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1
TRIAMIDE-SUBSTITUTED

HETEROBICYCLIC COMPOUNDS

This application is :1 divisional of pending U.S. patent
application Ser. No. '10i’177",858 filed on Jun. 20, 2002, now
U.S. Pat. No. 6,720.35'l which claims the benefit of US.

Provisional Patent Application No. 6[l;’301,644 filed on Jun.
28, 2001, both of which are incorporated herein by reference
in their entirety.

FIELD OF THE INVENTION

This invention relates to triamide—substituted heterobicy—
clic compounds. These compounds are inhibitors of
microsomal triglyceride transfer protein (MTP) andfor apo-
lipoprotein B (Ape B) secretion and are useful for the
treatment of obesity and related diseases. These compounds
are also useful for the prevention and treatment of athero-
sclerosis and its clinical sequelae, for lowering serum lipids,
and in the prevention and treatment of related diseases. The
invention further relates to pharmaceutical compositions
comprising these compounds and to methods of treating
obesity, atherosclerosis, and related diseases andfor condi-
tions with said compounds, either alone or in combination
with other medicaments, including lipid lowering agents.
Further still, the invention relates to certain processes and
intermediates related thereto which are useful in the prepa-
ration of the compounds of the instant invention.

BACTKCEROUNIJ ()1-‘ TIIl_-' INVEN'l‘I()N

Microsomal triglyceride transfer protein catalyzes the
transport of triglyceride, cholesteryl ester, and phospholipids
and has been implicated as a putative mediator in the
assembly of Apo B-containing lipoproteins, biomolecules
which contribute to the formation of atherosclcrotic lesions.

Specifically, the subcellular (lumen of the microsomal
fraction) and tissue distribution (liver and intestine) of lVI'I'l-’
have led to speculation that it plays a role in the assembly of
plasma lipoproteins, as these are the sites of plasma lipo-
protein assembly. The ability of MTP to catalyze the trans-
port of triglyceride between membranes is consistent with
this speculation, and suggests that MTP may catalyze the
transport of triglyceride from its site of synthesis in the
endoplasmic reticulum membrane to nascent lipoprotein
particles within the lumen of the endoplasmic reticulum.

Accordingly, compounds which inhibit MTP andfor oth-
erwise inhibit Apo B secretion are useful in the treatment of
atherosclerosis and other conditions related thereto. Such

compounds are also useful in the treatment of other diseases
or conditions in which, by inhibiting MTP andfor Apo B
secretion, serum cholesterol and triglyceride levels may be
reduced. Such conditions may include, for example,
hypercholesterolemia, hypertriglyceridemia, pancreatitis,
and obesity; and hypercholesterolemia,
hypertriglyceridemia, and hyperlipidernia associated with
pancreatitis, obesity, and diabetes. For a detailed discussion,
see for example, Wetterau et al., Science, 258, 999-1001,
(1992), Wetterau et al., Bicchem. Biophys. Acta., 875,
610-617 (1986), Liuropean patent application publication
Nos. 0 584 446 A2, and 0 643 057 Al, the latter of which

refers to certain compounds which have utility as inhibitors
of MTP. Other examples of MTP inhibitors may be found in
e.g., US. Pat. Nos. 5,712,279, 3,741,804, 5,968,950, 6,066,
653, and 6,121,283; PCT International Patent Application
publications W0 96,"-40640, W0 97_.-’-43257, W0 9827979,
WFJ 99393800 and W0 00f0520l; and European patent
application publications El’ 584446 and l_iP 643,057.

10

"I5

20

35

40

45

Sf]

60

65

2
SUMMARY ()1? 'l'IIl_-' INVl_-'N'l'I()N

The present invention relates to compounds of the for-
mula 1:

.\'R"'R7
 

or a pharmaceutically acceptable salt thereof, wherein:
R‘ is substituted at the 5 or 6 position of formula 1 and has

the structure:

R10

m\’;~‘<~.-_,,
(Rtlhfi ET

-‘Z

1.—'-

m is an integer from 0 to 5;
n is an integer from 0 to 3;
p is an integer from 0 to 3;
I.is —C(())N(R9)—, i_e_, I. has the structure:

R9

N

D

X is N or (I(R");
R: , R“, R", R12, R” and R” are each independently

selected from halo, cyano, nitro, azido, amino, hydroxy,

Eg,—((§,,3allll‘<yll, (C2—Cfi?alkoxy,hr1'l1eEl(1:ox3C,r, )(CuT\,—1C,,)al1koxy.1» .-a 'y ,mono— ,(1-0Ill'1- a o 3- ..a 'y ,per uoro

(C2—C:)a(l]k_yl, trifluoriprrlieélgyl, (tril)lu1c1J\rometl1ylE1C,—C5)al1Bylimono-, 1- or tr1- a 0 ‘3— ‘ a city, tr1 uoromet y

(C,—C5)alkoxy, (C1-C3-)a£t)lkylthE]io, hydroxy(Cl—C<,-)alkyl,
(E1334I£f)&yel:al;<y1l{{]TR"l1 Lrd, l_‘(7g-fit,-)l«'i1‘11~'i=r1y‘1. ((72-95)a 'yny , . . a 'y amino-, . .,., 1a 'y amino, amino

(C,_(“.,,)aIi.vyIi, —((“.R”R”),Nl2"R"', —(“.(0)NR"R“',
—NR”C(O)R15, —NR”0R1g, —CH=N0Rl5, —NR”C
(O)OR”, —NR”S[O)-R15, —C[O)R15, C(S)R”,
—C{O]0R15, —0C(0)R 5, —SO3NR"R1“, —S(0)-R15, or
—(cR“R*'),,s(o),R”; I

each R" and 55’ is independently II or ((.'1—(T6]alkyl;R" is H or R ;

each q is independently an integer from 0 to 6;
eachj is independently 0, 1 or 2;
R7’ is II, halo, ((I,—(T,_.,)all<yl, or mono-, di- or tri-halo

(C,—C,-)alkyl;
R" is II, ((I,—(I,.,)alkyl, (C3—CH)cycloalkyl, —(T(()]R'5,

mt‘it :tCR:2:a:£§“t:.%;aaa .c.:a:;::t§. — .6 a y , F . ', r ',

—§()2l-{I5 or —((TR"Rl’)q-phenyl, wherein the phenyl moi-
ety is optionally substituted with from one to five indepen-
dently selected R1“;

each r is independently an integer from 2 to 5;

each t_is independently an integer from 1 to 6;
R5, R" and I{° are each independently H, ((.',—(.',,)atkyl,

(C_.,—C3)cycloalkyl, —C(0)R15, —C[S)R15, —(CR“R£’),O
PENN EX. 2158
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(c,—(:,., alkyl),—((7R"R1’),S(C,—Cfi alkyl),—((TR‘°R1’),(T(())
R1‘ , —{CR"R"’)rR15 or —SO:R15;

R1 is phenyl, pyridyl, phenyl-Z1- or pyridyl-Z1-, wherein
the phenyl or pyridyl moiety is optionally substituted with
one to five independently selected R11;

21 is —so,— or —((IR“R"),.—;
v is independently an integer from 1 to 6;
R10 is phenyl, pyridyl, phenyl-Z15 or pyridyl-Z2-, wherein

the phenyl or pyridyl moiety is optionally substituted with
one to live independently selected R17’;

2“ is —s(o).—. —o—, —(Cl{"R1’),,_—, or —(o),
((TR"R”),_,(()),((?R“R"),{—;

w is independently an integer from I to 6;
each k is independently U or 1;
each R” is independently H, ((.'1—C,,}alkyl, (C3-C3)

cycloalkyl, —(?([))R15, —(?(s)R1-‘, —(c:R"R‘*),()((:,—(:,
alkyl), —((7R"R”),s((:,—(?, alkyl), —((?R”R”)_.(f(())R'5,
—{CR"R"’),_R15 or —SO2R15;

each R1’ is independently H, (C,—C,,}alkyl, (C3-C3)

cycloalkyl, trifluoromethyl, trilluoromethyl((;1—C5)alkyl,
wherein the alkyl, moieties of the foregoing R1‘ groups are
independently optionally substituted with I to 3 substituents
independently selected from C,—Cfi alkyl, (f,—C,., alkoxy,
amino, hydroxy, halo, cyano, nitro, trilluoromethyl and
trifiuoromethoxy;

and wherein any of the above “alkyl”, “alkenyl” or
“alkynyl" moieties comprising a (TII3 (methyl), CII2
(methylene), or (711 (methine] group which is not substituted
with halogen, S0 or S02, or attached to a N, 0 or 5 atom,
optionally bears on said methyl, methylene or methine group
a substituent selected from the group consisting of halo,
—()R“, mm“ and —NR“R".

In an embodiment of the invention, L is attached to the 2

position of R1 and to the 5 position of formula 1, ie, the
compound of formula 1 has the structure of formula la:

la

 o /I 1“ N! 0
R10 2 |

/at \ \ /
(RIIJVT; kl 1:9 R1

In another embodiment of the invention, I. is attached to
the 2 position of R1 and to the 5 position of formula "I, and
R10 is attached at the 3' position.

In another embodiment of the invention, I. is attached to

the 3 position of R1 and to the 5 position formula 1. In
another embodiment of the invention, I. is attached to the 3

position of R1 and to the 5 position of formula I and X is N.
In still another embodiment ofthe invention, [.is attached to

the 3 position of R1 and to the 5 position of formula 1, X is
N and R10 is attached at the 2 position of R1. In other
embodiments of the invention, the attachment of L to R1 is
selected from the 3, 4, 6 or 6 position and the attachment of
L to the compound of formula I is selected from the 5
position or 6 position.

In another embodiment of the invention, X is C(R"').
In another embodiment of the invention, X is (f(R"), m is

I), n is [1, and p is U or I.
In another embodiment of the invention, X is (f(R"), m is

I), n is [1, and p is U or 1, and Rm is phenyl-Z2- attached at
the 3 position of R1, wherein the phenyl moiety of R10 is
optionally substituted with one to five independently
selected R13.
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4

In another embodiment of the invention, X is CIR”), m is
0, n is U, and p is U or "I , and R10 is phenyl attached at the
3 position of R1, wherein the phenyl moiety of R10 is
optionally substituted with one to five independently
selected R13.

In another embodiment of the invention, R7 is phenyl—Z1,
wherein the phenyl moiety is optionally substituted with one
to five independently selected R13. In a preferred embodi-
ment of the invention, Z1 is —((TR“'R1’)‘—, and in a more
preferred embodiment, Z1 is methylene, i.e., —CH.;—.

In another embodiment of the invention, R", R5, Rf’ and
R” are each independently selected from II, (C,—C,,)alkyl,

—((:R“R”),,()((?,—(:,a1ky1) or —((?R"R1’),R15.
In another embodiment of the invention, each R12 is

independently selected from halo, hydroxy, (C,—(T,,)alkyl,
methoxy, (C2—C,,)alkoxy, (C,—Cfi)alkoxy(C,—C_,,)alkyl,
mono—, di— or tri—halo[C,._—C<,)alkyl, trifluoromcthyl,
trifluoromethyl(C,—C5)alkyl, mono—, di— or tri—halo(C2—C,,)
alkoxy, trilluoromethyI((I,—C5)alkoxy, ((.',—Cfi)alkylthio
and hydroxy((T,—C,,,)alkyl.

In another embodiment of the invention, each R13 is
independently selected from halo, hydroxy, amino, cyano,
(C,—(f,_,)alkyl, ((I_._—(T5)alkenyl, methoxy, ((.'3—Cb.)alkoxy,
(C,—C5)alkoxy(C,—C6)alkyl, mono—, di— or tri—halo(C2—C,,)
alkyl, trifluoromethyl, trifluoromethyl(C,—C5)alkyl, mono—,
di- or tri-halo(C:—CU-)alkoxy, trifluor0methyl(C,—C5)alkoxy,
(C,—C,-)alkylthio, hydroxy(C,—CL,-)alkyl, C(0)0R15 and
—NR11C(())R15; wherein R14 is II or ((.',—(.'6)alkyl; and
wherein R15 is II or (C._—Ct.,)alkyl.

In another embodiment of the invention, R1“ is phenyl
attached at the 3 position of R1, wherein the phenyl moiety
of R1” is optionally substituted with one R13. In a preferred
embodiment, R'” and R1 both are phenyl, such that R1 and
R1” together fonn a l,l'-biphenyl group, wherein Rm com-
prises the 1—'6‘ positions of the biphenyl group and R13 is
substituted at the 4" position of the biphenyl.

In another embodiment of the invention, R4 is H, (C1-C6)
alkyl or —((:R“R”),,t)((?,—(t, alkyl).

In another embodiment of the invention, the carbon

designated “a” in formula I is in the "[S)” configuration.
In a preferred embodiment of the invention, R13 is trif-

luoromethyl.
In another preferred embodiment of the invention, R1‘ is

II, halo, or ((I,—(I,.,)alkyl.
In a more preferred embodiment of the invention, R“ is

methyl.
In a particularly preferred embodiment of the invention,

the compound of formula 1 is (S)-1-ethyl-5-[(45
trifluoromethyl—biphenyl—2—carbonyl)—amino]—IH—indole—2—
carboxylic acid {2-[benzyl(methyl]amino]-2-oxo-"I-
phenylethyl} amide.

In another particularly preferred embodiment of the
invention, the compound of formula I is (S)-N-{Z-[benxyl
(methyl)amino]-2-oxo-l-phenylethyl}-1-methyl-5-[45
{trilluoromethyl)[1,1'—biphenyl]—2—carboxamido]—1II-
indole-2-carboxamide.

In another more preferred embodiment of the invention
R1 is chloro.

In another particularly preferred embodiment of the
invention, the compound of formula 1 is selected from the
group consisting of:
3—chloro—5—[(4‘—trifluoromethyl—biphenyl—2—carbonyl]—

amino]—1H—indole—2—earboxylic acid {2—[benzyl(methyl)
amino]—2~oxo—1—phenylethyl} amide;

3-chloro-"l-methyl-5-[[4'-trilluoromethyl-biphenyl-2-
carbonyl)-amino]-lII-indole-2-carboxylic acid {2-
[benzyl(methyl)amino]-2-oxo-I -phenylethyl }amide;
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4‘-trilluoromethyl-biphenyl-2-carboxylic acid [2-({[(hen7.yl-
methyl-carbamoyI]-phenyl-methyl]-methyl-aminn}-
methyl)-3-chloro-I-methyl-III-indol-5-yl]-amide, which
is alternately named: 3—eh|nro—I—methyl—5—[(4‘—
trifluoromethy1—biphenyl—2—earbonyl)—amino]—1H—in(|ole—
2—earboxylic acid {N—[2—(benzyl(methyl)amino)—2—oxo—1—
phenylethyl]methyl} amide;

3—ehloro-1—methyl—5—[methyl—(4'-trifluoromethyl—biphenyl—
2-carbonyl)-amino}III-indole-2-carboxylic acid {2-
[|3enzyl(methyl)amino]—2—oxo—l—phenylethyl}amide; and

3—chloro—1—ethyl—5—[(4'—trifluoromethyl—biphenyl—2—
carbonyl)-amino}1II-indole-2-carboxylic acid {2-
[benzyl(methyl)amino]-2-oxo-I-phenylethyl}amide.
In another embodiment ofthe invention, X is C(R"), m is

U, n is U, and p is U or 1, and Rm is phenyl-Z2- attached at
the 3’—position, wherein the phenyl moiety of R” is option-
ally substituted with one to five independently selected R”
and Z3 is O or S.

In another embodiment of the invention, R7 is phenyl-Z‘,
wherein the phenyl moiety is optionally substituted with one
to five independently selected R12 and Z' is 0 or S.

In another embodiment of the invention, R7 is pyridyl-Z‘,
wherein the pyridyl moiety is optionally substituted with

from one to five independently selected R”. In a preferred
embodiment thereof, Z1 is —((TII:._]—.

In another embodiment of the invention, X is N and Rm
is phenyl optionally substituted with one to five indepen-
dently selected R”.

In another embodiment ol‘ the invention, X is N and Rm
is phenyl optionally substituted with one to five indepen-
dently selected R13, and R7 is phenyl-Z1, wherein the phenyl
moiety is optionally substituted with from one to five
independently selected R”.

The present invention also relates to a compound of the
formula lb:

 
‘lb

“{2}” 1 Ox

,,t_/7 t5

\ /
R3 NR”R?

or a pharmaeeutically acceptable salt thereof, wherein:

R1 is substituted at the 5 or 6 position of formula 1b and
has the structure:

RIU

r~\/‘§““?.<” _
?—I_.— ,

5/

It

(R 1:‘ |-|

or when R7 is phenyl. pyridyl, phenyl—Z1— or pyridyl—Z‘—
optionally substituted with one to five independently

selected R”, R1 is (C1-C3-)alkyl,_ (C3—C3)eycloalkyl,
(C5—C1O)bicycloalkyl, —(CR”R”)_,0((.‘,—C,, alkyl),
—(CR"R‘i’),S(C1—(."5 alkyl), —(CR"Ri’),_C(())R15,
—((TR"R”),R 15, 402R 15, (C,,—Cm)heterocyclyl, ((i5—Cw)

heteroaryl, aryl or —(CR“Ri’)q-aryl, wherein the cycloalkyl,
heterocyclyl, heteroaryl or aryl moiety is optionally substi-
tuted with from one to live independently selected R”;

m is an integer from U to 5;
n is an integer from 0 to 3;
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p is an integer from [J to 3;
I. is —C(O)N(R"’)—, as described above;
X' is N(R"), S or 0;
X: is N or C(R“);
R3, R”, R“, R”, R” and R” are each independently

selected from halo, cyano, nitro, azido, amino, hydroxy,
{C1—C6)alkyl, (C_._—C6)alkoxy, methoxy, (C1—C°—)allioxy
((i1—C5)alkyl, mono-, di- or tri-halo((T3—(Ib.)alkyl, perlluoro
((i2—C,,)alkyl, trilluoromethyl, triIluoromethyl(C,—(T5]alkyl,
mono-, di- or tri-halo[C:,_—CU.)alkoxy, trilluoromethyl
(C,—C5)alkoxy, (C1-C3-)alky1thio, hydroxy(Cl—C°-)a1kyl,

(C3—(IR)cycloalkyl{CR"Ri’)q—, [(T2—C6)alkenyl, (C2-C6)
alkynyl, (C,—C5)alkylamino—, [C1—CL,-)dialkylamino, amino

((T1—(I?)alkyl-, —((IR“R”)%NR“R1“, —(I((J)NR“R”,
—NRl'C(O)R15, —NR”OR ', —CH=NOR15, —NR”C
(o)oR”, —NR“s(o).R15, —(?(())R15, (I(S)R”,

—(?(o)()R‘-“, —()(:§t))R‘-‘, —so,NR"R“‘, fls(o),.R“'*, or
—(CR"R")qS(O).R" ;

each R“ and R5’ is independently H or (C1-C6-)alkyl;
RC. is II or R“;
each q is independently an integer from U to 6;
eachj is independently 0, 1 or 2;
R7’ is II, halo, ((I1—(T,_,,)alkyl, or mono-, di- or tri-halo

((i1—Ce.)alkyl;
R4 is H, (C1-C0-)alkyl, (C3—C3)eycloalkyl, —C(O)R’5,

—C(S)R15, —(CR"R£’),O(C1—CL,- alkyl), (CR“R£’)_,_S
{C1-C6 alkyl), —(CR"Ri’),C[O)R15, —(CR"Ri’),R”,

—SO3R‘5 or —(CR"Ri’)q—phenyl, wherein the phenyl moi-
ety is optionally substituted with from one to five indepen-
dently selected Rm;

each r is independently an integer from 2 to 5;
each t is independently an integer from '1 to 6;
R5 and R9 are each independently II, (C1—Cfi)alkyl,

(C3—C,,)eycloalkyl, —C(0)R15, —C[S]R15, —(CR‘°R"’),O
((i,—Cfi alkyl), —(CR"Rb),S(C1—Cfi alkyl), —(CR"Rb),C((l)
R‘-‘, —(CR”R"’),R“‘ or —so,R‘-‘;

RE‘ is H, (C1—Co.)a]kyl, (C3—C3)eyeloalkyl, —C(O)R'5,

C(S)R15, —(CR"R£’),,EJ)(C1—C<,lalkyl). —(gR"I;’.:’),_,S
(C1-C6 alkyl), —((iR"R ),.C(())R ', —(CR"R ),,R ' or
—SO2R15;

y is an integer from [J to 5;
I{7 is ((I1—(Tfi)alkyl, (C2—(Tg)alkenyl, {C2—(Tg]alkynyl,

—(CR"R"’),,O(C,—C,., alkyl), _—(CR"R”),t,1S(C,—C,, alkyl),
(C_.,—C,,)cycloalkyl, C[O)R1’, —C(S)R 5, —{CR“Ri'),E“,
(o)R‘-‘, —((7R"R”),(?(s)R‘5, —((?R"R"’),.R‘5 or fls(J,R‘-‘;

or R7 is phenyl, pyridyl, phenyl—Z'—or pyridyl—Z‘— option-
ally substituted with one to five independently selected R”;

or R5 and R7 taken together with the nitrogen atom to
which they are attached together comprise (C,,—Cm)
heterocyelyl, wherein the heterocyclyl moiety is monoey—
clie;

wherein the alkyl, cycloalkyl, and heterocyclyl moieties
of the foregoing R“ and R7 groups are optionally substituted
independently with I to 3 substituents independently
selected from halo, cyano, nitro, trilluoromethyl,
trilluoromethoxy, azido, OR”, —C(O)R15, —C(O)OR '5,
—()(?(())R”,—NR1‘*(I(())R15,—(I(())NR“R“‘,—NR“R“‘,
and —NRM()R15, (I1—(f,_,, alkyl, (T2—(T,., alkenyl, and (T2—(Tfi
alkynyl; and

R10 is phenyl, pyridyl, phenyl-Z13 or pyridyl-Z3-, wherein
the phenyl or pyridyl moiety is optionally substituted with
one to five independently selected R”;

Z2 is —S(O);—, —O—, —(CR“Ri’],_.—, or —(O)k
(CR”R”)..(0)t(CR”R'’lq ;

w is independently an integer from 1 to 6;
each k is independently 0 or 1;
or R1” is OR”, wherein R” is [C,—Cfi]alkyl, (C1-C5)

alkoxy((I1—(I6)alkyl, mono-, di- or tri-halo(C2—C6)alkyl,
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perlluoro(C2—C,,)alkyl, trilluoromethyl(C,—C5)alkyl,

hydroxy(C,—CU.)alkyl, (C3—C3)cycloalkyl(CR”R"’)q—,
[C:—C,.,)alkenyl, or (C2—C,,]alkynyl;

each R” is independently H, (C,—C6}alkyl, (C3-C3)
cycloalkyl, —C(0)RlS, —C(S)R1i‘, —(CR“R"),O(C1—C5

alkyl), :(c?R"R*’),s((.‘,—c:,,. alkyl], —(CR“R")r(I(())R‘5 or—S0qR ';

each R15 is independently II, (C1—C5}alkyl, (C3-C3)
cycloalkyl, triiluoromethyl, trifluoromethyl((f,—C5)alkyl,
wherein the alkyl, moieties of the foregoing R15 groups are
independently optionally substituted with 1 to 3 substituents
independently selected from C1-C3“ alkyl, C1-C6 alkoxy,
amino, hydroxy, halo, cyano, nitro, trifluoromethyl and
trilluoromethoxy;

and wherein any of the above “alkyl”, “alkenyl” or
“alkynyl" moieties comprising a CI[3 (methyl), CII2
(methylene), or CII (methine) group which is not substituted
with halogen, S0 or S02, or attached to a N, O or S atom,
optionally bears on said methyl, methylene or methine group
a substituent selected from the group consisting of halo,
—()R", ask" and —NR"R"’.

In an embodiment of the invention, X2 is C{R‘).
In another embodiment of the invention, X2 is C(R") and

I. is attached to the 2 position of R‘ and to the 5 position of
formula 1 b.

In another embodiment of the invention, X3 is C(R") and
L is attached to the 2 position of R1 and to the 5 position of
formula 1b, R10 is OR” and R7 is phenyl—Z1, wherein the
phenyl moiety is optionally substituted with one to five
independently selected R”. In a preferred embodiment
thereof, Z‘ is —(CR"R”),—.

In another embodiment of the invention, X3 is C(R") and
I. is attached to the 2 position of R1 and to the 5 position of
formula lb, and R1“ is phenyl attached at the 3 position of
R1, wherein the phenyl moiety of Rm is optionally substi-
tuted with one to five independently selected R13. In a
preferred embodiment of the invention, R" in formula 1b is
H or [C,—C4)alkyl.

In another preferred embodiment of the invention, the
carbon designated “a'" in formula lb is in the (S) absolute
configuration.

In another embodiment of the invention, R13 in formula
1b is H or trifluoromethyl.

In another preferred embodiment of the invention, R3 in
formula lb is II, halo, or (C,—Cfi]alkyl

In another preferred embodiment of the invention, R7 in
formula 1b is (C1-C3-Jalkyl, (C2—C,,)alkenyl or (C2-C5)
alkynyl.

In a particularly preferred embodiment of the invention,
the compound is selected from the group consisting of:
3-Chloro-1-methyl-5-[(4'-trifluoromethyl-|)iphcnyl-2-

carbonyl)-amino]-1II-indole-2-carboxylic acid [2-oxo-l -
phenyl—2—(prop—2—ynylamino)ethyl]amide;

3-Chloro-1-methyl-5-[(4'-trilluoromethyl-biphenyl-2-
carbonyl)-amino]-1II-indole-2-carboxylic acid [2-
[isopropylamino—2—oxo—1—phenyletl'1yl]amide;

3-Chloro-1-methyl-5-[(4'-trilluoromethyl-biphenyl-2-
carbonyl)-amino]-1II-indole-2-carboxylic acid [2-oxo-l -
phenyl—2—(propylamino)ethyl]amide;

3-Chloro-1-methyl-5-[methyl-(4'-trilluoromethyl-biphenyl-
2-carbonyl)-amino]-'1II-indole-2-carboxylic acid [2-
[ethylamino)—2—oxo—'l—phenylethyl]amide;

3—Chloro—1—methyl—5—[methyl—(4‘—tril‘luoromethyl—biphenyl—
2—carbonyl)—amino]—'lH—indole—2—earboXylie acid [2-
[isopropylamino—2—oxo—l—phenylethyl]amide;

5-[[Biphenyl-2-carhonyl)-amino]-3-chloro-"l-methyl-'lII-
indole-2-carboxylic acid [2-oxo-l-phenyl-2-
[propylamino)ethyl]amide; and
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5-[(Iliphenyl-2-carbonyl)-amino]-3-chloro-1-methyl-l II-
indole-2-carboxylie acid [2-[isopropylamino-2-oxo-1-
phenylethyl]amide. _
In an embodiment of the invention, R” and R7 in formula

lb taken together with the nitrogen atom to which they are
attached together comprise (C,,—Cm)heterocyclyl, wherein
the heterocyclyl is optionally substituted independently with
l or 2 substituents independently selected from (C1-C5)
alkyl, (C2—C5)alkenyl, and (C,._—CL,-)alkyny1 and trifluororn—
ethyl. In a preferred embodiment thereof, the heterocyclyl is
selected from pyrrolidinyl, piperidinyl, morpholino and
thiomorpholino. In a particularly preferred embodiment
thereof, the heterocyclyl is pyrrolidinyl or morpholino.

The present invention also relates to compounds of the
formula 2:

g.)

 
or a pharmaoeutically acceptable salt thereof, wherein:

R1 is substituted at the 5 or 6 position of formula 1 and has
the structure:

RIO

r\’9*>.<
I -1 '3

5/
(R11), 1.— '-

m is an integer from U to 5;
n is an integer from U to 3;
p is an integer from 0 to 3;
I. is —C(())N(R9)—;
X is N or C(R° ;
R2, R”, R”, R' and R17’ are each independently selected

from halo, cyano, nitro, azido, amino, hydroxy, (C1-C5)
alkyl, (C3—C5)alkoxy, methoxy, (C1-C3-)alkoxy((T,—(T,,)
alkyl, mono—, di— or tri—halo[C,_—C<,)alkyl, perl‘luoro(C2—C_,)
alkyl, trifluoromethyl, trifluoromethyl(C1—C5)al.kyl, mono—,
di— or tri—halo(C2—Co-)alkoxy, trifluoromethyl(C1—C5)alkoxy,

(C,—C,,2alkylthio, hydroxy(C1—Cfi)alkyl, (C_,—C,,]cycloalkyl
(CR"R ,,—, (C2—Cfi)alkenyl, [C2—Cfi)alkynyl, (C1-C6)
alkylamino—, (C,—Cc,)dialkylamino, amino(C1—C5)alkyl—,
—(CR“R"’) NR“R”, —C(0)NR"R”, —NR”C(0)R13,
—NR"'ofi'-“, —ct1=NoR‘5, NR"'(?(o)oR‘-‘,
—NR"'S{O)rR15, —C(0)R15, —C(S)l-I15, —C(O)UR]5,

—()(:1(p)R‘-“', —S()2NR"R"‘, fis(()),.R‘-2 or —((TR"R”),,S
(0)-R -;

eiach R” and RI’ is independently II or (C,—C,,]all\'yl;
R" is H or R“;
each q is independently an integer from U to 6;
each j is independently 0, 1 or 2;
R7’ is II, halo, (C1—Ct.,)all<yl, or mono—, di— or tri-halo

(C1—C,-)alkyl;
each r is independently an integer from 2 to 5;
each 1 is independently an integer from 1 to 6;
R’ and R9 are each inde endently H, (C1-C3-)alkyl,

(C3—C3)cycloalkyl, —(;[[))R1 , —C[S]R15, —(C%“R£’),(}
{C%—Ce alkyl), —(CR”R’),S(Cl—(:[, alkyl). —(CR"R ),C(())
R‘ ,—{(:R"R*’),R15 or —so,R1>;

Rf’ is II, (C1—Cfi)alkyl, (C_,_—CH)cycloalkyl, —C(()]R'5,

—C(S)R‘5, —(CR"R"’),(£)(C1—C6 alkyl), —((£“.R"Rf’)qS
(C§;)C7,l,-{1a;lkyl), —(CR"R ’),C(O)R15, —(CR,,R ’),R” or
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y is an integer from U to 5;
R7 is (C,—C6)alkyl, (C,._—C°.)alkenyl, (C3—C6)alkynyl,

—{(?R"R”), t)(t?,—(.‘, alkyl), —((?R“R”),,s((:,—(:, alkyl);
(C3—C§,)eyeloalkyl, —C(O)R15, —C(S]R'5, —(CR"R”)i.C
(0)R1 , —(CR“'R£’),C(S)R15, —(CR"R"),R‘5 or —SO3R 5;

or R7 is phenyl, pyridyl, phenyl-Z1-or pyridyl-Z5 option-
ally substituted with one to five independently selected R '2;

or R5 and R7 taken together with the nitrogen atom to
which they are attached together comprise ((f,,—(f,,,)
heterocyclyl, wherein the heterocyclyl moiety is monocy-
elie;

wherein the alkyl, cycloalkyl, and heterocyclyl moieties
of the foregoing R5 and R7 groups are optionally substituted
independently with 1 to 3 substituents independently
selected from halo, eyano, nitro, triiluoromethyl,
trilluoromethoxy, azido, —(]Rl5, —C(()}R15, —C(())()R15,
—()(l(t))R‘5,—NR"'(T(())R‘5,—(?(())NR"R“',—NR"R“‘,
and —NR"‘OR'5, C,—C,, alkyl, C2—C,, alkenyl, and C2-C6

alkyncyl; and
R1 is phenyl, pyridyl, phenyl-Z15 or pyridyl-Z2-, wherein

the phenyl or pyridyl moiety is optionally substituted with
one to five independently selected R”;

2‘ is s(o).—, —o—, —(c:tt"R”)_,.—, or —(o),,
{CR"R"),,.(O),,[CR"R“),,—;

w is independently an integer from I to 6;
each k is independently U or 1;
or Rm is ()R”, wherein R17 is (C,—Cg)alkyl, (C1-C6)

alkoxy(C,—CU.)alkyl, mono—, di— or tri-halo(C3—C5)alkyl,
perlluoro((T2—(T,,)alkyl, triiluoromethyl(C,—(f5)alkyl,

hydroxy(C,—C,,.)alkyl. (C_.,—C,,)cyeloalI{yl(CR"R"’),,—,
(C3-C0-)alkenyl, or (C3-C6-)alkynyl;

each R“ is independently II, ((f,—C,,)alkyl, (C3-C3)
eyeloalkyl, —C(O)R15, —C(S)R15, —(CR“R"),O(C,—C-

alkyl), —(CR‘“'R£’),S(C,—(."£, alkyl), —((fR“R£’),(f(())R1 ,
—(cR"R”),R‘-‘or —so,R‘-;

each R15 is independently II, ((f,—C,,)alkyl, ((f_.,—C,,)

eyeloalkyl, trifiuoromethyl, trifluoromethyl(L;—C5)alky1,
wherein the alkyl, moieties of the foregoing! " groups are
independently optionally substituted with I to 3 substituents
independently selected from C1-C6 alkyl, C1-C6 alkoxy,
amino, hydroxy, halo, eyano, nitro, trifluoromethyl and
trilluoromethoxy;

and wherein any of the above “alkyl”, ''alkenyl’’ or
“alkynyl” moieties comprising a CH3 (methyl), CH:
(methylene), or CH (methine) group which is not substituted
with halogen, S0 or S02, or attached to a N, 0 or 5 atom,
optionally bears on said methyl, methylene or methine group
a substituent selected from the group consisting of halo,
—()R“, ask" and —NR“R".

In an embodiment of the invention, X in formula 2 is
C(R‘).

In another embodiment ofthe invention, I. in formula 2 is

attached to the 2 position of R1 and to the 5 position of
formula 2.

In another embodiment of the invention, wherein y is 1 or7

In another embodiment of the invention, Rm in formula 2
is phenyl attached at the 3 position of R1, wherein the phenyl
moiety of Rm is optionally substituted with one to five
independently selected R”.

In another embodiment of the invention, R7 in formula 2
is phenyl-Z1, wherein the phenyl moiety is optionally sub-
stituted with one to five independently selected R”. In a
preferred embodiment thereof, Z1 is —(CR"R*’ ,—.

In another embodiment of the invention, R“ in formula 2
is H or [C,—C_,)alkyl.

In another embodiment of the invention, the carbon
designated “a” in formula 2 is in the (S) absolute contigu-
ration.
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In a preferred embodiment of the invention, R13 in
formula 2 is trifluoromethyl.

In another prefe1Ted embodiment of the invention, R3 in
formula 2 is H, halo, or [C,—C,,)alkyl.

The invention also relates to a process for preparing a
compound of formula 1 which comprises forming an amide
linkage between a compound of the formula A131:

AB1

Rm 0

(R)P_K*2 T 

 
wherein

m is an integer from O to 5; n is an integer from 0 to 3;
p is an integer from 0 to 3;

the amide nitrogen atom of —C(0)N(R'°)— above is
bonded to the 5 or 6 position of the indole;

X is N or C(R°'), wherein R“ is H or R”;
R3, R8, R11, R13, R13 and R16 are each independently

selected from halo, cyano, nitro, azido, amino, hydroxy,
(C,—C,,)alkyl, (C2—C,.,)alkoxy, methoxy, (C,—C,,)alkoxy
(C,—C,-)alkyl, mono—, di— or tri—halo(C3—C,,-)alkyl, perfluoro
(C2—C,,)alkyl, trifluoromethyl, trifluoromethyl(C,—C,,)alkyl,
mono—, di— or tri—halo[C,._—C,,-)alkoxy, trifluoromethyl
{C,—C5)alkoxy, (C,—C,,)alkylthio, hydroxy(C,—C,,]all~'.yl,

(C3—(I,,)cycloalkyl{CR”R"’),,—, [(T2—C,.,)alkenyl, (C2-C6)
alkynyl, (C,—C,,)alkylamino—, [C,—C,,)dialkylamino, amino

(('_',—C,_?)alkyl-, —(CR"R”),€NR"R"‘, —C(O)NR"R“‘,
—NR“C(O)R”, —NR"‘0R" , —CH=N0R‘5, —NR"‘C
(O)OR”, —NR“'S[0)-R”, —C(O)R15, C(S)R”,
—C(())()R”, —()(I(t))R 5, S[),NR“R1“, fls((J),.R1-‘, or
—(CR"R"),,,S(0) -R '5;

each R” and R" is independently H or (C,—C,,)alkyl;
each q is independently an integer from 0 to 6; eachj is

independently 0, 1 or 2;
R is H, halo, (C,—C,,)a1kyl, or mono—, di— or tri—halo

((f,—C,,)alkyl,
R4 is H, (C,—C,,-)alkyl, (C3—C,,)eyeloalkyl, —C(O)R’5,

—C(S)R'5, —(CR”R"’),O(C,—C,, alkyl), (CR"R”),_S
(C,—C,._ alkyl), —(CR"R”),C[0)R15, (CR“R*’),.R"‘,

—SO2R'5 or —(CR"R"),,—phenyl, wherein the phenyl moi-
ety is optionally substituted with from one to live indepen-
dently selected Rm;

each r is independently an integer from 2 to 5; each t is
independently an integer from 1 to 6;

R5, R5 and R9 are each independently II, (C,—(T6)alkyl,
((f3—C8)cycloalkyl, —(f([))R15, —(T(S)R15, —(CR”Rb),(]
(C1-C5 alkyl), —(CR"R"),S(C,—C,,- alkyl), —(CR“R*‘),C(O)
R‘-“, —((:R"R”),R‘-“ or —so,R‘-‘;

R7 is phenyl, pyridyl, phenyl—Z1— or pyridyl—Z‘-, wherein
the phenyl or pyridyl moiety is optionally substituted with
one to five independently selected R13;
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2‘ is —so,— or —((IR”R"’),,—;
v is independently an integer from I to 6;
R1” is phenyl, pyridyl, phenyl-Z2- or pyridyl-Z2-, wherein

the phenyl or pyridyl moiety is optionally substituted with

12

a suitable solvent, preferably methylene chloride, followed
by (b) addition of NaB(OAc)3II and chloroform. In an
prefened embodiment of the Aldehyde Process, the com-
pound of formula 1 is purilled from the organic layer,

one to live independently selected R”; 5 preferably by flash chromatography using methanol.-"

Z3 is —S(0),-—. —O—, —(CR“Ri’),,_—, or —(O),, chloroform. In a further embodiment of the Aldehyde
(CR"R”),_,(0),,(CR"l{”),, ; Process, the A131 aldehyde is formed by (i) combining a

w is independently an integer from I to 6; compound of formula AB1, wherein L" is a carboxylic acid,
each k is independently U or 1; preferably —C()()Il, with N,[)-dimethyl hydroxylamine
each R“ is independently H, (C,—C,,}alkyl, (C3-C3) 10 hydrochloride salt and PyBroP in a suitable solvent; fol-

cycloalkyl, —C[[))R15, —C(S)R15, —(CR"R'i’),()((f,—C,., lowed by (ii) addition of diisopropylethylamine and (iii)
alkyl), —(CR,,R_,,),S(C,—Cfi alkyl), —(CR"R‘i’),C(O)R15, treatment ofthe resulting N,O-dimethyl hydroxyamide with
—{'CR"R”),R15 or fi§(]2R15; DIIIAI. in a suitable solvent, to yield the corresponding

each R” is independently H, (C,—C5)alkyl, (C3-C3) aldehyde. In a preferred embodiment of the Aldehyde
cycloalkyl, trilluoromethyl, trilluoromethyl((f,—C,,)alkyl, ‘I5 Process, the suitable solvent in step (i) is methylene chlo-
wherein the alkyl, moieties of the foregoing R” groups are ride. In another preferred embodiment of the Aldehyde
independently optionally substituted with I to 3 substituents Process, the suitable solvent in step (iii) is TI-IF.
independently selected from C1-C5 alkyl, C1-C6 alkoxy, Ina preferred embodiment of Process I, referred to herein
amino, hydroxy, halo, cyano, nilro, trilluoromethyl and as “Process IC" for its use of carbodiimide, the amide
trilluoromethoxy; in linkage between Alll and C, wherein I.” is a carboxylic acid,

and wherein any of the above ‘'alkyl’’, “alkenyl” or is formed by (a) combining AB'1 with a carbodiimide and a
“alkynyl" moieties comprising a (TII3 (methyl), CII2 catalyst, e.g., l-hydroxybenzotriazole hydrate ("II()I3t”], in
(methylene), or CH (methine) group which is not substituted a suitable non-aqueous solvent, and (b) adding triethylamine
with halogen, S0 or S03, or attached to a N, O or S atom, and C to the mixture of step (a). In a more preferred
optionally bears on said methyl, methylene or methine group 25 embodiment of Process IC, the carbodiimide is EDC, i.e.,
a substituent selected from the group consisting of halo, 1-[3-{dimethylamir1o)propyl]-3-ethylcarbodimide
—OR", —SR“ and —NR"Ri’; hydrochloride, and even more preferably, the solvent is

and I." is selected from a a carboxylic acid or salt methylene chloride. In another embodiment, Process [C
thereof (ii) an activated form of the carboxylic acid or (iii) further comprises at least a second addition of triethylamine.
an aldehyde. 30 In another embodiment, Process IC further comprises at

In an embodiment, the carboxylic acid is optionally least a second addition of triethylamine, optionally with
activated in-situ, using methods well known in the art. The further addition of the carbodiimide. In another embodiment
above process is referred to herein as "Process 1.” Proeessl of Process IC, a salt of the acid AB1 is used in step (a).
is applicable to, and provides, a process for preparing each Preferably, the salt isa sodium salt, ie, I.‘ is —C(()](]"Na",
ofthe embodiments, preferred embodiments, more preferred 35 and more preferably, the salt is a potassium salt, ie, I.‘ is

embodiments and particularly preferred embodiments of the —C(O]0"'“, and particularly preferably, the salt is a potas-
eompound of formula ‘I, a detailed repetition of which is sium salt, i.e., L" is —C[0)O‘K", crystallizing as the 2.5
avoided for brevity. Methods for forming amide linkages are mole hydrate. In a still further embodiment thereof, the acid
well—known in the art, some examples of which are provided salt AB1 is first treated with aqueous acid before combina-
herein. 4:! tion with the other components in step (a); in this

In an embodiment, the employed form of the amine C embodiment, the treatment with aqueous acid resulting in
may optionally be a salt with any acid that is compatible precipitation of the free acid as a solid, which is collected for
with the subsequent process options, and may additionally use in step (a). In a preferred embodiment of the acid
or optionally be a solution in a similarly compatible solvent treatmentstep, the acid saltABl is treated with aqueous acid
or mixture of solvents. 45 adjusted to a pH of from about 3 to about 4, with heating. In

In an embodiment, the employed forms of the carboxylic a more preferred embodiment, the acid salt is treated with an
acid [or salt thereof) AB] and amine (T (or salt thereof) inert mineral acid, most preferably concentrated aqueous
optionally include solvates and hydrates. hydrochloric acid, or alternatively, an inert organic acid,

In an embodiment of Process I, the amide linkage between preferably anhydrous and most preferably methanesulfonic
ABI and C is formed by combining ABI, C, and PyBroP Sn acid, before step (a). In a still further embodiment, the
[about l eq) in a suitable non-aqueous solvent, followed by compound of formula l is purified by (a) washing in
the addition of diisopropylethylamine (2-3 eq). In a pre— saturated aqueous sodium hydrogen carbonate, (b) washing
ferred embodiment, the suitable solvent is methylene chlo- in aqueous acid, preferably, hydrochloric acid, and
ride or DMF. In a more preferred embodiment of Process I, washing with water, to provide purilied compound of for-
the solvent is methylene chloride. In another preferred 55 mula 1 in the non—aqueous solvent. In a still further
embodiment, Process I further comprises stirring or agitat- embodiment, the non-aqueous solvent is replaced with amyl
ing the resulting mixture at room temperature for a period of acetate, amyl alcohol, mixtures of methanol or acetonitrile
from about 30 minutes to about 24 hours. In another with diisopropyl ether, or preferably mixtures of propan—2—el
preferred embodiment thereof, of Process I further com- and tert—butyl methyl ether, by distillation, and the solution
prises removal of the solvent and the purification of the an is cooled in order to precipitate solid forms, e.g.,
product by TLC or flash chromatography using ethyl polymorphs, of the compound of formula 1. Preferably, the
acetate,-‘hexane as the eluting solvent. solution of compound of formula 1 in mixtures of propan-

In another embodiment of Process 1, the amide linkage 2-01 and tert—butyl methyl ether is seeded with the desired
between AB1,wherein L‘ is an aldehyde, preferably C(D)H, solid form to facilitate precipitation of the desired solid
and C is formed by a process (herein, the “Aldehyde 65 form.
Process”) which comprises (a) reacting the AB] aldehyde In another embodiment of the above process, the amide
with C in the presence of an acid, preferably acetic acid, in linkage between A131 and (I is formed by (a) reaction of the
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acid the 1,1'-carbonyidiiimidazole to produce its acyl
imidazolide, i.e., yielding e.g., I.‘=—(“_(O)('l-CEIIENQ), and
(b) reacting the imidazolide of/U31 with C, preferably in the
presence of a suitable base. In this embodiment, some
racemization of chiral center "a” in (S)—phenylglycine 5
derivatives has been observed, thus, where preservation of
stereochemistry is desirable, the use of the imidazolide
reaction is less preferred than other embodiments described
above. Preferred processes of the invention preserve the

stereochemistry of the phenylglycine group. 1
In a preferred embodiment of each of the embodiments of

Processl and Process IC‘, R5 is hydrogen, R6 is hydrogen, R7
is benzyl, m, n and p are all 0, and the carbon designated "a”
in formula C is in the (S) configuration. In another preferred
embodiment of Process 1, the amide linkage between AB1
and C is formed as in Example 45, step (g).

In aprcfcrrcd |.;1'1'1l}|U(.li1'1'1l:1'1l(lfllftltictiril(:,R4lSllll.:llIyl,Rq
is hydrogen, Rf‘ is methyl, R7 is benxyl, iii is 0 and the
carbon designated “a" in formula (T is in the configura-
tion and the amide linkage between ABI and C is formed as

0

"I5

14

(f(())Cl, (b) optionally removing the excess reagent by
distillation, combining the acid chloride with B1 in the
presence of a suitable base, e.g. IJIEA, in compatible
solvents, e.g. DCl_i, Toluene, l_itOAc, acetonitrile, and mix-
tures thereof, followed by (d) isolation of product AB1—e as
described in the preceding embodiment. or preferably by
filtration of crude product from the reaction mixture, and
reslurry of the crude in suitable non—solvents, preferably in
mixtures of aqueous propan-2-ol, before refiltration.

Apreferred feature ofthe above embodiment is the use of
catalysis in the preparation of the acid chloride, i.e. A
wherein L"=—C(O)Cl, to prevent the formation of the
corresponding symmetrical carboxylic anhydride. Preferred
catalysts are tertiary amides, e.g. DMF and DMAC, or
pyridines, e.g. pyridine or DMAP or mixtures thereof. More
preferred catalysts are tertiarybenzamides, e.g. N,N—
dimethylbenzamide. I_-'.ven more preferred catalysts are
N—a1kyl lactams, e.g. N—methylpyrrolidinone. Catalysis by
iron salts and by tetraalkylureas, e.g. tetramethylurea, is

 

in Example 44, Step in known in lhfi art.
Additional embodiments of methods for forming the The invention also relates to a compound of the formula

amide linkages of the processes of this invention are ATS]
described in the Examples, and it is to be understood that

each of the embodiments exemplified as described below are G‘ AB1
intended to be included within the scope of the processes of Hi
this invention.

In a further embodiment of the above process, the com-
pound of formula A131 is prepared by a process which

comprises forming an amide linkage between a compound 30
of the formula A: (R"),,

A
R13

‘ 5* -:-x 35 wherein R3 is H, halo or [C,—C,.,)alkyl, R" and R9 are each
[R11-113% 6;]; independently II or (C,—(I§)alkyl; in, n, and p are all 0,

SX is phenyl optionally substituted with from one to five R‘
groups and I." is a carboxylic acid or salt thereof. In a
preferred embodiment, L‘ is COOH. In another preferred

and a compound of the formula Ill: 4“ embodiment, I." is a salt of the carboxylic acid, preferrably
If is the sodium salt of the carboxylic acid. i.e., —C(JO’

I51 Na*, more preferably L‘ is the potassium salt of the car-

IRZL. /R4 boxylic acid, i.e., —C0O"K*, and particularly preferably L‘
K N is the potassium salt ofthe carboxylic acid, i.e., —C(]()_K+,

HN_s | L, 45 crystallizing as a 2.5 mole hydrate. In a preferred embodi-
| 5\ / ‘ merit of the compound of formula AB1, R3 is H or halo, R4

R9 is methyl, ethyl or propyl; m, n and p are both 0, and R10 is
R3 phenyl optionally substituted with one or two R” groups. In

a more preferred embodiment thereof, R3 is H and R" i?
wherein L‘ is a carboxylic acid and L" is a carboxylic acid Sn fI‘1°lhyl‘,,Ii]‘ another more I,::f[ifcrr°(l cmboqllmfnt t‘hCn?'Cit’ R

{Cl_(:U_)alkyl ester, and Rg_R11 are as defined abuvci isvll, R islmethyl and R is-.1phenyl optionally substituted
In an embodiment, the amide linkage between A and BI (£11634 . grout?’ lln ad1’}:’,l,‘,‘i”l"‘f1l}’1°r,“f",’)r°5l Lnxlclljoclulilcm’

is formed by a process comprising (a) combining A and B1 I “IS ’ ll: [incl 3' an] _ ISyl 5" Sllitutbd wflhogfi
with a suitable base, e.g. DIEA, a carbodiimide, e.g., n Lmmmc .y gmllp‘ n d par mu ‘H yffc cm’ ,cm_.°. 1
EDCHC1, and a Catalyst, e.g. HOBT, in an organic Solvent, 55 merit thereol, the trifluoromethyl group in the 4 position
e.g. DMF, followed by (b) distillation of volatile "“.'“’ ".‘P."""Y‘3"’“*‘ “”"“"l b"'“""’“ R “"1 ‘hf’ F’h"'“Yl “‘
components, (c) partition between organic solvent and dilute whlch 1_l 15 aliached‘
aqueous acid, (d) replacement by distillation of the solvent 111° 1"‘''‘'~''““‘?" 31550 T113155 ‘9 3 Compound of ‘ht? formula
with a non—solvent, e.g. terf—butyl methyl ether, diisopropyl N“ '‘’= “’l""“"" Ruff _ 3”’ 35*’ definafj ab“_"" {W the mm‘
ether or propan—1—ol, and (e) isolation of the product AB1—e tin Pound _-AB]: 3'19 If _'5 3 "-a1'l‘°xY11‘3 3°-1d ‘75t‘7‘'- 1“ 3"
by fi]m,1i0n_ embodiment, the ester an alkyl ester, preferably a (C1-C5)

In another embodiment, the amide linkage between Aand al-klfll cslcr or a_ 5ul35“lul’fd‘al-kyl “anal 10“ fl'}°1'°°_n- In 3
BI is formed by a process comprising (a) combining/twith Prclcnfid embfldlmcnls If 151173 clhyl ‘33rl7"’x)’l1C affld 951”:
a chlorinating agent, e.g. oxalyl chloride or preferably lvcw —C(0)OCH2CH3v 1“ anolhcr Prcfcrmfl Cmbodlmcm» L“
thionyl chloride, in a compatible solvent e.g. toluene, 65 is tho mclhyl carboxylic acid '35“-31's l-9-a 4C'f0)0CHs-
acetonitrile, or 'l,2—dichloroethane, in the presence of a The invention also relates to process for preparing a
catalyst to prepare the acid chloride, i.e. A wherein L"=— Ctlmpfltlrld Uf ftlrmula (7.
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or a stereoisomer thereof, which comprises reacting an
amine of the formula IINR"R7 with a compound of the
formula

10

"I5
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In another embodiment, racemic compounds of the for-
mula C may be resolved via the selective precipitation ofone
of the enatiomers as its salt with an optically enriched chiral
acid, of which many examples are known in the art, from
suitable solvents, e.g. methanol and ethanol. Such optically
enriched chiral acids may be naturally occuring or synthetic.
The precipitated salts may be hydrates or solvates.

In a preferred embodiment, (RS)—N—benzyl—N—methyl—2—
phenylglycinamide is treated with di(o-toluoyl)-I.-tartaric
acid in methanol at 20° C. The precipitated salt is filtered and
washed with methanol, then dried providing (S]-N-benxyl-
N-methyl-2-phenylglycinamide di(o-toluoyl]-I.-tartrate
with 92.7% d.e. (chiral Ill-’I.(T). This material is reslurried in
hot methanol, filtered, washed and dried to providing (8)-
N-benzyl-N-methyl-2-phenylglycinamide di(o-toluoyl)-[.-

C’ tartrate with 99% de. (37% overall yield).
‘\ The diastereomericly enriched salts formed as described

l —(R8)u_ in the previous embodiments may be broken to provide
X optically enriched free amines (7, eg. (S)-N-benxyl-N-

1:1 methyl-2-phenylglycinamide, which may be advantageously

Rs purified by crystallization as—is or by the formation of a salt
KN 3 LC with an achiral acid in the presence of suitable solvents, e.g.

I precipitation of (S)-N-benzyl-N-methyl-L
Rf phenylglycinamide hydrochloride from mixtures of propan-

25 2-01 and tert—butyl methyl ether.
wherein R” is H or at protecting group. In another embodiment, a racemie compound of the

In an embodiment, the protecting group is tert- formula Cmay be resolved via the selective recrystallization
butyloxyearbonyl ("BOC”). In another embodiment, the of its salt with an optically enriched chiral acid, e.g. (RS)-
process comprises combining C‘ with a catalyst, e.g. HOBI, N-benzyl-N-methyl-2-phenylglycinamide di(o-toluoyl)-I.-
and a carbodiimide in a suitable solvent, and adding the 30 tartrate prepared asdeseribed above, fromasuitable solvent,
amine HNR°R7. In a preferred embodiment, the carbodiim— to provide diastereomericly enriched salts, e.g. (S)-N-
ide is N,N'—dicyclohexylcarbodiimide. In another preferred benzyl-N-methyl-2-phenylglycinarnide di(o-toluoyl)-I.-
embodiment, the carbodiimide is I.-"DC. In another preferred tartrate. Breakage of these salts delivers optically enriched
embodiment, the suitable solvent is (lichloromethane. In a free amines ofthe fon'nula C, which may be advantageously
preferred embodiment, the mixture of C’, the amine 35 isolated and used as the hydrochloride salt, e.g. (S)-N-
IlNR"R7, IIOBI and carbodiimide is stirred for about 30 benzyl—N—methyl—2—phenylglycinamide hydrochloride.
minutes to 24 hours before further processing. In an In another embodiment, where optically enriched corn-
embodiment, the further processing comprises an aqueous punds (I are preferred, the unwanted enantiomer of the
work-up to provide the compound of formula C. In a compound C may be recycled by raeemization. In a more
preferred embodiment, the amine HNR6R7 is 4t! preferable embodiment, the racemization is applied to
N—methylbenzylamine,i.e., R5 ismethyl and R7 is benzyl. In mother liquors from the resolutions described above by
another preferred embodiment, R" is IIUC and the amine is refluxing in the presence of a catalytic amount ofa carbonyl
N-niethylbenzylamine, and in a more preferred embodiment compound, e.n. 2—chlorobenzaldehyde, thus allowing the
thereof, the resulting compound of formula C, (tert—butyl isolation of second crops of diastereomerically enriched
{ R S ) - 2 - [b en z y l( m e t h y 1] a m ino ]- 2- o xo - t - 45 salts containing the desired enatiomer of compound C, e.g.
phenylethylcarbamate], is treated with trifluorocaetic acid (S)—N—benzyl—N—methyl—2—phenylglycinamide di(o—toluoyl]—
and triethylsilane in dichloromethane, followed by aqueous I.-tartrate with 92% d.e. in approximately 50% yield of the
workup to yield (RS)—N—be nZyl—N—me thyl—2— solute in the initial ethanolic mother liquors. In a still more
phenylglycinamide. In a particularly preferred embodiment, preferred embodiment, the catalysed racemization is per-
R” is BOC and the amine is N-methylbenzylamine, and in a Sn formed at a suitable temperature and concentration in-situ
more preferred embodiment thereof, the resulting optically during the resoluton in a suitable solvent, prior to the
enriched compound of formula C, (tert—butyl (S)-2-[benzyl isolation of the first crop of product; this "dynamic resolu-
(methyl)amino]—2—oxo—'l —phenylethylcarbamate), is treated lion” allows a first crop yield of product to be significantly
with concentrated hydrochloric acid in propan—2~ol, fol— greater than the 50% available by traditional salt resolutions.
lowed by advantageous precipitation of (S)-N-ben7.yl-N- 55 Dynamic resoultions are known in the art, but are considered
methyl—2—phenylglycinamide hydrochloride monohydrate far from trivial and highly substrate dependant.
from mixtures of propan—2—ol and tert—butyl methyl ether, In still another embodiment of a process for preparing an
resulting in a useful increase in the degree of optical opticaly enriched compound of formula C, a homochiral
enrichment. amino acid, e.g. (S)-I.-2-phenylglycine, is converted to the

A salt of the phenylglyeine amide may be prepared, e.g., tin corresponding N-carboxyanhydride, e.g. (S)-4-phenyl-'l,3-
by treating the amide, e.g., (RS]-N-benzyl-N-methyl-L oxazolidine—2,5—dione, using methods well known in the art,
phenylglycinamide, with di(o4oluoyl)-I.-tartaric acid in a which, may then be combined an amine, e.g.
suitable solvent, e.g. ethyl acetate, to provide the di(o- N—methylbenzylamine. The resulting mixture is then sub-
toluoyl)-I.-tartrate) salt, e.g. (RS]-N-benzyl-N-methyl-L jected to an aqueous work—up, providing the optically
phenylglycinamide. Tartrate salts of the phenylglycine 65 enriched aminoamide, e.g. (S)-N-benzyl-N-methyl-L
amides may be broken to provide the amide, which may be phenylglycinamide, which may be purified as-is or as a
purified as its hydrochloride salt. suitable salt.

PENN EX. 2158

15 of 44 CFAD V. UPENN

IPR20l5-01836



US 6,979,692 B2

1'?

Tl'ie invention also relates to a process for preparing a
compound of formula 2 which comprises: (a) forming an
amide linkage between a compound of the formula A and a
compound of the formula B2:
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herein and all of the embodiments, preferred embodiments,
more prefened embodiments, and particularly preferred
embodiments of such compounds, including the compounds
named or exemplified herein, each of which is a particularly

5 preferred embodiment of the compounds defined by the
3'3 formulas. Reference to "a compound of the invention” is

(R3), / \I’’ meant to encompass any of the compounds of formula 1,

/‘| N L‘; formula lb or formula 2 as those terms are defined above.
HN 6 l > Accordingly, reference to a compound of the invention” in

| 5\\ }‘\R_, 10 connection with any of the embodiments, preferred
R9 embodiments, more preferred embodiments or particularly

prefeiTed embodiments of the compositions, processes and

and (1-,) [Gm-11‘,-,g an amide linkage bclwwn 1[-K, pmdm-I of methods of the invention described herein, as well as
step (a) and a compound of the formula C; wherein R2, R3, Cmbodlmcms fclaling 10 “H5: P°1Ym91'Ph5s 501"'«'ll"~‘5,
R9, 1,“, y and A and (I are as defined above, ‘I5 hydrates, prodrugs and isotopically-labelled derivatives of

The invention also relates to a process for preparing a the compounds of the invention, is intended to refer to any
compound of formula 2 which comprises forming an amide of the compounds of formula 1 [or lb or 2 respectively) as
linkage between a compound of the formula AB2 defined above, ie, to any of the embodiments, preferred

embodiments, more preferred embodiments or particularly
AB’; 1:! prefeiTed embodiments of the compounds, especially the

compounds named or exemplified herein.
This invention also relates to the salts, polymorphs,

O solvates and hydrates of the compounds of the invention, as

Rm well as to the salts, polymorphs, solvates and hydrates of the

1 25 synthetic precursors of each of the compounds of the inven-
(R11)? tion. The invention relates to polymorphs of the compound

Ra/X offormula 1, wherein R]—R’3 are as defined above, having an
X-ray powder diffraction patterns substantially the same as

_ 2 3 9 m shown in any of FIGS. 1, 3, 4, and 5. It is to be understood
3'1‘? 3 ¢‘0mP011T1d Of {ht f0T|T|1llii C; Whfiffllfl R R’, R 9 R a 30 that some level of noise is inherent in the generation of a
R 3'19 Y 3l'‘-3_35 999099 3l'-‘9V"3- _ diffraction pattern, i.e., peaks in intensity are to be discrimi-

Tm’ 1""°““"_“ 3130 rfilalcs 10 a_ pm‘";c"f‘5 rm PT“P*"'"$ a nated from background according to methods well-known in
compolmd of t9rmu,l‘1 Lb‘ whfirclfi X ‘S S 0’ 0’ whlch the art. In a preferred embodiment, the compound is (S)—N
comprises: (a) lorming an amide linkage between a com— [2_[bcnZyKmclhy1)aminU]_2_0x0_1_phcny1cIhy1}_l_mclhy1_
pound ot the formula AB3: 35 5-[4'-(trifluoromethyl)['i ,'1'-biphenyl]-2-carboxamido}"lII-

MB indole—2-carboxamide and the X—ray powder dilIraetion
' pattern is substantially the same as that shown in FIG. 1. In

a more preferred embodiment, the compound has an X-ray
powder diffraction pattern having peaks at 2—theta values

4:! substantially the same as the 2-theta values for at least ten of
the peaks of highest intensity in the X—ray powder diffraction

1, _ pattern shown in FIG. 1.
(R )1’ 5 6 A In an embodiment, the compound of the invention is a

\“‘ polymorph of the compound of formula 1 having a differ-
45 ential scanning calorimetry [DSC) profile substantially the

and a c()1'1'1p0und of [he fofrnula (7, wherein X1 S or (I, and 531116 BS that Sfl0\-VI] in In It pl'CfCl'l'C(lt.'.I'1'1f10(l]i1'l'1C[llI,ll”1t3
(b) forming an amide linkage between the product of step (a) CUITIPO1-lfld In-"3 (S)-N-{3-[bt=nzy|(mclhy1)amin0]-2-OX0-1-
and a compound ofthe formula C, wherein the compound of phenylethyl}-1-methyl-5-[4'-(iril1uoromethyl)[1,1‘-
formula A and the compound of formula C are as defined biphenyl]—2—carboxamido]—1H—indole—2—carboxamide. In a
above. Sn more preferred embodiment, the compound exhibits a heat

The invention also relates to a process for preparing a absorption onset temperature, peak temperature and charac-
compound of formula ‘lb, wherein X1 is S or 0, which teristic shape substantially the same asthat shown in FIG. 2.
comprises: (a) forming an amide linkage between a com— The term "pharmaceutically acceptable sa1t(s)”, as used
pound of the formula B3 and a compound of the formula (T; herein, unless otherwise indicated, includes salts of acidic or
and (b) forming an amide linkage between the product of 55 basic groups that may be present in the compounds of the
step (a) and a compound of the formula A, wherein A, B3 invention. For example, pharmaceutically acceptable salts
and C are as defined above. include sodium, calcium and potassium salts of carboxylic

It is to be understood that the methods of preparing the acid groups and hydrochloride salts of amino groups. Other
compounds disclosed herein, including the compounds of phannaceutically acceptable salts of amino groups are
formulas 1, lb and 2, their varied embodiments and syn— fin hydrobromide, sulfate, hydrogen sulfate, phosphate, hydro-
thetic precursors or intermediates are not limiting but only gen phosphate, dihydrogen phosphate, acetate, suceinate,
illustrative. citrate, tartrate, lactate, mandelate, methanesulfonate

The compounds of this invention are useful as MTPI (mesylate) and p—toluenesulfonate (tosylate) salts. The
ApoB inhibitors. preparation of such salts is described below.

The terms “Compound(s) of formula 1”, “Compound(s) of 65 The compounds of the invention that are basic in nature
formula lb”, "compound(s) of formula 2”, etc. include a are capable of fonning a wide variety of salts with various
compound of formula '1 (or lb or 2, respectively) as defined inorganic and organic acids. The acids that may be used to
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prepare pharmaceutically acceptable acid addition salts of
such basic compounds of the invention are those that fonn
non-toxic acid addition salts, i.e., salts containing phanna-
cologically acceptable anions, such as the hydrochloride,
hydrobromide, hydroiodide, nitrate, sulfate, bisulfate,
phosphate, acid phosphate, isonicotinate, acetate, laetate,
salicylate, citrate, acid citrate, tartrate, pantothenate,
bitartrate, ascorbate, succinate, maleate, gentisinate,
fumarate, gluconate, glucaronate, saccharate, formate,
benzoate, glutamate, methanesulfonate, ethanesulfonate, 10 both agents.
benzenesulfonate, p-toluenesulfonate and pamoate (i.e., Certain compounds of the invention have asymmetric
1,1'-methylene-bis-(2-hydroxy-3-naphthoate)) salts. centers and therefore exist in different enantiomeric forms.

The compounds of the invention that are acidic in nature, All optical isomers and stereoisomers of the compounds of
are capable of forming base salts with various pharmaoo— the invention, and mixtures thereof, are considered to be
logically acceptable cations. Examples ofsuch salts include ‘I5 within the scope of the invention. With respect to the
the alkali metal or alkaline earth metal salts and particularly, compounds of the invention, this invention includes the use
the sodium and potassium salts. This invention also eneom— ofa raoemate, one or more enantiomeric forms, one or more
passes pharmaceutical compositions containing, and meth— diastereomeric forms, or mixtures thereof. Some of the
ods of treating proliferative disorders or abnormal cell compounds of the invention may also exist as tautomers,
growth through administering, prodrugs. of compounds of 1:! including, e.g., keto-enol tautomers. This invention relates
the invention. Compounds of the invention having free to the use of all such tautomers and mixtures thereof.
amino, amido, hydroxy or carboxylic groups can be con- Furthermore, some compounds may exhibit polymor-
verted into prodrugs. Prodrugs include compounds wherein phism. It is to be understood that the present invention
an amino acid residue, or a polypeptide chain of two or more encompasses any and all raeemic, optically-active, polymor-
(e.g., two, three or four) amino acid residues is covalently 25 phic and stereoisomeric forms, or mixtures thereof, which
joined through an amide or ester bond to a free amino, form or forms possess properties useful in the treatment of
hydroxy or carboxylic acid group of compounds of the the conditions noted hereinabove, it being well known in the
invention. The amino acid residues include but are not art how to prepare optically-active forms (for example, by
limited to the 20 naturally occurring amino acids commonly resolution of the racemic form by recrystallixation
designated by three letter symbols and also includes 30 techniques, by synthesis from optically-active starting
4-hydroxyproline, hydroxylysine, demosine, isodemosine, materials, by chiral synthesis, or by chromatographic sepa-
3-methylhistidine, norvalin, beta-alanine, gamma- ration using a chiral stationary phase) and how to determine
aminobutyric acid, citrulline homoeysteine, homoserine, efiicacy for the treatment of the conditions noted herein by
omithine and methionine sulfone. Additional types of pro- the standard tests described hereinafter.
drugs are also encompassed. For instance, free carboxyl 35 The subject invention also relates to isotopically-labelled
groups can be derivatized as amides or alkyl esters. Free compounds of the invention which are identical to those
hydroxy groups may be derivatized using groups including recited in formula 1, formula 1b and formula 2 but for the
but not limited to hemisuccinates, phosphate esters, fact that one or more atoms are replaced by an atom having
dim eth yl am i n o acetates, a nd an atomic mass or mass number difierent from the atomic
phosphoryloxymethyloxycarbonyls, as outlined in 4:! mass or mass number usually found in nature. Examples of
Adtmrced Drug .’Jet'1'1’ei*y Reviews, 1996, 19,115. (farbamate isotopes that can be incorporated into compounds of the
prodrugs of hydroxy and amino groups are also included, as invention include isotopes of hydrogen, carbon, nitrogen,
are carbonate prodrugs, sulfonate esters and sulfate esters of oxygen, phosphorous, fluorine and chlorine, such as 3H, 3H,
hydroxy groups. Derivatization of hydroxy groups as '7’C, MC, “N, '70, N0, 311-’, 321-’, 355, ml‘, and 3°C],
(acyloxy)methyl and (acyloxy)ethyl ethers wherein the acyl 45 respectively. Compounds of the invention and pharmaceu-
group may be an alkyl ester, optionally substituted with tically acceptable salts of said compounds which contain the
groups including but not limited to ether, amine and car- aforementioned isotopes andfor other isotopes of other
boxylic acid functionalities, or where the acyl group is an atoms are within the scope of this invention. Certain
amino acid ester as described above, are also encompassed. i.sotopieally—labelled compounds of the present invention,
Prodrugs of this type are described in J. Med. Cirem. 1996, Sn for example those into which radioactive isotopes such as 3H
39, 1t]. l-‘ree amines can also be (.lt2I‘lV2:‘.T.l7i;:(.l as amides, and “C are incorporated, are useful in drug andfor substrate
sulfonamides or phosphonamides. All of these prodrug tissue distribution assays,Tritiated, i.e., 3H, and carbon—14,
moieties may incorporate groups including but not limited to i.e., MC, isotopes are particularly preferred for their ease of
ether, amine and carboxylic acid functionalities. preparation and detectability. l-‘urther, substitution with

In certain combination therapies with other lipid—lowering 55 heavier isotopes such as deuterium, i.e., 211, can afford
agents, such as those described hereinbelow,e.g., IIMG Co/\ certain therapeutic advantages resulting from greater meta-
reductase inhibitors, IIMG (To/\ synthetase inhibitors, bolic stability, for example increased in vivo half-life or
ACAT inhibitors, squalene synthetase inhibitors, etc., a reduced dosage requirements and, hence, may be preferred
compound of the invention may further com prise a prodrug in some circumstances. Isotopically labelled compounds of
which comprises a compound of formula "I in a hydrolyzable can this invention can generally be prepared by carrying out the
linkage to another anti—cancer agent. Di—ester linkages, for procedures disclosed in the Schemes andfor in the Examples
example, are particularly useful for this purpose, i.e., the below, by substituting a readily available isotopically
prodrug is in the form A,—C(0)O—L'—0(O)C—A2, wherein A‘ labelled reagent for a non—isotopically labelled reagent.
and A2 are the two agents, L1 is a linker such as a methylene The following selected functional group definitions and
or other (C,—C,.,) alkylene group (alone or further compris- 65 examples thereofare employed throughout the instant speci-
ing a phenyl or benxyl group]. The two agents may both be Iication and the appendant claims and are ollered by way of
a compound of the invention, or one may be another agent illustration, and not by limitation.

PENN EX. 2158

17 of 44 CFAD V. UPENN

20

useful for treating, e.g., obesity, as described herein. See,
e.g., US. Pat. No. 4,342,772—penicillins in di-ester link-
ages with [3-lactamase inhibitors. Accordingly, a compound
of the invention having an available carboxylic acid group
provides just one convenient means of producing combina-
tion prodrugs of the compound of the invention, which are
encompassed by this invention. Typically, the acidic condi-
tions of the gastrointestinal tract, or enzymes localized in the
cells thereol‘ cause the hydrolysis of the prodrug, releasing
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'ihe term "alkyl” means both straight and branched chain
saturated hydrocarbon groups. Some examples of alkyl
groups are methyl, ethyl, propyl, isopropyl, butyl, isohutyl,
tert—butyl, pentyl and hexyl.

The term "cycloalkyl" means both straight and branched

22

alkoxycarbonyl groups are methoxycarbonyl,
ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl and
butoxycarbonyl.

The ten'n “alkylthio” means an alkyl group attached
_ 1 1 5 through a sulfur atom. Some examples of alkylthio groups

‘-l"d1" 3=i1‘UT:ilE“v‘d_h)’d‘T0‘-dTlt““]gF0ilP‘5rU‘L"PT15j1f'g‘d'lff?_”“”'[‘f are methylthio, ethylthio, propylthto. tsopropylthio,
“D3 °_r ‘:3’_‘'‘ 1°‘ "’”"'“'“”°v ‘m‘_ U" "':"*"_m‘ “W1” *‘'P‘’f'1_ 1”“ v 1*’ butylthto, isobutylthio, pentylthio and hexylthto.
monot.yt.l1c. Some examples of cycloallxyl groups include The term ..alkylamm0» means an alkyl group aflachcd
cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl. home through 3 m-lmgcn alum whcwin the nitrogen is
examples of cycloalkenyl groups include cyclopropenyl, b fluted 1.6 thcnrou is Pllk l_NH_ some exam [CS
cyclobutenyl, cyelopentenyl, eyclohexenyl and cyclohepte— 10 unsll fl‘ .’ ' " ='_ p ‘ y .’ , in
ny]_ of alkylamlno groups are methylamino, ethylamlno,

The term ..bicyclOa1kyl,, mcans both Straight and propylamtno, lsopropylamlno, butylamino and 1sobuty-
branched chain saturated hydrocarbon groups, optionally lam"-'0‘ , , ,_ _
containing one or more double or triple bonds, comprising Th°_ lcrm ‘:d‘alkylamm0_ m°an_S an ‘1l'l(ylamm,° group
at least two rings or cyclic structures, which cyclic structures "'5 Whflcln ll“: nllmgcn 310"‘ 15 311l"5“l‘-“Cd Wllh [W0 1“d5P‘7"'
may contain one or more common carbon atoms, i.e., (lcm alkyl groups R" and Rh: L’-3w —N(R"Rbl- 50319
encompasses bridged bicyclic and spiro—bicyclic groups. '3X3mPl°5 Of dlalkylamino QFOUPS 31'“ dlmclllylamiflfli
Bicycloalkyl groups, preferably contain from 5 to 12 diethylamino,dipropylamino and di—isopropylamino aswell
members, more preferably, from 6 to 10 members. as N-methyl-N’-ethylamino, N-ethyl-N'-propylamino and
Preferably, each ring of a bicycloalkyl group contains from 1:1 N-propyl-N’-isopropylamino.
3 to 6 members. An example of a bicyeloalkyl group is Some examples of acyloxy groups include acetyloxy,
spiro[4.5]decyl. In this application, the term “bridged” when propionyloxy, butyryloxy, and also include such radicals
referring to any bicyclic group means that the two rings which incorporate a cyclic substituent such as benzoyloxy.
share at least two common atoms; the shared atoms are The term “haloalkoxy”, as used herein. unless otherwise
known in the art as “bridgehead” atoms. Spiro bicyclic 25 indicated, means an 0—haloalkyl group wherein
groups, in contrast, are bicyclic groups whose two rings “haloalkyl” is as defined above.An example ofa l'12ll0‘c1l.l\'.0.‘Jt}'
share only a single bridgehead atom. Some other examples group is trifluoromethoxy.
of bicycloalkyl groups are norbornyl,norbornenyl,bicyclo The term “aryl”, as used herein, unless otherwise
[3.l.U]hexyl. Bicycloalkyl groups may be in any available indicated, means an organic radical derived from an aro-
conformation,e.g., cis. trans, endo, exo with respect to their 30 matic hydrocarbon by removal of one hydrogen, such as
linkage to other groups or with respect to their substituents. phenyl or naphthyl. Aryl is most preferably phenyl. It is to

'ihe term "alkenyl” means both straight and branched be understood that a napthyl group may be bonded through
chain unsaturated hydrocarbon groups containing at least any position, ie, napth—1—yl, napth—2—yl, napth—3—yl, napth—
two carbons. Some examples of alkenyl groups are ethenyl, 4-yl.
propenyl and isobutenyl. 35 The terms “heterocyclyl” and "heterocyclic”, as used

The term “alkynyl" means both straight and branched herein, unless otherwise indicated, mean non—aromatic
chain hydrocarbongroupscontainingatleastonetriplebond (saturated or unsaturated) monocyclic and multicyclic
between two carbon atoms. Some examples of alknyl groups groups containing one or more heteroatoms each selected
are ethynyl and propynyl, e.g., propyn—l—yl and propyn—2—yl from O, S and N, wherein each ring of a heterocyclic group
and propyn-3-yl. 4:! has from 3 to 8 atoms. Preferably, heterocyclic groups of this

The term “alkoxy” means a straight or branched chain invention are monocyclic or bicyclic.
hydrocarbon group attached through an oxygen atom. Some Monocyclic heterocyclic groups include rings having
examples of alkoxy groups are methoxy, ethoxy, propoxy, only 4 atoms; preferably, monocyclic heterocyclic groups
isopropoxy, butoxy, isobutoxy, pentoxy, hexoxy and hep- contain from 4 to 8 members, and more preferably, from 4
toxy. 45 to 6 members, and most preferably, 5 or 6 members. An

The term “acyl” means either a straight or branched chain example of a 4—membered heterocyclic group is azetidinyl
hydrocarbon moiety attached through a carbonyl group. (derived from azetidine), an example of a 5-membered
Some examples of acyl groups are acetyl, propionyl, butyryl heterocyclic group is intidazolidinyl, and an example of a
and isobutyryl. 6—membered heterocyclic group is piperidinyl. Other

The terms "halogen” or "halo” mean fluoro, chloro, Sn examples of monocyclic heterocyclic groups are
bromo, and iodo groups, unless specified otherwise. pyrrolidinyl, tetrahydrofuranyl, tetrahydrothienyl,

The term “haloalkyl”, as used herein, unless otherwise tetrahydropyranyl, tetrahydrothiopyranyl, morpholino,
indicated, means an alkyl group substituted with one ormore thiomorpholino, thioxanyl, piperazinyl, l,2,3,6-
halo groups, on one or more carbon atoms. Preferably, the tetrahydropyridinyl, pyrrolinyl, 211-pyranyl, 4II-pyranyl,
haloalkyl comprises 1 to 3 halo groups, such as a hydrocar— 55 1,4—dioxanyl, 1,3—dioxolanyl, 1,4—dithianyl, pyrazolinyl,
bon comprising a dichloromethyl group, or a monohalosub- pyramlidinyl, dihydropyranyl, dihydrothienyl, dihydrofura-
stituted hydrocarbon. nyl and imidamlinyl. Other examples of monocyclic het-

The term "peri‘luoro", when used in conjunction with a erocyclic groups include azacycloheptane and azaeyclooe—
specified hydrocarbon group, is meant to include a substitu- lane. Preferred monocyclic heterocyclic groups are
ent wherein the individual hydrogen atoms thereof are an a7etidinyl,pyrrolidinyl, piperidinyl and n1orpholino.Mono-
substituted therefor with fluorine atoms, preferably, wherein cyclic heterocyclic groups may be referred to herein as
all the individual hydrogen atoms thereof are substituted “heteromonocyclyl.”
therefor with fluorine. Some examples of perfluoro groups Bicyclic heterocyclic groups may be referred to herein as
are trifluoromethyl (perfluoromethyl), pentafluoroethyl “heterobicyclic” or “heterobicyclyl'", both of which as used
{periluoroethyl) and heptailuoropropyl (perlluoropropyl). 65 herein mean heterocyclic groups containing two rings, and

The term "alkoxycarbonyl” means an alkoxy group encompass fused-ring bicyclic, bridged bicyclic and spiro-
attached through a carbonyl group. Some examples of bicyclic groups. Ileterobicyclic groups preferably contain
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from 5 to l2 members, more preferably, from 6 to l0
members. Preferably, each ring of a heterobicyclic group
contains from 3 to 6 members. An example of a heterobi-
cyclic group is 1.4-dioxaspiro[4.5]decyl. Some other
examples of heterobicyclic groups include azabicyclohexyl,
e,g., 3—azabicyclo[3.1.0]hexyl, azabicycloheptyl, e.g.,
2—azabicyclo[2.2.1]heptyl and azabicyclooctyl.

The term "heteroaryl” as used herein means aromatic
heterocyclic groups comprising from 5 to 12 atoms and
containing one or more heteroatoms each selected from 0,
S and N, wherein each ring of the heteroaryl group contains
from 3 to 8 atoms. Ileteroaryl groups of this invention unless
otherwise indicated may contain one ring or more than one
ring, ie, they may be monocyelie or multicyclic, for
example bicyclic, so long as at least one ring in a multicyclic
group is aromatic. Preferably, heteroaryl groups of this
invention are monocyclic or bicyclic. Preferably, each ring
of a heteroaryl group contains one or two heteroatoms.
Monocyclic heteroaryl groups preferably contain from 5 to
8 members, more preferably, 5 or 6 members. Preferably, the
monocyclic hcteroaryl groups containing two heteratoms
contain two nitrogen atoms, a nitrogen atom and an oxygen
atom, or a nitrogen atom and a sulfur atom. Some examples
of monocyelie heteroaryl groups are pyridinyl, imidazolyl,
pyrimidinyl, pyrazolyl, triazolyl, pyrazinyl, tetrazolyl, furyl, -
thiophenyl (referred to hereinafter as “thienyl”), isoxazolyl,
thiazolyl, oxazolyl, isothiazolyl, pyrrolyl, oxadiazolyl, thia-
diamlyl and furazanyl (i.e., 2,5-diaza-furanyl). Preferred
among the monocyclic heteroaryl groups are thienyl, furyl
and pyridinyl. More preferred monocyelie heteroaryl groups
are thien-2-yl, fur-2-yl, pyridin-2-yl, pyridin-3-yl, i.e.,
attached through the 2- or 3-carbon, respectively. A particu-
larly preferred monocyclic heteroaryl group is pyridyl. The
term “pyridyl" as used in this application, unless otherwise
specified, means 2-pyridyl, 3-pyridyl or 4-pyridyl, i.e.,
pyridyl attached through any available carbon atom.

Multicyclic heteroaryl groups are preferably bicyclic;
bicyclic heteroaryl groups preferably contain 9 or 10 mem-
bers. Some examples of heteroaryl groups are quinolinyl,
isoquinolinyl, indolyl, 3II-indolyl, indolinyl,
l)en7.imidazolyl, benzofuranyl, cinnolinyl, indazolyl,
indolizinyl, phthalazinyl, pyridazinyl, triazinyl, isoindolyl,
purinyl, benzofurazanyl, benzothiophenyl, ben7othia7,olyl,
benzisothiazolyl, benzoxaxolyl, pteridinyl,
benzothiadiazine, benzothiazinyl, 2H—t—benzopyranyl,
chromanyl, benzoxazolyl, quinazelinyl, quinoxalinyl,
naphthyridinyl, and furopyridinyl.

The foregoing heterocyclic and heteroaryl groups may be
C—attached or N—attached where such is possible. For
instance, pyrrolyl may be pyrrol-1-yl (N-attached) or pyrrol-
3-yl [C-attached). The heterocyclic groups of this invention
also include ring systems substituted with one or more oxo
moieties.

The term “treating", as used herein, unless otherwise
indicated, means reversing, alleviating, inhibiting the
progress of, or preventing the disorder or condition to which
such term applies, or one or more symptoms ofsuch disorder
or condition. The term “treatment”, as used herein, unless
otherwise indicated, refers to the act of treating, as “treating”
is defined immediately above.

The invention further relates to a pharmaceutical compo-
sition comprising a compound of formula 1 and a pharma-
ceutically acceptable carrier. The pharmaceutical composi-
tion may, for example, be in a form suitable for oral
administration as a tablet, capsule, pill, powder, sustained 65 applications. “Oral” in this instance refers to oral mode of
release formulations, solution, suspension, for parenteral administration wherein the forms are explicitly provided to
injection as a sterile solution, suspension or emulsion, for the animals for oral consumption i.e., on-diet, in-drinking
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topical administration as an ointment or cream or for rectal
administration as a suppository. The phannaceutical com-
position may be in unit dosage forms suitable for single
administration of precise dosages. The pharmaceutical com-
position will include a conventional pharmaceutical carrier
or excipient and a compound according to the invention as
an active ingredient. in addition, it may include other
medicinal or pharmaceutical agents, carriers. adjuvants, etc.

Suitable phanrtaceutical carriers include inert diluents or
fillers, water and various organic solvents. The pharmaceu-
tical compositions may, if desired, contain additional ingre-
dients such as llavorings, binders, excipients and the like.
'l'hLLs for oral administration, tablets containing various
excipients, such as citric acid may be employed together
with various disintegrants such as starch, alginic acid and
certain complex silicates and with binding agents such as
sucrose, gelatin and acacia. Additionally, lubricating agents
such as magnesium stearate, sodium lauryl sulfate and talc
are often useful for tableting purposes. Solid compositions
ofa similar type may also be employed in soft and hard filled
gelatin capsules. Preferred materials, thcrefor, include lac-
tose or milk sugar and high molecular weight polyethylene
glycols. When aqueotts suspensions or elixirs are desired for
oral administration the active compound therein may be
combined with various sweetening or flavoring agents,
coloring matters or dyes and, if desired, emulsifying agents
or suspending agents, together with diluents such as water,
ethanol, propylene glycol, glycerin, or combinations thereof.

Exemplary parenteral administration forms include solu-
tions or suspensions of active compounds in sterile aqueous
solutions, for example, aqueous propylene glycol or dex-
trose solutions. Such dosage forms can be suitably buffered,
if desired. Aqueous compositions of the present invention
may comprise other pharmaceutically acceptable solutes
including additives and other therapeutic agents, as appro-
priate. Suitable additives are those well known in the art
including, but not limited to, antioxidants, antibacterials,
surfactants, chelating agents, sugars, and preservatives.
Aqueous compositions of the invention can be administered
by injection, which can be intramuscular, intravenous or
preferably subcutaneous. A dose of from about (1.5 lug/Kg!
day to about 10 ,ttyKgfday, preferably from about 1 rtg;’Kgt’
day to S ,tty'l(gfday, can be used.

Methods of preparing various pharmaceutical composi-
tions with a specific amount of active compound are known,
or will be apparent, to those skilled in this art. For examples,
see Rcntingtr)r.=.' Hie I’J'acticc (J I’:'rrrJ'mrrc}-‘, l.ippincott Wil-
liams and Wilkins, Baltimore Md., 20"‘ ed. 2000.

The compounds of the invention can be administered
alone but will generally be administered in an admixture
with suitable phanrtaceutical excipient(s), diluent(s] or car-
rier known in the art and selected with regard to the intended
route of administration and standard pharmaceutical prac-
tice. If appropriate “auxiliary” agents may also be added,
which includes preservatives, anti—oxidants, flavors or colo-
rants. The compound of the invention may be formulated to
provide immediate-, delayed-, modified-, sustained-, pulsed-
or controlled—release dependent on the specific route of
administration and the specilicity of release profile, com-
mensurate with therapeutic needs.

The compounds of the invention can be administered, for
example but not limited to, the following route: oral
(including buccal, sublingual, etc.) in the forms that are well
known in the art (ref) for veterinary and pharmaceutical
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fluid, placed directly into the oral cavity, or offered for
free-choice consumption. In this invention, the term "ani-
mal” includes a warm-blooded animal of the animal king-
dom possessed of a homeostatic mechanism and includes

26

(all types), starch, and di-calcium phosphate. In preferred
embodiments of the compositions, the fillerfdilucnt admix-
tures typically comprises less than 98% (by weight) of the
formulation and preferably less than 95%, for example

mammals and birds, preferably companion animals and 5 93.5%. In a preferred embodiment, disintegrants include
livestock animals, and humans. Some examples of compan— Ac—di—sol, Explotab”, starch and sodium lauryl sulphate
ion animals are canines, e.g., dogs, felines, e.g., cats and {SLS)—also known as wetting agent. In a more preferred
horses; some examples of livestock animals are pigs, cows, embodiment, the amount of fillerfdiluent admixture usually
sheep and the like. Preferably, the animal is a mammal. comprises less than l{l% (by weight) ofthe composition and
More preferably, the mammal is a companion animal or a 10 preferably less than 5%; in a particularly preferred
livestock animal. embodiment, the amount is about 3%. In a particularly

Typical oral solid forms may include tablets, powders, prefened embodiment, the lubricant is magnesium stearate.
multi-particulate preparations (granules), capsules, chews, In prefe1Ted embodiments thereof, the magnesium stearate is
lozenges, films, patches, etc. Typical oral liquid (including present in an amount less than about 5% of the formulation
semi-.solid and colloidal) forms may include solutions, ‘I5 and preferably less than about 3%, more preferably, about
elixirs, gels, sprays, liquid—l'illed chews, etc. Other oral 1%. Preferably, lubricants comprise less than 60% of the
forms wherein the active agent is suspended in a liquid or formulation, preferably less than 40%, and most preferably,
semi—solid carrier phase, for example suspensions, may also from about 10% to about 20%. Particularly preferred
be used. embodiments of tablet formulations for the compounds of

The preferred oral solid, liquid and suspension forms for 1:! the invention are shown in Table 10.
a compound of the invention are those that impart flexibility The compositions of the invention include tablets. In a
in dosing to the animals, wherein the method of adminis- prefened. embodiment, tablets are manufactured by a pro-
tration is facile and the dose can be accurately and flexibly cess selected from direct compression or a wet, dry or melt
controlled in keeping with the need ofthe therapy. Examples granulation, melt congealing process and extrusion. In
of such forms include tablet preparations, solutions (and 25 anotherembodiment, tablet cores ofthe compositions of the
similar forms thereof as described herein) and suspensions. invention may be mono or multi-layer(s) and can be coated
In these examples, the (lose can be easily controlled for oral with appropriate overcoats known in the art.
administration. Particularly for solutions and suspensions, Oral liquid fon'ns of the compounds of the invention are
the utility of appropriate metering systems (i.e., calibrated preferably solutions, wherein the active compound is fully
syringes etc.) provides high flexibility in controlling the 30 dissolved. In an embodiment, the solution comprises the
dose to facilitate administration to animal species of differ- active and a pharmaceutically precedented solvents suitable
ent sizes or to different animal species or breeds, with for oral administration. In a preferred embodiment, the
varying dose requirements. Additionally, the utility of solvent is one in which the compounds ofthe invention show
flavoringfpalatability agents andfor texture enhancers in the good solubility. In a more preferred embodiment, the solu-
said forms can promote animal acceptance and compliance, 35 tion comprises a solvent selected from polyethylene glycol,
which can be particularlyadvantageous when dosing chroni— polypropylene glycol, edible oils and glyceryl— and
cally to animals. glyoeride—based systems. In more preferred embodiments,

The compounds of the invention may also be adminis- glyceryl- and glyceride-based systems comprise agents
tered via the parenteral routes. The term parenteral in this selected from Captex 355 EP, Crodamol GTCFC, or Labrafac
context refers to all routes of drug administration that is not 4:! (TC, triacetin, (Tapmul (IMC, Migyols (812, 829, 840),
via the oral cavity. Preferably for the compounds of the I.abrafil Ml944(IS, Peeeol and Maisine 35-1. The exact
innovation, parenteral routes may include topical and composition of these agents and commercial sources are
transdermal,rec1al,vaginal, nasal, inhalation and injcctahles shown in Table "ll. These solvents usually make up the
{i.e., administration modes that require penetration of the predominant portion of the formulation i.e., greater than
skin barrier via needle and needle—less methods, including 45 50% (by weight) and preferably greater than 80%, for
implants and reservoirs). Formulations for these routes of example 95% and more preferably greater than 99%. In
administration may be preparedin a conventional manner in preferred embodiments, the solution further comprises an
accordance with standard pharmaceutical and veterinary adj uvant or additives. In a preferred embodiment thereof, the
practices, illustrative examples of which are described additive oradjuvantisataste—mask agent,palatability agent,
herein. Sn flavoring agent, antioxidant, stabilizer, texture modifier,

Particularly preferred compositions of the com pounds of viscosity modifier, or a solubilizer.
the invention comprise oral solid forms, examples of which A further embodiment is a process for preparing preferred
are provided below, are preferably tablets, powders or oral liquid fon'n of the compounds of the invention (see the
granules which typically contain just the active agent(s) or Pharmaceutical Compositions section), wherein the indi-
preferably in combination with adjuvantsfexcipients. 55 vidually preferred components are combined optionally with

In an embodiment of the invention, the pharmaceutical mechanical or ultrasonic agitation in a preferred temperature
composition comprises a compound the invention, herein range, in such a fashion that is advantageous to the rate of
referred to also as “the active” in an amount typically less dissolution.
than 50% (by weight) of the formulation and preferably less The compounds of the instant invention inhibit or
than '10%, more preferably, about 2.5% by weight, and a no decrease Apo B secretion, likely by the inhibition of MTP,
pharmaceutically acceptable carrier. In a preferred although it may be possible that other mechanisms are
embodiment, the predominant portion of the formulation involved. The compounds are useful in treating any of the
comprises fillers, diluents, disintegrants, lubricants and disease states or conditions in which Apo B, serum
optionally, flavors. The composition of these excipients is cholesterol, andfor triglyceride levels are elevated. Thus, the
well known in the art. In an embodiment of the invention, 65 compositions ofthis invention are useful for the treatment of
the preferred Iillersfdiluents comprise admixtures of two or conditions including atherosclerosis, pancreatitis, obesity,
more of the following components: avicel, mannitol, lactose hypercholesterolemia, hypertriglyceridemia, hyperlipidemia
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and diabetes. Accordingly, this invention provides phan'na-
ceutical compositions comprising a therapeutically effective
amount of a compound of the invention, including the
stereoisomers, pharmaceutically acceptable salts and sol-
vates thereof, in combination with a pharmaceutically 5 antagonists; gluconeogenesis inhibitors; somatostatin ana-
acceptable carrier or diluent. logs; antilipolytic agents: nicotinic acid, aeipimox, WAG

The instant invention also relates to a method for inhib— 994; and glycogen phosphorylase inhibitors, such as those
iting or decreasing Apo B secretion in an animal in need disclosed in W0 9689385 and WO 96539384. Also eon-
thereof which comprises the administration of an /\po B templated in combination with compounds of the invention
secretion inhibiting or decreasing amount ofaeompound of to are pramlintide acetate (Symlinm) and nateglinide. Any
the invention orastereoisomer, pharmaceutically acceptable combination of agents can be administered as described
salt or solvate thereof. The invention further provides a above.
method of treating a condition selected from atherosclerosis, The invention also relates to a method of treating obesity
pa ncreat itis, obesity, hypercholeste rolemia , in a mammal which comprises administering to an animal in
hypertriglyceridemia, hyperlipidemia, and diabetes which ‘I5 need of such treatment an elTective amount of an intestinal-
comprises administering to an animal in need of such MTP—selective compound, wherein the ED2, of the corn-
treatment a therapeutically effective amount of a compound pound for the inhibition ofintestinal fat absorption is at least
of formula 1 (or lb or 2) or a stereoisomer, pharmaceutically 5-fold lower than the ED3,-, of the compound for the lowering
acceptable salt or solvate thereof. A preferred subgroup of of serum triglycerides. In an embodiment, the E135 for the
the conditions described hereinabove is atherosclerosis, in inhibition ofintestinal fat absorption is at least 10-fold lower
obesity, hypercholesterolemia, hypertriglyceridemia, than the ED25 of the compound for the lowering of serum
hyperlipidemia, and diabetes. triglycerides. In another embodiment, the compound exhib-

In one aspect, the present invention concerns the lreat- its an Li.I)35 for the inhibition of intestinal fat absorption
ment of diabetes, including impaired glucose tolerance, which is at least 50-fold lower than the ED35 of the corn-
insulin resistance, insulin dependent diabetes mellitus (Type 25 pound for the lowering of serum triglycerides.
I) and non-insulin dependent diabetes mellitus (NIDDM or In another embodiment, the intestinal-MTP-selective
Type II). Also included in the treatment of diabetes are the compound is a compound of formula 1, "lb or 2, or an
diabetic complications, such as neuropathy, nephropathy, embodiment, preferred embodiment, more preferred
retinopathy or cataracts. embodiment, or particularly preferred embodiment of a

Diabetes can be treated by administering to an animal 30 compound of formula 1, lb or 2.
having diabetes (Type I or Type II), insulin resistance, In this invention, the term “selectivity“ refers to agreater
impaired glucose tolerance, or any of the diabetic compli- effect ofa compound in a first assay, compared to the effect
cations such as neuropathy, nephropathy, retinopathy or of the same compound in a second assay. In the above
cataracts, a therapeutically effective amount ofa compound embodiment ofthe invention, the first assay is for the ability
ofthepresent invention. It is also contemplated that diabetes 35 of the compound to inhibit intestinal fat absorption and the
be treated by administering a compound of the invention second assay is for the ability of the compound to lower
along with other agents that can be used to treat diabetes. serum triglycerides. In a preferred embodiment, the ability
Preferably, the diabetes is Type II diabetes. More preferably, of the compound to inhibit intestinal fat absorption is
the animal is feline; even more preferably, the feline is a cat. measured by the ED35 of the compound in an intestinal fat

Accordingly, this invention further relates to a method of 4:! absorption assay, such that a greater effect of the compound
treating Type II diabetes in an animal in need of such results in the observation of a lower absolute (numerical)
treatment, which comprises administering to the animal a value for the ED2,. In another preferred embodiment, the
therapeutically effective amount of a compound of formula ability of the compound to lower serum triglycerides is
l or a stereoisomer, pharmaceutically acceptable salt or measured by the E1325 of the compound in a serum triglyc-
solvate thereof. 45 eride assay. Again, a greater efieet of a compound in the

The invention also provides a method of treating Type II serum triglyceride lowering assay results in the observation
diabetes in an animal in need of such treatment, which of a lower absolute (numerical) value for the l_il)2_.,. /\n
comprises administering to the animal a therapeutically illustrative example of each assay is provided hereinbelow,
effective amount of a compound of formula 1 or a but it is to be understood that any assay capable of measur-
stereoisomer, pharmaceutically acceptable salt or solvate Sn ing the effectiveness of a compound in inhibiting intestinal
thereof, in combination with one or more additional agents fat absorption, or capable of measuring the effectiveness of
capable of treating Type II diabetes in the animal. a compound in lowering serum triglycerides, is encom-

Representative agents that can be used to treat diabetes passed by the present invention.
include insulin and insulin analogs (e.g. [.ysPro insulin); In a particularly preferred embodiment, the intestinal-
GLP—1(7—37)(insulinotropin)andGLP—1(7—36)—NIl2;sul— 55 M'l'P—selective compound is a compound of formula lb,
fonylureas and analogs: chlorpropamide, glibenclamide, wherein X1 is N{l-1“) or 0, X3 is C(11); m, n and p are all I);
tolbutamide, tolazamide, acetohexamide, (}lypi7.ide®, R3 is II or (Tl; R4 is (III3; R5 and R9 are both II; Rm is phenyl
glimepiride, repaglinide, meglitinide; biguanides: (with carbons numbered 1'—6') substituted at the 4'—position
metformin, phenformin, buformin; o.2-antagonists and imi- with Cl"3, or R10 is ((I,—C,.,)alkoxy; R6 is II or methyl and
dazolinesz midaglizole, isaglidole, deriglidole, idamxan, an R’ ((“_,—C,.,)alkyl or benzyl, wherein the benzyl is optionally
efaroxan, fluparoxan; other insulin seeretagogues: substituted with (C,—C,_.,)alkyl or (C,—Cfi)alkoxy.
linogliride, A—4'l66; glitazones: ciglitazone, pioglitazone, The compounds of this invention may be used in con-
englitazone, troglitazone, darglitazone, BRL49653; fatty junction with other pharmaceutical agents, including other
acid oxidation inhibitors: elomoxir, etomoXir;o.—glucosidase lipid lowering agents. Such agents include, for example,
inhibitors: acarbose, miglitol, emiglitate, voglibose, MDI.- 65 cholesterol biosynthesis inhibitors and cholesterol absorp-
25,637, camiglibose, MDI.-73,945; [i-agonists: T5RI.35l35, lion inhibitors, especially IIMG-Co/\ reductase inhibitors
BR]. 37344, Ro 16-8714, ICI D7114, CI. 316,243; phos- and IIM(i-(To/\ synthase inhibitors; IIl\a‘l(3-(To/\ reductase
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phodiesterase inhibitors: I.-386,398; lipid-lowering agents:
benfluorex; antiobesity agents: fenlluramine and orlistat;
vanadale and vanadium complexes (e.g. Naglivan®] and
peroxovanadium complexes; amylin antagonists; glucagon
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gene expression inhibitors; Cl.-"l'P inhibitors; bile acid
sequestrants; fibrates; cholesterol absorption inhibitors;
A(IA'l" inhibitors, squalene synthetase inhibitors, ion-
exchange resins, anti—oxidants and niacin. In combination
therapy treatment, the compounds of the instant invention
and the other drug therapies may be administered to animals
(6.g. humans) by conventional methods.

This invention provides a method of treating atheroscle-
rosis; pancreatitis secondary to hypertriglyceridemia; hyper-
glycemia (1) by causing a reduced absorption of dietary fat

30

A and acetoacetyl-coenzyme A, catalyzed by the enzyme
HMG-Co/\ synthase. Such inhibition may be determined
readily by one of skill in the art according to standard assays
(e.g., Methods of Enzymology, 1975; 35: 155-160 and
Methods of Enzyrnology, 1985; 110: 19-26 and the refer-
ences cited therein). A variety of these compounds are
described and referenced hereinbelow. U.S. Pat. No. 5,120,
729 (the disclosure of which is hereby incorporated by
reference) discloses certain beta—lactam derivatives. U.S.
Pat. No. 5,064,856 (the disclosure of which is hereby

Ihwugh MT]; inhibition’ (3) by lowering lriglyccridcs to incorporated by reference) discloses certa1n‘sp1ro—lactone
through MTP inhibition or (3) by decreasing the absorption (lcrlvanvcs prepared by Cululrmg ‘hf: m1‘3f°°FS"‘mf5m
of free fatty acids through MTP inhibition; in an animal in MF525-7 1331- N9 498479271 Uh? d1-‘5‘31'5‘-51”“ ‘Tl Whl‘-1"
need of treatment thereof, which comprises administering to '5 h°"‘-‘by lnoflrpmaled by 1'°t°1'°1'1C'-3) 915910595 395131“ 0351'
the animal a therapeutically effective amount of the eom— 3110 C0mP0"Ud5 51-‘Ch 3-5 11-(3hYd1'0XYm°lhY1‘4‘0X0‘3‘
pound of formula 1, 1b or 3, 15 oxetayl)—3,5,7—trimethyl—2,4—undecadienoic acid derivatives.

The invention also provides a pharmaceutical composi— Other HMG—CoAsynthase inhibitors will be known to those
tion comprising: a) a therapeutically effective amount of a skilled in the art.
first compound, wherein said first compound is a compound Any compound that decreases HMG-CoA reductase gene
of claim 1 or a stereoisomer, pharmaceutically acceptable expression may be used as the second compound in the

salt or hydrate thereof; b) a therapeutically effective amount m combination therapy aspect of this invention. These agents
of a second compound, wherein said second compound is ‘ may be IIM(i-(Io/\ reductase transcription inhibitors that
selected from a cholesterol absorption inhibitor, a Cl:"1‘l’ block the transcription of DNA or translation inhibitors that
inhibitor, an IIMG-Co/\ reductase inhibitor, an IIMG-Co/\ prevent translation of mRNA coding for IIMG-(To/\ reduc-
synthase inhibitor, an inhibitor of HMG—CoA reductase gene tasc into protein.
expression, niacin, an antioxidant, an ACAT inhibitor or a Such inhibitors may either affect transcription or transla-
squalene synthetase inhibitor; and c) a pharmaceutically '35 tion directly, or may be biotransformed into compounds that
acceptable carrier or diluent. In a preferred embodiment of have the aforementioned attributes by one or more enzymes
the invention, the said second compound is selected from in the cholesterol biosynthetie cascade or may lead to the
lovastatin, simvastatin, pravastatin, fluvastatin, atorvastatin accumulation of an isoprene metabolite that has the afore-
or rivastatin. In a more preferred embodiment of the mentioned activities. Such regulation is readily determined
invention, said second compound is atorvastatin. 30 by those skilled in the art according to standard assays

Specific cholesterol absorption inhibitors and cholesterol (Methods of Enzymology, "1985; 110: 9-19). Several such
biosynthesis inhibitors are described in detail hereinbelow. compounds are described and referenced below however
Additional cholesterol absorption inhibitors are known to other inhibitors of HMG—CoA reductase gene expression
those skilled in the art and are described, for example, in will be known to those skilled in the art U.S. Pat. No.
PCT WO 94700480. 35 5,041 ,432 (the disclosure ofwhich is incorporated herein by

Any HM G—C‘oA reductase inhibitor may be employed as reference) discloses certain '.l5—substituted lanosterol deriva-
the second compound in the combination therapy aspect of lives. Other oxygenated sterois that suppress the biosynthe-
the instant invention. The term HMG—CoA reductase inhibi— sis of HMG—CoA reductase are discussed by E. I. Mercer
tor refers to a compound which inhibits the hiotransfon'na- (Prog. Up. Res., 1993; 32: 357-416).
tion of hydroxymethylglutaryl—coenzyme A to mevalonic Any compound having activity as a CETP inhibitor can
acid as catalyzed by the enzyme HMG—CoA reductase. Such 4” serve as the second compound in the combination therapy
inhibition may be determined readily by one of skill in the aspect of the instant invention. The term CETP inhibitor
art according to standard assays (e.g., Methods of refers to compounds which inhibit the cholesteryl ester
Enzymology, "1981; 71: 455-509 and the references cited transfer protein (CETP) mediated transport of various cho-
therein). A variety of these compounds are described and lesteryl esters and triglycerides from high density lipopro-
referenced hereinbelow. U.S. Pat. No. 4,231,938 (the dis— 45 tein (HDL) to low density lipoprotein (LDL) and very low
closure of which is hereby incorporated by reference) dis— density lipoprotein (VLDL). A variety of these compounds
closes certain compounds isolated after cultivation of a are described and referenced hereinbelow however other
microorganism belonging to the genus A.v;Jer‘gi.’.’rr.v, such as CETP inhibitors will be known to those skilled in the art
lovastatin. Also, U.S. Pat. No. 4,444,784 (the disclosure of U.S. Pat. No. 5,512,548 (the disclosure of which is incor-
whieh is hereby incorporated by reference) discloses syn— 5n porated herein by reference) discloses certain polypeptide
thetie derivatives of the aforementioned compounds, such as derivatives having activity as CETP inhibitors, while certain
simvastatin, Additionally, U.S. Pat. No. 4,739,073 (the dis— CETP—inhibitory rosenonolactone derivatives and
closure of which is hereby incorporated by reference) dis— phosphate—containing analogs of cholesteryl ester are dis-
closes certain substituted indoles, such as lluvastatin. closed in J. Antibiot., 1996; 49(8): 815-816, and Bioorg.

Eurtlger, U.S. Pat. N3. 1,346,227 (the) d(i1sclosure of which is 55 Med. Chem. Le:;b1996; 6: 1951-191-I54, respactively. dere y incorporate y re erence iscloses MI.-2361} Any/\(I/\'l'in i itorcan serve ast esecon compoun in
derivatives, such as pravastatin. In addition, EP 491,226 the combination therapy aspect of this invention. The term
teaches certain pyridyldihydroxyheptcnoic acids, such as ACAT inhibitor refers to compounds which inhibit the
rivastatin. Also, US. Pat. No. 4,647,576 (the disclosure of intracellular esterification of dietary cholesterol by the
which is hereby incorporated by reference) discloses certain _ enzyme acyl CoA:cholesterol acyltransferase. Such inhibi—
6-[2-(substituted-pyrrol-1-yl)alkyl]-pyran-2ones such as “n tion may be detenrlined readily by one of skill in the art
atorvastatin. Other IIMG-Co/\ reductase inhibitors will be according to standard assays, such as the method of Ileider
known to those skilled in the art. et al. described in Journal of Lipid Research, 1983; 24:

Any IIMG-CoA synthase inhibitor may be used as the 1127. A variety of these compounds are described and
second compound in the combination therapy aspect of this referenced hereinbelow however other ACAT inhibitors will
invention. The term IIMG-Co/\ synthase inhibitor refers to 65 be known to those skilled in the art.
a compound which inhibits the hiosynthesis of U.S. Pat. No. 5,510,379 (the disclosure of which is
hydroxymethylglutaryl-coenzyme A from acetyl-coenzyme incorporated by reference) discloses certain
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carboxysulfonates, while W() 96326948 and W0 96,=’l[)559
both disclose urea derivatives having AC/\T inhibitory activ-
ity.

Any compound having activity as a squalene synthetase
inhibitor can serve as the second compound in the combi-
nation therapy aspect of the instant invention. The term
squalene synthetase inhibitor refers to compounds that
inhibit the condensation of two molecules of farnesylpyro-
phosphate to form squalene, a reaction that is catalyzed by
the enzyme squalene synthetase. Such inhibition is readily

32

amino iyridin-3-yl]-2[R)-hydroxyethylamino)ethoxy]
phenyllhenmic acid, {4-[2-(2-[framinopyridin-3-yl]-2(R)-
hydroxyelhylamino)ethoxy]phenyl}propionic acid, and {4-
[2—(2—[6—amino yridin—3—yl]—2(R)—hydroxyethylamino)
ethoxy]phenoxy acetic acid.

In preferred embodiments, the additional anti-obesity
agent is another MTP.-’apoB inhibitor selected from the
group consisting of HMS-197636, also known as 9-[4-
[4—(2,3—dihydro—1 —oxo—1 H—isoindol—2—yl)—1—piperidinyl]
butyl]—N—propyl—9H—i'luorene—9—carboxamide; (ii) FEMS-

determined by those skilled in the art according to standard 10 200150, also known as 2—[1—(3,3—diphcnylpropyl)—4—
methodology (Methods of Enzymology 1969; 15: 393-454 piperidinyl]—2,3—dihydro—1H—isoindol—1—one; and (iii) BMS
and Methods of Enzymology 1985; 110: 359-373 and 201038, also known as 9-[4-(4-[2-(4-trilluoromethylphenyl)
references cited therein). A summary of squalene synthetase benzoylamino]piperidin—1—yl)butyl]—N—2,2,2—tril'luoroethyl]—
inhibitors has been complied (Curr. Op. Ther. Patents (1993) 9H—fluorene—9—carboxamide; and the pharmaceutieally
861-4). European patent application publication No. 0 567 ,5 acceptable salts of (i). (ii) and (iii) In anolhcr Cmbodimfiflt,
026 A1 discloses certain 4,l—benzoXazepine derivatives as the anti—obesity agent is selected from the agents disclosed
squalcne synthetase inhibitors and their use in the treatment ill European patent application publication Nos. (1 584 446
of hypercholesterolemia and as fungicides. l_]uropean patent A2 and 0 643 057 Al, the latter of which discloses certain
application publication No. 0 645 378 Al discloses certain compounds of the formulas

seven— or eight—membered heterocycles as squalene syn— 1“ O "5"
thetase inhibitors and their use in the treatment and preven- ‘ R1

tion of hypcrcholesterolemia and fungal infections. Euro— \ \
pean patent application publication No. 0 645 377 /\l R1_ll/ N N_R:
discloses certain benzoxazepine derivatives as squale ne syn— lL/ / /
thetase inhibitors useful for the treatment of hypercholes— R, X ,
terolemia or coronary sclerosis. European patent application '35 0 R
publication No. 0 611 749 Al discloses certain substituted
amino acid derivatives useful for the treatment of ar1erio— JL
sclerosis. European patent application publication No. 0 7'05 R5 .\'
607 A2 discloses certain condensed seven- or eight- '6
membered hetcrocyclic compounds useful as antihypertrig— 30 0 R
lyceridemic agents. PCT publication W096,/09827 discloses 71' R:
certain combinations of cholesterol absorption inhibitors \ N’

and cholesterol biosynthesis inhibitors including bertzox— R‘—+azepine derivatives and benzothiazepine derivatives. Euro— / /K)
pean patent application publication No. 0 071 725 A1 35 R4 Y
discloses a process for preparing certain optically—active
compounds, including benzoxaxiepine derivatives, having _ __ _ _ _ _1 _
plasma cholesterol and triglyceride lowering activities. ""l““h h“‘_"’ ”“_l‘‘3_’ 35 1“l'”b“"“" “I M I R “'l""'r‘”“ lb“ sub‘

"[11,, present 1'1-wcmion also pmvidc_.; a mclhud 0]‘ Healing stltuenls listed 1n tormula_Obl are as defined 1n 0 643 057
obesity in an animal. which comprises administering to the AL '" iinfllhcf fimbfldlmcnla 1173 a"11'99€-WY “£591 15
obese animal a compound of this invention in combination 4” Sfilfiilfid [TOW ll“? 336'“-‘* di5‘=Cl0-“~39 in E11Wl7W" 17319111 appli-
with another anti-obesity agent. cation publication Nos. 1 099 439 A2, which discloses

The other anti-obesity agents is preferably selected from certain compounds of the formula

the group consisting of a B3-adrenergic receptor agonist, a (‘F 053
cholecystokinin-A [CCK-A) agonist, a monoamine reuptake ' 3
inhibitor (such as sibutramine), a sympathomimetic agent, a 45
serotoninergic agent (such as fenfluramine or
dexfenfluramine), a dopamine agonist (such as
bromocriptine), a melanocyte-stimulating hormone receptor /1-
agonist or mimetic, a melanoeyte—stimulating hormone O N
receptor analog, a cannabinoid receptor antagonist, a mela— 5n
nin concentrating hormone antagonist, leptin, a leptin 5;
analog, a leptin receptor agonist, a galanin antagonist, a H
lipase inhibitor (such as orlistat), a bombesin agonist, a
neuropeptide-Y antagonist such as NPY-1 or NPY-5, a

thyromimetic agent, dehydroepiandrosterone or an analog 5,
thereof, a glucocorticoid receptor agonist or antagonist, an " Whtiffiifl I. in 1‘0l'|'|‘|i-llii 01731‘?-‘s as dfiflflfid 218 in 1-51’ 1 U99 439
orexin receptor antagonist, a urocortin binding protein A2.
antagonist, a glucagon-like peptide-"l receptor agonist, and a Preferred compounds of those disclosed in '1 099 439 A2
ciliary neurotrophic factor such as Axokine, or a human are compounds selected from the group consisting of
agouti—related protein (AGRP) antagonist. Other anti— _ 4‘—trifluorornethyl—biphenyl—2—carboxylic acid—(2—butyl—l,2,
obesity agents are also known, or will be apparent in light of “n 3,4 - letrah ydroisoqu in oli r1 - 6 - y l ) - amide and
this disclosure, to one of ordinary skill in the art. 4'-lriiluoromethyl-biphenyl-2-carboxylic acid-(2-(2-

Especially preferred anti—obesity agents comprise those acetylaminoethyl)—'l,2,3,4—tetrahydroisoquinolin—6—yl)—
compounds selected from the group consisting of amide.
sibutramine, fenfluramine, dexfenfluramine, bromoeriptine, Methods for preparing the above agents are publicly
phentermine, ephedrine, leptin, phenylpropanolamine 65 available; for example, phentermine may be prepared as
pseudoephedrine, {4-[2-(2-[6-aminopyridin-3-yl]-2(R)- described in US. Pat. No. 2,408,345; sibutramine may be
hydroxyethylamino)ethoxy]phenyl}acetic acid, {4-[2-(2-[6- prepared as in US. Pat. No. 4,929,629; orlistat may be
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prepared as in US. Pat. No. 4,598,089; fenfluramine and
dexfenrluramine may be prepared as described in US. Pat.
No. 3,198,834; bromocriptine may be prepared as described
in US. Pat. Nos. 3,752,814 and 3,752,888; and the substi-

tuted amino pyridines listed above may be prepared as

34

sample are provided in Example 44. The pattern was
obtained on a Siemens D5000, Cu anode, variable slit, range
2-55, step size: 0.02; ambient temperature.

FIG. 6 shows the X—ray powder diffraction pattern of a

described in PCI" International Publication No. W0 _ fiI)]E(i\rT.t_’|()ll1.aI; \:O?ilJ.?j'1f::_b:_£:1:_:l1géi1[:I:
96735671; the disclosure of each of these publications is indl0]c_.,,_carbUx£h.C gcid p “ii 3 6 h d1_ _
herein incorporated by reference. I‘ “ pmdnsmm 5a I “T y rdlc’ Pm

It will be appreciated by those skilled in the art that certain Parcel ,1” Example 44 Sl_cp (d) alternative C‘ DF'ta11(‘:d
compounds of the instant invention may contain an 10 Eondlmlmiiofrghc pfiparatlon the gamplcqilm I3r0VI1)d:((’J0g]
asymmetrically—substituted carbon atom and accordingly ,xa_mp: : ._:]pa‘].°r"_waS(; am°_ onf,‘ icm"',:1_S‘ ‘h. ’
may exist in, andfor be isolated in, optically—active and (‘H ‘mu c’V‘md c”n’r‘mge “_55’5"Icp slit‘ 0‘0“’ ‘im mm
racemic forms. Furthermore, some compounds may exhibit lcmpcmure‘
polymorphism. It is to be understood that the present inven— DETAILED DESCRIPTION OF THE
tion encompasses any and all racemic, optically—aetive, 15 INVENTION
polymorphic and stereoisomeric forms, or mixtures thereof,
which form or forms possess properties useful in the lreal- 'l'l'|0 ltllltlwing 0Xr”11'n1'Jll>5 illl-ISITEIIC tl'JC COITIPO-‘ittinnfi find
ment of the conditions, noted hereinahove, it being well methods ofthe present invention. It is to be understood that
known in the art how to prepare optically-active fon'ns (for ll10 PICS‘-'«t1t it1W-'«tlti0fl i5 tl0l lltnltfifl l0 tl'1C- S130CltiC Clt-3tailS Of

example, by resolution of the racemic form by recrystalli— 1“ this Examplcfi 1Jr0V'iCi0Cl lJE‘«l0W.
zation techniques, by synthesis from optically—active starting In the discussion which follows, certain common chemi-

rnalcrials, by Chiral synthesis, Or by Cl‘1r0rnat0gra1Jl1iC S0pa- cal and procedural abbreviations and acronyms therefor
rfitinn using 8 Chiral stationary pl‘1t1SI3)and l10W t0 Clctcrminc have been employed which include: Me (methyl); Et (ethyl);
efficacy for the treatment of the conditions noted herein by 510Ac (ethyl acetate); Bn wcnzyl); '1‘H1~‘(tetrahyg1rofuran);
tilt! Standard 165-‘st-‘-‘s dt1SCfil')€d lltlrtlifléifltlf. ,,,; I)Mli (dimethylformamide); BOC (tert-butyloxycarbonyl, a

'Ihe present invention may be understood more fully by H" protecting group); [)M/\[J(],1'.dimethylaminopyriuine),Mg
reference It) lhfl detailed (.ICSi.Zl'lpTiUl'| and iIILlSIfiili\«'C (r|1c|_hanc,_r-;u[]'()ny], rnogyl); [)I[_-',/\ [dii5:,(}p[0pylc[[]y1a_1'ninc);
examples, which are intended to exemplify non-limiting 'l‘II‘/\ (trifluoroacetic acid); IJIBAI. (diisobutylaluminum
embodiments of the invention. The term "compound of hydride); PyI3roP (Bromo—tris—pyrrolidino—ph0sphoniurn

formula 1”, "compound of formula 2,” as used hcrcin,c.g., 30 hexafluorophosphate); DEAD (Diethyl azodicarboxylate];
“a pharmaceutical composition comprising a compound of Ar; (acetyl); eq, (equivalent); RP [reverse phase); HPLC
formula 1 , , , ” encompasses in addition to their generic (high performance hqujd chromatography); TLC (thin layer
description of the compound, all of the embodiments, prc— chromatography). Unless otherwise specified, “water” in the
fcrrcd embodiments, more preferred embodiments and par— following descriptions means water which is deionized (also
ticularly preferred embodiments of the compounds, as well 35 known as “riemineralized”) or of higher purity, e.g.,
as each of the Examples rlcscribcrl below. deionized—distilled or clei0ni7.ecl—multiply—distillcd water.

BRIEF DESCRIPTION OF DRAWINGS Preferably all materials will be of at least USP grade.
_ _ _ _ The compounds of formula 1, 2 and 3 are most conve-

FIG' 1 Shows’ lb” X433’ lwwdcr dlmaclmn pallcr" 0] a niently synthesized by employing procedures analogous to
sample ofpreferred liorm/\of the title compound described 4“ [how known in the "Chem,-Cad] ans for the pmducmm of
in Example 44' Detailed Conditions for the preparation ofthe similar compmirids. Exemplary processes for the manufac-
Samplc arc lgrovldcd in Exnmplc 44‘ Tn° l’a"°m “'35 ture of compounds of formula 1 2 and 3 as defined in detail
obtained on a Siemens D5000, (Tu anode, variable slit, range hcminabovc are provided as further features ofthe invention
2‘55= 5l°l3 513°: 0'02? ambwm tcmpcralum and are illustrated by the following procedures in which the

2 Sh0WS fill.) FCSUIIS Of thermal analysis Of lJ['CfCl'l'Cd 45 mcaningg 0f gcncric radicals 311; as prcvigugly (]5fi[1g(|
FnnT' A nf inn inn’ Cnmpnnnd ‘inscribed in l~l’“1n"Pln 44 by unless otherwise qualified. ljxamples of methods of prepar-
dinnfnnlial Scanning ‘33l0rln"n”Y- Tn‘: Peal‘ l-5 l44-068° C5 ing compounds of the present invention as described herein
P93-1* heights 33001 nlwi P95‘-l"? 511931 198-368 In]; D9113 I1 are provided by Schemes 1-3 below and the description that
37485 Jig? Onsnl 'l33~534° C Tn“ an'<1lY5i5 “'35 P°t'f0l'mCd follows. In the following Schemes, unless otherwise
under nitrogen gas flow; after holding at 40° C. for 1 minute, Sn indicated, §,uI)§,[i[u_c1'1[s, RLR15, RLR‘, 1_, X, Z1 and Z3 are
heating from 40.00° C. to 20[|.[|(I° C. at a rate of 20° as rlefinerl ahow-,_

C-fm1'““‘°'Th° 5“ml’l° Slzc W35 3891 mg The compounds of formulas 1, 2 and 3 are generally
['16- 3 5n9“"5 inn X‘1'ay Powder (lnfrnclinn Pnncfn of 3 prepared by forming amide linkages between the groups A,

nnmllln Of Pfnfcfrnd 1i0fn" E 0f the Inn‘ Cnnlpnnnd 9‘:-‘i"-Tinnd B and C shown in Table 1 below, wherein in compounds of
in Exarnpln 44' D5”-n39 ‘nnntlilinnn for in“ preparation 0'-Q int’ 55 formula 1, Bis B1; in compounds of formula 2, B is B2; and
-‘‘’nn''Pl9 3”’ lm"‘*'idcd in Example 44‘ Tn“ Pnnnfn W39 in compounds of formula 3, B is I33; wherein I.‘ is a
Olntfllned 0" 3 Slfimtlns l)-stint), (ill 11110‘-it‘, Viirliilllti -‘nil: Tang‘? carboxylic acid or an activated form thereof as described
355: -‘net’ Sim? 0-03; ambient tl‘«mP€“nnT‘=- further below, and the amide linkages are formed between

FIG. 4 shows the X-ray powder diffraction pattern of a the [F group of A and the amino group —N11R9, and
sample ofpreferred Form Gofthetitle compound described an hetween the If‘ group of B and the amine _NI1R-‘ of C,
in Example 44. Detailed conditions for the preparation of the respectively It will be appreciated by those of skill in the art
sample are provided in Example 44. The pattern was that there are many well—known methods of forming amide
obtained on a Siemens D5000, Cu anode, variable slit, range linkages, and that it is generally not important which amide
3-55. 51013 Size: 003; atnltient ttlrtlpcraturc. linkage is formed first. Also, it will be appreciated by those

FIG. 5 shows the X-ray powder diffraction pattern of a 65 of skill in the art that the groups A, B and C are either
sample ofpreferred Form F of the title compound described commercially available or can readily be prepared using
in Example 44. Detailed conditions for the preparation of the materials and methods which are well-known in the art, as
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well as by the methods and procedures described herein. For
example, compounds comprising the group A wherein X is
(I(R") and Rm is phenyl are commercially available, e.g.,
2-biphenylcarboxylic acid. 4'-(methyl)-L
biphenylcarboxylie acid and 4‘—(trifluoromethyl)—2—
biphenylearboxylic acid. In addition, numerous pyridyl—
phenyl (X is N and Rm is phenyl) and bipyriclyl (X is N and
R10 is pyridyl) compounds are also readily obtained. Com-
pounds of group B are readily formed from commercially
available incloles (B1, B2], benzo[b]furans (B3) or benzo
[b]thiophenes (B3), as well as by the methods and proce-

10

36

dures described herein. Compounds of group C are readily

prepared from commercially available phenyl glycines,
wherein the carbarnoyl moiety C(())NR5R7 is formed
between the carboxylie acid group of the phenylglycine and

the amine NI-PR7. I.-ixeniplary procedures for forming each
of these groups and the amide linkages between them are

provided in detail below. The Schemes which follow provide
examples of various methods of forming the compounds of

formulas 1, 2 and 3 using the synthetic precursors discussed
above.
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Scheme 1 illustrates a method for preparing a compound
of formula 1 which comprises reacting a compound of the
formula A131, with an amine of the formula C, or, by
reacting a compound of the formula Awith an amine of the
formula B1C, where L‘ is a carboxylic acid, preferably, an
activated carboxylic acid. In both cases, a compound of
formula 1 is prepared by the formation of an amide linkage.

Activated carboxylic acids of the compound of formula A
and A31 are readily formed by conventional means, for

40

reacted with a 5-amino- or 6-amino-indole of formula Bl,
wherein I." is a carboxylic acid ester to form the compound
All] -e, followed by hydrolysis of I.” to form the compound
AB, bearing a carboxylic acid group L“, which as described
above may be used in the method of Scheme 1 directly or in
the form of an activated acid. The group I." may advanta-
geously be —CO0R", wherein Rd is a (C1-C5) alkyl group
or a substituted variation thereon; preferably R‘! is methyl or
ethyl, more preferably ethyl. Where -I _" is eg, —C()(fl, ie,
an acid chloride, the reaction between A and B1 may beexample, wherein -1.“ is —CO0H, by reacting the free acid 10 . . . . . .

. .. . . . carried out in methylene chloride and pyridine or, in a
with a Carbndumldc’ cg" 1-0-dlmcthyIamm0pmpyl)_3_ referred embodiment as d‘scribcd in Exam le 44 ABI e
ethylcarbodiimide hydrochloride (“l_i[)(f”) or l,l'- p ’ ‘ L‘ . x x 1 x p . ' -

__ .. . , H . ,, _. , . _ _ _ _ ,_ may be hydrolysed (or otherwise di.protected) to formABl
(.arbonyldiimidamle( (DI LI)(., if used, may advanta b an conventional mwms \ G b addition of 1 ucous
gwusly bf’ polymcpbouml‘ 21.5 (llfcloscd in .Pal‘ lilo‘ Ll’OH)io a solution of thieicoinlpoauindlin THF and mieilhanol
5,416,193. Preferably, the amide linkage reaction is caiTied "'5 . . . . . ’

. _ _ , ‘ . ‘ 1 ‘ _ _ or, in a preferred embodiment, as described in Example 44,
on} m the pw.‘i'em"c (Fr d sulldhlc. hdm' A." cfdmplc Ur '1 wherein the compound AB1 has advantageous Iiltration
suitable base for use in the coupling reaction is a polymer m cmbq rm flxamjlc Wham I C. i‘; _(,()0H and acidifi_
bound amine, such as polymer bound morpholino— .p ’ _l _ ‘ ‘ _ ' _ ‘
polvstyrene Preferably the reaction is carried out in the (“mun '5 pcrron-mid dl clcvdlcd wmpcrdlurc’ dud prcfflrdbly_. . , . , . _ 1, 1 t . . I 2' ‘ ‘
presence of an alcohol e.g., a C1-C4 alcohol such as 3“ whcr,cL 15 —C0O K _"rySnHl,zmg asa Sinolc hyflntc
methanol, ethanol, propanol, isoprepanol, n—butanol or _ Sn” agolllicfij clillbodlinclnl it a. tfirhmfgklngra
t-butanol. Alternatively, the carboxylic acid may be acti- (‘Umg:L,l"_‘(:’hl C fflnéllha wgcrlmnh,‘ 15" fl (lnnlldd
vated by conversion to its corresponding acid chloride by Yuk: lb “W” lmb‘ L ?meA|'B1n I lE,m“”l’1"” ‘till ,6
e.g.. treatment with oxalyl chloride in methylene chloride in 1‘ _]ag° 1?’ orhmcf °‘lj‘;°“ h“mR,0't‘w mful 1 13
the presence of a catalytic amount of DMF. Compounds A, 35 findhi)gUl”' 1(1),‘ ti grmilil. (1 Excel” 1 Al dlhf 3%", ‘_“"‘cl_y T
C, ABI and BIC, and their synthetic precursors and inter— di'deXlI:mlI)_].llc yf lllmpoun dfu? hdffdtclylr
mediates are each readily prepared using vvell—known meth— xllfilly‘? 0” dc,‘ T 15’ ljflllcflssila wm_p(‘ml‘1h 0 I .6 gain“ '1
ods for the formation of amide linkages, and also by the '5 Ofmc ‘ind tdgouf’ y mt ‘_:l,)m"3““’ Flwn Ill‘ c ems,

methods d1-Sdflsed herein‘ :;,1b}(r Zildinig to a t’1'11}.'T.}1.:rC'C0I'1'1£)]::tngta?1:)Ul9l eqii:yaln):nt 0:. . e er orm, i.e. avin a e _— osi on am

Another example of a method for forming the amide 30 dfimpmpylcthylaminc (3 CE) in methylene cgloriéc about
linkage betweenAB'l and C, from the eompoundAB1 where one equivalent of A. fgnowcd by hydrolysis of ‘hi: ester
I." is a carboxylic acid, is by combining ARI, C, and Pyllrol-’ group LC of-A.B1 to piroducc ,1 Carboxylic midi group L: and

(preferably as part of the same step) hydrolysis of the acetyl‘ “ ' ‘ f'A't f l h l.Th 1‘ h 'dA'Bl '. th

temperature from about 30 minutes to 24 hours. The solvent 35 W1-1: grigiafigsfiil-b:‘d agoigo SUE: prcscrfic
may bc Wapmatcd and the ljmducl purified by T1 ‘C or flash Pyllrol-’ to produce a hvdroxy-substittited compound A'l}l ('
chromatography using ethyl acetatefhexane as the eluting whose hydmxyl gmufimay men he wnwmd In (mm W
S0l“‘:nl' _ _ reaction with an alcohol R17()II.

H":2ll\Tf:$?::’:g-lftingfg "\::]l:'r:dI El;r:r(::fi:§):hfica":c'Sjc 4:: Compounds of formula A are well-known, and are readily
is toglhrsi clanbinc the qgid (ABl‘] with Noléimmhyi obtained commercially or prepared from commercially_ f _= ' available biphenyl, bipyridyl or phenyl—pyridyl compounds

Efilirgggl:$1:1\:chg‘é;:::;:::’1 substituted with at least a carboxylic acid group or having at- least one subst'tuent susee tibl‘ to d‘rivatizat'on to a car-

iliging rm.dscvfi {:1 h0.3r".;' Thfr r:Shulli[{1ghN;1O'dimClhyl 45 boxylie acid gioup. Exariigplesbof siiitable grloups A and
Eofiespontfing aldehyde U C LciSC‘1(0)H] The A3331 aldc U..S. Pat. No. 6,121,283, which is herein incorporated by' ' ' " ' ' ' reference in its entirety. A articularl referred rou of

hyd‘? ls ll_l°“ 5”513°“d°d ll‘ ,m°lhyl°“° Clllolldc ,“'llll C and formula Ais 4‘—(trifluoromethyl)—2—bipfiefiylcarboxfilic ziicid,
acetic acid, and after stirring for about 30 minutes, Nall fin which is commercially available. other A groups Em, c0m_
l0A°)3H and '?hl°’°_f°‘'m “'5 a‘ld°‘l, and lb‘: °°m1’°"“d of _ mercially available or readily prepared from commercially
rmmula l lmnllcd lmm the ‘lrganw layer’ “go by [lash available analogues by means which are well—known in the
chromatography using methanolfchloroform. an

ill“: mtilllml lllll-‘lllalcd l“ Scheme l ‘-'°""Prl-‘llng rcacllng Compounds of formula B1 are readily prepared from
3 C9l'l'lP0Ul'l‘l Ol ll“ lomll-ll?‘ Awllll all 3-ml”: Ol llle lormula 55 well—known or commercially available indoles, e.g., 5—nitro
lllc l-*5 l“l‘*'ill'll3g3'5‘l-l-‘5 lll lllc llllllmllll" ‘ll 3 lllllar)’ ‘ll A or 6-nitro-indole-2-carboxylic acid ethyl ester (“the indole
gmllll-‘lal-*3-alll'l“vl'l)’l'5‘T PYll‘-l)‘l‘5iill"'5‘XYllC 3‘-'l‘l-5 3-‘lln S‘-'l“'l"""3 ester”). To prepare a group Bl wherein R’: is alkyl or
1, or other carboxylic acids. In this case, a compound of alkoxyalkylgthcindolc cstcrin a Suitable Solvcmgeg’ DMF.‘,
l.UT1'l'|1-llii la l0T1'1'111la ll’ 0T lmmulii 2 may ll‘? lllrmllll llclwcfin may be treated with about one equivalent ofsodium hydride,
‘fl ‘5°lTlP0‘-mil of ll“? lmmula Blc ‘mil 3* A STUUP UT Ulllfil an followed by addition of a slight molar excess of alkyl iodide
‘3a1'l30XYll‘3 3°19: by 1'°a‘3lll18 A OF lllc °lll°l' acld Wllll 3 or alkoxyalkyl iodide, e,g., methyl iodide, iodomcthyl

rrlllilxtuéc comgrrislirllg 1t3'1C= EPC and‘ DMEAE; in glithrlyltc methyl ether, ethyl iodide, 2—iodopropane, etc., follevved by‘3 0“ °~l31'° W3 Y "1 ‘"0031 Cmpcm W9» 0 OW‘? Y3 ‘I’ quenching with acid, e.-1., HCl, and suitable isolation to
lloll _0l N=l_‘l"llm°lllYl°lllYl°ll°(ll5lmll1‘5= and 5Ul35*'~‘Cl"¢l1l P" Tl" yield the alkyl or alkoxyfflkyl indole ester. Alternatively the
ll‘-‘all0l'l Ol llle C0lTlP0lll'l‘l of lomllllll L 65 alkylating agent may be an alkvl sulfonate ester, e.g. methyl

Scheme 2 illustrates a method of preparing compounds of tosylate, and the base may be a inorganic salt, eg. potassium
ormu a . n . c eme -, a com oun o om-iua is car mate, an t e are uct rovi e an an ro riatef lABlI§h 7 p dff l/\' l')( dhld p ‘ddby 1pp'
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isolation, such as described in Example 44. In yet another

embodiment, a group B1 wherein R“ is akyl or alkoxyalkyl C’
and I.°=R4, may be prepared by exposing commercially \\
available 5—nitro or 6—nitro—indolc—2—carboxylic acid to l :(R$Jm
analogous conditions with adjusted stoichiometry. 5 X

. . . R5
Independently, or after alkylation of the indole ester, a “*5; ° 1»

compound Bl wherein R3 is halogen, i.e., chloro, bromo or I
iodo, may be prepared by treating the indole ester with a 10 RF
N-halosuccinimide in a suitable solvent, e.g., 'l'IlI", followed. . . . v - 5 7 ,- » -

by ncutrallzmlon and lsolanom and an amine of the formula HNR R , wherein R‘ is H or
a protecting group, such as tert-butyloxycarbonyl ("B(]C”).

‘ _ _ _ Various embodiments of processes for preparing a com-

All“ h‘{1"g°“a'”f" a"d“'_‘” aIk3’l"‘“°" ‘(M ‘'5 pound of formula C have been described above, and illus-
alkoxyalkylation) the 5—nitro or 6—nitro group of any of the “alive examples an prnVridcd 1-,g1(,w_
1'95‘-lhing lndol’-3 °5l°1'5 (LC-s R3 i5 H 0r 11310 and R4 i5 One example ofa process for preparing a compound of
independently H, alkyl or alkoxyalkylj may then be reduced, formula C, where, e.g., R7 is benzyl and Rf‘ is methyl,
e.g., with hydrazine hydrate and Raney Nickel in a suitable involves combining commercially available (S)—N—tet't—

solvent, e.g., methanol to yield the 5-amino- or 6-amino- 3” blllflxyt-'3TbU"}'l'2'l’he1'1Ylfél)"CiU3» 1'hYdmxYb"l:'Z'5‘}riam‘1c
indole ester. Alternatively, the nitro group may be hydroge— h)"l”“° “ml N~Ni‘Ll1UY‘319l1°XY1‘3§fb0‘l1m1‘1C ‘lfl
nated catalytieally over palladium based catalysts, c.g. pal— d1Fh_l0r0m°thanc' and alflcr, m”,“ng{ addmg Slowly’ with
ladium on carbon. Alternatively, the nitro group may be 5“";"%’ ,N_mc[hyl|).°nZflam1mi' 1“ dlchlommbthanc’ all at
h . . _ 0-5 (_. l'he resulting slurry is allowed to warm to roomydrogenated catalytically over palladium based catalysts. ,,,g . . . .. . . . a- temperature overnight before being tiltered and the solids
Alternatively, the nitro group may be Slll')_It:t.Zl.t:(.l to catalytic . . . . .. . . washed with dichloroniethane. The combined filtrate is

transfer hydrogenation using palladium based catalysts and prcl-firahly wbjcacd 10 1-Lmhsr washfl wilh aquw“ weak
a non-gasseous hydrogen source, e.g., asalt of an amine with base and [Hen with aqueous weak acié] and final“, \i,mShcd
formic acid such as ammonium fomate, followed by an with water providing a dichloromctharlm Solutionbfa phc_
appropriate isolation, such as described in Example 44. The 30 nylglycint: ac,-d amide’ whcre the phcnylglycim, amim,
5-amino- or 6—amino—indole esters B1 may advantageously group (Sec Table 1, NHR5 of C} is t_butoxycarbony1_
bC isolated ZS their Sl.l'UI'lg 2iL‘lLlS, C.g. hydrochloric p]1_]|_§;c[gd_ Arley pufiflcalion’ [hc phgnylglycine arnidg
3919- Ah’-31'nallV'-31y lh° 5‘amiT10 OF 5—5lmiI10-iI1(l01C CSICFS deprotecled, e.g., by addition of concentrated hydrochloric
may be retained in solution for use directly in the following acid, and the monohydratc crystalline form of the product
synthetic step. 35 precipitated by the addition of tert—butyl methyl ether and

seeding, followed by washing with tert—butyl methyl ether

The 5—amino— or 6—amino—indole ester may then be reacted and ".’5"“3 [0 yield Ihc product C with higher Opticai pumy.
. _ ‘ 1 ‘ _ . , ‘ than its N—proteeted precursor. The preferred solid form of

with a compound of formula A as in Scheme 2 to form the . .
. 9 ._ , , . the product C is characterized by the XRD (X—ray

“impound. ABLC’ ,whcr.mn R 15' hydrogen" ihfl anlldc 4“ diffraction) data shown in Table 12, as described below.
nitrogen of AB'l-e, is optionally alkylated, e.g., tree radical . . _ _ _ _.

. . 9 . [able 12 shows 2—tlieta values for a sirriulaled X—ray
mclhylalfon {S used to 1”°d_”°° =mclhyI’ prctcmbly bcffn-C powder dillraction pattern the intermediate compound (5)-
E3'd'°1Y5‘5F’t lhf‘: carbojfyhc “CK! Csftcr [0 the corresponding N—benzyl—N—methyl—2—phenylglycinamide hydrochloride
c—carboxylic acid or activated acid form of the compound of munohydralg dcscn-had in Example 44 Slap (g) The dam was
tormula B1 used as 1“ Schcmc 1‘ 45 simulated using primary data obtained by single crystal

X-ray dilfraclion.

C(}fnl][)undg gf f(]['|'n'|_[1a aft: rgadily prepared fi'[)n1 2-theta BI']glCS and relative lUl.CUSll.lCS WCFC calculated

well—known or commercially available indoles, e.g., 5—nitro tfom H10 510819 C1'Y§”_'l 5“'“‘3l“1'° “Sing ‘hf :'D1fl"a°l19I1'
or 6-nitro-indole-1-acetic acid. Compounds of fonnula 2 are fin (-W513] """’d“]c [”3‘‘'‘-‘51‘‘" "9 99-0102] Of C-3””-53 [V3-‘51U". . . . . . ‘ ' ) ' ‘ ' '\ 1. .

Ihcn readily prepared by tormmg amide Imkagcs bctwccn A’ 4.2 Mat. bci.]. [ertinent simulation parameters were.
B2 and C using the processes described above for linking Bl WaVc1°n8[h=1v54178 A

10 A [or A9 £°‘a'*:i*1°a“°*:a:“-Em A_rysta ite . i7e-_ x. x.

Lorentzian Peak Shape
Compounds of formula B3 are also readily prepared from 55

well—known or commercially available indoles, e.g., 5—nitro v]»ABI_}_.- 12
or 6-nitro-benriofuran-2-carboxylic acid. The acid is first

esterified, and then the nitro group is reduced to an amine, 3-Theft” [11If:,Si1}'
both using conventional means as described herein, anrl the _ Anglc (’ J M’)
ami e in'a es etween , _ an _to orm a com ioun 5_ri‘r3 ‘J[)t).[)[)'dl‘l\gb Am arr 1 d““

of formula lb are readily formed using the processes Ff:-2?
described herein for linking B1 to A (or A‘) and C. 13:35,! 11913.93:] 8.6?

Compounds of formula C are readily prepared by methods 55
analogous to those described above, by forming an amide 't5.?5t1 3.88

linkage between a phenyl-glycine amino acid analogue, e.g.,
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TABLE 12—continued

44

dichloromethane, followed by aqueous workup to yield
(RS)-N-benzyl-N-methyl-2-phenylglycinamide.

A salt of the phenylglycine amide may be prepared, e.g.,
3'Tl‘e‘a_, h‘“"'_‘5i‘3" by treating the amide, e.g., HRS)-N-benzyl-N-methyl-L.1I\nglc(1' I [,-‘Ciel . . . . . . .

' 5 phenylglycinamide), with di[o—toluoyl)—L—tartaric acid in a
16.668 16.53 suitable solvent to provide the di[o—toluoyl)—L—tartrate) salt.
17'-501 5-35 Tartrate salts of the phenylglycine amides maybe broken to
“-591 “-37 ‘d 111 'd 11' 11 b ‘i1~1 '1 11 a 1111,39“ 5",, provi e e ami e, w ic may epuri er as is y roe o-
18I[f1"1 14"; rldfi
18.886 2.17 in In still another embodiment of a process for preparing a
19-391 43-54 compound ol‘ fon'nula (T commercially available (RS)-Di:
‘°--“"-"’ 3“-‘3 2 11 11-‘ '~ 7 tdt R84 11 111
19.51, 355 _.-p er_1y_ g ycine is conver e o ( . ) -p eny - ,_ -
19.53;. 3.49 oxazolidine-2,5-dione using methods well known in the art,
19 92: 3.34 which, analogous to the above examples, is then combined

§0-}‘0:f 1?” ‘IS with commercially available N-methylbenzylamine. The
5? Egg resulting mixture is then subjected to‘ an aqueous work—up,
1‘]_4‘]j (L47 providing the phenylglycinamide, which may be purified as
22.02: 5.1111 its hydrochloride salt as described.

33-759 1435 In another embodiment, racemic compounds of the for-
lti mula (I may be resolved via the selective precipitation oione

B943 55,-, of the enantiomers as its salt with an optically enriched
33.954 5.24 chiral acid, of which many examples are known in the art,

from suitable solvents, e.g. methanol and ethanol. Such3 _ F9 ___2 . . . . .

3__1l__m 5'84 optically enriched chiral acids may be naturally oeeuring or
g4_f,g-1 193 25 synthetic. The precipitated salts may be hydrates or solvates.
24.761 21.22 Breakage of these salts delivers optically enriched free

22-954 2-43 amines of the formula C, which may be purified as—is or as
a suitable salts using suitable solvents.

35.35; 3.13 In a preferred embodiment, [RS)-N-benzyl-N-methyl-L
26.425 2.112 30 phenylglycinamide (10.0 g) was treated with di(o—toluoyl]—

3°-555 -3-33 I.-tartaric acid (15.2 g) in methanol ('1 67 ml.) at 20° C. The
precipitated the salt was filtered and washed with methanol,

37.555 7,65 then dried providing (S)—N—benzyl—N—mcthyl—2—
31.983 2.9? phenylglycinamide di(o-toluoyl)-I.-tartrate (11.73 g, 46.6%)

33-07} 3-94 35 with 92.7% d.e. (chiral IlPi.C). This material (1.00 g) was
reslurried in hot methanol (8.8,m1) to provide (S)—N—benzyl—

gg_77-1 _;_3-I N—methyl—2—phenylglyeinamide di(o—toluoyl)—L—tartrate
39.351 10.8? with 99% de. (0.79 g, 79% recovery) after filtration, wash-
39-575 5-7'5 in and d inn The tartrate salts formed as described ma be
39.983 3.44 gk ry “Id h . _‘. H '1 .. .y
_,D_8_,t.| 3113 4:1 bro en to provi e t e lree amine o ormu a (1., Le. (.‘:]-N-
31115 903 benzyl—N—methyl—2—phenylglycinamide, which may be
31.7411 4.1115 advantageously purified by the formation of a salt with an
37-307 3-79 achiral acid in the presence of appropriate solvents e.g.
Elm 323 reci1itatiori of (Q)-N-benv I-N-meth 11-’)-32.54cu 3.47 P l , _ ‘ , ‘V , , Y “
3_1__1g5 gm 45 phenylglycinamide hydrochloride from mixtures of propan-
33.8n: 2 28 2-01 and tert—butyl methyl ether as described.
35-345' 3-93 In another embodiment, a racemic compound of the
-‘T-491 9-?‘ 1' 1‘ (‘ - b ~ 1 Ll ' 111 - 1 -1'
38.312 103 ormu a_ ._ may e reso ve via ’e se er. ive
33.35;. 4.571 recrystallization, from a suitable solvent, of its salt with an
39.406 2.45 so optically enriched chiral acid, cg. (RS)-N-ben7.yl-N-
39-753 3-“ methyl-2-phenylglvcinamide di(o-toluoyl)-I.-tartrate pre-
4”-5”‘ 3-5” d 1 '1; 21 b 'a~ 1‘ ~ ~ ‘ 1
_,_,I48_, 1],, pare as (CSC1t'1 e a OWE, $0 prlpvi c 1(laSIIerL0tI1Ct'lC yenriched sa ts, e.g. S -N- enzy -N-methyl-2-

phenylglycinamide di[o-toluoyl)-I.-tartrate. Breakage of

11'' anolher example 0:3 P109955 [W Pr‘3P‘"ifl33‘3UmlJ0"l'1d 55 these salts delivers optically enriched free amines of the
0f r0T"|'|l-llii Ca Whtlw Rb is methyl and R7 is b""7'Yla (RS)' formula (I, which may be advantageoulsy isolated and used
N-tert-butoxycarbonyl-2-phenylglyciiie, commercially as the hydrochloride salt, eg. (S)-N-benzyl-N-methyl-L
available or prepared from (RS)—2—phenylglyeine using phenylglycinamide hydrochloride as described.
methods well known in the art, is combined with In another embodiment, where optically enriched com-
1-hydroxybenzotriazole hydrate, commercially available an punds C are preferrable, the unwanted enantiomer of the
N—methylbenzylamine and N—[3—(dimethyiamino)propyl—N'— compound C may be recycled by racemization. In a more
ethylcarbodimide hydrochloride in dichloromethane and the preferred embodiment, the racemization is applied to mother
resulting mixture stirred for about 24 hours. The resulting liquors from the resolutions described in the preceding
mixture is subjected to an aqueous work—up similar to that embodiments, by (a) optionally changing the nature of the
described above, providing (tert—butyl (RS)-2-[benzyl 65 solvent and (b) refluxing in the presence of a catalytic
{methyl)amino]-2-oxo-1-phenylethylcarbamate, which may am ount o I" a ca rb onyl comp ound, e .g.
be treated with trilluorocaetic acid and triethylsilane in 2-chlorobenzaldehyde, thus allowing the isolation of second
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crops of diastereomericly enriched salts containing the
desired enantiomer of compound C, e.g. (S)-N-ben7.yl-N-
methyl-2-phenylglycinamide di(o-toluoyl)-I.-tartrate with
92% d.e. in approximately 50% yield of the solute in the

46

tubes are vortexed and 200 I111. saponate placed in a 20 ml.
liquid scintillation vial. Samples are decolorized (for 30
minutes) by adding 200 pl. of 30% (wfw) hydrogen perox-
ide. Each sample is neutralized by the addition of 200 ,rr.L of

initial ethanolic mother liquors. In an even more preferred 5 3ifi i'iCi-_- T9“ i_iiiiiiiii°i’5 Of Rcvaiiy Sai°® (B°°kii1"ii1) iicliiiii
embodiment, the camlysul mccmizauon is performed at a scintillation [lord are added and the samples were counted on
suitable temperature and concentration in—situ during the 3 i,3f"°km““ 903111“ L5 6509 Scinilllailon 53i"5i°m‘
resolution in a suitable solvent, prior to the isolation of the H“? caicuiailons are Ca"_”’d 0”‘ as riiliiiwsi _ ,
first crop of product; this "dynamic resolution” allows a first Wclghi Ur S3i’”na“’=we1gh1 ‘if lube (K01 I'i'1mcSu"“)'
crop yield of product to be significantly greater than the 50% 10 weigh‘ of ciiiiiiy tube , , ,
available by traditional salt resolutions. Dynamic resoultions Saponaic frai3i_‘0n=0'22i5ap0nai° wclghi ((i°i!5“y Oi the
are known in the art, but suitable conditions are generally i_i’aim"a[c=l ‘l gimii therefore the weight of this aliquot
highly substrate-dependent. 15 equal 10,032 g) _ _ ‘ ‘

In still another embodiment ofa process for preparing an total DPM tor _ih° cm“? mi°5im°=DPM Oi Sampici
opticaly enriched compound of formula C, commercially ‘I5 Saponaic fraction
available homochiral (S)—L—2—phenylglycine is converted to Tiic iiiiiiiii i30i“5 DPM i5 Caicuiiiicii by "i“'°i"i£-liiii-1 iii‘?
(S)4—phenyl—1,3—oxazolidine—2,5—dione using methods well C0“ “is ii'0iii iii“ 5iii'iii 90599 5‘3iiiiiii"iii°ii "i'<ii5-
kngwn in thc (111, which, may [hcn 13¢ cgmbjncd with The fraction of bolus recovered from the intestine
commercially available N-methylbenzylamine. Tl1e result- (pfifcfifll TCCOVt=Ty)=101ii1 Di"Mrii'1011-IS COLll'll-
ing mixture is then subjected to an aqueous work-up, pro- 1:! Percent recovery from each test group=average of percent
viding the phenylglycinamide, e.g. (S)—N—benzyl—N—methyl— recovery from each mouse.
2-phenylglycinamide with 43% e.e. in 49% yield, which Interpretation of Results:
may be purilied as its hydrochloride salt as described, or To compare ellicacy of test compounds, an l_i[):._5 for
di(o—toluoyl)—]_—tartrate salt. intestinal fat absorption is calculated. The (average) percent

. . 25 tri l eeride recover ercent unabsorbed and remainin in

Bmloglcal Assays thgiiitestine) of the iieliicle control group is adjusted to t‘.(%ll'c1l
The selectivity of the apo B secretior1iiMTP inhibitors was 0%, and the (average) percent recovery of the compound

determined by the following protocols. control group is adjusted to equal l(J[l%. The same calcu-
lnhibition of Fat Absorption lations are applied to the percent recovery values obtained

Healthy female CFI mice (Charles River) weighing 30 for test compounds and an adjusted percent recovery is
18-20 grams upon arrival are employed as test subjects. The obtained (% recovery of the test sample—% recovery of
mice are housed in groups of 10 in standard caging, and are vehicle control group;"(% recovery of positive control
allowed to acclimate for one week prior to testing. Mice are group—% recovery of vehicle control group)). An ED25 is
fasted overnight in a separate procedure room prior to then calculated by plotting a graph of compound concen-
testing. Each treatment group typically consists of 5 mice. 35 tration vs. adjusted percent recovery.

The test compound is preferably provided as a powder in Serum Triglyceride Lowering
a glass vial. The dosing solution (0.10 ml;'25 g body weight) Healthy female CF] mice (Charles River) weighing
administered by oral gavage consists of an emulsion of 18-20 grams upon arrival are employed as test subjects. The
Miglyol 812 (20%). Cremaphor (5%), Water (75%). An mice are housed in groups of 10in standard caging, and were
appropriate volume of Miglyol is first added to the test 4:! allowed to acclimate for one week prior to testing. Mice are
compound, and the vial vortexed for approximately 1 fasted overnight in a separate procedure room prior to
minute. Next, the appropriate volume of Cremaphor is testing. Each treatment group typically consists of 10 mice.
added, and the vial again vorlexed as previously. The The test compound is preferably provided as apowder in
appropriate volume of water is then added, and the emulsion a glass vial. The dosing solution (0.250 ml;i25 g body
formed by vortexing and briefly sonieating. 45 weight) administered by oral gavage consists of an emulsion

Hamster liquid diet (Bioserve F0739) (dose volume 0.5 of Miglyol 812 (40%), Cremaphor (10%). Water (50%). An
mlr’25 g body weight) is prepared by adding (for every 10 appropriate volume of Miglyol is first added to the test
ml. needed) 2.5 grams liquid diet powder, 10 ml. water and compound, and the vial vorlexed for approximately I
5 mierocuries glycerol—"H—trioleate (Amersham TRA191) to minute. Next, the appropriate volume of Cremaphor is
a laboratory blender. The mixture is then blended at high Sn added, and the vial again vortexed as previously. The
speed for approximately 1 minute. The liquid diet is stored appropriate volume ofwater is then added and the emulsion
at 4° C. until use. formed by vortexing and briefly sonicating.

Sample tubes are weighed (1-‘alcon 15 ml polypropylene Following overnight fasting, each mouse is dosed (see
conical). Three milliliters of 2.5N K()l[ is then added to above volumes) with test compound. At 1 hour post dose the
each tube. 55 mice are euthanized by carbon dioxide inhalation and blood

Following overnight fasting, each mouse is dosed (see collected for triglyceride quantitation.
above volumes) with test compound followed immediately Serum triglyceride values are quantitated using a colori-
by liquid diet. Positive (a known potent MTP inhibitor) and metric endpoint assay (Wako Triglyceride E kit # 432-4021)
negative control groups (vehicle) are included in each assay. on a Spectra Max 25[) plate reader with Softmax Pro
One scintillation vial is sham dosed every 30 mice in order an software. All samples are run in duplicate.
to determine the activity of the initial bolus. For comparison of triglyceride values, the percent change

At two hours post dose the mice are euthanized by carbon from control is calculated. The average triglyceride value of
dioxide inhalation, the abdominal cavity opened, and the the test compound group is divided by the average triglyc-
small intestines removed and placed in the KOH conical eride value of the vehicle group, multiplied by 100 and then
tube. Each tube is then weighed. 65 subtracted from 'lO0%. The EDZ5 value is then calculated by

Tubes containing intestines are then placed in a 75° C‘. plotting a graph of compound concentration versus percent
water bath for 1.5-2 hours. Following saponification, the change from control.
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The relative values of the 1.51325 for triglyceride lowering
and the ED25 for inhibition of intestinal fat absorption are
used as a means to compare selectivity of the test com-
pounds.

Where HPLC is referred to in the preparations and
examples below, the general conditions used, unless other-
wise indicated, are as follows: the column used was a

Phenomenex Luna” C-8 column (3.[|><250 mm), and the
column was eluted using a gradient of 90% A 10% B to
100% B over 45 minutes, where solvent A was 0.1% formic
acid in water and solvent B was acetonitrile. The column

was run on a Agilent 1100 MSD system.

EXAMPLES

Example 1

(S)-1-Ethyl-5 -[(4'-trifluoromethyl-biphenyl-2-
carbonyl )-amino]-1H-indole-2-carboxylic acid { 2-
[benzyl(methyl)amino]-2-oxo-1-phenylethyl}amide

1-" F

F

fitlh0

° JZICH
X N
H [1 0

[IN

(a) 1-Ethyl-5-nitro-'1H-indole-2-carboxylic acid ethyl
ester

5-Nitro-1ll-indole-2-carboxylic acid ethyl ester (5 g, 21.3
mol) was dissolved in DMF (50 ml.). The reaction mixture
was cooled to 0° C. Sodium hydride (1 .02, 25.5 mmol, 60%
in mineral oil) was added to the above solution in portions
over 1() minutes. The mixture was stirred at room tempera-
ture for 30 minutes. Ethyl iodide (6.5 g, 42 mmol) was added
to the above solution and the reaction mixture was stirred

overnight. Lithanol (30 ml.) was added to the reaction
mixture and the mixture was poured into cold water (800
ml.). The crude product was collected by filtration and used
directly in next step without further purification (5 g).

(I3) 5-Amino-1-ethyl-1H-indole-2-earboxylic acid ethyl
ester

The 1-ethyl-5-nitro-'1H-indole-2-carboxylic acid ethyl
ester (5 g, 19.1 mmol) of step (a) was dissolved in I_’t()l|i'
n-PrOH (100 mL 151). Palladium hydroxide (1.14 g) and
ammonium formate (3.92 g, 62.2 mmol) were added to the
above solution. The mixture was heated to reflux for 2 hours.

The reaction mixture was cooled to room temperature and
the catalyst was filtered off through Celite. The solvent was
removed under reduced pressure. The crude product was
dissolved in dichloromethane (300 mL) and washed with
Nall(I[)3 (150 ml><2). The organic layer was collected, dried
(Na3SO4) and evaporated. The crude product was purified
by chromatography to furnish the desired product (4 g,
90%).

10
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(c) 1-lJ.thyl-5-[(4’-trilluoromethyl-biphenyl-2-carbonyl)-
amino]-1ll-indole-2-carboxylic acid ethyl ester

4'-'Trilluoromethyl-biphenyl-2-carboxylic acid (5.04 g,
18.95 mmol) and 1—ethyl—5—r1itro—1H—indole—2—carboxy1ic
acid ethyl ester (4.00 g, 17.23 mmol) were dissolved in
DCM (100 mL). DIEA (8 g, 61.8 mmol) was added to the
above mixture and the mixture was stirred at room tempera-
ture for 5 minutes. PyBroP (9.63 g, 20.67 mmol) was added
to the above solution in one portion. The reaction mixture
was stirred for another 3 hours. The precipitate was filtered
oil and washed with cold DCM to provide the title com-
pound (4.5 g, 54.4%).

(d) 1-Ethyl-5-[(4’-trilluoromethyl-biphenyl-2-carbonyl)-
amino]-1H-indole-2-carboxylic acid

1-Ethyl-5-[(4‘-trifluoromethyl-biphenyl-2-carbonyl)-
amino]-1H-indoli;-2-carboxylic acid ethyl ester (4.5 g, 9.37
mmol) was added to Me[)ll;‘ll:[) (110 ml., 10,=‘1). l.ithium
hydroxide monohydrate (1 .5 g, 35.7 mmol) was added to the
above mixture. The mixture which resulted was heated to

reflux overnight. The solvent was removed under reduced
pressure and the residue was dissolved in H20 (500 mL).
The solution was acidified with 6N HCl to pH 2. The solid
was collected by filtration and dried under vacuum (4.0 g,
94.5%).

(e) (S)-(Benzylcarbamoyl-phenyl-methyl)-carbamic acid
tert-butyl ester

(S)-tert-l1utoxycarbonylamino-phenyl-acetic acid (1 .00 g,
4 mmol) was dissolved in DCM (15 ml.). Benzylamine
(0.428 g, 4 mmol) and DlEA(0. 65 g, 5 mmol) were added to
the above mixture. The mixture which resulted was stirred at

room temperature for a few minutes. l’yBroP(2.10 g, 4.5
mmol) was added to the above solution in one portion and
the reaction mixture was stirred overnight. The reaction
mixture was diluted with DCM (150 ml.) and washed with
NaHCO3 (50 mL><2, sat.). The organic layer was collected
and dried (Na3SO_4) and the solvent was removed under
reduced pressure. The crude product was purilied by chro-
matography to provide the desired product (0.85 g, 62%).

(t) (S)-2-Amir1o-N-benzyl-2-phenyl-acetamide hydro-
chloride

(S)-(Benzylcarbamoyl-phenyl-methyl)-carbamic acid
tert-butyl ester (0.85 g, 2.50 mmol) was dissolved in HCU
dioxane(10 ml., 4.0 M). The mixture was stirred at room
temperature overnight. The volatiles were removed under
reduced pressure to provide the desired product in quanti-
tative yield.

(g) (S)-1-Ethyl-5-[(4'-trifluoromethyl-biphenyl-2-
carbonyl)-amino]-1ll-indole-2-carboxylic acid[2-
(benzylamino)-2-oxo-1-phenylethyl]amide

1-Ethyl-5-[(4‘-trifluoromethyl-biphenyl-2-carbonyl)-
amino]-1H-indole-2-carboxylic acid (0.05 g, 0.11 mmol)
and (S)-2-Amino-N-benzyl-2-phenyl-acetamide hydrochlo-
ride (0.031 g, 0.11 mmol) were combined in DCM (3 mL)
and l)Il_’./\(1 .1 ml.) was added to the above mixture. Pylirol-’
(0.077 g, 0.17 mmol) was added to the above mixture in one
portion. The mixture which was resulted was stirred over-
night. The crude mixture was then purilied by llPl.C to
furnish the desired product (52.7 mg). IIPLC retention time
16.892 min.; Mol. Wt. (calc) 674.7; MS (found) 675.2.

Examples 2-24 were prepared similarly to the above
example. In each of Examples 2-24, the A group comprised
(4'-trifluoromethyl)-biphenyl-2-carbonyl linked to a
5—amino group of B1.

In Examples 6, 11 and 16, R6 and R7 together with the
nitrogen atom to which they are attached comprise the listed

PENN EX. 2158

CFAD V. UPENN

IPR20l5-01836

31 0f44



US 6,929,692 B2

49

heterocyclyl group. The henzylation ofthe indole nitrogen in
Example '14 was performed similarly to Example 1, step (a).
All of the required amines IINR°R7 are commercially avail-
able or readily prepared using methods well-known in the

50

6-Methyl-4’-tri11uoromethyl-biphenyl-2-carhoxylic acid
methyl ester (3.5 g, 11.90 mmol) was dissolved in Me011,r'
II20 (61) ml., 5,11). Lithium hydroxide nionohydrate (0.25 g,
12.8 mmol) was added to the above solution. The mixture

art. which resulted was heated to reflux overnight. The solvent

'1'/\ll1.1_“ 2

CI"'_;

/R4N 0O

/ “ 0N
N

[I [1 NR“R7H

Example R" R“ R’ mol. wt. (ealc; MS (found) IIPLC (min)

2 Methyl E1 4-Merltoxy-benzyl 690.229 691.2 5.98
3 Propyl Methyl Benzyl 2[J2.283 203.2 20.292
4 Propyl E1 Butyl 654.239 65 5.2 8.428
5 propyl Met yl Butyl 668.266 669.2 21.232
6 Propyl Morpholin-4-3;] 668.222 669.2 ' 6.1112
2 11 Ethyl Ethyl 612.658 613.2 5.158
8 Iithyl 1- lsopmpylmcthyl 641l.'.I"|2 64' .2 2.318
9 Ethyl Met yl Beltzyl 688.256 689.2 9.212

'11) lithyl Methyl Propyl 640.712 54' .2 3.505
11 Ethyl Pyr1'ol[d1n—1—y1 638.696 339.2 5.553
12 11 E1 Propyl 598.63 599.2 3.352
'13 H 1- (lyelopropylmelhyl 6111.642 6'1" .2 3.24-'l
'14 Iierwyl 1- lsopmpylmcthyl 2112.283 2113.2 9.25
15 Propyl E1 Benzyl 688.256 689.2 24.892
16 11 Pyr1'0l[din-1-yl 610.642 61 .2 3.332
12 II Met yl Pyridin—3-yltttetliyl 661.69 662.2 5.621
'18 Methyl Methyl Pyridin-3-ylmcthyl 625.'.I"|2 626.2 2.1199
'19 Iierwyl Methyl Pyridin-3-ylmcthyl 251 .8'|6 252.2 6.229
20 Ethyl E1 3-methylbenzyl 688.256 689.2 8.511
21 Iierwyl 1- 3-methyl-hcnzyl 2511.828 25' .2 211.242
22 Bettzyl E1 2-phe11yl—p1top-2-yl 264.855 265.2 21.212
23 Bettzyl H 4-methyl—benzyl 250.828 25 .2 20.209
24 Methyl E1 4-fi.uo1'o—benzy| 628.693 629.2 6.585

Example 23

1—Methyl—5 —[ (6—methyl—4'—trifluo romcthyl—bip henyl—

 
2—carbor1yl)—amino]—1H—indo1c—2—carb0Xylic acid(2— 45 filtration and dried under vacuum (2.5 g, 75%). MS: 280.2.

mclhylamino-2-OX0-1-phcny1t:lhyl)amidc 1I1NMR(I)MS()-d5): 6 2.01 (s, 311), 7.40 (m, 311), 7.49 (d,
1H, J=7.3 Hz), 7.65 (d, 1H, J=7.3 Hz), 7.75 (cl, 2H, 3.3 Hz).

5:: (C) '1—Methyl—5—[(6—methyl—4'—trifluoromethyl—hiphenyl—2—
carbonyl)-amino]-lIl-indole-2-carhoxylie acid ethyl ester
was prepared similarly to Example 1, step

tlq 0 (d) 1—Methyl—5—[(6—methyl—4'—trifluoromethyl—biphenyl—2—
55 carbonyl)-amino]-1I1-indole-2-carhoxylic acid was pre-

/ pared similarly to Example 1, step (d).
N N

[1 /
N (e) 1-Methyl-5-[(6-methyl-4'-triIluoromethyl-hiphenyl-2-

0 fin carbonyl)—an1ino]—1H—indole—2—earboxylic acid(2—
methylamino—2—oxo—1—phenylethyl)amide was prepared
similarly to Example 1, step (g).

a) 6—Methyl—4'—trifluoromcthyl—biphenyl—2—carboxylic , _ , ‘ _ 1
acid methyl ester was prepared according to methods well— 11"“ ‘-"““P"““d-“ 1" [able 3 “'61” l”"1g‘”°d -'’1T‘l‘”1Y 1“
known in thc an (Sec, cg‘, W0[[|;0530l)_ 65 Example In Examples 28 and 29, R and R together

b) 6_Mflhyl_4._mfiuommcthy1_biphcnyl_2_Carb0Xy]ic wtththe nitrogen atom to whtch they are attached comprise
acid. the listed heterocyclyl group.
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28
29
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32
33

34
1%

l-Methyl-5 - { [2-(4-trifluoromethyl-pheriyl)-pyridine-

TABLE 3

ca.

0

N

[I

R-I R6 Ra’

Methyl Methyl Benzyl
Methyl E I Cycle p1'opy1metlty|
Methyl Morpholin-'l-)'l
Methyl PyrJ'olidin—l-yl
Methyl l-I Propyl
Methyl Methyl Pyridin-.3-ylmclhyl
Methyl EI 4—methoxy-hen?.yI
Methyl II 4-mrhoxylic acid

methyl cslcr
Methyl EI P1'ope11—_'-\~yl
Methyl II Methyl

Example 36
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(b) 2-(4-'l‘riliuororriethyl-phenyl)-riicoliriic acid was pre-
pared similarly Io 6—Methyl—4'—Iriiluoromcthyl—hiphcr1yl—’l—

CH3
/N

[I

Mu]. WI. (vale) MS HPLC (min)
688.356 689.9 19.563
638.696 639.8 16.345
654.695 655.7 14.74
638.696 639.4 16.369
636.685 627.8 15.959
639.744 6911.? 182']
7'0-4.356 T'f15.9 |6.96l
T-'32.":"66 T'33.9 16.564

6’£4.6689 625.8 H.356
598.63 599.3 13.369

30

3—carbor1yl]—amir1o}—1H—indole—2—carboXylie acid{2—
[berizyl[methyl)amirio]-2-oxo-1-pheriylelhyl}amide

 
(a) 2—[4—Trifluoromethyl—phenyl)—nicotinic acid methyl

ester was prepared according to the literature (W000!
1152111).

carboxylic acid as described in Example 25.

(C) 1-Methyl-5-{[2-(4-trilluoromelhyl-pheriyl)-pyridine-
3-carbonyl]-amirio}-l lI-iridole-2-carboxylic acid ethyl ester

45

was prepared similarly to Example 1, step (c).

((1) I-Methyl-5-{[2-[4-lrifluororriethyl-pheriyl)-pyridine-
3—carbonyl]—amir1o}1H—ind0le—2—earboxylie acid was pre-
pared similarly to Example 1, step (d).

(e) 1-Methyl-5-{[2-(4-trilluoromelhyl-pheriyl)-pyridine-
3—carbonyl]—amir1o}11-l—ind0le—2—earb0xylie aeid{2—[benzyl
(methyl)amir1o]—2—oxo—1—pher1ylethyl}amide was prepared
similarly to Example 1, step (g).

The compounds in Table 4 were prepared similarly to

[he lisled helerocyclyl group.

'l'ABl.L'. 4

Llxample 36. In L'.xarr1ples 40 and 41, R“ and R7 together
with the nitrogen atom to which they are attached comprise

I ixamplc

3?
38

(TF3

0

l \ N
/ H

I 6R" R

Methyl Ethyl
Methyl II

33 of 44

/CH3X 0

GM
II

R:

Ethyl
Cycloprop ylmethyl

 
Mol. wt. [eale] MS HI-’I.(T (min)

625.65 526.8 11.50
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'1‘/\l}l.l_-‘. 4-continued

54

Cr,

(TH;
/ _

X 0O

N
/ :1

N \ N

| [I 11
/ H

-I Rri R3‘

0

NR“R?

Iixample R Mol. wt. (Cale) MS HPLC (min)

39 Methyl l-l Iieazyl 661.69 662.8 12.95
40 Methyl Morpl1olin—4—y| 641.65 642.5 932
41 Methyl l-’yrrolidirt- ‘l -yl 625.65 626.5 "J "J .44
42 Methyl Methyl I-’yridin-3—yl 676.71] 622.5 3_?2
43 Methyl II 4-carhoxylic acid methyl ester ?l9.?3 T'20.S 12.10

Example 44

Where IIPLC is referred to in steps (c), (d), (e), and (I) of
this example below, unless otherwise stated, the conditions
used are as follows: the column used was a Jones (ienesis "

C-18 300 4,tr column (150 mm, part No. FMl5960E), and the
column was eluted using a gradient of 95% A 5% ll to 10%
A 90% 13 over 12 minutes, where solvent A was 0.1%
trifiuorocaetic acid in water and solvent B was 0.1% trif-

luorocaetic acid in acetonitrile, with a flow rate of 1.5
mlfmin. The column was run on a Hewlett Packard 1100

system. (S)—N{2—[benzyl(methyl)amino]—2—oxo—1—
phenylethyl}—l—methyl—5—[4'—(trilluorornethyl)[1,1‘-
bipher1yl]—2—carboxamido]—1H—indole—2—carboxamide

(:1) Ethyl l-methyl-5-nitro-1II-indole-2-carboxylate was
prepared by methylation of ethyl 5-nitro-lll-indole-2-
carboxylate using methods well known in the art (see, e.g.,
E.E.V. Seriven et a1., J.C.S., l’.'l‘.1, (1979) p.53—59). For
example, methylation may be achieved using any compat-
ible combinalion of electrophilic methylating agent, i.e.,
H3C—LG, where LG is a leaving group, and a base, e.g.,
using dimethylsulfate, methyl iodide (Example 45, step (a))
or methyl tosylate, with bases such as sodium hydride,
potassium t—but0xidc or potassium carbonate. Preferably,
methyl tosylate and potassium carbonate are used as fol-
lows:

To a refluxing mixture of commercially available ethyl
5-nitro-l I I-indole-2-carboxylate (420 g) and potassium car-
bonate (272.6 g) in acetonitrile (3360 mL) was added a
solution ol‘ methyl p-toluenesulfonate (367.3 g) in acetoni-
trilc (630 mL), and the resulting mixture refluxed for 18
hours. The mixture was then cooled to 20° C. over 3 hours

and water (4200 ml.) added over a 3 hour period. The
product was granulated, filtered, washed with a 50,350 mix-
ture of demineralizcd water and acetonitrile (630 mL),
demineralized water (420 ml.) and then with ethanol (420
mL), and dried, yielding the product ethyl 1—methy1—5—rtitro—
llI-indole-2-carboxylate (436.1 g, 96%).

(I3) Ethyl 5-amino-1-methyl-1H-indole-2-earboxylatc

Alterative A. To a mixture of ethyl l-methyl-5-nitro-llI-
indole-2-carboxylate (420 g), from step (a) or commercial
sources, and l0% palladium on carbon catalyst (50% wet)
(42 g) in ethanol (4200 ml.) was added a solution of
ammonium formate (541.5 g] in demineralized water (840
mL) at between 25—35° (J. over 3 hours. The mixture was
stirred for l8 hours at 20° (3., and then filtered, washing the

35

40

45

50

60

65

solids with ethanol (2100 ml.). The combined filtrate and
washings were concentrated to 840 mL under vacuum at
about 20° C. The resulting slurry was granulated at 5° (.2,
filtered, washed with chilled ethanol (420 mL), and dried to
give product ethyl 5-amino-l-methyl-lll-indole-2-
carboxylate (316.5 g, 86%).

Preferred alternative B. A mixture of ethyl l-methyl-5-
nitro—ll-l—indolc—2—earboxylate (150.0 g), from step (a) or
commercial sources, and 10% palladium on carbon catalyst
(50% wet) (15.0 g) in ethyl acetate (1800 mL) was hydro-
genated at 3 bar at 30° (3. for 8 hours. The mixture was then
filtered and the solids washed with ethyl acetate (300 mL).
The combined liltrate and washings were partially axeotro-
pically dried at reflux and then concentrated to 800 mL to
give a solution of product ethyl 5-amino-l-methyl-l[[-
ir1dole—2—carboxylate in ethyl acetate.

The acid salts ol‘ ethyl 5-amino-l-methyl-lll-indole-2-
carboxylate are also readily available via methods well-
known in the art. For example, the hydrochloride salt is
readily prepared by treating an ethylacetate solution of the
amine with hydrochloric acid in propan-2-ol.

(c) Ethyl 1—methyl—5—[4'—(trifluoromethyl)['l,1‘-biphenyl]—
2-carboxamido]-l lI-indole-2-carboxylate

Alternative A. 4'-('l‘ri[luoromethyl)|:l,l'-biphenyl]-2-
carboxylic acid (133 g), commercially available, thionyl
chloride (89 g) and a catalytic amount of N,N—
dimethylbenzamide (2.3 g) were combined in toluene (665
ml at 55-60” (I. over 2 hours, and the mixture heated at 80°
C. for 1 hour. The excess reagent was removed by atmo-
spheric co-distillation with toluene (600 ml distillate
removed), providing a solution of 4'-(trilluoromethyl)[l,l'-
biphenyl]-2-carbonyl chloride, which was combined with
ethyl 5—amino—1—methyl—1H—indole—2—carboxylate (109 g)
from the previous step, ethyl acetate (4660 ml) and N,N-
diisopropylethylamine (131 mL) at '1 8-29” C. The resulting
slurry was cooled, filtered and the crude product solids were
washed with propan—2—ol (330 mL). The crude product was
twice reslurried in a 70.530 mixture of demineralized water

and propan-2-ol (2><l500 ml.), and the solids were filtered,
washed with propan-2-ol (400 ml.) and dried, yielding the
title compound, ethyl 1—methyl—5—[4'—(trifiuoromethyl)[1,1‘-
biphenyl]-2-carboxamido]-lII-indole-2-carboxylate (167 g,
71.8%).

Preferred alternative B. A solution of commercially avail-
able 4‘—(trifluoromethyl)[1,1'—biphenyl]—2—carboxylic acid
(1 50.0 g) in toluene (975 ml) and acetonitrile (1275 ml was
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added to a solution of thionyl chloride (100.4 g) and
N-methylpyrrolidone (3.7 g) in toluene (750 ml.) at reflux.
The resulting mixture was heated at reflux for 18 hrs, then
the acetonitrile and excess thionyl chloride were distilled off
by reducing the volume to 900 mL. Additional toluene (2250
ml.) was then added before re-concentrating to provide a
solution of the intermediate acid chloride (4‘-
(tri1luoromethyl)[l,1'-biphenyl]-2-carbonyl chloride) (900
ml This solution was then diluted with ethyl acetate (2620
ml.) and N,N-diisopropylethylamine (109.5 g) was added.
An ethyl acetate solution of ethyl 5—arnino—1—methyl—1H—
indole-2-carboxylate (1.07 mole equivalents), from step (b),
(solution volume 800 mL) was then added in two portions at
20-25’ C., seeding with product (ethyl l-methyl-5-[45
(trilluoromethyl)[l,1'—biphenyl]—2—carboxamido]—1H—
indole-2-carboxylate) between portions. The crude product
was granulated overnight then isolated by filtration and
washed with propan-2-ol (450 mL). The crude product was
twice reslurried in a 75725 mixture of demineralized water

and propan-2-ol (2><l80 ml.), and the solids were filtered,
washed with propan-2-ol (450 ml.) and dried, yielding
product (ethyl '1—methyl—5—[4'—(trifluoromethyl)[1,1’-
biphenyl]-2-carboxamido]-1II-indole-2-carhoxylate) (196
g, 74.5%). Mol wt (calc) 466.46, MS: 457.1 (Min). 111
NMR (DMSO—d,,): 5 1.31 (t, 3H, J=7.2 Hz), 3.97 (s, 3H),
4.30 (q, 211, .1=7.2 112.), 7.12 (s, 111), 7.34 (:1, 111), 7.46-7.74
(complex, 911), 7.93 (s, 111), 10.22 (s, 111).; llPl.C retention
time 11.10 minutes.

(11) Alternative A. l-Methyl-5-[4'-(trilluoromethyl)[l,1’-
biphenyl]-2-carboxamido]-1H-indole-2-carboxylie acid
sodium salt hydrate

Ethyl '1-methyl-5-[4'-(trifiuoromethyl)[l,l‘-biphenyl]-2-
carboxamido]-l1l-indole-2-carboxylate (46.7 g) from the
previous step and aqueous sodium hydroxide (8.0 g in 140
ml) were combined in refluxing ethanol (280ml.)1or 1 hour.
The solution was cooled, granulatirtg overnight and the
resulting slurry was filtered. The product solids were washed
with an ethanol—watcr mixture and dried, yielding the title
compound, 1-methyl-5-[4'-(trilluoromethyl)[l,l'-biphenyl]-
2—carboxamido]—'lH—indole—2—carboxylic acid sodium salt
hydrate (36.3 g, 79% as-is). Anhydrous Mol wt of parent
acid (calc) 438.41, MS: 439.2 (MI-1*), 437.11 (NF). ‘H NMR
(DMSO—d,.,): 6 4.00 (s, 3H), 6.55 (s, 1H), 7.12-7.75
(complex, 11H), 10.04 (s, lH).; HPLC retention time 9.30
minutes.

Alternative B. 1—Methyl—5—[4‘—(trifluoromethyl)[1,1‘-
biphenyl]—2—carboxamido]—1H—indole—2—carboxylie acid
hemihydrate.

1—methyl—5—[4'—(trifluoromethyl)[1,1‘—biphenyl]—2—
carboxamido]-1ll-indole-2-carboxylic acid sodium salt
hydrate (0.62 g), from the previous alternative, and aqueous
hydrochloric acid (2 molar) were combined in refluxing
ethanol (13 mL) and water (1.3 mL). The mixture was
cooled, granulating overnight, chilled in ice and the resulting
slurry was filtered. The product solids were dried, yielding
the title compound, l-methyl-5-[4'-(trilluoromethyl)[l,1’-
biphenyl]—2—carboxamido]—1H—indole—2—carboxylie acid
hydrate (0.5 g, 83%, containing 2% water by weight).
Anhydrous Mol wt (calc) 438.41, MS: 439.35 (MH+),
437.20 (M-). 111 NMR (DMS0—d6): is 3.97 (5, 311), 7.13 (5,
1H), 7.30-7.75 (complex, 10H), 7.92 (s, 1H), 10.21 (s, 1H).;
111-’l.(I retention time 9.29 minutes.

Preferred alternative C. 1—Methyl—5—[4'—(trifluoromethy1)

[1,]'—biphenyl]—2—carboxamido]—1H—indole—2—carboxylic
acid potassium salt 2.6 hydrate.

A solution ofpotassium hydroxide (54.1 g) in water (600
ml.) was added over 15 minutes to a suspension of ethyl
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1-methyl-5-[4’-(tri1luoromethyl)[l,l'-biphenyl]-2-
carboxamido]-111-indole-2-carboxylate (300 g], from the
previous step, in propan-2-ol (4500 ml.) at 60° (T. and the
resulting mixture was heated to reflux for an hour. The
solution was seeded with product ('l—methyl—5—[4'—
(tri1luoromethy1)[1,l'-biphenyl]-2-carboxamido]-lll-
indole-2-carboxylic acid potassium salt) and the mixture
granulated at 60-70° (T. for two hours. The mixture was
slowly cooled to {)-5° C. and the product potassium salt
collected by liltration, washing with a chilled 90,110 mixture
of propan-2-ol and dcmineralized water (510 mL total
volume). The product solids were dried, yielding l-methyl-
5—[4'—(trifluoromethyl)[1,1’—biphenyl]—2—carboxamido]—1H-
indole-2-carboxylic acid potassium salt 2.6 hydrate (287.4 g,
85% correcting for water content of 9.1% by weight).
Anhydrous Mo] wt ol‘ parent acid (calc) 438.41, MS: 439.3
(Ml|+), 437.3 (M‘). '1] NMR (DMSO-d,.,): ft 3.99 (s, 311),
6.53 (s, 1H), 7.12-7.76 (complex, 11H), 10.05 (broad),
HPLC retention time 9.30 minutes. The preferred solid form
of the product is characterized by the pXRl) (powder X-ray
dilliraction) pattern shown in FIG. 7.

(e) (S)-N-benzyl-N-methyl-2-phenylglycinamide hydro-
chloride monohydrate

(S)—N—tert—butoxyearbonyl—2—phenylglycine (250 g) and
Lhydroxybenzotriazole hydrate (136.2 g) and N,N'—
dicyclohexylcarbodimide (205.1 g) were combined in
dichloromethane (3000 mL) at 0-5° C. and the mixture
stirred for 15 minutes. A solution of N—n1ethylbenzylamine
(128.1 ml.) in dichloromethane (835 ml.) was added slowly,
maintaining 0-5° C. The resulting slurry was allowed to
warm to room temperature overnight before being filtered,
washing the by—product solids with dichloromethane (500
mL). The combined filtrate was twice washed with saturated
aqueous sodium hydrogen carbonate (2><'l500 mL), twice
washed with 50% saturated aqueous sodium hydrogen car-
bonate solution (2x1500 ml.), once washed with 2.5%
aqueous citric acid solution (1500 ml.) and once washed
with demineraliyied water (1500 ml.), providing a dichlo-
romethane solution of tert-butyl (S)-2-|:ben7.yl(methyl)
amino]-2-oxo-1-phenylethylcarbamate. Analysis by chiral
lIPl .C showed that 2% ol‘ the wrong enantiomer (tert-butyl
(R}—2—[ber1zyl(methyl)amino]—2—oxo— 1 —
phenylethylcarbamate) to be present at this stage.

The solvent was replaced with propan-2-ol (2400 mL) via
distillation at 20-25° C. and the solution cooled to and

maintained at 0-5° C. during the addition of concentrated
hydrochloric acid (1000 mL). The resulting solution was
allowed to warm to room temperature overnight before the

excess reagent byproducts and water were removed by
co-distillation with additional propan-2-ol (8000 ml.), pro-

viding a concentrated solution of product at 50—60° C. The
product was precipitated by the addition of tert-butyl methyl

ether (1875 mL) maintaining 50-60° C. and seeding. The
resulting slurry was cooled to 20° (3., and the solids were

filtered, washed with tert-butyl methyl ether (500 mL) and
dried, yielding product (S)-N-ben7.yl-N-methyl-2-

phenylglycinamide hydrochloride monohydrate (190.8 g,
62% corrected for water content of 6.35% by weight).
Analysis by chiral CF. showed that 0.2% of the wrong

enantiomer ((R)-N-benzyl-N-methyl-2-phenylglycinamide
hydrochloride moriohydrate) to be present at this stage.

Anhydrous Mol wt ofparent amine (calc) 254.33, MS: 255.4

(MH"). ‘H NMR (DMSO—d,,-): majorfminor rotomers 6
3.298 311), 4.461’455(m=2xdd, 211), 5551557 (2><s, 111),
6.93-7.57(cornplex, 1011), 8.70 (s broad, 311), llPl.C reten-
tion time 5.87 minutes.
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The preferred solid form of the product is characterivied
by the XRD (X-ray diffraction) data shown in FIG. 6.

(f) (S)-N-{2-[benxyl(methyl)amino]-2-oxo-1-
pl1eI1yletl1yl}—1 —r11etl1yl—5—[4'—(trifluorometl1yl)[1 ,1'—
biphenyl]-2-carboxamido]-1lI-indole-2-carboxamide

1-Methyl-5-[4'-(trifluoromethyl)[1,1'-biphenyl]-2-
carboxamido]-1ll-indole-2-carboxylic acid sodium salt
(16.0 g), from step ((1) alternative A, methanesulfonic acid
(2.24 ml.), 1-hydroxybenzotriamle hydrate (5.32 g) and
N—[3—(dimethylamino)propyl—N'—ethylcarbodimide hydro-
chloride (8.66 g) were combined in dichloromethane (384
mL) at 0—5° C. and the mixture stirred for 1 hour. Triethy—
lamine (4.78 ml mL) was added followed by a slurry of
(S)—N—benzyl—N—methyl—2—phenylglyeinarnide hydrochlo-
ride (11.1 g), from step (e), in dichloromethane (48 mL) was
added slowly, rr1air1taining0—5° C. The resulting slurry was
allowed to warm to room temperature overnight. liurther
triethylamine (2.4 ml.) was added at 0° (T. After approxi-
mately 2 hours, the mixture was twice washed with saturated
aqueous sodium hydrogen carbonate (2><200 mL), once
washed with 0.5M aqueous hydrochloric acid solution (200
ml.) and once washed with demineralized water (200 ml.)
adjusting to pll=6 with aqueous sodium hydrogen carbonate

solution, providing a dichloromethane solution of (S)-N-{2-
[ben7.yl(methyl)amino]-2-oxo-1-phenylethyl}-l-methyl-5-
[4'-(trilluoromethyl)|:1,1'-biphenyl]-2-carboxamido]-lll-
indole-2-carboxamide.

Using the dichloromethane solution of the title

compound, the solvent was replaced with propan—2—ol (32
ml.) via distillation, the warm solution was diluted with

tert-butyl methyl ether (170 ml.), cooled and seeded. The
product was collected in three initial crops (77%). These
were combined with their mother liquors in dichloromethane
(75 mL) to provide a solution. The solvent was again
replaced with propan-2-ol (32 ml via distillation, the warm

solution was diluted with tert-butyl methyl ether (160 mL),
cooled to room temperature, concentrated to half volume,

and granulated overnight. The resulting slurry was filtered
and the cake washed with a 1:1 mixture of propan-2-ol and

tert-butyl methyl ether and dried in vacuum, yielding prod-

uct (S)—N—{2—[benzyl(methyl)amino]—2—oxo—1—phenylethyl}—
1-methyl-5-[4'-(trifluoromethyl)[1,l'-biphenyl]-2-

carboxamido]—'lH—indole—2—carboxamide in Form A(16.3 g,

69.5%). MS: 675.1 (MH+). ‘H NMR (DMSO—d,,): major!
minor rotorriers 5 28972.78 (s, 3H), 3.94,/3.90 (s, 3H), 4.57
(m=2>v:dd, 2H), 6.07,’6.13 (d, 1H, J=7.4.-’7.4 Hz), 7.11-7.76
(complex, 2111), 7.86 (5, 111), 8.79;s.84 (:1, 11:, .I=7.4;’7.7

Hz), 10.20 (s, 1H). Mol wt (calc) 674.73; MS 675.2. HPLC
retention time 17.948 minutes using the standard conditions
cited before Example 1.

The preferred solid form of the product, liorm A, is
characterized by the pXRD (powder X—ray dilfraction) pat-
tern shown in FIG. 1 and DSC (ditferential scanning
calorimetry) trace shown in FIG. 2.

Alternatively and preferably, the title compound is pre-
pared as follows: A solution of mcthanesulfonic acid (34.0

g) in dichloromethane (85 ml.) was added to a mixture of
1-methyl-5-[4'-(trifluoromethyl)[1,l'-biphenyl]-2-

carboxamido]—1H—indole—2—carboxylic acid potassium salt

hydrate (170 g), from step (d) alternative C, and
1-hydroxybenzotriazole hydrate (54.6 g) in dichloromethane
(3400 ml.) at 0° C. N-[3-(dimethylamino)propyl-N‘-

ethylcarbodimide hydrochloride (88.4 g) in dichlo-
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romethane (680 ml.) was then added over 30 minutes and

the resulting mixture stirred at 0° C. for 1 hour. Triethy—
lamine (53.9 g) in dichloromethane (170 ml.) was then
added over 10 minutes followed by a solution of (S)-N-

benzyl-N-methyl-2-phenylglycinamide hydrochloride
hydrate (120.6 g), from step (e), in dichloromethane (680

ml.) and the resulting mixture stirred at 0° (7. for 30 minutes
before allowing to warm to 20° C. for 16 hours. The mixture

was twice washed with saturated aqueous sodium hydrogen
carbonate (2><2040 mL), once washed with 0.25M aqueous
hydrochloric acid solution (2040 ml.) and once washed with

demineralixed water (2040 ml.). The resulting product solu-

tion was concentrated to 595 mL under reduced pressure and
the concentrate combined with an acidic ion-exchange resin
(240 g) in propan—2—ol (595 mL). The mixture was stirred for

2 hours before filtering, washing the solids with a 50,.-"50
mixture of propan-2-ol and dichloromethane (170 ml.) and
concentrating to a volume of 595 mL. The solution was
diluted with propar1—2—ol (510 mL) and then re—concentrated

to a volume of 595 ml.before diluting with tert-butyl methyl
ether (1700 ml The resulting solution was cooled to 20° C.
and seeded and the mixture stirred for '18 hours before

concentrating to a volume of 920 mL under reduced pres-
sure. After further granulation at 20° C. for an additional 48
hours the slurry was filtered and washed with cold propan-
2-ol (340 ml.). The product solids were dried, yielding the

product (S)—N—{2—[benzyl(methyl)amino]—2—oxo—l—

phenylethyl}-1—methyl—5—[4'—(trifluoromethyl)[1,1‘-
biphenyl]—2—carboxamido]—1H—indole—2—carboxamide in
Form A (192 g, 80%). HPLC retention time 11.50 minutes

using the conditions specific to this example (noted above).

Alterative solid Form B of the title compound is prepared
as follows: The title compound (150.7 g), prepared by any
of the methods described, was dissolved in acetonitrile (350
ml.) and filtered. Further title compound (30.8 g) was then
added as a seed and the resulting mixture diluted with
diisopropyl ether (3300 mL) and granulated at 20-25” C. for
48 hours. The solids were filtered, washed with diisopropyl
ether and dried to give the product in Form B (163.5 g,
90%). Form B, is characterized by the pXRD (powder X-ray
diffraction) pattern shown in FIG. 3.

Alternative solid l-‘orm (} of the title compound is pre-
pared as follows: The title compound (13.5 g), prepared by
any of the methods described, was dissolved in ethanol (100
mL) at elevated temperature and the resulting solution
allowed to cool and granulate at 20—25° C. for 48 hours.
liurther ethanol (150 ml.) was then added and the resulting
mixture granulated at 20-25” C. for a further 48 hours. A
portion of this mixture was filtered and the solids were
washed with ethanol before separating into two portions.
One portion of solid was dried at ambient temperature and
pressure to give the product in Form G (1.9 g). Form G, is
characterized by the pXRD (powder X-ray diffraction) pat-
tern shown in FIG. 4.

Alternative solid Form F of the title compound is prepared
as follows: The title compound (13.5 g), prepared by any of
the methods described, was dissolved in ethanol (100 mL) at
elevated temperature and the resulting solution allowed to
cool and granulate at 20-25” C. for 48 hours. Further ethanol
(150 ml.) was then added and the resulting mixture granu-
lated at 20-25” C. for a further 48 hours. A portion of this
mixture was filtered and the solids were washed with ethanol
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before separating into two portions. One portion ofsolid was
dried under vacuum at 50° C. to give the product in Fon'n F
(1.2 g). Form 1-‘, is characterized by the pXRI) (powder
X-ray diffraction) pattern shown in FIG. 5.

Alternative solid Form F of the title compound may also
be prepared as follows: The title compound in Form G
(1.214 g), prepared by any of the methods described, was
dried under vacuum at 50° C. to give the product in lion'n 15
(1.195 g). Form F, is characterized by the pXRD (powder

60

the crude product which was purilied by recrystallization
from 1310/kctfisooctane to allord 13.8 g of the title com-
pound.

(e) 3—chloro—1—methyl—5—[(4'—trifluoromethyl—biphenyl—2—
carbonyl)-amino]-1 I l-indole-2-carboxylic acid

The product of step ((1) may be hydrolyzed as follows: the
compound (5.51 g) was dissolved in T111’ (120 ml.) and
methanol (40 ml.). Under stirring conditions was added0 . . . . . .

X_t-ay dim-action) pattcm shown in FIG_ 5_ 1 LiUH (1.32 g) in water (40 mL). lhe reaction mixture was
stirred at room temperature overnight. To the reaction mix-

1:-X'<1ml31‘3 4-‘ ture was then added 1 N HCl solution (60 mL), and the

Compounds of formula 1 where R7’ is halogen, preferably aq"°°_"5 layer was °x1r"'C1°d,wi1h‘ E1033 (250 mL)‘ Thc
chloro, were prepared in the following manner: ‘I5 Organic layer was W1'Sh’”d with brim’ (700 mL)’ ‘mcjl druid

. . . . (MgSO_,). The solvent was evaporated in vacuo to give the
(a) 1N-methyl-5-nitroindole-2-carboxylic acid ethyl ester _ _ _ ._ _ _ .. r _ _ _ _ ._ I . .

_ 1 1 _ _ crude product which was pL11'111LEl by 1'LLl'y.‘:ldll1L¢lT.].0I1 from
1111 11 5011-1111111 01 5'1111101“d01c'2'C‘111"5”‘)’11‘5 39111 19111311 1:1 l_]t()Act‘ether to ailord 4.4 g of the title compound.

ester (30.45 g, 130 mmol) in DMF (200 mL) was added 00% _ _

NaH (6.4 g, 160 mmol) in several portions, and the mixture m A (U 3"-'111U""1'TT1€111}:1'5'[TT1t>111Y1'(4 '1F11111“1“1'W11"_)’1'
was stirred under nitrogen at room temperature for 30 ' 1’1l‘1"*’"Y1'3'C3T1"’"}’1)'3T1‘1"0]'111'1m1“1*>'3'CaT1307‘)’11C 3‘-"111

m£nu.1,1;]' To mil: wairttlrfn “°’r1.""?’l3’ addcd m:.[hyl(iOrqi(|g (h]5'56 As an alternative to step (e), the product of step (d), inm . .__ mmo an ~ 5 rrin was con inue or ._ ours. - « - -

Thdreaction mixture was liienfhed with 0 5NHFl solution whlch R) 15 hydmgem Upmmally may he alkylalcd by
' q. . " ' ' . recesses well known in the art. For exam le, to re are a

(4-()[) ml ) and extracted with ’5‘1 L-t()/\c,=’benzene solution 1) - - 9 p p p -
[600 mL‘ The 0 am‘ 11 ‘r wrrshcd with War“ (500 35 compound in which R‘ =methyl, the product of step (d) is

. ' rg 1' Ty” ‘ “ r r _ treated with Me3S0_4 in the presence of KOII, K,_._CO3 and
ml.), brine (500 ml.), dried over Mg5(),r, and then concen- Bu NHSO rn a Surmblc Solvent Such as toluene with
Hated in vaclm 10 giw 26‘? g 011116 11116 1"'0mpmmd' healing to 47(l° (' with stirring for about 30 minutes’ After

113) 3"-111010‘1N'm°11‘Y1'5'1111m1“d“1e'2'C‘”1’°"Y11c 3‘-‘id cooling to room temperature, the reaction mixture is diluted
911131 55151’ 30 with 1 N HCl and stirred for 10 min. Et0Ac (100 mL) is then

Tljeproductof step (a)(24_8 gr, 10[]mmo[) was djssglvcd added, and the organic layer washed with brine, dried

in T111: (500 ml.), followed by the addition of (MgS0.,).gnd solvent removed in vacuo to give the product
N—chlorosuccinimide (20 g, 150 mmol), and the reaction wherein R‘ is methyl. with appropriate purification c.g., by
mixture was stirred at room temperature under nitrogen for Wt-'f}’-‘$111111?-Pilitlli 1TU1'1'1 113 1—51()AC(iS£3(tC1flU€-
60 hours. The reaction solution was concentrated in vacuo 35 v v -

. . . .’ Th ll (11 .t‘ ( th‘b‘hdl d;

and the residue was taken into l:.tUAc [750 mL). The organic ‘He (:)m:u mi lrzrrfrifigri (Lid 1;; rI:S,r1[rl
layer was washed with 0.5 N NaOH solution (4><750 mL), ‘ P _ ’ "g" ” , , P i '" . . ‘ '
brine (750 ml.), dried (MgS()4), and concentrated in vacuo T,H_F'mc1hanO1’ Lloljl m “fatcr 15: ad‘1’d under Snmng Con-
ro rrfi-Ord the crude producr which was purified by r.cCryS_ ditions and the reaction mixture lSrSl1rrC(.1 at room tempera-
tallization from ethanol to give 13 g of the title compound 4:! “-119 9‘*'e11''1g1'1- 10 1119 191191111" 11111511113 15 11713“ 3‘-11111‘-1 1 N

(C) 3_Ch1m.0_-1N_mcrhy1_5_arrrrrr0_{rrd0[e_2_carhmry[rC H(.‘l solution, and the aqueous layer s extracted with Et()Ac

acid grhyl esrcr (aboutll volumes). The organic layer is washed ‘with brine,
To a refluxing mixture of hydrazine hydrate (10.8 ml, 222 a'_1d dncd (MgS0"1' T1": S_°1V°m '5 °va1m_m°d 1“ vacuo 10

mmol) and Raney Ni (6 g) in Me()I[ (200 ml.) was slowly 4‘ 1=’:“""_11'° Crude llmrdl-‘C1 “"1'”‘31'1 may 173 P1111_113d by 1“'C1Y-51311‘
addcdthepmducl0f51cp([-,)(1g_f, g), and thr, refluxing was * lization from 1:1 l_‘.t()Aci’ether to afford an indole carboxylic
continued for 6 hours. After cooling to room temperature, acid Of f01'mUla AB1.

Ihe Raney Ni was removed by filtration through Celite, and The products Ur. Slaps rs) and (1., re‘, Compounds or
the solvent was removed in vacuo to give the crude product. . , . . .
. . . _ . formula AB1, may be amide linked to compounds of for-
Ihe residue was dissolved in toluene (100 ml.), and con- . .

. . . . . Sn mula C by methods which are well known in the art, an
centrated in vacuo. The residue was again dissolved in “am ‘re Orwhrch rrr dflcrrbcd below in grc r )
toluene (100 ml.), and concentrated in vacuo, the residue 1 ‘ ‘ ‘ P g
was suspended in diethyl ether, and the product was col- (g) 3-chloro-1-methyl-5-[(4'-trifluoromethyl-biphenyl-}
lected by filtration to afford 11.3 g of the title compound. carhm-ty[)-amit-m]-]]].jm]g1t;-g.¢arb.;txy1jC at,-id[g.

(d) 3—chloro—1—methyl—5—[(4'—trifluoromethyl—biphenyl—2— 55 (isopropylamino)—2—oxo—1—phenylethyl]amide

carbonyl)-amino]-1Ii-indole-2-carboxylic acidrethyl ester The product from Step (0) (2915 mg‘ 0619 mmol)’
4'-I'rifluoromethyl-2-biphenylcarboxylic acid was con- (S)_N_isupropy1_2_pherry1g1yCir.ramrdc hydrochloride San

verted to thecorresponding acid chloride by treatment with (1811 mg, 0797 mmol)’ pyBr0p (4158 mg, 0365 mmol)
oxalyl chloride in methylene chlorrde in the presence-of were Suspender: in anhrdmm CH2“: [6 ml), rbnnwcd by
Catallmc amount of DMF‘ To a mlulmn 01 the amd Chlflnde 5” the addition of [)lL'.A (0.36 ml 2.07 mmol). The reaction
1103 3' 38 11111101) and pyridinc 1337 mL’ 40 mmol) in mixture was stirred at room temperature for 3.5 h. The
methylene chloride (200 mL) was added the product ofrstep prrrdrrcr was purified by flash Chrrrmarogrrrrrhy using 3070
(C) 1101 3' 40 mmollj and the reaction m1?‘“”° wa§51“Tcd of hexane:I_'lt()Ac to alTord 345.5 mg of the title compound.
at room temperature for 1 hour. The reaction solution was r r r ‘
diluted to 600 ml. with cii,ci,, washed with 0.1 N IICI 55 hxamplcs 46-65 Ware int‘-pared -‘similarly to Example 45
_-.~,t;1t_ttjm-t [2x5[]0 m1_) and with brine (500 mL), and than above, and Examples 65b—f' were prepared similarly to
dried (MgS[),r). The solvent was evaporated in vacuo to give Lixample 65a below.
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TABLE 5

R13

/R4
N ()O

/ ‘ ON

N I _
I9 C, R5 NR°R‘R

Mol wt. MS HPLC

Example R‘ R5 R“ R7 R9 R” (calc) (found) (min)

46 Metltyl [I Methy Benzyl II Tri‘uorornethy 709.17 709.2 20.185
47 Methyl H H Propyn-3-yl H 'l'riluoron1cL|1_v 643.07 643.2 15.244
48 Metltyl [I [I [sopropyl II Tri‘uorornethy 647.10 647.2 16.567
49 Metltyl [I Methy [‘yrid—3-yl II Tri‘uorornethy 710.16 710.2 8.513
50 Methyl H H Propyl H 'l'riluoron1cL|1_v 647.10 647.2 16.67
51 Mctltyl H Ethyl Benzyl H Tri = uoromcthy 723.20 723.2 21.392
52 Metltyl [I Methy 3—chlo1'o— II Tri‘uorornethy 743.61 744.2 20.578

benzyl
53 3-‘lctltyl H Mcthy Bcnzyl Methyl Tri‘uoromcLI1_\r 723.20 723.2 21.202
54 Metltyl [I [I Ethyl Methyl Tri‘uorornethy 647.10 647.2 15.615
55 Math yl H H Isoplopyl Methyl 'l'ri luo ron1cL|1_v 66'l .'l 66'l .2 17.16'l
56 Methyl H Mcthy l’yIid—3—yl Methyl 'l‘ri 'uoronict|1y 724.18 724.2 9.154
57 H H Methy Iienzyl H 'l'riluoron1cL|1_v 695.14 695.2 19.1 31
58 Ethyl [I Methy Benzyl II Tri‘uorornethy 723.20 723.2 21.172
59 Ethyl H H 4-melhoxy H 'l‘ri 'uoronict|1y 739.20 739.2 18.345

henzyl
60 Metltyl Methyl Methy Benzyl II Tri‘uorornethy 709.22 709.2 8.966
61 Methmt'5.'- H Mcthy Iicnzyl H 'l'r1"luor()n1::tI1y 739.20 739.2 19 677

methyl
62 Methyl H H Propyl H H 579.10 5?9.2 14.388
63 Methyl [I [I [sopropyl II [I 579.10 579.2 14.327
64 Metltyl [I Methy [‘yrid—2—yl II [I 642.16 642.2 11.303
65 Methyl II l\.-‘IE-.t'hy Pyrid—3-yl II II 6471.16 5471.72 ti..\f?f?

651: Methyl [I Methy Ethyl II Trifluorornethyl 633.12 633.2 4.318
65c Metltyl [I [I 4-n1ethyl- II Trifluorornethyl 695.19 695.2 11.147

henzyl
65:1 Math yl H H Propyl H 'l'rilluoron1cL|1_v| 633.12 633.2 6.923
65c Methyl H Iithyl Iithyl H 'l'rilluoron1cL|1_v| 647.15 647.2 5.071
651' Metltyl [I [I Methyl II Trifltlorornethyl 605.06 605.2 5.433

Example 65a was stirred at room temperature for several hours. The
,. . -1‘ s11‘ ttdt—-25 l'dth

3—ehloro—1—methyl—5—[(4 —tr1fluoromethyl—b1phenyl—2— reZ‘“' 1”" 3” ".10" W“ mm“ Ta 6 0 '11 ’ ‘m‘ E".
_ 1 . . _ _. 4.; directly applied to flash chromatography using 30.70 otcarbonyl)-amino]-lII-indole-2-earboxyltc ac1d[2- - I . ,_ .

(a1hy1amim)_2_0m_l_phcny1clhyI]amidc EtOAc.hei:ane to give 2.86 g of the title compound. 1
(b) 4‘- lr1lluoromethyl-blphenyl-2-carboxyllc acid

CF‘ (3-chloro-2-formyl-1-methyl-'lH-indol-5-yl)-amide
' To a solution of the product from step (a) (1.56 g, 3.02

Sn mmol) in THF (25 ml) at —78° C. was added DIBAL in THF
(1.0 M. 12 ml), and the reaction mixture was stirred at -78
"o for 6 h. The reaction mixture was diluted with NaHSO‘,

0 (0.25 M, 86 ml) and E10/\c (115 ml), and the aqueous layer
was extracted with EIOAC (2><100 ml). The combined

55 organic layers were dried (MgSO,,) and concentrated in
vacuo to about 30 ml in volume. The product was purified

0 by flash chromatography using l:l I.-'t[)Acfhexane to ailord
HN 0.706 g of the title compound.

\ CH‘ (e) 3—ehloro—1—methyl—5—[(4'—trifluoromethyl—biphenyl—2—
' an carbonyl)-amino]-1I-I-iridole-2-carluoxylic aeid[2-

(ethylamino)-2-oxo-1 -phenylethyl]arnide

(:1) 3-chloro-1-methyl-5-[(-4'-trifluoromethyl-biphenyl-2- The product from step (b) (407.5 mg, 0.892 mmol),
ear|Jor1yl)—amino]—'lI-l—indole—2—carboxylic acid (3.41 g, 6.6 (S)-N-ethyl-2-phenylglycinarnide hydrochloride salt (316.3
rnmol), N,0—(llmethyl hydroxylaminc hydrochloride salt mg, 1.47 mmol) and acetic acid (10 drops) were suspended
(0.938 g, 9.4 mmol) I’yBt'oI’ (4.50 g, 9.4 mmol) were 65 in CII3Cl2 (25 rnI.), and the reaction mixture was stirred at
suspended in (IlI2(Il2 (60 ml), followed by the addition of room temperature for 20 min. NaB(UAc)_-,H (2.1 eq) was
diisopropylethyl amine, and the resultant reaction mixture then added, and the reaction mixture was stirred at 50° (7. for
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5.5 h. Saturated NaII(.'()3 (8 ml.) and CI[Cl_., (12 ml.) were
then added, and the organic layer was washed with water (6
ml.), and then concentrated in vacuo. The product was
purified by flash chromatography using 30:70 of hexane:Li-

 

64

solution was washed with IN IICl (150 ml.) and aqueous
NaIlCO3. The organic fraction was dried over MgS0_, and
filtered. The solvent was removed under reduced pressure to
provide the title compound.

IOAC to afibrd 4414 mg of the ‘MC Compmmdi 5 (b) 5-(2-IIydroxy-benzoylamino)-1-methyl-lII-indole-2-
_ carboxylic acid

hmmplcs 66-85 'l‘h d 1 r 1 ( )0 t] S '96 M) d‘ 1 d ‘e pro uc o sep a -. g,. ._ m was isso ve in

Using a compound of formula BIC, substituted biplienyl Tllli (30 ml.), methanol (10 ml.), and water (10 ml.). The

“A" groups were amide linked to form the compounds In mixture was treated with lithium hydroxide (882 mg, 21.04
shown in Table 6 according to the following method: mM) and the mixture was stirred at room temperature for 3

A Stock gntnnnn containing cmnnnnnd Bic (204 mg, hours. The mixture was concentrated to 15 mL and the pll
(10478 mrnnl), EDC (195 mg, [L103 nnnnl), and DMAP was aCl]USIC(l to about 3.0 with 1 N HCl. The mixture was
(2.47 mg, 0.020 mmol) in cH,c1,_. (0.8 ml) was added to a extracted 3 times with ethyl acetate (25 mLJ- The ethyl

1.8 m]. reaction vial containing the acid (1.2 eq), and the 15 aC0la10 ft'aCli0IlS WCFO C0II_lbitlGd.ClI'iC(l OVCT M8304, fillcfed
resulting mixture was shaken at room temperature over— and ‘300C'3ml'31°d 10 P1'0V1d'-3 lb’-3 ‘H15 "~'0ml30U"(l-

night. _To the reaction mixture was then added 0.5 ml of (C) (5)_5_(3_Hyd1-nxy_b¢nzny1nrnino).1_rnn1ny1_1H_
N,lV-dimethylethylenediamine and the reaction mixture was jndn1n.g.c;nbnxy1jn acid{g.[1-,nnny1(n1n11-,y1)nn-.fnn]-2.nxn.
then shaken for 18 h. The product was purified by silica gel ].n[-.nny]n1ny]}.n;n1‘dn

‘?h’°ma‘°3"‘ph?’_ “mg CH=C;1=’E‘OA°' Th° Ymlds ““‘9»‘°d In The product ofstep (b) (1.36 g, 4.38 mM), PyBr(]P(2.45
trom about 70% to about 95%" g, 5.26 mM), and (S)—N—bcnzyl—N—mcthyl—2—

phenylglycinamide (1.91 g, 6.57 mM) were placed in a 50TABI E 6
‘ mL round bottom flask. DMF (20 mL) was added and the

mixture was cooled to 0° C. and treated with diisopropyl
35 ethylamine (3 mL, 17.52 mM). After the addition was

C,”-1 complete the cooling bath was removed and the reaction
5' 0 mixture was stirred at room temperature for 16 h. The

V -' 0 mixture was diluted with ethyl acetate (120 mL) and the
N H _ mixture was washed with 1 N IICI (20 ml.), water (20 ml.)

H 11_,c’x 30 and brine (20 ml.). The ethyl acetate was dried with MgS(),,,
liltered and concentrated. The residue was purified by [lash

Example R13 ome1.R13(n-p,.esem) Mo]. WL column chromatography on silica gel eluting with 5%
diethyl ether in C‘H.,Cl,.66 3'-fluoro 5'—fluoito G-’t2."i"l2 " " _ _

5-,: guftuom gufium-n 641713 35 (d) (S)-5-(2-I3utoxy-benzoylam1no)-1-methyl-llI-1ndole-
68 3'-triiluoromctliyl 5'-triftuuromethyl 7'43.‘i"28 " 2—carboxy]ic acid{2—[I_)cnzyl[mcthy]]amino]—2—oxo—1—
69 4'-(‘hl0]'O — G-’tl.l"i"6 phcnylcll-ly1}_amidc‘to 3'-methyl — 620.758 _ ‘
T1 3'-carboxytic acid — 650341 To a solution ol the product of step (120 mg, 0.22
71 3'-t‘hl0T0 4'-HUGH} 659-165 mM), triphenvlphosphine (68 mg, 0.26 mM), and an alcohol
73 4"“‘““°"t' — 553-333 (U 79 mM) in"'i‘i1i-‘ ('3 ml ) at 0° C‘ was added DEAIJ (41 ul
T4 3'-amino — 621.745 4“ 5“. “. ‘ " ‘ . "
75 3._mmwx}, _ 636_-‘.57 0.-(1 mM). The cooling bath was removed and the mixture
T6 3'—<‘arboxymethyl — 648368 was stirred at room temperature for '16 hours. The mixture
27 3"CeThfim°)'1m'-'”1)'l — 563-7-‘*3 was concentrated to approximately 200 uL and applied to a
it‘ "'“”‘°“>'1 — 6-*3-769 re TLC late (silica c160 F754 10mm 90 cm:-<70 cm)7'9 2'—met]ioxy 4'-iiiethoxy GGti."i"S4l p p ' P ( g. T. ' ' ' .‘ T ‘
SD 4._hydroxynmh},1 _ 63535? 45 The plate was eluted with 5% diethyl ether in CHSCI3. The
81 2'-mctlioxy _""-chloro 6?‘! 2:13 band coiTesponding to product was scraped oIT the plate. lhe
33 4'-¢}'=”tn0 — 531-7'41 product was washed from the silica gel with ethyl acetate.
33 4“e"“h“‘Y] _ ""1339 The eth l acetate was concentrated to rovidc the tile
84 3'-metlioxy 4'-rncthoxy 666.7t‘i4'J y ( 3 _ p I .
35 3._fiu0m 4._fluom 643.13 product. Mol wt. (calc), 60-74, MS, 603, HPLC, 19.7

Sn minutes.

Examples 87-98 shown in Table 7 were prepared simi-

Example 35 lady to Example 86. TAM L 7
(S)—5—(2—Butoxy—benzoylamino]—1—methyl—1H—

indole-2-carboxylic acid{2-[henxyl(methyl)amino]- 55
2—oxe—1—phcnvlcthyl}—amide R” ,9”:

' I N o

(a) 5-(2—Acetoxy—bcnzoylamine)—1—methyl—1H—indole—2— 0 0 O
carboxylic acid ethyl ester / H '

To a solution of 5-amino-1-methyl-indole-2-carhoxylie an E H /x
acid ethyl ester (12.86 g, 58.92 mM) and diisopropylethy- H357
lamine (20.5 mL, 'l'l7.84 mM) in CH2Cl2 at 0° C. was added
a solution of acetyl salicyloyl chloride in (:In2(-4']: over 30 _ 3401 WI _
minutes. After the addition was complete the cooling bath E"a"'P1e R1’ (mm Ms “PU: (mm)
was removed and the mixture was allowed to warm to room 65 3:: g_n,np}.; 53331 539 13.3
temperature and stirred at that temperature for 2 hours. 'l'he 38 4-triflottrehtetltribhkvl 555-71 55? 13-0
mixture was transferred to a separatory funnel and the
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chloride (4.49 ml.). Under stirring conditions was added
'[‘AB]_E, 7_cQn[j[1ucd DMF (05 ml.), and the stirring was continued for 1 hour.

The solvent and excess oxalyl chloride were removed in
vacuo, and the residue was dissolved in ClI._._Cl,_._, followed

R 1: [(7143 5 by the addition of product from step (b) (5.8 g) and pyridine
I N 0 (7.30 mL). The reaction solution was stirred at room tem-

O O 0 perature overnight. The reaction mixture was concentrated
_ / N i in vacuo, and the residue was dissolved in Et0Ac (500 mL),

E H H N washed with saturated NaII(T()3 solution (2><5() ml.), water
Hxfl" 10 (50 mL), 1 N HCl solution [2><50 mL), and brine (50 mL).

After drying over MgS(),,, the solvent was removed in vacuo
Mol wt to give the crude product which was purified by recrystal-

l'3“*“1Pl“ R” [6316] M5 H9113 0115"} lization from l_it()Ac,=’hexane to allord 8.4 g of the title

89 2—mcthylpropyl 5o2.?4 am 19.? compo" “('-

Einltegjhflthlstill "'5 ((1) 5-[(4‘-'I'riiiuoromethyl-biphenyl-2-carbonyl]-amino}
' “'3 3" ” Y ‘ ' “"" benzofuran-2-carboxylic acid92 All vi 586.? 53? 111

93 C}'L‘.l0]J3e]'tt}'l 614.75 615 20.0 The product from step (8.1 g) was dissolved in 'I'I[l-‘
94 M€lh&'1t‘&'t‘1°h°X)'1 543-3 543 33-7 (100 mL) and methanol (100 mL), Under stirring conditions

1“ was added LiOH (2 g) in water (100 mL), The reaction
97 g_CLho,Q;uLhy'i 5-1,;_7.; mg 153' ‘ mixture was stirred at room temperature for 30 minutes. The
98 [-1 546.63 547 15.3 reaction solution was then concentrated in vacuo, acidified

by adding 1 N HCl solution. The product was extracted with
ether (2><300 ml.), and combined organic layers were

Example 99 25 washed with brine (2x5(l ml.) and then dried over l\«1gS(),,.
The organic layer was then concentrated in vacuo to give the

5—[(4’—Trifluoromet hyl—biphenyl—2—carbony1)_amjn0]_ crude product which was purified by recrystallization from
benzofuran-2-carboxylic acid[2-oxo-l-phenyl-2- Clhcrmfixanc 1” 39"“ 7-1 1:’. Of the ml“ C9'T'P'5“md-

(propylamino]ethyl]amide (e) 5-[(4'-TriHuoromethyl-biphenyl-2-carbonyl)-amino}
30 benzofuran—2—carboxylie acid [2—oxo—1—phenyl—2—

(propy]amino)ethy]]amide

The product from step (d) (100 mg, 0.235 mmol], (S]-N-
propyl—2—phenylglycinamide hydrochloride salt (1 eq.) and
Pyllrop (1 .1 eq.) were dissolved in C1120]? (2 ml .), followed

14 F

F

35 by the addition of diisopropylethylamiiie (3 eq.), and the

0 0 0 reaction mixture was stirred at room temperature between 2

/ hours. The solvent was then evaporated, and the product waspurified by prep-TLC using 2:1 ].'lt0Aci’hexane as elulingN N - .
solvent, and the yield was 79 mg.

0 4” Examples 100-112 were prepared similarly to ExampleN
99. In Examples 102, I03 and 108, R6 and R7 together with
the nitrogen atom to which they are attached form the listed
heterocyclyl group.

45 '1‘/\B[.lj 8

(:1) 5-nitrobenzofuran-2-carhoxylic acid methyl ester

5-Nitrobenriofuran-2-carboxylic acid (10 g) was dissolved
in methanol (200 ml.) and chloroform (100 ml.), and the Sn
mixture was cooled to 0° (T. Under stirring conditions was () O

bubbled HC‘l gas until the solution was saturated. The 0
reaction mixture was stirred at room temperature overnight, / 5-
and white solid was formed. The precipitate was collected '
by filtration to afford 9.5 g of the title compound.

(b) 5—aminobenzofuran—2—carboxylic acid methyl ester

The product from step (a) (6.9 g] was dissolved in TIIF M01 M Ms HPLC
(200 mL), followed by the addition of 10% Pdi’C (1 8). and Exmpie R6 RI [mm [found] (mm)
the resulting reaction mixture was hydrogenated under 50 bn 

:x

55 “ .\'1<‘1<1

psi of hydrogen for 2 hours. The catalyst was removed by : CY“gf:?;T;::::11h’']
filtration through celite, and the solvent was removed in mg P.[Pc.”'dT[.n_1}.l ' é2:§_6:§_‘5 5253 -11696
vacuo to provide 5.9 g of the title compound. 103 Morpliolir.-4—yl 627.626 628.2 13.?55

1°‘) 5-114'-W“°r°"!°‘hY1-1‘iphc“Y1-3-°atb°"¥1>-ami“°1- 13;‘ ii 3.‘tf;i;‘§;’3{;2L’§.i 232:2?‘ 232:3 $33;
l3'°11Z0[UTflD-3-<-‘3Tb0Xy11C “CH1 mclhyl ‘$5191 65 105 [I 2—rnet1'ty|—but—l—yl 527.5539 523.2 11325

4'-'I‘rilluoromethyl-2-biphenylcarboxylic acid (9.14 g) "J11? Methyl Methyl 585.555 586.3 14.36
was dissolved in C HEC 13, followed by the addition of oxalyl
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TABLE 8—continued

 

(TF3 of two or more of the following components: avicel,
5 mannitol, lactose (all types), starch, and di—calcium phos-

phate. 'I'he fillerfdiluent admixtures typically comprises less
than 98% of the formulation and preferably less than 95%,

0 0 for example 93.5%. The preferred disintegrants include
0 Ac-di-sol, l_".xplotab"-‘I, starch and sodium lauryl sulphate

/ \I = 0 10 (SLS)—also known as wetting agent. When present these
I‘ "H agents usually comprise less than 1U% of the formulation
11 N363? and preferably less than 5%, for example 3%. The preferred

lubricant is magnesium stcaratc. When present this agent
usually comprises less than 5% of the formulation and

M01 wt M5 Hp“: H preferably less than 3%, for example 1%. When present
Exaniple R“ R7 (W10) (1'0UrId) (mini ' these agents comprise less than 60% of the formulation,. . . . . . . 1.‘ . . . . ';I r.‘ . .

103 Azendinyl SWISQQ 5932 1351 pr1.ftI.ralJly less than 4-tlfi»,I for cxarriplc l(F_.U/5.. More
mg H 4_m,,Lh0,,),_h,I.n,,I).] 67—,_63fi 6733 1 “J75 detailed examples of tablet formulations for the compounds
110 ii 3,4-difl.uOi'O-beitzyl 533.5409 534.: 16.955 of the invention are shown In Table 10.

1'” H F-’=""‘l‘““°’°'i“‘“"'1'l 5“3'6"’”9 634-3 :'f''%l ,“ The examples shown in Table 10 can be manufactured by11: H '_’-fluoro-4- 733.6439 7133.3 Ii<.s99 — . .

mflm.omE]wl_ standard tablettirig processes, for example, direct compres-
be]1_zy1 ' sion or a wet, dry or melt granulation, melt congealing

process and extrusion. The tablet cores may be mono or

_ I , _ , , mu lti—layer(s) and can be coated with appropriate overcoats
[able 9 below provides L-xamples oIf additional com- III; kmlwn in lhc an

pounds of the invention, prepared according to the methods "‘

described above, in particular, as described for Lxamples TABIIE 1066455.

Examples of table‘. formulations for compounds of

9 formula '1, 2.5% for all formulations below.30

Disintegrant.-’
Fi||ersi'Dilue11ts Wetting Agent Flavors Lubricant

a"\\-'icL:|,I'Mannitol Ac-|)i-S1) — Magnesium
1:2 (93.5%) 3% Srearate

0 35 . . W .' MannILo|."|)t.'p Ac-I):-S1) — Magnesium
1:] (93.5%) 3% Stcaratc

/N 1'31’:H _t(T Avicel.I'Dep Ac-Di—So — Magnesiu ni
2:1 (93.5%) 3% Srearate

Mel. Wt. MS IIPLC 4,, _ I , 7'75“ I
Example R1 (talc) (round) (Tm-n) a"\\-'1ct.:|.I' a"\c-I):-So — Magnesium["1151 ['10 Lactose 3% Slcarntc

113 Isopmpylmcthyl 534.551: 525.: 14.951; '|=1’I(9-‘-5%)I I 1% I
114 3_me;]1ox}r_p]1eny1 5{jQ_55S 5513 15.07 Av1cel.I’MaIn111tol Ac-D1—So Brewers Yeast Magnesiuni
115 2—n1ethyl-5—<‘l1loro—phenyl 5759.104 5?9.?. 16.683 "'32 (73-5%) 3% 10957 5"-W31‘-‘
115 ‘J-hydroxy-Cycloprop-l-yl 552.579 553.2 13.o13 I I 1% I
-1-” 3_mcLh3I.]_4_ch]om_Phcn).] _-','I.rg_-I04 5793 -|6I6_.-,1 45 Mannltol-"I)t_'p .I'\(_“-DI-St) Brewers Yeast Magnesium
113 (Norborn—2—yl,1—1nerl1yl 552.713 563.2 12.233 3:1 (73-5%) 3% 30% Sremte
119 Cyelobutyl 51111525 5119.: 11.34 I I I 1% I
1211 phcnoxy-eth3.'l-methyl 5311.712 5119.2 11.113 »°wIceh’Mann-L91 Ac-DI--‘"10 Magnesium
121 5—bron1o—Eur—2—yl 599.439 500.: 14.551 1:2 (92-5%) 3% + SIS Sremte 1%
1:2 ‘J-]'Jhcnyl-eyelopcnt-'l-yl 5911.751 599.: 13.913 I I 1% I I
[23 Na]3]nh.1.}r] 5301592 5g]_’_‘ 15995 fin A\-'icel.I'Mann1r.ol Ac-D1-So l3iewersYeas1. Magnesium
124 3—.;1i1om—:1iien—2—y1 521.102 511.: 15.34? 1:2 (13-5%) 3% + Sls 111% Stcaratc
125 [’e1'fl.u01t0eth}'l 522.539 513.: 16.271 I I 1% 1% I
125 2-(pyrrol-1-yl_]-plienyl 595.711? 595.3 15.49? AV1Ce1=MM-H101 Explomb — Mflslleslum
121 Isoqtiinolin-1-_\'l 581.68 532 2 16.432 1:1’ (93-5%) 4% Sremte1%

sfi a"\\-'icc|.|'Mannitol a"\c-|)i-Sol — Sodium Slcaryl
_ 1:2 (93.5%) 3% Funiarate

Pharmaceutical Compositions 1%
I I I AviceLI'Dep Ac—Di-Sol ‘Yeast Extract Magnesiuni

Ural solid forms for compounds of the invention, 2:1 (62.51 3% 10% Sreai-are

examples of which have been provided above, are preferably 3'5 = 1'5” §rfI}W13 ‘I'e=”1-'51 V5"-
Iablets, powders or granules which typically contain just the an "0 '6
active agent(s) or preferably in combination with adjuvantsf

excipients to enhance the processing characteristics of the Oral fiquid fgfms of the, compgundg of the, invcntign am
fiC1lVt=- preferably solutions, wherein the active compound is fully

For tablets, the active agent is typically less than 5t}% (by dissolved. Examples of solvents include all pharmaceuti-
weight) Ofthc formulation an(l preferably less than 10%, for 65 Cally precedented solvents suitable for oral administration
example 2.5% by weight. The predotriinant portion of the and preferably those in which the compounds of the inven-
formulation comprises fillers, (lllucnts, disintegrants, lubri— lion show good solubility i.e., polyethylene glycol, polypro-
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pylene glycol, edible oils and glyceryl- and glyceride- based
systems. Glyceryl- and glyceride- based systems may pref-
erably include the following agents (and similar chemicals
thereof], for example: Captex 355 EP, Crodamol GTCIC, or
Labrafac CC, triaeetin, Capmul CMC, Migyols (812, 829,

70

(faptex 355 EP, (Trodamol G'l‘C;‘(T, or Labrafac (TC that has
been pre-heated to a temperature up to 70° (7., followed by
cooling and filtration to ensure solution clarity.

An even more preferable process involves addition of the
active ingredient (S)—N—{2—[benzyl(methyl)amino]—2—oXo—1—

 

5
, .a rai .. , eceo an aisine _ _ - . e en et - -met v -_ - - tri uoromet , -840 I b fl M194-’-K“; P l d M 1 I 35 l 'I'l'I ph yl hyl l h_ l 5 4' ‘fl hyl l l'

exact composition of these agents and commercial sources biphenyl]-2-carboxarnido]-1II-indole-2-carboxamide, of the
are shown in Table ll. These solvents usually make up the invention see Llxarnple 44, with mechanical agitation, to the

re ominant ortion o t e ormu ation 1.e., reater 1 an _a tex_ _ _ ' , .ro amo 1 . .,t at as een ire- eatepd‘ p‘ {hi 1'‘ g h (‘p %S5l;P(‘d l("l‘(‘r(‘hhb1hd

50% and preferably greater than 80%, for example 95% and In to a temperature 50° C-70” C, followed by cooling and
more preferably greater than 99%. Adjuvants and additives filtration to ensure solution clarity.
may also be included with the solvents principally as taste- The invention is not to be limited in scope by the specific
mas aoents, a ata in an avorin a ents,antioXi( ants, em iments escri e W 1c are inten e( as sin ei us-kg pl b'l'y dfl 'gg "| bod’ d 'bd h'h ' dl 'gl‘ll
stabilizers, texture and viscosity modifiers, and solubili'/iers. trations of individual aspects of the invention, and function-

ally equivalent methods and components are within the

TABLE ll "'5 scope of the invei-‘it-ion. lndeed, various modifications of theinvention, in addition to those shown and described herein

Trademark, chemical composition and coinniereial source will become apparent l0 ll]0SC skilled in ll'1C £111 from the
F“ 3"” "“’°'-‘W1 W1 'l\’i'“'[‘1‘-""41-““‘l -‘W-“‘“'“-‘* foregoing description and following examples. Such modi-

_ fications are intended to fall within the scope of the
Coniniereial 1 .

'I'raderrtarlL Chemical composition Source ‘U allllcndcd Cla]m5-
All references cited herein are incorporated by reference

Triaeetin Gtyeeryl triacetare Abitee in their gnlimlifls for an purpogegCaprziul CMC Glyceryl caprylalefciiprale Abilec . . . _ i i I
Miglyol 812 'I'r'igylL'eride caprate.-'succinate Coridea What is Claimed 15'‘
Miglyol 829 'I'r'igylceridc aprylaLc,u'caprat:;.I'succinalc Condca 1. A C0[Ilp0UI](l Of formula
Miglyol 84-D I-’ropylI.'ne glycol dicaprylatcfdicapratc (.‘ondca 35
La|Jrai'il Oleoyl ina<‘1'ogol-ti-glycerides Gattefosse lbM.l94-’l»CS

Maisine 35-1 Glyceryl rnonolirioatc (iattcfrissc
Pcceol Glyceryl monoolcalc Uallefossc
Captex 355 EP Medium-cliaiii triglyceride Abitee (18),,
{frodarriol ('n'I't'.T;'C Medium-chain triglyceride Croda ‘ 1 O
Labrafae CC Medium-cliaiii triglyceride Gattefosse 10 I K7 X

A preferred oral solution for active compounds of the _ _ 6 _
invention contains up to l% by weight of active ingredient R3 R) M‘ R1
dissolved in medium-chain triglyceride oils Pharm. Eur. or 35

Similar Solvcnls (555 table ‘ ‘ or a pharmaceutically acceptable salt thereof, wherein:
,A more preferred Solutflin Contains acnvc Compound R' is substituted at the 5 or 6 position of formula lb and

(5)-N2-[benzyl(methyl)am1no]-2-oxo-l-phenylethyl}-l- has the mmcmre:
methyl-5—[4'—(trit‘luoromethyl)[1,1'—biphenyl]—2—

carboxamido]-lII-indole-2-carboxamide, of the invention 4:! R”,
see Example 44, at a concentration up to 0.6 mg per ml. in
a medium—chain triglyceride oil Pharrri. Eur. U ' PF _

A particulary preferred solution oontains active eom— (R )":|-1 S 71'?‘
pound (S)-N-{2-|:benzyl(methyl)amino]-2-oxo-l- ‘Z
phenylethyl} -1 —methyl—5—[4'—(tritluoromethyl)[1,1‘— 45

biphenyl]—2—earboxainido]—1H—indole—2—carboxamide, ofthe m is an 1-mega from U 10 5;
invention see Lxample 44, at a concentration up to 0.6 mg n i‘; an imcncr fmm U to .3_
per ml. in Captex 355 EP, Crodamol GTCIC, or Labrafac _ _ '5 _ '
CC’ p is an integer lgom [J to 3,

An even more preferred solution contains active eom— Sn L1‘5__C(9)N(R )—9
pound (S)-N-{2-|:benzyl(methyl)amino]-2-oxo-l- Xfi Plfkrlé
phenylethyl} -1 —methyl—5—[4'—(tritluoromethyl)[1,1‘— X“ 1S(-(R);
biphenyl]-2-carboxamido]-lII-indole-2-carboxamide,ofthe R3, R8, R11, R13, R13 and R16 are each independently
invention see ljxample 44, at a concentration of 0.5 mg of selected from halo, eyano, nitro, azido, amino, hydroxy,
per mL in Captex 355 E1’, or Crodamol G'l'CfC. 55 (C,—C,.,}alkyl,(C:—C,,)alkoxy, methoxy, (C.‘,—C,,)alkoxy

The preferred solutions above may be prepared in a (C,—C,.,)alkyl, mono—, di— or tri—halO(C2—Cfi)alk.yl,
process involving combining the components with mechani- p e r ll u 0 r0 ( C 3- C 4 ) a l k yl , tri H u 0 1' 0 n1 et h y l,
cal or ultrasonic agitation at a temperature, in such a fashion trifluoromethyl(C,—C5)alkyl, mono—, di— or tri—halo
that is advantageous to the rate of dissolution. (C3—C6)alk0xy, trii'luoromethyl(C 1—C5)alk.0xy,

A more preferable process involves combination of the tin (C,—C5)alkylthio, hydroxy(C1—CU-)alkyl, (C3-C3)
components with mechanical agitation at a temperature up to eyc]oalkyl((TR“R”),—, [C.,—CG)alkenyl, ((T,—(36)
70° C., followed by filtration to ensure solution clarity. alkynyl, ((T,—(I6)all<Iylamino:, ((Tl—(76)dialkylaiT|ino,

Aparticularly preferable process involves addition of the amino((I1—(TU.)alkyl-, —((TR“R")qNR“R”, —(T((])
active ingredient (S)—N—{2—[benzyl(methyl)amino]—2—oxo—1— N R " R 1" , —N R 1 " (T [ 0) R ' 5 , — N R ' " (J R '5 ,

phenylethyl}-'1-methyl-5-[4'-(trilluoromethyl)[l,l‘- 65 —CIl=NOR15, —NR“C[O)OR15, —NR”S(O]J.R’5,
biphenyl]-2-carboxamido]-lII-indole-2-carboxamide, of the —(.'(U)l{l5, —L.‘(S)R15, _—LT(())UR15. —U(.'(U)R’5,
invention see Example 44, with mechanical agitation, to the —SO2NR"R14, —S(O)J-R1’, or —{CR“R£’),‘,S(O),-R15;
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each R" and R!’ is independently II or ((f,—C6)alkyl;
R‘ is H or R“;

each q is independently an integer from 0 to 6;
eachj is independently 0, 1 or 2;

R3 is II, halo, ((.‘1—(.'5]alkyl, or mono-, di- or tri-halo
[C1—C6)alkyl;

R4 is H, [C1—CL,-)a1kyl, (C_—,—C3)cycloalkyl, —C(0)R15,
—C[S)R15, —(CR"R£’),O(C1—(ffi alkyl), —(CR"Rb)!S
(C1-C6 alkyll. —(CR"R£’),C-(OJRIS, —(CR"R£’),R1S.

—S()2R15 or —(CR"R”)q-phenyl, wherein the phenyl
moiety is optionally substituted with from one to live
independently selected RH’;

each I is independently an integer from 2 to 5;

each t is independently an integer from 1 to 6;

RR and R0 are each iridependently I-I, ({31—(f6)alkyl,
[C3—CH)cycloalkyl, —(T(())R'5, —(f(S)Rl5,
—((?R"R”),[)((.‘1—(I,, alkyl], —((:R"R”),s((:,—(:,.,
alkyl), —(CR"R"’),C(O)R15, —(CR"R"’),R'5 or
—SO3R15;

R“ is II, [C1—(Tfi)alkyl, ((I3—(fx]cycl(talkyl, —(f(())Rl5,

—C[S)R”, —(CR"R")q0(C,—(“_,, alkyl), —((“_R"R")qS
(c,—c,, alkyl), —(ci1“i1*j,c(o)it”, —{CR"R"),R” or
—S()2R15;

R7 is pyridyl or pyridyl-Z5 optionally substituted with
one to live independently selected R”;

Z1 is —S02— or —(CR"R£’)v—;

v is independently an integer from I to 6;

5

10

ll]

72

4. The compound of claim 2, wherein the carbon desig-
nated “a" in formula "lb is in the (S) absolute configuration.

5. The compound of claim 4, wherein R13 is tri[luorom-
ethyl

6. :I'lie compound of claim 5, wherein R3 is H, halo, or
(C1—CL-)alkyl.

7. Aeompound of the formula 1:

 
or a pharmaoeutically acceptable salt thereof, wherein:

R‘ is substituted at the 5 or 6 position of formula I and has
the structure:

m is an integer from [I to 5;

R10 is phenyl, pyridyl, phenyl-Z13 or pyridyl-Z2-, wherein 30 n [5 an [n[cgcf frgm 0 to 3;
the phenyl or pyridyl moiety is optionallyijsubstituted P is an 1-mag“ from U to 3;

:with one to hve independently sefllerited R ; L is _C(0)N(R9)_;
Z is —S(0).—. —O—, —(CR R ),‘.—, or —(O)k , , _

(I E! I rt 11 . X 15 F5
(CR R )w(0)n(CR R L, . 35 a H - .
. . . R*, R“, R", R“, R1?’ and R1“ are each independentlyw is independently an integer from 1 to 6; . . , .

, _ selected from halo, cyano, nitro, azido, amino, hydroxy,
each k 15 mdcpcndcmly 0 or 13 ((I1—(I6)alkyl,{C3—(I6)alkoxy, methoxy, ((.'1—(T6]alkoxy
OF R10 I5 0R”. Wherfilfl R17 is (CI_Cfi)alkyl: (C1-C6) (C1—C6)alkyl, mono—, di- or tri—halo(C;._—Cb.)all(yl,

("l-R0XY(Ct—Cg,)«'l1k}’1s m0T10'a CH‘ OT lFl'ha10(C2—Ct=.) p e I I] u o rt) ( C 3- (I 4 ) a l k yl , trill u o r o m e t h y 1,
alkyl. 13CI'fll10I'0(Cg—C.t)c'llkYl, Ifll'l1l0l'0IIlC1hYl(C1-C5) 4” tri[lutirornethyl{{T1—(f5)alkyl, morio-, di- or tri- halo
a1‘1i}:’L bhydT0X‘Y(‘~:1—Cel?i1R)’la (E_53—F53)CYCll’3lRYl (C2—C,.,)alkoxy, trifluoromethyl(C,—C5)alkoxy,
(C-R R )q—.(C-24-e)a1kcnyl, ur((—e4-.—.)a1kynyl; (C1—C5)alkylthio, hydroxy(C1—CL,-Jalkyl, (C3-C3)

each R“ is independently H, (C1—C5)alkyl, (C3-C3) I-'yCl0iilky1(CR"Rl')q—. (C2-Ct-,)«'ilk€I1y1. (C2-C5)

cycloalkyl, —(.‘(())R15, (?(S)R15, —((?R"R"):() 4,; alkynyl, (C,—C,_,,)alkylamino—, (C1—Cfi)dialkylamino,
(c:1—t;., atkyt),—(c:R"R”),s(c:,—(:,, alkyl),—((TR”R , ‘ amino(C1—C(,-)alkyl—, —(CR"R")qNR“R”, —C(0)

:{(jRaRb)tI{l5 or TS()2Rl5; NRrrR14’ TN[E‘il4(JR1J55’
each R” is independently II, ((“_,—Cfi)alkyl, (C3-C8) —‘f“=7‘f§’R »‘—‘T‘“f, ‘7f"]"R '» 17”“ 3§‘3‘L“_;

cycloalkyl, tritluoromethyl, trifluoromethyl(C1—C5) _('(0)R ('3 14_('(5)R W 15_('(())[)R ‘av £__()(-(()l[1{5' =
alkyl, wherein the alkyl, moieties of the foregoing R15 Sn _SO2NR R ' _S(O);'R ' or _(CR R )ris(O)iR 3
groups are independently optionally substituted with 1 each R” and Rh is irldtipfirldfirlll)’ 11 Of (C-‘t—(7g,lii1l\')’1;
to 3 substituents independently selected from C1-C6 R" is 1| or R";

“]ky1' CVC6 ‘1lk°xy' amino’ hwroxy’ halo’ cyano’ each q is independently an integer from 0 to 6;
nitro, trifluoromethyl and trilluoromethoxy; each is independent“ (L 1 at 2;

and wherein any of the above “alkyl”, “alkenyl” or 55 3 -, _ . _I _ _ _ ._ ._ ,

“alkynyl” moieties comprising :1 CH3 (methyl): (fllz R ):‘:]l::1.(('1 (iadlkylj Ur mom 5 d1 or In hdlo
[methylepe),'or (III (methine) group which is not R4 i51H:"(c1‘_£'T6)a]kyL (C3_Cs)CyC10a1ky1’ _C(O)R,5’substituted with halogen, S0 or S02, or attached toa N, , , 15 , H E, , , , H 5 ,

, , . , , y —(.(s)R , —((.R R )o(c. —(.. alkyl), —((.R R )5
() or 5 atom, optionally bears on said methyl, methyl- (C _C alk 1) (cflfllib) C1(O)i'1,5 _(CRflR,,) Rfs
ene or methine group a substituent selected from the en _'éO ‘[115 Y ’ CR(,R,, ’ h 1‘ h‘ '. h ’ h ’
group consisting of halo, —0R‘°,—SR" and —NR"R"’. I 2 . 0.1- _l.' H )?_|)p. °“§'d' gr?“ I C p C-

2. The compound of claim 1, wherein L is attached to the Ry lnolcty 15 Opnom Y Su SIJIEJIL W“ mm one to
2 position of R‘ and to the 5 position of formula 1b. We {"‘l“l“"“‘i"‘““3’ Selecwd R ’

3. The compound of claim 2, wherein R10 is phenyl “Ch I _‘5 fndcpcndcnlly an l“l°3°r from 2 lo 53
attached at the 3 position of R1, wherein the phenyl moiety 65 each 1 '3 Independent]? an lnleger from '1 10 6;
of R” is optionally substituted with one to live indepen- R5, R6 and R” are each independently H. (C1—(.'<,-)all<.yl,
dently selected R”. (C_.,—C,;,)cyeloalkyl, —C[O)R15, —C(S)R”,
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—((?R"R”),[)((.‘1—(I,, alkyl), —((:R"R”),s((:,—(:,.,
alkyl), —(CR°R’>),C(o)R15, —(CR"R’°),R1‘~‘ ,
—((IR"R”),.R"‘ or fl~;(J2R“'*;

R7 is pyridyl or pyridyl—Z1—, wherein the pyridyl moiety

74

substituted with halogen, S0 or $02, or attached to a N,
O or S atom, optionally bears on said methyl, methyl-
ene or methine group a substituent selected from the
group consisting ofhalo, —OR", —SR" and —Nl{"Rb.

is optionally substituted with one to five independently 5 8. The oompound of claim 7, wherein L is attached to the

selected R13; 2 position of R1 and to the 5 position of formula 1.
Z,‘ is —S()2—.;3r —((jR”R"°)v—; 9. A pharmaceutical composition which comprises a

V is 1-ndepcndamly an imegcr from 1 m 6; therapeutically eflective amount ot a compound of claim 1

R10 is pyrlvdyl or pyridyl_Z:._‘ wherein thc pyridyl moicty 10 or 7, or a stereoisomer, pharmaceutically acceptable salt or
is optionally substituted with one to five independently hydra” ‘h°r°°t_ 1“ c0‘_nbma“°“ wflh a ph‘"maC°"“°auy'
Selected R13; acceptable carrier or diluent. - y y - ‘

Z: is S(0)}__’ _0_j _(CRaRa,)W_, or _(0)k 10. A method of treating obesity in an a‘I'11'[I1£ll-In need of
CRr!Rb 0 CRnRb) _. treatment thereof, which comprises administering to the(. . )"'[ )k( . ‘7 ' animal a therapeutically effective amount of the compound

w is independently an integer from I to 6; "'5 of an claim 1 or 7
“Ch k is infilapendantly U or 1; 11yA method of treatinu atherosclerosis‘ pancreatitis
Wch RM i5 indelmndmlly Ila ((:l_(:fi)alkyl‘! ((:3_(:x) secondary to hypertriglyceriflemia; hyperglycemia (1) by

‘3)"Cl0alk)’1a —C(())[:1:. —(:(SlR15s —((:Ra":b)_§() causing a reduced absorption of dietary fat through M'l‘l-’
5)rOSr(C1_S(C:)6 fillkslinv —{CR R))r 1:: inhibition, (2) by lowering triglycerides through M'l'P inhi-' ' I — 2 ’ hition or (3) by deereasinn the absorption of free fatty acids

Wch R15 i5 indelmndmlly Ila ((:l_(:fi)alkyl‘! ((:3_(:x) through M'I'P inhibition; in an animal in need of treatment
‘3}"310a1l\')’1a [Tull-l'1‘mm*31hY1a lTiflll0m""‘71hYl(Ci—C-5) thereol‘, which comprises administering to the animal a
("]kY1- Whcfcln lhc alkyls m0l‘~"i‘33 Of ‘[10 fofcgoiflg R15 therapeutically etfective amount of the compound of claim
groups are independently optionally substituted with l 35 1 or 7_

10 3 Subslilueflls ind¢P¢“‘-l¢“T-1Y 59159159 [Wm Crco 12. A method of treating diabetes in an animal in need of
alkyl. (71475 alkoxya iimiflfla hydmxys 115110, t-')'3F|0s treatment thereof, which comprises administering to the
1'11i1T0. lrifll-l'1‘m"“c1h)’1 and ”ifl11"m""'51l"'1‘XY5 animal a therapeuticallv effective amount of the compound

and wherein any of the above "alkyl”, “alkenyl” or of claim I or 7.
"alkynyl" moieties comprising :1 CH3 (methyl), CH: 30
(methylene), or CH (methine) group which is not * * is 4 4
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