictably enhanced inhibition of cholesterol biosynthesis, as 

This tested both in vitro and in vivo (culture cell) is obtained, 

unexpected improvement is maintained even when contrasted with 

identical compounds save for the identity of R5, wherein R5 is 

This is true even if the identity of R5 is isopropyl or n-propyl. 

of larger size, such as a Ce substituent-

In the test described above, inhibition of cholesterol 4. 

• ."w 
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4 

biosynthesis was determined according to two tests, A and B/ as set 

forth in the specification of U.S. Patent Application 07/233,752, 

These tests are set involved in the above-captioned Interference, 

forth and identified as tests A and B on pages 28-30 of the 

The results of the tests are set forth in the 

In the tables presented, the 

ICjo values are given, thus indicating higher activity in compounds 

giving lower ICj© values. 

specification. 

Tables attached to this Declaration. 

The superior activity of compounds bearing a R5 

cyclopropyl substituent could not, on the basis of my personal 

knowledge and experience, be predicted on the basis of chemical 

structure alone. There is nothing in the art that would lead one 

of skill, having the approximate level of a graduate chemist with 

several years of experience in the field, to conclude, on the basis 

of structural comparison alone, that the cyclopropyl substituent at 

R5 would confer superior activity in the inhibition of cholesterol 

biosynthesis. 

5. 

I hereby declare that all statements made herein of my own 

knowledge are true, and all statements made on infojnnation and 

belief are believed true. Further, I am aware that willful false 
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statements and the like are punishable by fine, imprisonment or 

both/ 18 U.S.C. SlOOl, and that such willful false statements may 

jeopardize the validity of U.S. Patent Application 07/233,752, any 

patent issued thereon, as well the rights of the party Fujikawa et 

. al in the above-captioned Interference. 

iAasn U-June 1, 1992 DATE: A 
MASAKI KXTAHARA 

. 
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inhibition of cholesterol biosynthesis from (1) Test A: 

acetate in vitro 

This test was carried out as described on pages 28-29 

of the specification. The numerical values indicate IC50 

(nanomolar concentration i.e. mol a 10~9)* 

(a) Sodium salt 

carbon number 2 3 6 1 

R5 normal 15.0 71*0 93.1(n-Pr) >1000 

structure 
10.0<i-Sr) X iso X 

cyclic 4.2(c-?r) 51 x 

(b) Calcium salt 

carbon number 
1 2 6 

R5 normal 

structure % 
iso 23*0(i-Pr) X X 

cyclic x 4»4{c-Pr) X 
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(c) Ethyl ester 

carbon number 
2 3 6 1 

R5 >1000 normal 24 * 3 39*9(n-Pr) 

structure 
X iso X 

cyclic 96 X 2.8(C—Pr) X 

(d) Lactone 

carbon number 
3 6 2 1 

R5 normal 

structure 
iso 25.9(i-Pr) X X 

cyclic 6.8(c-Pr) X X 

X: Not existing 

Not tested 

• • Jwi 
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Inhibition of cholefiterol biosynthesis In ( 2 )  Test B: 

culture cells 

This test was carried-.out as described on pages 29 to 

30 of the specification. The numerical values indicate IC50 

(nanoznolar concentration i.e. mol x ICT9). 

(a) Sodium salt 

carbon number 3 6 1 

a5 normal >10000 1050 733{n-Fr) 

structure 
iso lQ0(i*-Pr) X 

I7.5(c-Pr) cyclic X 394 X 

(b) Caloimn salt 

carbon number 
1 2 6 3 

R5 normal 

structure • 
iso 105(i-Pr) X X 

cyclic X 35.0(eHPr) X 

- • . 
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(c) Ethyl ester 

carbon number 2 3 1 

R5 normal 797 Sfll(n-Pr) >10000 

structure 
iso' X X 

cyclic 39.1{e-Pr) X X 4000 

X: Not existing 

-s Not tested 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

KATTANASIN 
INTERFERENCE 102,648 
EXAMINER-XN-CHIEF s 
MICHAEL SOFOCIaEOUS 

V. 

PICARD ET AIi 

V* 

FUJIKAWA ET AL 

D 

SUPPLEMENTAL DECLARATION - PATENTABLY 
DISTINCT SUBJECT MATTER 

HONORABLE COMMISSIONER OF PATENTS AND TRADEMARKS 
WASHINGTON, DC 20231 
BOX INTERFERENCE 

SIRi 

I, HA5AKI KITAHARA, do hereby declare and state thati 

1. I am a citizen and resident of Japan/ and a named co-

inventor in U.S. Patent Application Serial No- 07/233/752/ involved 

in the above-captioned Interference. Further, I am the same Maaaki 

Kitahara executing the Declaration dated June 1, 1992 entitled 

"Patentably Distinct Subject Matter" in the above-captiohed 
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Interference. 

2. In my prior Declaration dated June X, 1992, data for the 

lactone spacieB identified, as determined by test B/ the inhibition 

of cholesterol biosynthefiis in culture cells, carried out pursuant 

to the deBcription on pages 29-30 of U.S, Patent Application Serial 

No, 07/233,752, was not included, as it was not available at that 

time. X have now obtained such data, and the same is reproduced in 

the table attached to this Declaration. 

3. As can be readily confirmed by the comparison between the 

IC50 value reported for the isopropyl and cyclopropyl isomers, -that 

subject matter wherein Z is of the lactone structure and R8 is 

cyclopropyl exhibits unobvious superiority, when compared with the 

closely related isopropyl isomer of the same compound. Thus, all 

compounds within the scope of -the formula set forth in paragraph 3 

of my Declaration dated June 1,. 1992, uniformly demonstrate 

unobvious superiority when Rs is cyclopropyl, as opposed to closely 

related Isomeric structures. 

The observations in paragraphs 4 and 5 of my Declaration of 

June 1, 1992 remain accurate. 

* • ^*1 
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I hereby declare that all statementa made herein of my own 

knowledge are true, and all statements made on information and 

Further, I am aware that willful false 

statements and the like are punishable by fine, imprisonment or 

both, 18 U.S.C, §1001, and that such willful false statements may 

jeopardize the validity of U.S. Patent Application 07/233,752/ any 

patents issued thereon, as well as the rights of the party Fujikawa 

et al in the above-captioned Interference, 

belief are believed true. 

'AHARA 
DATE! July 6, 1992 

MASAKI KIT, 

S2 
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Inhibition of cholgfltarol biosynthesis in 

SMltflCa -caUB. 

This test was carried-out «s doecfib^d on pages 29 ta 

30 of the speolfioation. The numerial values indicate IC50 

(nanomolar concentration i.e. mol x lO"9)* 

Teat Bi 

6 2 carbon number 1 

normal 
R5 

structure 123.8(i-pr) iao x x 

47.5<C-pr) cyclic x X 

' • • 
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.BOARO CF PATEN IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES APPcALS-S 

WATTANASIN MR 19 1993 

Interference Nos. 102,648, 102,975 v. 

Examiner in Chiefs M. Sofocleous FUJIKAWA et al. 

V P .  IJ 1993 
JOINT REQUEST FOR EXTENSION OF TIME; 

The parties Wattanasin and Fujikawa et al. jointly request an 

extension of time in which to complete taking of cross-examination 

and rebuttal testimony, as well as an extension of the dates 

currently set for taking subsequent action, in the above 

interferences. 

The EIC and the parties have been in agreement 

cross-examination of the junior party Wattanasin's affiants may 

run concurrently with the rebuttal testimony of senior party 

Fujikawa. The current closing date for cross-examination and 

rebuttal is set for March 25/ 1993. 

that 

Fujikawa et al. have noticed five Wattanasin affiants for 

cross-examination, and will also take rebuttal testimony from one 

non-party witness. 
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Joint Motion for Extension of Time 
March 17, 1993 
page - 2 

However, owing to other commitments of the involved parties 

and their witnesses, it has been necessary to tentatively defer 

the dates for taking rebuttal testimony and certain of the cross-

examination until after the current closing date of March 25, 

1993*, pending decision on this motion. 

Therefore, the parties now jointly move to reset the relevant 

dates in the above interferences as follows: 

Cross-examination of Wattanasin affiants to close April 15, 1993. 

to close April 15, 1993. 

May .15, 1993 . 

June 15, 1993. 

July 15, 1993. 

August 4, 1993. 

Rebuttal testimony for Fujikawa .... 

Filing and serving of the record due 

Wattanasin opening brief due 

Fujikawa brief due 

Wattanasin reply brief due L 

Undersigned counsel for the party Wattanasin has discussed 

this matter with EIC Sofocleous, who indicated he would be 

agreeable to resetting the dates as set forth above. The courtesy 

of the EIC is gratefully acknowledged.. 

1. 
The rebuttal testimony of Dr. Holmlund is tentatively 

set for March 26, 1993, and cross-examination of Joanne M. 
Giessdr, Esq. is tentatively scheduled for April 9, 1993. The 
cross-examination of the other Wattanasin affiants will be held on 
March 22, 1993. 
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Joint Motion for' Extension of Time 
March 17, 1993 
page - 3 

Accordingly/ grant of this joint motion is respectfully 

requested. 

Respectfully submitted, 

Md'lUL, /UurrTfrt! 
Diane E. Furman 

1717, 
Attorney for the party Wattanasih 
Registration No. 31,104 
201-503-7332 

StevBn B. Kelber 
Attorney for the party Fujikawa et al. 
Registration No. 30,073 
(703) 413-3000 
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BOA® 0?-'PATENT 
APPEALS & 

INTERFERENCES 
HAS 19 1993 

CERTIFICATE OF SERVICE 

I hereby certify that true copies of: 

1. JOINT REQUEST FOR EXTENSION OF TIKE (EXECUTED) 

2. CERTIFICATE OF SERVICE 

were served upon Counsel for Wattanasin as follows: 

Diane E. Furman 
SANDOZ CORP. 
59 Route 10 
E. Hanover, New Jersey 07936 

via first-class mail, postage prepaid, this 19TH day of MARCH 
1993. ' 

STEVEN B. KELBER 

Attorney Docket No.: 49-111-0 
49-125-0 DIV 
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IN THE UNI.'. / STATfiS PATENT AND TRADEJ K OFFICE ' vUU/̂ J^'* S'-JEH 
BEFORE THE BOARD OF PATENT APPEALS AND li,i'ERFERENCES APPEALS t? 

' WTERF-CRENCES 
l??3 

WATTANASIN 

Interference Nos. 102,648, 102,97 v.  

,,'V ' v . .• - ' 

ivi1'''* Examiner in Chief: M, Sofocleous FUJIKAWA et al. 
:y(> 

to fl7 i' 

iV 

1993 
• * * * * i,i/% '"•A 

ilneMivChief 

JOINT REQUEST FOR EXTENSION OF TIME^ 

The parties Wattanasin and Fujikawa et al. jointly request an 

extension of time in which to complete taking of cross-examination 

and rebuttal testimony, as well as an extension of the dates 

currently set for taking subsequent action, in the above 

interferences. 

that The EIC and the parties have been in agreement 

cross-examination of the junior party Wattanasin's affiants may 

run concurrently with the rebuttal testimony of senior party 

Fujikawa. The current closing date for cross-examination and 

rebuttal is set for March 25, 1993. 

Fujikawa et al. have noticed five Wattanasin affiants for 

cross-examination, and will also take rebuttal testimony from one 

non-party witness. 
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BOAR© OF PATEUT 
APPEALS & 

INTERFERENCES 
49—111—0 

MR 29 1993 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

BEFORE TBE BOARD OF PATENT APPEALS AND INTERFERENCES 

WATTANASIN 

INTERFERENCE NO.: 102,648 
V. 

EXAMINER-IN-CHIEF: 

MICHAEL SOFOCLEOUS FUJIKAWA ET AL 

NOTICE OF DEPOSITION 

HONORABLE COMMISSIONER OF PATENTS AND TRADEMARKS 
20233. WASHINGTON, D.C. 

BOX INTERFERENCE 

SIR: 

Pursuant to 37 CFR §1.673(3), Fujikawa et al hereby serve 

notice of the deposition of Dr. Chester E. Holmlund to be held at 

the offices of undersigned Counsel on March 26, 1993, beginning at 

It is not 10:00 AM, and continuing from time-to-time until done, 

expected that the deposition will last beyond a single day, but in 

the event it does, the deposition will be resumed March 29, 1993. 

The current address for Dr. Holmlund is 9200 Edwards Way, 

The witness is expected to Apartment 516, Adelphi, Maryland, 

testify in a rebuttal capacity, as to the adequacy of the proof of 

the Junior Party with respect to conception and actual reduction to 

practice. 
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A true copy of the foregoing Notice of Deposition was served, 

by hand, on Diane Furman, Sandoz Corporation, on March 26, 1993, 

agreement as to the date of deposition and manner of notice having 

been earlier agreed upon. 

Respectfully submitted. 

OBLON, SPIVAK, MCCLELLAND, 
MAIER & NEUSTADT, P.C. 

Steven B. Kelber 
Registration No.: 30,073 
Attorney for Fujikawa et al 
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f Ify 
1 * J 

jUB#ORE THE BOARD OF PATENT APPEALS AMD INTERFERENCES 

• 
Case No. 6uO-7101/CONT 
Patent ,V 

W 

6 N THE UNITED STATES PATENT AND TRADEMARK OFFI lis 

WATTANASIN 

Interference Nos. 102,975 

Examiner-in-Chief: M. Sofocleous 

v .  

FUJIKAWA et al. 

WATTANASIN NOTICE OF 
CROSS-EXAMINATION DEPOSITION 

37 CFR §1.673(e) 

By agreement of the parties, the cross-examination deposition 

of Joanne M. Giesser will be held on Friday, April 9, 1993 at the 

following address: 

Amoco Corp. 
55 Shuman Boulevard 
"N Building" 
Suite 600 
Naperville, IL 

f 

60563 «_y 

i  .  The starting time will be 12 noon. v'> 
*•-. > 
i . - ;  

• c-'; • 

i '  i  -
CO 

Respectfully submitted, 

y 
M/f&u 

Diane E. Furman 
Attorney for the Party Wattanasin 
Registration No. 31,104 
201-503-7332 

SANDOZ CORPORATION 
59 Route 10 
East Hanover, NJ 07936 

DEF:rinf 
April 5, 1993 
Encs: 

I hereby certify that this'corresponddnce is bemo 
deposited with the United States Posts! Service es 
first class mail in an envelope addressed to Conimi 
sioner of Patents and Trademarks. Washington, O.C 

OVERVIEW MAP AND LOCAL MAPS A,B AND C 

(Date of Deposit) 
Diane E. Furman 

A Name of ajifpllcant,' assianee. or 
V Registefed Representative 

ulr 
^VD«rofSignaiure'" 
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CERTIFICATE OF SERVICE 

It is hereby certified that a true copy of the paper 

entitled: 

WATTANASIN NOTICE OF 
CROSS-EXAMINATION DEPOSITION 

37 CFR §1.673(e) 

was served on counsel for the party Fujikawa et al., this 5th day 

of April 1993, by facsimile and by postage pre-paid first-class 

mail addressed to the following: • 

Obion, Spivak, McClelland, Maier & Neustadt, P.C. 
Attn: Steven B. Kelber, Esq. . 
1755 South Jefferson Davis Highway 
Crystal Square 5, Ste. 400 
Arlington, VA 22202 
FAX: (703) 413-2220 . 

y/M 
iane E. Furman 
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--

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

TB216846399US 
Express Mail Mailing Label Number 

" Interference Nos. Date of Mailing April 22, 1993 
102,975 

I hereby certify that on the date indicated above, these 
materials, comprising the original transcripts of the deposi
tions of Sompong Wattanasin, Melvyn M. Kassenoff, Esq., and 
Linda Rothwell in Interference Nos. 102,648 and 102,975, are 
being deposited with the United States Postal Service as Post 
Office to Addressee Express Mail addressed to the Commission
er of Patents and Trademarks, Box Interference, Washington, 
D.C, 20231. 

FYI 

as* |993 '/Y\S{/rl/mA 
Signature of Person Mailing the Materials 

RECEIVED IN 
BOX INTERFERENCE 

Antoinette Lombard! 

Printed or Typed Name of Person Mailing the Materials 
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«A 
ORIGINAL 

1 L 
• •f .' 

2 IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
INTERFERENCE NOS. 102,648 

102,975 3 

4 WATTANASIN, 

5 DEPOSITION OF: 
LINDA ROTHWELL 

vs . 

6 FUJIKAWA, et al. 

7 

8 
Monday, March 22, 1993 
Florham Park, New Jersey 9 

FY! CO 
10 s 

tE 
o 
u. 

"ft f t #5? 1993 11-8 
to 

RECEIVED IN 
BOXINTERFERE^E 

12 a A P P E A R A N C E S ;  UJ 

§ 

13 RICHARD E. VILA, ESQ., 
-and-

DIANE E. FURMAN, ESQ., 
Sandoz Corporation 
59 Route 10 
East Hanover, New Jersey 07936 
(201) 503-73 3 2 

Attorneys for Wattanasin. 

14 

o 
15 S 

in 
to 
C¥ 16 6 
o 
«? 
*• 

17 0. 
3 
O MESSRS. OBLON, SPIVAK, MC CLELLAND, 

MAIER & NEUSTADT 
Fourth Floor 
1755 Jefferson Davis Highway 
Arlington, Virginia 22202 
(703) 413-3000 

BY: STEVEN B. KELBER, ESQ., 
Attorneys for Fujikawa. 

a 
<3 

18 & 
a o 
o 19 UJ 

f 
20 

21 

22 

23 
Reporting Services Arranged Through 

ROBERTS, WALSH & COMPANY 
425 Eagle Rock Avenue 
Roseland, New Jersey 07068 
(201) 228-9280 

24 

25 

miim 

CERTIFIED 0 
fnr  is »I-•/. fft m ii 

II S 
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2 

1 

2 

3 

I N D E X  4 

5 
DIRECT CROSS REDIR RECR WITNESS 

6 
LINDA ROTHWELL 

By Mr. Kelber 
By Mr. Vila 

3 7 
7 

8 

9 

m 
10 s 

cc 
o 
LL 

E X H I B I T S  1 1  * 
o 
o 
H 
(0 

1 2  s 
UJ 

PAGE DESCRIPTION FOR IDENT. (0 

5 
13 

3 Declaration of Linda Rothwell F - 9 
14 

o 15 
§ 
in 
in 
CVJ 16 o 
§ 

17 Q. 
D 
o 
cc 
0 18 
> 
CD 
CC 
o 

19 o 
UJ 
z 
H 

20 

21 

22 

23 

24 

25 
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3 

1 

2 (Before Gary M. Talpins, a Certified 

3 Shorthand Reporter and Notary Public of the State 

4 of New Jersey, held at the offices of Sandoz 

Corporation, Patent and Trademark Affairs 5 

6 Department, 25 Hanover Road, Florham Park, New 

Jersey, on Monday, March 22, 1993, commencing at 7 

8 2:35 p.m.) 

9 

m 
10 2 

a 
o 
IL 

X 11 2 Rambling Woods L I N D A  R O T H W E L L ,  o 
o 
V) 

12 Drive, Morris Township, New Jersey 07960, Sworn. cc 
III 
CO 

5 
13 

14 CROSS EXAMINATION BY MR. KELBER: 

o 
15 Good afternoon, Linda. Q. S 

in 
m 
01 16 Hello. A. 6 
S 

17 I'm going to have the reporter mark as Q. 0. 
D 
o 
cc 
o an Exhibit F-9, a document, and after he marks it 18 > 
m 
cc 
o 

19 and hands it to you, if you would review it o 
LU s 

20 briefly. 

21 (Whereupon the document was received 

22 and marked F-9 for identification.) 

23 Okay. A . 

2 4 Is that your signature on page four? Q. 

25 Yes, it is. A. 
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4 

Rothwe11 1 cross 

And did you review this document prior Q. 2 

to signing it? 3 

Yes . A. 4 

Miss Rothwell, are you a patent 5 Q •  

attorney or agent? 6 

No, administrator. 7 A. 

If you would turn to page one of that 8 Q •  

document, F~9, you describe a couple of the 9 

CD 

responsibilities you have as patent administrator. 1 0  2 
a 
2 

I would like to focus on the one described in * 1 1  o 

I 
paragraph three, the responsibility to docket 12 GC 

Lit 
(0 

2 
Can you elaborate on that? patent disclosures. 13 

What is involved in docketing the patent 14 

§ disclosures? 15 
in 
U) 
cv if it's been 16 Once it's been rated. A. 

then it's docketed for three weeks for rated "A", 17 Q. 
D 
o 
GC 
<3 1 8  filing and that's what the docketing procedure is. 
>-
CD 
K 
8 19 They get little blue cards. 
01 
I 
H 

And after you have docketed it for 20 Q. 

21 three weeks, do you have follow-up responsibility? 

22 A. Yes . 

23 Q •  Can you describe that? 

24 I just go in and check with the A. 

25 attorney. 
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5 

1 Rothwell cross 

And if the application has not been 2 Q. 

prepared, what happens? Let's suppose, I will give 3 

you a hypothetical, you docket it for three weeks 4 

and and do you go in and discuss with the attorney. 5 

the application hasn't been prepared for lack of 6 

sufficient information from the inventor, is any 7 

further date set for docketing review? 8 

I would just move it maybe another 9 A. No. 

m 
if he knows when he is three weeks or two weeks. 10 s 

(X 
o u. 

going to get more information. 11 I (0 
If he doesn't have any idea when he is 12 Q. cc ui 

CO 

going to get more information, is a further date 13 

14 set? 

No, I would just go back in a couple of 15 A. 
uS 
to 
CM 16 weeks. 6 
S 

And do you keep on checking until 17 Q. 0. 
3 
Q 
S 
O 18 Yes . A . >• 
CD 
S 

8 Do you keep on checking until the 19 Q. 
Hi s 

application is filed? 20 

2 1 Yes . A . 

At paragraph four on page one of F-9, 22 Q. 

you make reference to 299/84. Did you have 23 

24 responsibility for docketing that disclosure for 

filing after it had been rated "A"? 25 

Sawai Ex 1005 
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6 

1 Rothwel1 cross 

2 I believe so, yes. A. 

3 Q. Do you recall checking, as you have 

4 just described, with the attorney responsible after 

the first three weeks in that disclosure? 5 

6 A. To the best that I can remember, yes. 

7 Q • Do you know who that attorney was? 

8 A. I think at the time, it was Fred 

9 Weinfeldt, unless it had already been turned over. 

CD 
1 0  Q. Do you recall checking with any other s 

d 
o 
u. 

11 attorney besides Mr. Weinfeldt with regard to o 
o 
£ 

299/84? 12 s 
w 

I 
13 A. It would have to be whoever took over 

the disclosure. 14 

p 
You don't have a recollection as to who Q. 15 

that was? 16 6 s 
I 

17 A. NO . Q. 
3 
O a 
(D Is there anybody else in the Sandoz 

Patent Department with responsibility for docketing 

Q • 18 > 
CD <r 
o 
o 19 
iii 
X 
h 

applications for filing? 20 

A. No. 21 

You mentioned a three Just yourself. Q. 22 

Is that generally given all week date. 23 

applications? 2 4 

Just if it's rated . "A" at the meeting. A. 25 

- tli 
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7 

1 Rothwell cross 

So in the course of performing 2 I see. Q. 

those responsibilities with regard to docketing. 3 

have you developed an approximation of on average 4 

how long it takes from the time a disclosure is 5 

rated "A" to the time an application is filed? Do 6 

you have a feeling for that? 7 

Not really because some of them are 8 A. 

filed quick and others take a little longer for one 9 

ID 

reason or another. 10 s 
c 
o 
IL 

Would a year be an unusually long time? * 11 Q. o 
o 
I-
co 

Yes . 12 A. en 
UJ 
CO 

5 
If you are familiar with the procedure. 13 Q •  

when a disclosure is rated "B" and supplemental 14 

o 
information is provided, is it provided to you? 15 S 

in 
m 
(vi I would just automatically bring No . 16 A. S 
9 

it up at the next meeting. 17 0. 
3 
O s o MR. KELBER: Thank you very much. I 18 > 
03 
CC 
O 

Diane? I have no further questions. appreciate it. 19 o 
III 
X 
I-

I have no questions. MS. FURMAN: 20 

21 

REDIRECT EXAMINATION BY MR. VILA: 22 

You were asked a question with regard 23 Q. 

to essentially the average time that it would take 24 

to file a patent application f.rom the time of an 25 
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8 

redirect 1 Rothwell 

"A" rating to disclosure. Would that vary in 2 

pattern as you might recognize it among different 3 

attorneys in the department? 4 

5 A. Yes . 

With regard to Mr. Kassenoff, would you 6 Q. 

say that he filed in the average time slower than 7 

average, faster than average? 8 

Some he would do real quick and others. 9 A. 

CD 

he would just get held up by some of the inventors. 10 s 
a o 
u. 
* Were there other reasons for him to 11 Q •  o 

E 
12 be £ 

§ 
Not that I would know of. 13 A. 

But in some cases, it would be a longer 14 Q. 

o 
15 than average time? S 

in 

a? 
I 16 A. Yes . 
CO 

With regard to Jody Giesser, concerning 17 Q. Q. 
3 
O ce 
0 pharmaceutical patent applications that had been 18 > 
CD 
CC 
o 

assigned to her, would you have ever had an 19 o 
LU 
z 
I-

20 opportunity to form a judgment there? 

2 1  A. No . 

Thank you very much. 22 MR. VILA: 

23 Okay, thank you. THE WITNESS: 

24 (Time noted is 2:45 p.m.) 

25 
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9 

1 

2 
"S 

3 
LINDA ROTHWELL 

4 

5 
Subscribed and Sworn to before me 

6 Mk This day of , 1993 
7 

8 r 

m Ml 
A wotary Public 9 

(0 
1 0  z 

CE 
AN.TOiMtTTE LOMBARDl 

Noiary Public of New Jersey 
My Commission Expires April 3,1994 

o 
u. 

1 1  * 
o 
o 
to 

12 •r 
UJ 
CO 

5 
13 

14 

o 15 
S 
l/> 

16 
S 
to 

17 a. 
D 
O 
a: 
O 1 8  
>• 
•3 
CC 
o 

19 o 
in 
i 
i-

20 

2 1 

22 

23 

24 

25 
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.10 

1 

2 C E R T I F I C A T E  

3  

4  I, GARY M. TALPINS, a Notary Public and 

Certified Shorthand Reporter of the State of New 5 

6 Jersey, do hereby certify that prior to the 

commencement of the examination, LINDA ROTHWELL was 7 

duly sworn by me to testify the truth, the whole 8 

9 truth and nothing but the truth. 

m 
I DO FURTHER CERTIFY that the foregoing is a 10 2 c o 

u. 
* 11 true and accurate transcript of the testimony as o o 
I-
(0 

taken stenographically by and before me at the 12 en 
Ui 
CO 

5 
13 time, place and on the date hereinbefore set forth. 

14 to the best of my ability. 

o 
15 I DO FURTHER CERTIFY that I am neither a S 

in to 
16 relative nor employee nor attorney nor agent of any 6 s 
17 of the parties to this action, and that I am Q. 

11 o 
(E 
<3 

18 neither a relative nor employee of such attorney or > 
m 
(E 
o 
O counsel, and that I am not interested directly or 19 
U1 

indirectly in the interference either as counsel. 20 

2 1  attorney, agent or otherwise. 

2 2  

23 

24 Gary 
License No. XI00561 

C a S • R • 

25 
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49-111-0 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
BEFORE TEE BOARD 07 PATENT APPEALS AKD INTERFERENCES 

WATTANASIN 

INTERFERENCE NO. I 102,648 
V. 

EXAMINER-IN-CHIEFS 

MICHAEL SOFOCLEOUS FUJIKAWA ET AL : 

FUJIKAWA ET AL REQUEST FOR 
CROSS-EXAMINATION 

HONORABLE COMMISSIONER OF PATENTS AND TRADEMARKS 
WASHINGTON, D,C« 20231 

BOX INTERFERENCE 

SIR; 

Responsive to the filing of Watt anas in Consolidated Affidavit 

Testimony (Volume IV) bearing a filing date of February 22, 1993, 

Fujikawa hereby requests cross-examination of the following 

Affiants: 

1. Sompong Wattanasin 

2. Melvyn M* Kassenoff 

3. Joanne M* Giesser 

Zt?TZ£0ST02 lW2:n £6, T0 *W S/P'd 
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i?' * 

/ 

2 

4, Linda Rothwe11 

5. Lorraine M. Chesley 

Engstrosn will not be The cross-examination of Robert G« 

required. 

The cross-examination vill be as to all Declarations submitted 

by Sompong Wattanasin in this Interference* The remaining 

declarants are believed confined to Volume IV. 

Respectfully submitted, 

OBLQN, 5PIVAK, KcCLELIAND, 
M A I E R  &  N E U S T A D T *  C •  

/ 

Steven B. Kelber 
Registration No/: 30,073 
Attorney for Fujikawa et al 

9/S'd Z^Tze0ST02 WyS2:TT 86/ T0 dW 
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IN THE UNITED STATES PATENT AND TRADEMARK OFfc 7 
BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES r.nr- M c T 

—• — — 7\vl t i_•— v> tt . 

•r.HCES IHTEP 
WATTANASIN 

W  Iv !??3 

Interference Nos. 102,648, 102,975 v • 

Examiner in Chief: M. Sofocleous FUJIKAWA et al. 

§ 

•••zB iXp- "-Mum 

•• / ;  j£93 
JOXMT REQUEST FOR EXTENSION OF TIME fi 

The parties Wattanasin and Fujikawa et al. jointly request an 

extension of time in which to complete taking of cross-examination 

and rebuttal testimony, as well as an extension of the dates 

currently se£ for taking subsequent action, in the above, 

interferences. 

The EIC and the parties have been in agreement 

cross-examination of the junior party Wattanasin's . affiants may 

run concurrently with the rebuttal testimony of senior party 

Fujikawa. The current closing date for cross-examination and 

rebuttal is set for March 25, 1993. 

that 

Fujikawa et al. have noticed five Wattanasin affiants for 

cross-examination, and will also take rebuttal testimony from one 

non-party witness. 
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Joint Motion for' Extension of Time 
March 17, 1993 
page - 2 -

However, owing to other commitments of the involved parties 

and their witnesses, it has been necessary to tentatively defer 

the dates for taking rebuttal testimony and certain of the cross-

examination until after the current closing date of March 25, 

19931, pending decision on this motion. 

Therefore, the parties now jointly move to reset the relevant 

dates in the above interferences as follows: 

Cross-examination of Wattanasin affiants to close April 15, 1993. 

to close April 15, 1993* 

May .15, 1993. 

June 15, 1993. 

July 15, 1993. 

August 4, 1993. 

Rebuttal testimony for Fujikawa 

Filing and serving of the record due 

Wattanasin opening brief due 

Fujikawa brief due 

Wattanasin reply brief due 

Undersigned counsel for the party Wattanasin has discussed 

this matter with EIC Sofocleous, who indicated he would be 

agreeable to resetting the dates as set forth above. The courtesy 

of the EIC is gratefully acknowledged. 

1. 
The rebuttal testimony, of Dr. Holmlund is tentatively 

set for March 26, 1993, and cross-examination of Joanne M. 
Giesser, Esq. is tentatively scheduled for April 9, 1993. The 
cross-examination of the other Wattanasin affiants will be held on 
March 22, 1993. 
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Joint Motion for. Extension of Time 
March 17, .1993 
page - 3 -

Accordingly, grant of this joint motion is respectfully 

requested. 

Respectfully submitted, 

df/dtUL - ̂  p/i? 7W TXUtiTti 
Diane E. Furman 
Attorney for the party Wattanasin 
Registration No. 31-, 104 
201-503-7332 

[&L 
n B. Kelber 

Attorney for the party Fujikawa et al. 
Registration No. 30,073 
(703) 413-3000 

Ste 
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Case No. 600-7lOl/CONT/INT.(4) 
Patent 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

WATTANASIN 
Interference Nos. 102,648, 102,975 

Examiner-in-Chief: M. Sofocleous 
v. 

FUJIKAWA et al. 

DECLARATION OF LINDA ROTHWELL PURSUANT TO 37 CFR §1.672 

I, Linda Rothwell, do hereby declare as follows: 

All of the below-indicated activities took place in the 

United States. 

I have been employed by Sando'z Pharmaceuticals 

Corporation continuously since 1968 to the present. My position, 

both currently and during the time periods indicated below, has 

been Patent Administrator of the Sandoz Patent Department. 

1. 

One of my responsibilities as Patent Administrator has 

been to type or supervise the typing of the Minutes of each Sandoz 

Pharmaceutical Corp. Patent Committee Meeting based on notes taken 

at the meeting by the attending attorney(s). The Minutes serve as 

the official record for the Sandoz Patent Department of decisions 

and recommendations made at each Patent Committee Meeting (PCM). 

2 .  

3. Since prior to April 1987, another of my responsibilities 

as Patent Administrator has been to docket patent disclosures as 

soon as they are received by the Patent and Trademark Department, 

for consideration at the following scheduled PCM. 

Patent Disclosure 299/84 was docketed for initial 

consideration by the Sandoz Pharmaceuticals Corp. Patent Committee 

at its April 29, 1987 Meeting. 

4. 

A 4; J * > < * )'>;•> i \ %/ ; 
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Rothwell 
Declaration 
page - 2 

5. According to Sandoz policy which has been in effect since 

prior to April 29, 1987, a disclosure which is considered by the 

Patent Committee and is rated "B", is deferred for reconsideration 

by the Patent Committee within three months' time. An "X"- rated 

disclosure is deferred for reconsideration by the Patent Committee 

within one month's time. A "B" or "X" rating is given when 

further information is needed before making a decision whether to 

file a patent application. An "A"- rated disclosure represents a 

decision to file a patent application on the subject matter of the 

patent disclosure. 

Section 5 of the Minutes is devoted to the rating of newly 

submitted Patent Disclosures or the re-rating of previously rated 

Patent Disclosures. 

Exhibits M-l to M-5 appended hereto comprise copies of 

pages of Patent Committee Minutes prepared in the ordinary course 

of business by me or under my supervision. Confidential material 

unrelated to PD 299/84 has been masked, 

with respect to the unmasked material. 

6. 

These are true copies 

The Minutes are maintained under my supervision and control 

in the files of the Sandoz Patent and Trademark Department in the 

ordinary course of my employment. 

Exhibit M-l is a masked copy of page 2 of the minutes of the 

Sandoz Pharmaceuticals Corp. PCM held on Wednesday, April 29, 

This page shows, that Patent Disclosure 299/84 was rated 

"B," and was assigned to Frederick H. Weinfeldt ("FHW"), a senior 

patent attorney in the Sandoz Patent Department. 

1987. 
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7-xr 
intnuu 

Rothwell 
Declaration 
page - 3 

Exhibit M-2 is a masked copy of page 3 of the minutes of the 

PCM held on Wednesday, July 29, 1987. 

299/84 was re-rated "B". 

This page shows that PD 

Exhibit M-3 is a masked copy of page 3 of the minutes of the 

PCM held on October 28, 1987. This page shows that PD 299/84 was 

rated "X". 

M-4 is a masked copy of page 2 of the minutes of the 

This page shows that PD 

Exhibit 

PCM held on Wednesday, November 25, 

299/84 was rated "X". 

1987. 

Exhibit M-5 is a masked copy of page 4 of the minutes of the 

PCM held on Wednesday, January 27, 1988. This page shows that PD 

299/84 was rated "A," and was re-assigned to Mrs. Joanne M. 

Giesser, a patent attorney in the Sandoz Patent Department. 

The Patent Department records indicate that no later than 

about April 1987, Mr. Weinfeldt had taken permanent disability 

leave (and is now deceased). In August of 1987, Mrs. Giesser 

joined the Patent Department and assumed a part of Mr. Weinfeldt's 

docket. 

The undersigned declares further that all statements made 

herein of my own knowledge are true and that all statements made 

on information and belief are believed to be true? and further 

that these statements were made with the knowledge that willful 

false statements and the like so made are punishable by fine or 

imprisonment, or both, under Section 1001 of Title 18 of the 
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Rothwell 
.Declaration 
page - 4 

United States Code and that such willful false statements may 

jeopardize the validity of this application or any patent issuing 

thereon. 

I hereby subscribe my name to the foregoing DECLARATION this 

V^AVN day of February, 1993. . 

s 
h 

K) \ r — .  V. 

LINDA ROTHWELL 
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OmGlNAL 
^ S -:iAL 

1 
v̂ -

I, 

\• _ _- IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
INTERFERENCE NOS. 102,648 

10 2/975 

2 

WATTANASIN, 4 

DEPOSITION OF: 
SOMPONG WATTANASIN 

5 vs . 

FUJIKAWA, et al. 6 

7 

8 
Monday, March 22, 1993 
Florham Park, New Jersey 9 

FYI (D 
10 z cc o 

•ftpfcc'ja WW IL. 
11 X o o 

I-
RECEIVED IN 

BOX INTERFERENCE 
(0 

12 A P P E A R A N C E  S : cc 
LU 
(0 

5 
RICHARD E. VILA, ESQ., 

-and-
DIANE E. FURMAN, ESQ., 

Sandoz Corporation 
59 Route 10 
East Hanover, New Jersey 07936 
(201) 503-7332 

Attorneys for Wattanasin. 

13 

14 

15 
in 

8 16 

17 a. o MESSRS. OBLON, SPIVAK, MC CLELLAND, 
MAIER & NEUSTADT 

Fourth Floor 
1755 Jefferson Davis Highway 
Arlington, Virginia 22202 
(703) 413-3000 

BY: STEVEN B. KELBER, ESQ., 
Attorneys for Fujikawa. 

o cc 
18 o 

& cc o 19 o 
LU 
X 
H 

20 

21 

22 

23 
Reporting Services Arranged Through 

ROBERTS, WALSH & COMPANY 
425 Eagle Rock Avenue 
Roseland, New Jersey 07068 
( 201 ) 228-9280 

24 

25 

jW 
•e-̂ r 

L&xo ̂ ^ 
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2 

1 

2 

3 

4 I N D E X  

5 
WITNESS DIRECT CROSS REDIR RECR 

6 
SOMPONG WATTANASIN 

By Mr. Kelber 
By Ms. Furman 

7 3 60 
31,64 

8 

9 
<n 

10 s 
IT 
O 
IL 
X 11 E X H I B I T S  o 
o 
OT 

12 cc 
III 
M FOR IDENT. DESCRIPTION PAGE 5 

13 
F-4 3 Patent application 

14 
F - 5 Request for interference with 

patent under 37 CFR 1.607 S 15 7 S 
in 
to 
CM 16 F - 6 Supplemental declaration of 

Sompong Wattanasin 
o 
§ 12 i 

17 Q. 
D 
O F - 7 Document dated 11-26-84 and 

attachments 
cc 
(3 

18 2 2  >-m 
cc 
o 
o 19 F - 8 Pages 409 to 417 23 
LU 
X 
I-

20 W-2 Document entitled "Declaration -
Patentably Distinct Subject Matter" 37 

21 
W-3 37 Pages 164, 165 and 166 

2 2  

23 

24 

25 
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3 

1 
I 

(Before Gary M. TalpinS/ a Certified 2 

Shorthand Reporter and Notary Public of the State 3 

of New Jersey, held at the offices of Sandoz 4 

Corporation, Patent and Trademark Affairs 5 

Department, 25 Hanover Road, Florham Park, New 6 

Jersey, on Monday, March 22, 1993, commencing at 7 

8 11:55 a.m.) 

9 

n 
10 2 

cc 
o 
LL 
* 11 11 DiVito S 0 M P 0 N G W A T T A N A S I N ,  o 
o 
H OT 

12 Trail, Hopatcong, New Jersey, Sworn. a: 
at 
CO 

2 
13 

14 Dr. Wattanasin, speak up so MR. VILA: 

e 15 everyone here can hear you. S 

16 

17 CROSS EXAMINATION BY MR. KELBER: Q. 
3 o tc 
<5 Doctor, I'm going to hand you a 18 Q. 
>-
CD 
(E o 

multi-paged document which you can feel free to 19 o 
ui 
X 

20 disassemble as necessary. 

21 I would ask the reporter MR. KELBER: 

I believe. 22 first to mark it as Exhibit F-4, 

23 (Whereupon the document was received 

24 and marked F-4 for identification.) 

25 If you would take a moment to review Q. 
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4 

1 Wattanasin cross 

the document* 2 

Dr. Wattanasin, do you recognize the 3 Q. 

document that has been identified as Exhibit F-4? 4 

That's something that I have to check 5 A. 

because I don't think I remember all of the numbers 6 

7 and so on. 

8 Do you recall seeing a document like Q. 

9 this? 
m 

10 Oh, yes, definitely, yes. A . 2 
IE 
O 
Li. 
* 11 And can you identify it for me? Q. o 
o 
V) 

12 E By subject matter. MS. FURMAN: UJ 

I 
13 Dr. Wattanasin, is this a patent Q. 

14 application prepared by Sandoz? 

15 A. Yes . 
IS 

16 And to your recollection, does it name Q. 
i 

17 you as an inventor? 0. 
3 
O 
E 
(3 1 8  A. Yes . >-

S 
o 

19 o Would you turn to page 54 of F-4. Q. UJ 
I 
I-

20 Okay • A. 

2 1  Do you see the rather lengthy written Q. 

22 passage numbered one there? It continues on to the 

23 next page of the document. 

24 A. Yes . 

25 And do you see that that passage, which Q. 
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5 

1 Wattanasin cross 

begins with the number one, describes a certain 2 

3 genus of compounds? 

A . Yes . 

Doctor, when did you first learn that 5 Q. 

another company had filed for United States patent 6 

protection on compounds similar to those set forth 7 

in the passage numbered one? 8 

From my recollection, I think I saw a 9 A. 

o 
patent maybe at the end of '88 from I think 10 s 

EC o 
li. 

* 1 1  Warner-Lambert. o o 
i-
tf) 

Did you receive an initial draft of the 12 Q. a. 
UJ 
tf) 

3 
document that's been identified as F-4 prior to its 13 

completion in the form it's been presented to you? 14 

§ I believe so. 15 A. 
8 

Do you recall if you became aware of CNI 16 Q. o 

the patent, I believe you identified it as 17 Q. 
3 o cc 

Warner-Lambert patent before you received that a 18 > 
DO 
CC o draft copy of the application? 19 o 
UJ 
X 
H 

I don't think so. 20 A. 

Do you recall who first brought the 2 1  Q • 

Warner-Lambert patent to your attention? 22 

I think my supervisor, I believe so, 

because we have review, you know, it's a routine 

23 A. 

24 

process in the department that we review the patent 25 
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6 

1 Wattanasin cross 

applications not only from Warner-Lambert, from 2 

other companies that work on HMG-CoA reductase 3 

4 inhibitor at that time. 

Do you know whose responsibility it was 5 Q. 

to secure those patents of other companies? 6 

As I say, it's routine practice in our 7 A. 

department to circulate abstracts. 8 

Did you draw the existence of the 9 Q. 

CD 

Warner-Lambert patent, did you draw the attention 10 s 
a 
o 
u. 
* of anybody in the Patent Department at Sandoz to 11 

the fact that the Warner-Lambert patent had issued? 12 ee 
UJ 

! 
I may or may not have called someone in 13 A . 

the Patent Department saying that okay, this is the 14 

o patent from Warner-Lambert similar to our case. 15 S 
IO 

m in 
M From a scientific point, I really have no interest 16 

17 in the Warner-Lambert patent. Q. 
3 
O cc 
(0 Do you have any recollection as to what 1 8  Q • > s cc o 

attorney in the Patent Department of Sandoz 19 o 
UJ 
X 

20 prepared 

At that time, maybe Jody Giesser, I 21 A. 

believe, Jody Giesser. 22 

Do you recall at all discussing the 23 Q • 

24 Warner-Lambert patent with her? 

I believe probably just mentioned that 25 A. 
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7 

1 Wattanas in cross 

2 this is the patent from Warner-Lambert, that's 

3 all. 

4 Q. Doctor, I'm going to hand you an 

exhibit that I would like identified as F-5. 5 It's 

6 paper number two from the file, the request for 

7 declaration of interference. 

8 (Whereupon the document was received 

9 and marked F-5 for identification.) 

CO 
1 0  If you would take just a minute to look - Q. s 

E 
O 
IL 
* 11 at that, doctor. u 
0 
£ 

12 MR. VILA: Pardon me, can we go off the c 
lit 

§ 

13 record. 

14 (Whereupon a discussion took place off 

o 15 the record.) s 
in 
in 
w 16 Q. Doctor, I obtained the document that's 6 
S 

17 been identified as F-5 from the records of the a. 
D 
o 
X 
<D 18 United States Patent and Trademark Office in an 
>-
m 
tr 
o 

19 application 318773, which identifies you as an o 
Lit 
z 
I-

20 inventor, and my question to you is do you recall 

21 seeing F-5 prior to this day? 

2 2  A. I don't think so . 

23 Q. You never saw it prior to today, to the 

24 best of your recollection? 

25 A. Yes . 
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1 Wattanasin cross 

2 Q. Do you recall, doctor, at any time 

3 discussing the need to bring the Warner-Lambert 

4 patent to the attention of the United States Patent 

and Trademark Office in connection with your 5 

6 applicati on? 

Yes, I did discuss it sometime, yes, at 7 A. 

8 some point. 

Do you recall whether that discussion 9 Q. 

m 
was before or after the application was filed? 10 s 

a s 
* 11 Which application? A. o 
B 
(0 

12 The original application that is E Q • LU 

3 
13 embodied in Exhibit F-4. 

14 I did not recall. A. 

Could you take a look at page one of 15 Q. 
in 
w 
cy Do you see the F-5/ doctor, the very first page. 1 6  o 

date stamp circle at the very top of the left-hand 17 o. 
3 
o 
cr 
o corner of that page? 18 > 
CD 
C 

8 19 Yes . A. w 
5 

What is that? Can you make out the 20 Q. 

date that's in there, doctor? 21 

22 March 3, 1989? A. 

Doctor, do you have any knowledge as to 

whether any patent application besides the 

23 Q • 

24 

application involved in this interference naming 25 
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9 

1 Wattanasin cross 

you as an inventor has ever been involved in an 2 

interference in the United States Patent and 3 

Trademark Office? 4 

5 A. Yes . 

Would that other application and other 6 Q. 

interference have occurred prior to the 7 

interference that you are testifying in today? 8 

I didn't quite understand. 9 Excuse me? A. 
03 

MS. FURMAN: Off the record. 10 s 
DC 
o 
IL 
* (Whereupon a discussion took place off 11 0 

1 
the record.) 12 s 

UJ 

% 
Doctor, has any application for patent 13 Q. 

been filed by Sandoz Corporation naming you as an 

inventor other than the application involved in 

14 

1 15 in 
m m 

today's interference of 16 S 
CO 

17 Yes. A. 3 g 
0 Any of those other applications filed 1 8  Q. > 
m 
en 
8 naming you as an inventor by Sandoz, of those 19 UJ 
z 
I-

ap1ications, to the best of your knowledge, has any 2 0  

been involved in an interference before the United 2 1 

States Patent and Trademark Office? 22 

No, I don't think so. 23 A. 

Do you have any recollection of 24 Q. 

discussing with Ms. Giesser the need for an 25 
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10 

1 Wattanasin cross 

interference in connection with the application 2 

involved in today's proceeding prior to its actual 3 

4 filing? 

Maybe, 5 A . Maybe. I cannot say for sure. 

6 yes, because yes . 

It's the only interference you have 7 Q • 

8 ever been involved in. Is that correct? 

9 A. Yes . 

CD 

10 Are you familiar with the nature of an Q. s 
GC 
O 
LL 

11 interference, what an interference is? * 
o 
o 
I-

12 A. I'm not fully familiar with the legal cc 
UJ 
(f) 

5 
13 process. 

14 Did you ever discuss with Ms. Giesser Q. 

o 15 the need to establish a date of invention prior to S 
in 
U) 
CN! 16 the Warner-Lambert patent filing date? 

17 A. Yes, I think so. 0. 
D 
Q 
GC 
0 19 Do you recall whether that discussion Q. 
>-
CO 
GC 
O 19 was prior to March 3, 1989? o 
UJ 
z 
t-

That I don't recall. 20 A. 

Q. Would you flip back to page 54 21 of F-4, 

doctor. 22 Do you see the third text line, the second 

line after the initial formula on that page, where 23 

24 it says, "C cycloalkyl or"? Do you see that 3-7 

line? 25 

^ ii.; 

i i'.i Jii M ktv./.i; fcl 
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11 

1 Wattanasin cross 

2 A. C 3 

3 I'm sorry, counting from the Arabic Q. 

4 numeral one on page 54, the third line of text. 

5 Okay. 

6 Do you see the recitation C ? Q • 
3-7 

7 A. Yes . 

Do you recall having an understanding 8 Q. 

at the time this 9 of what you meant by C 
3-7 

CD 
application was originally filed? 10 s 

ct 
o 
IL 

1 1  I believe so, yes. A. o 
o 
I-
V) 

What was that understanding, doctor? 12 Q. 5 
V) 

5 
What understanding, can be anything. 13 A. 

anything that contains cyclics, having carbon 3 to 14 

carbon 7 in it. 15 
up 

£ That would be five compounds, actually. 16 Q. CSI 

wouldn't it, doctor/ independent of substitutions, 17 0. 
3 
O 
CC 

that would be five? 18 o 

en 
o Yes . A . 19 a 
UJ 
i 
h- Can you name those compounds for me, Q. 20 

what five basic compounds are encompassed by that 2 1 

group C, to Cn cycloalkyl? 22 3 7 

The name? A. 23 

The name of the compound. Q. 24 

It should be cyclopropane, cyclobutane. A. 25 
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12 

1 Watta.nasin cross 

cyclopentane, cyclohexane and cycloheptane. 2 

Do you have any 3 Thank you, doctor. Q. 

knowledge as to the level of skill that an initial, 4 

an entry category researcher would have in the 5 

in general, field of HMG-CoA reductase, what kind, 6 

of educational level would be required of such a 7 

researcher? By that I mean go ahead. 8 

I would I would say it depends on 9 A. 
m 

say at least a Bachelor's degree. 10 s 
IT 
o 
IL 
* 1 1  In chemistry? Q. o 
o v-
V) 

In chemistry, yes. 12 cc A. iii 
CO 

5 
Would such an individual understand 13 Q. 

in your opinion, that C^'C^cycloalkyl 14 that C 3 ' 
o 

included those five basic compounds? 15 S 
IO 
U) 
N 

16 A . Yes . 6 
§ 

Thank you, doctor. Doctor, I'm going 17 Q. CL 
3 
O 
CC 
0 sorry, a paper that I to hand you a declaration 18 > 
ca 
cc 
O 

would like identified as F-6 and ask you to review o 19 LU 
X 
I-

This one is of record in volume four. 20 that. 

(Whereupon the document was received 2 1 

and marked F-6 for identification.) 22 

What record page number is 23 MR. VILA: 

24 that? 

Which is it? MS. FURMAN: 25 
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13 

Wattanasin 1 cross 

2 Here is my copy. MR. KELBER: 

MS. FURMAN: His declaration. 3 

I prefer we not identify 4 MR. KELBER: 

what the document is until the witness has a chance 5 

to identify it. 6 

MS. FURMAN: Fine. 7 

Doctor, do you recognize this document 8 Q. 

that's been marked F-6? 9 

CO 

10 A. Yes . s 
a 
o 
LL 

Can you recall the first circumstances 1 1  Q. * 
o e 
V) 

under which you saw this document? 12 s 
UJ 

§ 

This is the application that had been 13 A. 

filed. 14 

e In fact, this document was prepared in 15 Q. S 

connection with this interference, wasn't it, 16 6 s 
doctor? 17 Q. 

D 
o oc 
o 18 Yes . A. 
>-
0 
cc o I should say interferences. By 19 Q. o 
UJ 

5 
interference, I mean Interference 102,648 and 20 

102,975. 21 

Right. 22 A. 

Doctor, how many applications, if you 23 Q. 

know, have been filed by Sandoz naming you as an 24 

inventor or co-inventor directed to the field of 25 
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14 

Wattanasin 1 cross 

HMG-CoA reductase? 2 

At least three including the quinoline A. 3 

4 case. 

Let me turn your attention, doctor, to Q. 5 

why did paragraph seven, page two of Exhibit F-6. 6 

you submit patent disclosure 299/84 in late March 7 

of 1987? 8 

Because I believe that at that time, we 9 A. 

o felt that we should be able to complete most of the 10 s 
cc 
o 
u. 

key compounds involved in the quinoline cases. 11 * 
o 
o 
K 
V) 

I'm sorry, doctor, I didn't catch your 12 Q. cc 
Ul 

§ 
You thought that you could full response. 13 

At that time, we felt that we should be 14 A. 

© able to finish making most of the key compounds 15 S 
in 
m in 

involved in this case. 16 o 
CD 

In general, why do you file a patent 17 Q. a. 
3 
O 
CC 
o disclosure, submit a patent disclosure to the 1 8  > m 
cc 
o 19 Patent Department? What criteria do you use to o 
m 
r 
H 

determine when to file a patent disclosure? 20 

21 When we feel that we have a class of A. 

22 compound that we can use 

23 I'm sorry, if you could continue the Q. 

24 When you feel you have a'class of answer. 

25 compounds that can be used? 

Sawai Ex 1005 
Page 1394 of 4322



15 

Wattanasin cross 

For this particular objective in our 2 A. 

department to find inhibitor of HMG-CoA reductase. 3 

Does that represent a determination by 4 Q. 

5 you that these compounds are new? 

6 Yes . A. 

Does it represent a determination to 7 Q. 

you that these compounds may be valuable to the 8 

9 corporation? 

to 
10 Yes, that's right. A. s 

cc 
o 
LL 

Did any event subsequent to March of 1 1  Q. o 
o 
h <r> 

1987 indicate to you that your decision that the 12 cc 
111 
(/) 

5 
compounds identified in 299/84 were not either new 13 

or valuable to Sandoz Corporation? 14 

o I don't think so. 15 A. 
! S Let me turn your direction to paragraph 16 Q • 

Do you know why during the period eight, doctor. 17 (L 
3 
Q 
C 
o April through November of 1987, the Sandoz 18 
£ 
a 
8 disclosures were rated, let's take the rating "B" 19 
m 

not the Sandoz disclosure, your 2 0  first 

disclosure, PD 299/84, was rated "B" by the Patent 21 

22 Committee? 

I'm not in the Patent Committee but I 23 A. 

understand it bears on the factor that further 24 

information on this case would be needed before the 25 
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16 

1 Wattanasin cross 

2 application can be filed so more work needs to be 

3 done, I think that's the bottom line. 

Did you receive notification that the 4 Q. 

5 disclosure had been rated "B"? 

6 This is by oral, by verbally. A . 

But you did receive that notification? 7 Q. 

8 A. Yes . 

9 What type of extra work needed to be Q. 
m 

10 done ? s 
a 
O 
IL 

B 11 Basically, we have to complete the A. 
i 

whole set of compounds that need to be prepared. 12 (T 
III 
CO 

5 
13 And why was that, doctor, why did you Q. 

14 have to complete the whole set? 

o 15 I think the objective of making, A. S 
in 
m 

16 working on any class of compound is to insure that 
i 

17 we come up with an optimum structure. In this Q. 
3 

& 
(D 18 particular case, we just making only partially part > m 
cc 
o 

19 of the set, we are not complete the whole set yet. o 
w 
f 

20 Did you expect to find in the set, part Q. 

21 of the set that had not been completed a 

22 difference, qualitative difference in the compounds 

in terms of their value to Sandoz Corporation? 23 In 

other words, you had completed some of the 2 4 

25 compounds but not all of the compounds of the set. 
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17 

1 Wattanas in cross 

2 A. True . 

Did you have a personal expectation as 3 Q. 

to the activity you anticipated from the rest of 4 

the compounds? 5 

6 A. Yes . 

And what was that expectation, doctor? 7 Q. 

8 My expectation is I expect that I may A. 

come up with some compounds that show better 9 

m 10 activity. 3 
2 

Did you expect that some of the 11 Q. 

(0 compounds in the set to be completed might have 1 2  cc 
UJ 

1 worse activity? 13 

Yes, that can be the case. 14 A. 

Did, in fact, you come up .with o 15 Q. 
* in 
m compounds subsequent to March of 1987 that had 16 N 
O 

CO 

better activity than the compounds identified in 17 & 
D 
O 
CC 

18 the disclosure? o 
>-
CD 
CC 
§ 
UJ 

That's normal. 19 Yes . A. 
X 

Did you come up with compounds that 20 Q. 

21 were worse? 

Oh, yes, I come up with a compound 22 A. 

23 worse and compound better. 

Let's turn now to the "X" rating. When 24 Q. 

you received notification that your disclosure has 25 
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1 8  

Wattanas i n 1 cross 

been rated "X", what does that mean to you, what 2 

does "X" indicate? 3 

I think it indicates the same thing to A. 

I mean as I say, I'm not the one who made this 5 me . 

thing but it indicates the same thing, more 6 

information will be needed to complete, to complete 7 

the whole application process of this case. 8 

Was the information needed in response 9 Q. 
03 

to an "X" rating different, in your opinion, than 10 s 
E 
O 
IL 

£ the information needed for a "B" rating? 11 o 
o 
1-
co 

No, I don't think so. 12 A. E 
LD 
CO 

5 
Do you see the reference in paragraph 13 Q. 

nine to additional synthesis and testing between 14 

o July and December of 1987? 15 S 
in 
to 
CM 16 A. Yes . 6 

Was that additional synthesis and 17 Q. 0. 
3 
O 
ec 
0 testing done responsive to the "B" or "X" rating 1 8  £ 
ec 
o 

that your disclosure received? 19 o 
ui 
f 

20 A. No . 

You would have done that, anyway? 21 Q. 

I would have done that, anyway, yes. 22 A. 

If the disclosure 23 Thank you, doctor. Q. 

had been rated "A", would you have continued that 24 

testing that's referred to in paragraph nine? 25 
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Wattanas in 1 cross 

2 Yes, I believe so. A. 

3 Thank you, doctor. In the other Q. 

4 applications naming you as an inventor completed by 

or on behalf of Sandoz Corporation, do you have a 5 

recollection as to how long it took between the 6 

time you learned that the disclosure had been rated 7 

and the time you received the first draft of 8 "A" 

that application? Do you have any idea? 9 

<D 
No, I cannot give you that honestly. 10 A. s 

DC 
O 
U. 

Can you tell me was it more than six * 11 Q. o 
o 
I-
(0 

months ? 12 (C 
Ui 
0 
5 

I would say about six months, yes. A. 13 

About six months? Q. 14 

§ About six months. A. 15 
$ 
IS) 

3 Do you know does Sandoz have a written Q. 16 
S 
f 

policy regarding responding to questions from the 17 o. 
p 
O a Patent Department for additional information? o 1 8  
>• 
m 
cc 

8 Yes . A. 19 
m 
i 
i- It does have a written policy? Q. 20 

Yes, policy as to you have to comply A. 21 

with requests from the Patent Department. 22 

There is such a written policy, you Q. 23 

think? 24 

I think.so, yes. A. 25 
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1 Wattanas in cross 

2 Q. If there is such a policy, can you send 

3 us a copy to the extent it's not privileged? 

4 THE WITNESS: I 

5 Q. That's okay, they will get a chance to 

ask you all about it in not too long a period of 6 

time . 7 

8 Do you have an appreciation based on 

9 the experiences of other researchers at Sandoz as 

m to the time it takes for the preparation of a draft 10 s 
CE 
o 
LL 

application from the time a disclosure is rated 11 * 
0 

1 Do you have a general idea? 12 "A"? E 
W 

§ 
No, no idea. 13 A. 

Let me turn your attention to paragraph • 14 Q • 

Why did you send o 11 on page three of F-6, doctor. 15 
U) 
IO certain information to Melvyn Kassenoff about 16 w 
o 
CO 

February 29 of 1988? 17 Q. 
3 
O 
tr 

I believe that I was requested by Mr. 18 A. o 
> n 
cc 
o Kassenoff for subsequent information. 19 o 
UJ 

£ 
You already knew that your disclosure 20 Q • 

Is that correct? had been rated "A". 21 

At that time, yes. 22 A . 

Was it your understanding that the 23 Q. 

material you sent to Mr. Kassenoff was required or 24 

requested I'm sorry, requested for the purposes 25 
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Wattanas in 1 cross 

of preparing that application? 2 

3 A. Yes . 

Did you have occasion, do you recall, 4 Q. 

to speak with anybody in the Patent Department 5 

between February 29 of 1988 and the end of May 1988 6 

regarding the patent application to be prepared on 7 

8 your disclosure? 

Yes, I think so. 9 A. 

CD 
Do you recall who you spoke with? 10 Q. s a 

o 
LL 
^ ' 11 Either Mel Kassenoff or Jody Giesser. A. o P 
CO 

Do you recall the substance of those 12 Q. IE 
LU 
CO 

5 
13 discussions? 

Mostly related to specific information 14 A. 

o as far as the compound, you know, included in the 15 

16 patent. & 
CD 

Did you at any time ask when you might 17 Q. Q. 
3 
o 
IT 
© expect a patent application to be prepared? 18 
& 
QC 

8 19 I don't think so. A. 
m 
X 
I-

Let me turn your attention to paragraph 20 Q. 

Why did you send 21 12, pages three and four of F-6. 

22 that information to the Patent Department? 

23 Again, I was requested from the Patent A . 

24 Department for some information. 

25 Do you recall when you sent that Q. 
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Wattanasin 1 cross 

information? 2 

3 A. I don't recall when I received the 

actual copy of the thing I sent to the Patent 4 

Department. Generally I would know what date I 5 

sent it on the copy. 6 

MS. FURMAN: Could you repeat your last 7 

sentence, please. 8 

THE WITNESS: In general, I don't 9 
CO 

exactly remember the date that I sent any material 10 s a o 
IL 

to anyone but in general, before I send something B 11 

i 
c to someone, I would note the page, I would date the 12 m 

I 
13 page . 

You would date the page. 14 MS. FURMAN: 

o I 'm Let's take them one at a time. 15 Q. 
in 
m 

/ 9 going to hand the reporter a document I would like 16 

I will ask you to review that identified as F-7. 17 & 
D 
O a o document briefly, doctor. 18 > 
m 
oc 
O (Whereupon the document was received 19 o 
u 
X 
H 

and marked F-7 for identification.) 20 

Doctor, does your review of P-2 enable 21 Q -

you to determine in any way about when you might 22 

have sent that material to the Patent Department? 23 

I can tell you that this is after 24 A. 

February 29, 1988. 25 
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1 Wattanasin cross 

2 Q« Do you know would it have been before 

3 May of 1988? 

4 A. No . 

5 Did you send it in response to a Q. 

6 request from the Patent Department? 

7 A. Yes . 

8 Q. Do you recall who the request came 

9 from? 

m 
10 I think this is from Mel Kassenoff. A. s 

CE 
o 
IL 

1 1  * Q. Let me hand you a document, for o 
o 
H 
CO 

1 2  identification as Exhibit F-8. CE 
UJ 

I 
13 (Whereupon the document was received 

14 and marked F-8 for identification.) 

e 

8 15 Does F-8 contain documents that were Q. 

8 16 sent to the Patent Department as described in 

17 paragraph 12 of your declaration? Q. 
3 
O 
IT 
O 18 A. Yes# I think so# yes. > 
to 
£ 
8 19 Does review of that document enable you Q • 
UJ z 
H 

20 in any way to fix the time you sent those documents 

21 to the Patent Department? 

22 A. No . 

23 But you know they were before February Q. 

24 of 1988 I'm sorry, after February of 1988? 

25 After, yes, definitely, yes. A. 
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Wattanasin 1 cross 

And you know you sent them in response Q • 2 

to a request by Mr. Kassenoff? 

4 A. Yes . 

After submission of those documents, Q. 5 

but prior to November of 1988, do you recall having 6 

any further written or oral communications with the 7 

attorneys in the Patent Department at Sandoz 0 

regarding your disclosure 299/84? 9 

CD 10 A. Yes, I think so, yes. 2 
£E 
O 
LL 

Do you have an actual recollection of 1 1  Q. * 0 
1 12 it? IE 
LU 
V) 
5 No, I don't have actual recollection. 13 A. 

Do you have an actual recollection of 14 Q. 

anything that might have been said or written at § 15 
o 
>9 

16 that time? 
CO 

Mostly anything that related to the 17 A. 0. 
D 
o 
E 

draft or something on it, I see something where 18 <5 
> tt 
CC 
O they have seen some question that needs to be 19 o 
111 
X 

clarified, I think in general. 20 

But you did not see a draft until 21 Q. 

Isn't that correct? November of 1988. 22 

23 A. Yes . 

In fact, you didn't see the draft until 24 Q. 

is that correct, doctor? 25 December of 1988. 
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1 Wattanasin cross 

2 A. Yes • 

3 Isn't it correct/ doctor, that you Q. 

4 didn't receive the draft declaration until after 

5 you had learned of the existence of a 

6 Warner-Lambert patent? 

7 MR. VILA: The declaration? 

8 MR. KELBER: I'm sorry. 

9 Isn't it correct, doctor, that you had Q. 
CD 

10 received the draft memorandum of your patent s 
E 
O 
IL 
¥ 11 application after you had learned of the existence o 
o 
I-
V) 

12 of the Warner-Lambert patent? c 
ui 

5 
13 Let me check the date again. That may A. 

14 be the case, yes. 

o 15 Do you recall exchanging in writing any Q. S 
A 
3 16 communications with Ms. Giesser concerning the S 
<9 

17 Warner-Lambert patent? 0. 
3 
O s 
<3 18 In writing, no, I don't think so. A. 

o 
19 o Anybody else at the Patent Department, Q. 

UJ 
5 

20 did you exchange correspondence concerning the 

2 1  Warner-Lambert patent? 

22 A. No. 

23 Do you recall publishing the subject Q. 

24 matter at item one of page 54-55 of your 

25 application, the document that's been marked F-4, 
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1 Wattanasin - cross 

prior to March of 1989? 2 

3 I don't think so. A * 

You had completed the initial set of 4 Q. 

Is that correct? compounds back in March of 1987. 5 

Can you repeat that again? 6 A. 

You had completed the initial set of 7 Q. 

compounds to which PD 299/84 and subsequently, your 8 

application document F-4, pertained, you had 9 

CO 
completed that initial set of compounds by March of 10 5 

£E 
O 
IL 

1987. Is that correct? 11 o 
o 
f-
C0 

By March, yes. 12 A, cc 
£ 
5 

And you didn't publish information 13 Q. 

regarding those compounds until after March of 14 

o 1989. Is that correct? 15 S 
in 
3 16 Yes . A. 6 s 

« 

Compounds were interesting to you? 17 Q. a. 
o 
cc 

Compounds were interesting to me, of 0 18 A. > 
cc o 

19 o course, yes. 
W 
5 

Do you think the compounds would have 20 Q. 

been interesting to other researchers in the field? 21 

22 Of course. A. 

Was there any reason for not publishing 23 Q. 

that information until after March of 1989? 24 

There is no particular reason, I don't 25 A. 
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Wattanasin 1 cross 

think so. 2 

When did you become aware that Nissan 3 Q. 

Chemical Corporation had filed for U.S. patent 4 

protection on compounds similar to those identified 5 

at item one of page 54 of your application? 6 

I don't remember the date exactly but I 7 A. 

think it happened after we already, you know, 8 

talking about a patent application of this case. 9 

m So after the application was filed or 10 Q. s 
GC 
o 
li. 

11 before? * 

8 
£ I cannot give I don't recall the date. 12 A. cc 
iU 

3 you the definite time. 13 

Do you recall having discussed the 14 Q. 

existence of the Nissan Chemical Company's request § 15 
S 
U) 
IA eg for patent protection with Ms. Giesser? 16 

17 A. Yes . Q. 
D 
o 
cc 

Subsequent to the classification of 18 o Q. 
£ 
cc 
8 your disclosure as "A" in January of 1988, did you 19 
UJ 
I 

at any time express any concern to anyone about the 20 

progress made in preparing the application 21 

corresponding to that disclosure? 22 

No, I don't think so. 23 A. 

In your experience at Sandoz 24 Q. 

Corporation, the period of January of 1988 till 25 
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1 Wattanasin - cross 

2 March of 1989, is it customary to take that 14 

3 months for preparation of the patent application? 

4 That is unusual. That is unusual. A. 

5 During that time period, were any other Q. 

6 applications naming you as an inventor or 

co-inventor filed by Sandoz Corporation, January of 7 

'88 through March of 1989? Do you recall were any 8 

9 other applications naming you as an inventor or 

m 
10 co-inventor filed? s 

DC 
o u. 

I would say there 11 There are a couple A. * 
o 
o 
09 

12 are two other patents involving HMG-CoA reductase DC 
01 

3 
13 inhibitor but I don't recall the exact date. 

14 Have those, either of those patent Q. 

o 15 applications been issued as a U.S. patent? 
S 

16 Yes . A. 

Do you know the number offhand? 17 Q • Q. 
3 
Q a 

We are in one of four. 18 (9 A. 
>-
CO 
E 

8 Off the record. 19 MR. KASSENOFF: 
iu 
X 

(Whereupon a discussion took place off 20 

the record.) 21 

22 I want to return just to one subject Q. 

and that's the question of the information needed 23 

in response to a "B" or "X" classification by the 24 

25 Patent Committee. We talked about the need to 

ijj] 

• Jj 
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1 Wattanasin cross 

provide more information in response to a "B" 2 

What specific type of information classification. 3 

is necessary? The synthesis of the compounds, is 4 

that required? 5 

I think at this time, let me say when 6 A. 

you set up on any class of compound. you want to 7 

make a few of the compound to find optimum 8 

structure and I think at that point in time, we 9 
CO 

know we are not complete the whole set of compound 1 0  s 
cc 
o 
LL 

I think we still need yet and I think until then. 1 1  o 
o 
H 
CO 

further information. 12 cc 
III 
CO 

5 
So synthesis and testing of the 13 Q. 

compound would be required? 14 

o Synthesis and testing of the compound. 15 A. o 
•9 
ft 
N Any of the compounds that are Q. 16 o 
CO 

identified in the original disclosure, PD 299/84/ 17 a. 
D 
o 
cc o did any of those compounds show the type of 18 > m en 
o activity that suggested they might have utility as 19 o 
Hi 
X 
I-

HMG-CoA reductase inhibitors? 20 

Certainly. 21 A. 

Did anything occur between March of 22 Q. 

1987 and March of 1989 that suggested that that 23 

might not be true, they did not have sufficient 24 

25 activity? 
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Wattanasin 1 cross 

No, I don't think so. 2 A. 

MR. KELBER: Doctor, I really 

appreciate your patience with me in being here this 4 

I have no more questions at this time. morning. 5 

THE WITNESS: Thank you. 6 

Do you want to take lunch MR. VILA: 7 

break? 8 

9 Let me ask one question MR. KASSENOFF: 

0 
10 on redirect. s 

cc 
o 
u. 

I have no objection 1 1  MR. KELBER: I * v o 
£ 

have discomfort with a witness crossing. 12 tt 
LLi 

§ 

We will take that question 13 MR. VILA: 

up later. 14 

o 15 MR. KELBER: Okay. 
S 
£ 

MR. VILA: It's a matter of clarifying 16 S 

some things. 17 o. 
3 
O 
cr c My only concern is keeping 18 MR. KELBER: 
o 
E 
O the good doctor longer than we need to. 19 If you o 
LU 

5 
20 have got a lot 

He is invited to lunch. 21 MR. VILA: 

22 MR, KELBER: I kind of hoped you would 

feed him. 23 

24 (Whereupon the luncheon recess was 

taken.) 25 
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1 redirect Wattanasin 

2 REDIRECT EXAMINATION BY MS. FURMAN: 

Dr. Wattanasin, referring to your 3 Q. 

4 testimony concerning the C, to cycloalkyl 
3 7 

substituents on the quinoline ring, you testified 5 

that that would include, among others, cyclopropyl 6 

and you testified that a person of skill in the art 7 

would recognize it to include cyclopropyl. Do you 8 

think that a person of skill in the art would 9 

CD regard cyclopropyl as being obvious as that 10 s 
en 
o 
LL 

structure being obvious in view of isopropyl? 1 1  * 
o 
o 
h-v> 

MR. KELBER: Objection. I don't know 12 GC 
III OT 
5 

I don't know how you are using that the witness 13 

the term "obvious" but I don't know that the 14 

o witness has demonstrated a knowledge under the 103 15 
§ 
in 
m 
CJ sense, if you could rephrase it. 16 6 s 
I 

Dr. Wattanasin, do you understand what 17 Q. CL 
D 
o 
CE 

the term "obvious" means under the patent law or o 1 8  
>-
CO 
GC 
o can you give me your definition of the term 19 o 
w z 
I-

2 0  "obvious"? 

The obvious, in my term, in the 2 1 A . 

is a kind of, what do you 22 medicinal chemistry term. 

call it, kind of group that you like to make to 23 

24 cover your hypothesis. 

Do you think that someone knowing about 25 Q . 

•Jf lb 
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1 Wattanas in redirect 

2 an isopropyl substituted compound, based on that 

3 information alone, would be led to prepare a 

4 cyclopropyl compound? 

5 A. That's what I mean by obvious because 

6 in medicinal chemistry, cyclopropyl would be an 

7 obvious analogue of cyclopropyl group. If you look 

8 at some of the 

9 Q. Excuse me, I didn't understand you. 

CO 

10 Cyclopropyl would what? s 
cc 
o 
LL 
* 11 Cyclopropyl, cyclopropane group would A. o 
o 
j-

w 
12 be obvious analogue of cyclopropyl group. Do you d 

UJ 
v> 
5 

understand the word analogue? 13 

If someone in your lab knew about 14 Q. Yes . 

o an isopropyl compound, do you think based on that 15 S 

16 information, they would be led to prepare a 

17 cyclopropyl compound? a. 
3 
O 
DC o 18 MR. KELBER: Objection. You are now >-
01 
cc 
o 

asking his opinion as to what others in the a 19 
UJ 

f 
20 laboratory would do. 

21 Would you be led to prepare a Q • 

22 cyclopropyl compound? 

23 Yes, definitely. A. 

24 Why would you be led to prepare a Q. 

25 cyclopropyl compound? 
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Wattanasin redirect X 

Because of the, this is according to 2 A. 

scientific, basically, when you put the group on 3 

any structure, you are looking for two things, two 4 

things you are looking for, two properties of that 5 

group, sterically and electronically and in this 6 

case, cyclopropyl, and cyclopropyl are very 7 

similar. 8 

I am talking about cyclopropyl versus Q. 9 

Is cyclopropyl similar in chemistry to isopropyl. 1 0  i 
o 
IL 

isopropyl sterically? 11 o 
£ w 

What I'm saying is sterically and 12 A. cc 
UJ 
(0 

3 
electronically, cyclopropyl group would be very 13 

similar to isopropyl group and not only that, you 14 

o can see from the scheme of the chemistry/ chemistry 15 o 

scheme, we have the hardware that can make both 16 6 

compounds quite easily. 17 6. 
P 
O 
CC 

I would like to put into (9 MS. FURMAN: 1 8  
& 
cc 
o evidence as W-2 the declarations that were 19 o 
Ui 

5 
submitted in this interference of Mr. Kitahara. 20 

I will wait until your 21 MR. KELBER: 

question but I would object to the extent they 2 2  

would go to anything in the nature of direct 23 

24 questioning. 

25 Q. Dr. Wattanasin, do you recognize the 
•JSP; 

ii'ufrid 

W-
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redirect 1 Wattanas in 

2 structure on page two of the Kitahara declaration? 

Yes, I do. 3 A. 

What is that structure? 4 Q. 

This is the structure of isoquinoline 5 A. 

6 derivative. 

The R-5 substituent, what is the R-5 7 Q. 

substituent? 8 

In this case, R-5 can be cyclopropyl or 9 A. 

CO 
10 isobutyl. s 

i 
o 
u. 

Going to the test on that declaration. 11 Q. * 
o 
o 
w which compares the activity of cyclopropyl with the 1 2  [T 
LU 
CO 

3 isopropyl compound, what is your opinion of this 13 

activity information? 14 

Before you answer, doctor. e 

1 15 MR. KELBER: 

ft 
I'm going to object to that on the grounds that 16 o 

CO 

this is in the nature of direct testimony and if 17 Q. 
Z3 
o 
CE 

you had wanted to submit it, it should have been 18 <D 
> m 
d 
o 19 submitted together with the remainder of your o 
III 
X 
I-

As far as I'm aware, this is our 20 direct testimony. 

cross on direct and you have not requested .rebuttal 2 1  

response or the opportunity to cross our own 22 

declarant. 23 I can't stop you from asking your 

questions but I do definitely object to further 24 

25 questions on this issue. 
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1 Wattanas in redirect 

2 MR. VILA: Can I conference with you 

3 outside? 

4 MS. FURMAN: Yes. 

5 (Whereupon a brief recess was taken.) 

6 I will go on to a MS. FURMAN: 

different line of questioning. 7 

8 

9 BY MS. FURMAN: 

m 
10 Q. Dr. Wattanasin, the patent disclosure s 

cr o 
LL 

on your quinoline compound is numbered 299/84. Do * 11 o o 

you know how this number was assigned to your 12 EC 
LU 

3 
13 patent disclosure? 

I think this number was assigned on an 14 A. 

o 

§ 
Before the end of the annual basis, I believe. 15 

in 
in 
CM year, one of the secretaries here send you the 16 6 
S 

patent disclosure form for the next year. 17 (L 
3 o c 
O A blank patent disclosure 18 Q. 
& c 
8 A blank patent disclosure. 19 A. 
LU 
X 
l-

With the number appearing at the top? 20 Q. 

21 A. Yes. 

And that was sent to you when? 22 Q. 

Around the end of the year, in 23 A. 

December. 24 

In December of 25 Q. 
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Wattanas in redirect 1 

Of '83. A. 2 

You synthesized at least one Of '83. 3 Q. 

Is that correct? compound by the end of 1984. 4 

Yes . A. 5 

Just for clarification, we MR. KELBER: 6 

are talking about the compounds of the disclosure 7 

or compounds in general or what? 8 

The first compound we are THE WITNESS: 9 

ta making, one of the first compounds we are making in 10 s 
cc 
2 

this case. 11 

V) After that compound was synthesized. 12 Q. CE 
LU 
CO 

5 what additional work was done in relatipn to your 13 

quinoline patent disclosure? After the synthesis 14 

? of 63366, what compounds did you synthesize? 15 

There are a number of compounds we 16 A. o 
? 
V- At that time, we synthesized during that period. 17 Q. 
3 
O 
CC 

All were still working on basically all of them. <D 18 
>• 
m 
cc 
o of them are HMG-CoA reductase inhibitors and two 19 o 
tu P 

more compounds, two more compounds were 20 

synthesized, the number I believe is 64548 and 2 1  

64549. 22 

I would like to put into 23 MS. FURMAN: 

24 evidence as Exhibit'W-3 pages 

We started to talk about 25 MR. KELBER: 
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1 Wattanas i n redirect 

W-2 but we never did get around to marking it. Do 2 

you want to have W-2 in or do you want to just mark 3 

4 those as W-2? 

Yes, let's put W-2 in. MS. FURMAN: 5 

(Whereupon the document was received 6 

and marked W-2 for identification.) 7 

I would like to put into MS. FURMAN: 8 

the record as W-3 pages 164 through 166 of the 9 

co 
Wattanasin testimony. 1 0  s 

cc 
o 
u. 

(Whereupon the document was received 1 1  * 
o o 
H 
(0 

and marked W-3 for identification.) 12 (E 
III 

3 Dr. Wattanasin, do you recognize those 13 Q. 

14 pages ? 

o Yes, I do. 15 A. S 
in 
IS) 
N Can you describe them? 16 Q. 6 

This is reaction, this is a notebook. 17 A. Q. 
3 
o 
cc 

from my notebook, the synthesis of one of the o 1 8  > m 
(E 
O compounds that later on is designated as 64548. 

And what is the date at the top of the 

19 o 
III 
I 
I— 

20 Q • 

21 page ? 

5/7/85, 22 A . 

What would the date at the top of the 23 Q. 

page signify? 2 4 

This is the date that I start doing 25 A . 
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1 Wattanasin redirect 

this particular reaction that leads to the 2 

synthesis of this particular compound 64548. 3 

So you had synthesized 64548 sometime 4 Q. 

on or after May 7, 1988? 5 

6 Yes . A. 

Is there an additional compound that 7 Q. 

you synthesized around that time? 

The next compound we synthesized is the 9 A. 

compound 64549. 1 0  

Was that also synthesized 11 Q. 

Around this date. 12 A. 

Around May of 1985? 13 Q. 

'85, yes. 14 A. 

Your patent disclosure, which is 15 Q. 

numbered 299/84, when was that submitted to the 16 

Patent Committee by you? 17 

I think by March, in March '88. 18 A. 

March of 19 Q. 

March of 1988. 20 A. 

Submitted to the Patent 21 Q. 

I'm sorry, March of 1987. 22 A. 

What made you submit the patent 23 Q. 

disclosure in March of '87? Why did you not submit 24 

the patent disclosure after you made 64548 or 49? 25 
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I think the reason for that is because 2 A . 

of we are not complete the whole set of this class 3 

4 of compound yet. 

Why had you not completed the whole 5 Q. 

6 set? 

The reason is because, I think one of A. 

the key reasons is because of a lack of manpower at 8 

that time because I'm the only one working at that 9 

a 
time on the HMG-CoA reductase in this lab. 10 s 

cc 
o 
LL 

Your lab was the only lab synthesizing 11 Q. I 
w 

quincline compounds? 12 cc 
ID 

I 
13 A. Yes . 

When did you realize you lacked 14 Q. 
o 

manpower to proceed with the whole series? 15 S 

Actually, at that time, actually 1985 16 A. 6 

because we are dealing with different classes of 17 Q. 
D 
O 
CC o HMG-CoA reductase inhibitor compound, quinoline is 18 > 
CD 
H 
o 

not the only compound we are making. We are making 19 o 
UJ 
z 
I-

other, different kind of heterocyclics; as well. 20 

21 I don't know that it MR. KELBER: 

22 raises to the level of an objection, Diane, but to 

what part of the cross does this line of 23 

24 questioning go to? 

MS. FURMAN: I bel'ieve you did ask him 25 
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2 about his activities in that time period. 

3 MR. KELBER: I asked him if anything 

4 occurred with regard to the period between the 

5 submission and the "A" rating, I asked him if 

6 anything occurred to change his mind. 

7 You were discussing the MS. FURMAN: 

8 initial set of compounds, you asked whether they 

9 were completed by March of 1987 and I was trying to 

CD 

10 develop that testimony. 2 
X 
o 
IL 
* 

8 11 MR. KELBER: Okay. 

£ 
12 When did you realize there was a Q. s 

UJ 
CO 

5 
13 manpower shortage? 

I think around this time, I think 14 A. 

o 15 sometime in 1985. S 
in in 
eg How long did it take you to find 16 Q • o o 
* 

somebody to fill that position or positions? 17 a. 
3 
O ff o Normally to get someone, you have got 18 A. 
£ 
<r 
o to have approval from your boss and then 19 o 
111 
z 

subsequently, you have got to get approval by your 20 

department head and then it also depends on whether 21 

or not the opening is available at that time and 22 

when you got the actual head count, the opening, 23 

then you have got to get approval from your boss, 24 

from your department head and then from the head 25 
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2 from the president of SRI. o f And then you have 

It takes a long time. 3 to recruit the person. 

4 actually. 

How long did it take? 5 Q. 

You have an opening, after you have an 6 A. 

opening, then you have to place an ad and looking 7 

for someone, I would say at least six months. 8 

I'm going to object 9 MR. KELBER: 

m 10 because I'm not sure but I don't think the answer s cc 
o 
LL 

was responsive to the question. I think the answer 1 1  * 
o 
o 
I-
CO was general and you had a very specific question. 1 2  cc m 
CO 

5 Can you answer the question more 13 Q. 

How long did it take you in this specifically. 14 

e case to find somebody? 15 S 

In this case, a whole year. 16 A . 

When did you ultimately find somebody? 17 Q. Q. 
D 
O a I got someone to join my lab in January 18 A . 0 
>• 
CD 
E 
O 19 1987 . o 
LU 
X 
H 

What was the name of that person? 20 Q. 

Miss Patel. 21 A. 

Can you spell out the full name? 22 . Q. 

Rajeshvari Patel, R-a-j-e-s-h-v- a-r-i 23 A. 

24 P-a-t-e-1. 

Was she assigned to your lab exclusively? 25 Q. 
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2 A. Yes . 

3 Did you supervise her work? Q. 

4 Yes . A . 

Do you want to continue 5 MS• FURMAN: 

6 with questioning or do you want to leave it open? 

7 Are you finished completely MR. VILA: 

8 or do you want to come back later? 

9 I'm going to come back MS. FURMAN: 
m 

10 later. s cc o 
IL 
* 1 1  0 
1 

12 a: BY MR. VILA: w 
§ 

13 Was there any relationship or Q. 

14 significance to the timing of the submission of the 

o 
patent disclosure to the Patent Department relative 15 

in 
in 
CM to this lack of manpower that you mentioned? 16 
2 

17 Yes, because A. Q. 
D 
o 
CC 
o What would that be? 18 Q. 
>-
m cc 
o 

19 Because if I did have the manpower o A. m z 
I-

before 1987, some key compounds should have been 20 

synthesized before that date, before March 3, 21 

1987 . 22 

You mentioned thi§ Miss Patel and she 23 Q. 

24 was hired in January of 

25 1987 . A. 
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2 Do you recall what assignments ' 87 . Q. 

3 she was given when she was hired? 

There were a number of assignments 4 A. 

given to her, key projects were given to her and 5 

this quinoline project is one of them. 6 

From the start, she 7 Q. 

From the start, yes. 8 A . 

she was assigned this? 9 Q. 
m 

1 0  A. Yes . s tr o 
u. 

Having not submitted that disclosure * 1 1  Q. a o 
i-
co 

previously, why would you have at that particular 12 cc 
ID 
CO 
5 

time submitted the disclosure? 13 

I think that has been 14 MR. KELBER: 

o asked and answered. 15 S 
£ 
N 16 THE WITNESS: Yes. o 
CO 

Go ahead. You can answer it. 17 Q. Q. 
D 
O 
CC o Because at that time, with additional 18 A. > a cc 
O manpower, I felt that we should be able to complete 19 o 
Hi 
X 
b-

the whole set of this quinoline case, that's why I 2 0  

file the patent disclosure at that time. 2 1 

You had testified in response to 22 Q. 

questions on cross examination with regard to 23 

publication of the subject matter of this patent 24 

Would you disclosure in this patent application. 25 
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have published on this subject matter prior to 2 

March of '89 when the patent application was 3 

actually filed? 4 

No, I wouldn't. 5 A. 

Why would you have not done that? 6 Q. 

I'm going to object just 7 MR. KELBER: 

Is the question did he or would he 8 to the form. 

I don't understand the subjective tense of have ? 9 

CD 
the question. 10 5 

CE o 
LL 

Would he have. I believe he 11 MR. VILA: * o o 
1-
V) 

testified before that he could have 12 cr 
LLI 
V) 
5 

If he didn't, he 13 MR. KELBER: 

I mean I don't understand the nature of wouldn't. 14 

§ is there a difference between did and 15 what 
8 
IO 
in 
CM would? 16 o 
§ 

MR. VILA: Yes. 17 0. 
D o 
IT 
0 MR. KELBER: Are you asking for a 18 
>-o. a o hypothetical situation? We know what he would have 19 o 
UJ 

done, he did it in this situation. Are you 20 

21 asking 

Let's go off the record a MR. VILA: 22 

23 second. 

(Whereupon a discussion took place off 24 

the record.) 25 
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I will simply ask you did you make any Q. 2 

publication on the subject matter of that patent 3 

application prior to its filing? 4 

No . A. 5 

Can you explain why you did not make a 6 Q .  

publication on that subject matter? 7 

If I understand, you cannot disclose 8 A. 

the information related to the patent disclosure 9 

until it was approved by the Patent Department, 10 s cc 
O 
LL 

until it be cleared by the Patent Department. 1 1  0 
1 
a I believe you testified on cross Q • 12 LU 
CO 

5 
examination that there was a written policy or you 13 

thought there was a written policy with regard to 14 

communications with the Patent Office and in 15 
in 
in 
w particular, responding to requests by the Patent 16 o 
<a 

Department. 17 0. s 
O a u 18 Yes. A. 
£ £ 
8 
LU 

Have you ever seen such a written 19 Q • 

policy? 20 

What I meant in that time is this is 21 A. 

part of what you call the job description, that you 22 

are supposed to comply with all of the requests. 23 

information related.to the patent application of 24 

your discovery. 25 
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2 BY MS. FURMAN: 

You testified concerning the activity 3 Q. 

of the compounds in the quinoline series. In 4 

response to questioning, you indicated that after 5 

you did the earliest work, you would have expected 6 

some compounds would come up with better activity 7 

Is that true? 8 or worse activity. 

I cannot predict that but it can be 9 A. 
CD 

of one of the first compounds, I 10 seen from the IC s 
50 oc 

o 
LL 
* of 1.5 micromolar. That, believe 63366, the IC 11 8 50 
& 

in my judgment, that is comparable to IC of 12 oc 
UJ 

§ 
50 

13 Compactin and established HMG-CoA reductase 

inhibitor. 14 

o And established HMG-CoA reductase 15 Q. S 
B inhibitor? 16 

17 A. Yes . (L 
3 o ff o 18 Q. So based on the first compound you 
>-
CD a 
o 

made, what was the likelihood that the later 19 o 
111 

f 
compounds would have activity in vitro as an 20 

2 1  HMG-CoA reductase inhibitor? 

MR. KELBER: Objection. What later 22 

23 compounds ? 

24 MS. FURMAN: 64933, 934, 935 and 936. 

25 A. I cannot predict activity of those 
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compounds before I make them. However, based on 2 

the information, we have learned from closely 3 

related analogue of this quinoline compound, I 4 

would say that we would have very good chance of 5 

of being active and as you can see from the IC 6 50 

those compounds, again, they are comparable again 7 

going back to the in 8 to Compactin and as you know. 

vivo, as you know, Compactin has a good potency. 9 
CO 

not only in vitro but also in vivo, as well. So 10 s a o 
IL 

similar to x when some of those compounds have IC 11 o 50 o 
i-
w 

Compactin, one would predict that to have a good 12 DC 
UJ 
V) 
3 

activity in vivo, as well. 13 

Predicted? 14 Q. 

o One would expect that. 15 A. S 
in 

$ Expect it? 16 Q. 

17 A. Yes . 0. 
3 
O 
E 

16 What level of assurance would you o Q. 
>-
a 
oc o How high would be your expectation? 19 have ? o 
UJ 

i£ 
Actually, I would say it I would be 2 0  A. 

very certain that the compound should have activity 21 

2 2  in vivo, as well. 

23 

24 BY MR. VILA: 

Would that statement that you just made 25 Q. 
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apply to 63933, which is part of your mention on 2 

page 27 of your original declaration, results on 3 

page 27 of the record? Do you know the structure 4 

of the compound I referred to as 63933? 5 

Yes, I do. A. 6 

Would that statement apply to that Q. 7 

compound? 8 

I'm not quite sure. That's project 9 A. 

CO of 64933 is somewhat 933, 64933. If I recall, IC 10 s 50 oc 
£ 

less active than the first compound I made. 11 

However, the statement would apply to the later 12 c 

compound, the number is 64935, which we have better 13 

and also have very good potency based on ED IC 14 50 50 
o based on in vivo testing. 15 
V) 

£ 's now, I think we are We know the IC 16 Q. 
50 

going back to the point when you prepared these 17 Q. 
D 
O 
IX 

compounds and before they were tested, you said 0 18 > 
m 
ir 
o that you would have a very high degree of 19 o 
IU 
I 
(-

we confidence that they would exhibit activity. 2 0  

don't know the level of the activity. 2 1  

Yes . 22 A . 

Would that high degree of confidence 23 Q. 

apply to 63933? 24 

Yes, I think so. 25 A . 
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Wattanasin redirect 1 

I'm sorry, is And the compound 2 Q. 

that 3 

64933. 4 A. 

I'm sorry, I beg your pardon, correct 5 Q. 

the record, I'm referring to 649 33., correct? 6 

Yes . A. 7 

And that's a compound you know the 8 Q. 

structure of? 9 

& 
Yes. 10 A . s cc 

o 
LL 

I would ask the It's in the record. * Q. 11 o o 
w 

same question with regard to compound 64934. Do 12 £ 
UJ 

% 
you know the structure of that compound? 13 

A. Yes . 14 

o Would you have or not have that same 15 Q. 
S 

degree of confidence as to the activity of that 16 
£ 
9 

compound at the time it was prepared and before you 17 Q. 
3 
O 
£ 
(9 tested it? 18 > m 
£ 
O 

I would have the same degree of 19 A. o 
IU 

confidence. 20 

And 64935? 21 Q. 

22 A. Yes . 

The same? 23 Q. 

Same degree of confidence. 24 A. 

In the record that I have observed 25 Q. 
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2 here, the compound 64933 and 64934 allegedly were 

3 prepared 

4 In August, I believe. A. 

5 sometime in July or August of '89. Q. 

6 A. No, '87. 

7 '87, I'm s orry. Q. Yet they were not sent 

8 for testing at that point. 

Objection, assuming facts MR. KELBER: 
CD 

10 s not in the record of today's deposition. The fact cc 
o 
IL 

* 11 that you may have submitted them elsewhere doesn't o e v> 
s 12 make them of record here. LU 

13 Off the record. MS. FURMAN: 

14 (Whereupon a discussion took place off 

5 15 the record.) 
in 
in 

16 
S 

i 

17 BY MR. VILA: o. 
3 
O 
CC 
© 18 You testified those compounds were Q. >-
DO 
CC 
o 
o 19 prepared sometime in August of '87 from your 
U) 

E 
20 recollection. 

21 A. Yes . 

22 Do you recall when they were submitted Q. 

23 for testing? 

24 I think it's in one of these exhibits. A. 

25 It's definitely. I do recall, yes. I believe it 
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was submitted for testing on October 2nd/ 1987. 2 

And by submitted for testing, what does 3 Q. 

that mean to you, October 2 of '87? 4 

What do you mean this means to me? 5 A. 

you say they were submitted for testing 6 Q. 

and I asked you what do you mean by submitting. 7 

what event took place on October 2, 1987? 8 

On October 2, 1987, the compound was 9 A. 

m shipped to Professor Terry, T-e-r-r-y, Scallen, 1 0  s 
tc 
o 
IL 

11 S-c-a-l-l-e-n. * 
o 
o 
I-
(0 

These compounds were prepared in 12 Q. cc 
Hi 
CO 
5 

August, as you say, and they were sent in October. 13 

Do you have a Why weren't they submitted earlier? 14 

e 

5 recollection on why they were not submitted earlier 15 
in 
in 

to Dr. Scallen? 16 cv 

There are basically two key reasons. 17 A. a. 
3 
O 
a 

First of all, doing the process, the compound has o 18 
>• 
CD 
CC 
o doing the process of the to be made and the 19 o 
ai 
i 
H 

compound being synthesized and purification and 20 

characterization, I went to a meeting in New 21 

Orleans for over a week and when I came back, I was 22 

aware that the next shipment.would be on October 23 

2nd and so even though these last three compounds 24 

were made before that October 2nd, I would like all 25 
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1 Wattanas in redirect 

2 of these compounds to ship for testing together so 

3 I can have a better comparison of the potency in 

4 the same study. 

5 When you say all of these compounds. Q • 

6 you are referring to which ones? 

9 3 3, 64933, 64934 and 64935 and 64936, 7 A. 

8 as well. 

Could you tell me whether you had any 9 Q. 
to 

particular procedures or arrangements for sending 10 s 
(£ 
O u. 
* 11 compounds to Dr. Scallen? o 
o 
I-
<0 

Normally after you finish the 12 E A. Yes . Ul 
0 
5 

synthesis and the compound has been purified and 13 

the compound had been submitted to different 14 

o 
measurements in the physical chemistry department 15 S 

8 to identify the identity of the compound, then we 16 

would, we, I mean the chemists in my lab would then 17 (L 
3 
o 
c 
<2 submit the compound to the drug room and then there 1 8  
£ 
cc 
8 would be one person responsible for registering the 19 Ui 

compound into the system and then after the 20 

compound had been registered into the system, there 2 1 

would be another person who would be responsible 22 

for collecting all of this compound and ship it. 23 

24 ship them for testing. 

I'm going to renew my MR. KELBER: 25 
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Wattanasin redirect 1 

objection to this line of questioning at this 2 

I know I didn't go into anything regarding 3 time . 

in vivo testing and the procedures therefor on 4 

direct. 5 

I believe you have been into 6 MR. VILA: 

the questions of abandonment and diligence in this 7 

8 area and I think 

Certainly not diligence. 9 MR. KELBER: 
m 

With respect to abandonment, suppression, 10 s never. a o 
LL 
£ that's an issue but it's hardly concealment, 1 1  o 
B 
<0 

anything that gives rise to a free-for-all in 12 s 
LU 
(0 

5 
determining what kind of activities. My 13 

understanding of the rules provide that you can ask 14 

§ in areas developed on redirect that were initially 15 S 
lO 
u? 
N I just want to make my explored on cross. 16 
S 

objection for the record because the rule requires 17 a. 
3 o 
It" 

a it to be made now rather than later. 1 8  > 
<0 
CO o 

MR. VILA: All right. I think that we o 19 UJ 

f 
are probably finished with that line. 20 

21 

22 BY MR. VILA: 

In January of 1988, your disclosure 

299/84 was rated "A" by the Patent Committee, I 

23 Q. 

24 

believe you have testified to that. 25 As a result of 

Sawai Ex 1005 
Page 1433 of 4322



54 
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2 that rating, what would have been your expectancy 

3 with regard to the subject matter in that 

4 disclosure? 

5 The witness can answer if MR. KELBER: 

6 he can but I admit. I'm totally confused by your 

7 What is his expectation with regard to question. 

8 this subject matter? 

9 What did that rating mean to you? Q. 
(0 

10 I think I already answered that 2 
EC 
o 
IL 
* 11 question this morning, that the rating doesn't mean o 
2 
V) 

12 it's only my intention to complete the to me, tc 
Ul w 
3 

13 synthesis of one of the key compounds in the 

14 quinoline case. 

i I believe it was also testified this 15 Q • 
in 
m 
m 

16 morning that the "A" rating would signal the filing PI 
o 
CD 

17 of a patent application. 0. 
D 
o 
E 
O 18 Yes, you are right. A. 
>-
CO 
E 
o 19 And I would ask you whether that Q. o 
w 
X 
I-

20 created a certain expectancy in your mind with 

regard to that filing of a patent application? 21 

22 Yes . A . 

23 And what would that expectancy be? Q. 

24 The expectation would be that the A. 

25 compound should be finished as soon as possible. 
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rating of the I'm referring to the "A" 2 Q. 

decision to file a patent application, whether that 3 

decision created a certain expectancy in your 4 

Would you have expected that a patent mind. 

application would have been filed as a result of 6 

that "A" rating? 7 

8 A. Yes. 

I would ask you, then, from the period 9 Q • 
m 

January of 1988, when that was rated "A", and March 10 s 
a o u. 

of 1989, when the patent application was actually 11 o 
p 
CO 

filed, whether anything occurred that would have 12 cc 
IU 

§ 
changed your expectancy that a patent application 13 

would have been filed? 14 

Nothing. 15 A. 
in 
3 Do you want to verbalize the answer. 16 Q. 

Can you repeat the question? I'm not 17 A. Q. 
3 
O a 
O quite really understanding the point. 18 Can you >-
CD 
CC 
o 

repeat the question again, please? 19 o 
lil 
X 
H 

Do you want to read him the 20 MR. VILA: 

2 1 question. 

(Whereupon the record was read.) 22 

23 Nothing. A. 

Let's go off the record for 24 MR. VILAS 

25 a minute. 
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Wattanasin redirect 1 
i 

(Whereupon a discussion took place off 2 

the record.) 3 

You just testified that you expected a 4 Q. 

patent application to file. Are you aware of any 5 

activities on the part of anybody else that may 6 

have indicated any kind of a decision not to file a 7 

patent application on that disclosure which had 8 

been rated "A" in January of 9 
03 

10 I was not aware of any. A. s 
cc 
o 
IL 
* 1 1  o 
o 
I-
<0 

1 2  BY MS. FURMAN: EE 
UJ c/> 
5 

Did either Mel Kassenoff or Jody 13 Q. 

Giesser ever indicate to you an intention not to 14 

Q 
15 file a patent application? S 

16 No, definitely not. A. 

17 You testified earlier that you spoke Q. 0. 
3 
o 
cc 
o with Jody Giesser about the Warner-Lambert patent 18 >-m 
E 

8 and possibly about the Nissan application. Is that 19 
Ui 

20 correct? 

21 A. Yes . 

I want to ask you again whether you can 22 Q. 

remember exactly when you spoke to her about those 23 

Do you remember for certain that you publications. 24 

spoke with her before the filing of the patent 25 

St | 

-

*""«J itrZ--., 
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Wattanas in redirect 1 

application? 2 

I believe so, yes. A. 3 

Do you remember exactly when that was?' 4 Q • 

I don't remember exactly when. A. 5 

Did you arrive at any conclusion based 6 Q. 

on your talk with her about that? 7 

Conclusion about what? A. 8 

Had you The Warner-Lambert patent, 

been working on the patent application already when 

you spoke with her about the Warner-Lambert? 

Q. 9 

CD 
10 i 
1 1  0 

1 
A. Yes . 12 cc 

UJ 
to 
3 

You were working with her on the draft Q. 13 

before you spoke with her about the 14 

o Warner-Lambert? 15 9 
A. Yes . 1 6  

You received a draft of the application Q. 17 Q. 

I 
(9 in, I believe, December of 1988. 1 8  
>-
00 s December or November. 19 A. o 

is 
November of 1988. Q. 20 

A. Yes . 21 

Were you in communication with Jody Q. 22 

Giesser before that date concerning the patent 23 

application? 24 

Yes . 25 A. 
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Were you in communication with her 2 Q • 

between February and November at any time? 3 

4 Of what year? A. 

5 1988 . Q. 

6 MR. KELBER: Asked and answered. He 

said before that day. 7 

More specifically/ between 8 MS. FURMAN: 

February and November. 9 

CD 
10 A. Yes . s 

X 
o 
LL 

Were those communications oral or 11 Q. o 
o 
fej 

12 written? a 
Li! 

3 
Mostly I believe oral, over the phone. 13 A. 

Dr. Wattanasin, is English your first 14 Q. 

o language? 15 

£ 
No. 16 A . N 

O 
CO 

What is your first language? 17 Q. Q. 

S 
Thai . o 18 A . 

& 
s 
8 Thai? 19 Q. 
uj 
X 
I-

Yes . 20 A. 

Did Jody Giesser ever have trouble 21 Q. 

understanding you? 22 

I don't think so. 23 A. 

You don't think so. 24 Q. 

MS. FURMAN: That's about it. 25 
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I just have one final 2 MR. VILA: 

3 question 

4 

5 BY MR. VILA: 

During the period sometime in 1985, 6 Q. 

after you had made the three compounds, the first 7 

three compounds, those being, according to the 8 

record, 63366, 63548, 63549, that synthesis ending 9 

m 
sometime in 1985, and early 1987, when the 10 s 

IE o u. 
activities resumed on this quinoline series, was it 11 O 

O 
H 
co 

ever your intention that that earlier work would be 12 tr 
IU 
co 

5 
considered abandoned in your mind in the sense that 13 

14 it would be no longer of interest? 

i No, definitely not. 15 A. 
S 
in 
OJ And how would you describe the interest 16 Q • 6 
S 

that you had in those compounds during that period? 17 Q. 
D o 
CE 
0 18 My interest in those compounds, I would A. > 
m 
IE o say very high but as I stated before, that the 19 o 
IV 
I 
I-

reason that the gap is somewhat apart is because of 20 

21 The first one is because of the two reasons. 

22 manpower that I mentioned before. I think the 

23 second thing is because of the priority and the 

24 priority is sometimes set by me and most of the 

25 time set by my supervisors. 
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1 Wattanasin redirect 

2 I don't think I have any MR. VILA: 

3 more questions. 

4 I have just a few, MR. KELBER; 

I'm sorry to belabor you but I do 5 doctor. 

6 understand you clearly. I don't think there is a 

7 problem there. 

8 

9 RECROSS EXAMINATION BY MR. KELBER; 
CO 

The very last answer you gave had to do 10 s Q • K 
O 
LL 

with the manpower shortage and the priority being 1 1  o o 
>-
CO 

12 a Did you set the priority with set on things. HI 
CO 
5 

regard to the compounds in question that you just 13 

14 testified to? 

o 
15 The priority was set either by myself A. 3 

i 16 or my boss. 
* 

In this particular case, do you recall 17 Q. Q. 
3 
O 
E 
O 18 who set the priority? >» 
to 
E 
O 

19 In this particular case, I think o A. 
IU 
z H 

20 actually both, I will say both. You see, I 

2 1  mentioned before this is not the only compound, 

22 only class of compound we are working with. We are 

23 working on different classes of compounds during 

24 the HMG-CoA reductase and probably as you have seen 

25 from the patent, as well, we have two key 
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6 1 

1 Wattanasin recross 

L c compounds, very important compounds, indole and 2 

3 indene. 

Did those projects receive a higher 4 Q. 

priority than the project in question? 5 

Yes, according to my supervisor, yes. 6 A . 

You also mentioned the kind of arduous 7 Q. 

process that anybody with supervisory authority is 8 

involved with hiring somebody new and you couldn't 9 
m 

Is that correct? 10 find anybody for over a year. s 
tr o 
LL 
£ No, what I'm saying is the process. 11 A. o o H 

because of, first of all, before you can hire 12 (T 
til 
CO 

5 
anyone, you have got to get approval from different 13 

people first and once you got approval for hiring 14 

o someone, then it would take at least six months 15 
in 

8 
C4 before you actually get someone to join your lab. 16 o 
CO 

This manpower shortage, if Understood. 17 Q. Q. 
D o 
CE 
0 that was a fairly big problem for you in 1 8  you will. > 
CD 
cc o o 19 connection with this? 
LU 
X 
J-

Big problem because I'm the only one 20 A. 

working in the lab on a number of compounds, 2 1 on a 

number of projects. 22 

Did you speak to anybody in the chain 23 Q. 

of command, your boss or above, regarding 24 

expediting the process of bringing in somebody? 25 
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1 Wattanasin recross 

Yes# I did speak many times with'my 2 A. 

bosses about this issue, yes. 3 

To the best of your knowledge, did 4 Q. 

anybody do anything to expedite it? 

As I say, the decision not only depend 6 A. 

on my boss. 7 

But the decision also included those 8 Q • 

9 above your boss? 

CD 
10 A. Yes . 2 

cc o 
IL 

And do you recall today making a 11 Q. o o 
i-
co 

decision to expedite the search for manpower in 12 (E 
m 
CO 
5 

Did they move faster than 13 this particular case? 

the regular procedure in the case that was 14 

o eventually satisfied by Dr. Patel? 15 8 
in 
in 
<N That I don't have information to tell 16 A. 

17 you. 0. 
D 
O 
E 
o Did you ever submit a disclosure 18 Q. > 
co 
cc 
8 relevant to the quinoline derivatives that we have 

been talking about today for clearance by the 

19 IU 
5 

20 

21 Patent Department? 

Beside quinoline cases? 22 A. 

Besides the patent application and 23 Q. 

patent disclosure itself, I'm sorry, let me go 24 

backwards, during redirect/ you spoke that a 25 
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63 

1 Wattanasin recros s 

l''— ,n, 
disclosure outside of a patent application can't be 2 

3 released until it's cleared by the Patent 

Do you recall that testimony? 4 Department. 

5 A. Yes . 

6 Did you, yourself, ever submit a Q. 

publication for clearance by the Patent Department 7 

relative to the subject matter of the application 8 

involved? 9 
m 
S 10 Yes, I prepared some, yes. A . ec o u. 
* And that would have been prior to the 11 Q. 8 
£ 
cc filing date? 12 UJ 

§ 

After the filing dates. 13 A . 

You did not submit a disclosure prior 14 Q. 

i to the filing date? 15 
in 
IT) 
m 

16 That I'm not quite sure. I have to A. o 
CO 

check my record before I can answer to you 17 Q. 
3 
O CC o definitely. 18 > 
CD 
DC 
O o 19 Can we ask you to check MR. KELBER: UJ 
X 

20 those records and get back to us. 

21 You testified, doctor, that on the Q. 

22 basis of your initial work reflected in the patent 

disclosure, you had a reasonably high expectation 23 

24 to the issue of whether the compounds later as 

25 prepared would exhibit activity. 

m 
.[ /.j, A aL , fm ipi 

!• rt 
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