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INHIBITORS OF MICROSOMAL
TRIGLYCERIDE TRANSFER PROTEIN AND
METHOD

This application claims the benefit of the provisional
application 60/017254, filed on May 10, 1996.

FIELD OF THE INVENTION

This invention relates to novel compounds which inhibit
microsomal triglyceride transfer protein, and to methods for
decreasing serum lipids and treating atherosclerosis employ-
ing such compounds.

BACKGROUND OF THE INVENTION

The microsomal triglyceride transfer protein (MTP) cata-
lyzes the transport of triglyceride (TG), cholesteryl ester
(CE), and phosphatidylcholine (PC) between small unila-
mellar vesicles (SUV). Wetterau & Zilversmit, Chem. Phys.

Lipids 38, 205-22 (1985). When transfer rates are expressed

as the percent of the donor lipid transferred per time, MTP
expresses a distinct preference for neutral lipid transport
(TG and CE), relative to phospholipid transport. The protein
from bovine liver has been isolated and characterized.
Weltterau & Zilversmit, Chem. Phys. Lipids 38, 205-22
(1985). Polyacrylamide gel electrophoresis (PAGE) analysis
of the purified protein suggests that the transfer protein is a
complex of two subunits of apparent molecular weights
58,000 and 88,000, since a single band was present when
purified MTP was e¢lectro-phoresed under nondenaturing
condition, while two bands of apparent molecular weights
58,000 and 88,000 were identified when electrophoresis was
performed in the presence of sodium dodecyl sulfate (SDS).
These two polypeptides are hereinafter referred to as 58 kDa
and 88 kDa, respectively, or the 58 kDa and the 88 kDa
component of MTP, respectively, or the low molecular
weight subunit and the high molecular weight subunit of
MTP, respectively.

Characterization of the 58,000 molecular weight compo-
nent of bovine MTP indicates that it is the previously
characterized multifunctional protein, protein disulfide
1somerase (PDI1). Wetterau et al.,J. Biol. Chem. 265, 98007
(1990). The presence of PDI in the transfer protein is
supported by evidence showing that (1) the amino terminal
25 amino acids of the bovine 58,000 kDa component of
MTP is identical to that of bovine PDI, and (2) disulfide
1somcerasc activity was cxpresscd by bovine MTP following
the dissociation of the 58 kDa—88 kDa protein complex. In
addition, antibodies raised against bovine PDI, a protein

which by itself has no TG transfer activity, were able to s

immunoprecipitate bovine TG transfer activity from a solu-
tion containing purified bovine MTP.

PDI normally plays a role in the folding and assembly of
newly synthesized disulfide bonded proteins within the

lumen of the endoplasmic reticulum. Bulleid & Freedman, 3

Nature 335, 649-51 (1988). It catalyzes the proper pairing
of cysteine residues into disulfide bonds, thus catalyzing the
proper folding of disulfide bonded proteins. In addition, PDI
has becn reported to be identical to the beta subunit of
human prolyl 4-hydroxylase. Koivu et al., J. Biol. Chem.
262, 6447-9 (1987). The role of PDI in the bovine transfer
protein is not clear. It does appcar to be an cssential
component of the transfer protein as dissociation of PDI
from the 88 kDa component of bovine MTP by either low
concentrations of a denaturant (guanidine HCI), a chaotropic
agent (sodium perchlorate), or a nondenaturing detergent
(octyl glucoside) results in a loss of transfer activity. Wet-
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terau et al., Biochemistry 30, 9728-35 (1991). Isolated

bovine PDI has no apparent lipid transfer activity, suggest-
ing that either the 88 kDa polypeptide is the transfer protein
or that it confers transfer activity to the protein complex.

The tissue and subcellular distribution of M'TP activity in
rats has been investigated. Wetterau & Zilversmit, Biochem.
Biophys. Acta 875, 610-7 (1986). Lipid transfer activity was
found in liver and intestine. Little or no transfer activity was
found in plasma, brain, heart, or kidney. Within the liver,
MTP was a soluble protein located within the lumen of the
microsomal fraction. Approximately equal concentrations
were found in the smooth and rough microsomes.

Abetalipoproteinemia is an autosomal recessive disease
characterized by a virtual absence of plasma lipoproteins
which contain apolipoprotein B (apoB). Kane & Havel in
The Metabolic Basis of Inherited Disease, Sixth Edition,
1139-64 (1989). Plasma TG levels may be as low as a few
mg/dL, and they fail to rise after fat ingestion. Plasma
cholesterol levels are often only 2045 mg/dL. These abnor-
malities are the result of a genetic defect in the assembly
and/or secretion of very low density lipoproteins (VLDL) in
the liver and chylomicrons in the intestine. The molecular
basis for this defect has not been previously determined. In
subjects examined, triglyceride, phospholipid, and choles-
terol synthesis appear normal. At autopsy, subjects are free
of atherosclerosis. Schacfer et al., Clin. Chem. 34, B9-12
(1988). A link between the apoB gene and abetalipopro-
teinemia has been excluded in several families. Talmud et
al.,J. Clin, Invest. 82, 1803—6 (1988) and Huang ct al., Am.
J. Hum. Genet. 46, 1141-8 (1990).

Subjects with abetalipoproteinemia are afflicted with
numerous maladies. Kane & Havel, supra. Subjects have fat
malabsorption and TG accumulation in their enterocytes and
hepatocytes. Due to the absence of TG-rich plasma
lipoproteins, there is a delect in the transport of fat-soluble
vitamins such as vitamin E. This results in acanthocytosis of
erythrocytes, spinocerebellar ataxia with degeneration of the
fasciculus cuneatus and gracilis, peripheral neuropathy,
degenerative pigmentary retinopathy, and ceroid myopathy.
Treatment of abetalipoproteinemic subjects includes dietary
restriction of fat intake and dietary supplementation with
vitamins A, E and K.

In vitro, MTP catalyzes the transport of lipid molecules
between phospholipid membranes. Presumably, it plays a
similar role in vivo, and thus plays some role in lipid
metabolism. The subcellular (lumen of the microsomal
fraction) and tissue distribution (liver and intestine) of MTP
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. Wetterau & Zilversmit, Biochem. Biophys.
Acta 875, 610-7 (1986). The ability of MTP 1o catalyze the
transport of TG between membranes is consistent with this
hypothesis, and suggests that MTP may catalyze the trans-
reticulum (ER) membrane to nascent lipoprotein particles
within the lumen of the ER.

Olofsson and colleagues have studied lipoprotein assem-
bly in HepG2 cells. Bostrom ¢t al., J. Biol. Chem. 263,
443442 (1988). Their results suggest small precursor lipo-
proteins become larger with time. This would be consistent
with the addition or transfer of lipid molecules to nascent
lipoproteins as they are assembled. MTP may play a role in
this process. In support of this hypothesis, Howell and
Palade, J. Cell Biol. 92, 833-45 (1982), isolated nascent
lipoproteins from the hepatic Golgi fraction of rat liver.
There was a spectrum of sizes of particles present with
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varying lipid and protein compositions. Particles of high _continued
density lipoprotein (HDL) density, vet containing apoB, O i
were found. Higgins and Hutson, J. Lipid Res. 25, /Q
1295-1305 (1984), reported lipoproteins isolated from R? N4<:/\_\J_R];
Golgi were consistently larger than those from the endo- s /
plasmic reticulum, again suggesting the assembly of lipo- R
proteins is a progressive event. or
Recent reports (Science, Vol. 258, page 999, 1992; D. R o -
Sharp et. al., Nature, Vol. 365, page 65, 1993) demonstrate R7
that the defect causing abetalipoproteinemia is in the MTP 10 /\ N7
gene, and as a result, the MTP protein. Individuals with RS
abetalipoproteinemia have no MTP activity, as a result of N \)
mutations in the MTP gene, some of which have been ¥
characterized. These results indicate that MTP is required for RY
the synthesis of apoB containing lipoproteins, such as 13 where
VLDL, the precursor to LDL. It therefore follows that
inhibitors of MTP would inhibit the synthesis of VLDL and X is:
LDL, thereby lowering VLDL levels, LDL levels, choles-
terol levels, and triglyceride levels in animals and man. a0 CHRS, —fI-‘H—fl-‘H or —fl-'=(|-—
Canadian Patent Application No. 2,091,102 published R? RI R? R0
Mar. 2, 1994 (corresponding to U.S. application Ser. No.
117,362, filed Sep. 3, 1993 (file DC21b)), U.S. Pat. No. 8 po 10 L, s a o
5,595,872 reports MTP inhibitors which also block the flgcﬁ l““‘; Hl: N “l“‘ :;d‘ip":‘:"‘;‘alf’k hlydr;’i‘l':milf\:’ll
production of apoB containing lipoproteins in a human 25 h y ,l‘lk ly ‘y ’1 ]kyl, V 1 31'1{’ Jalkyl: -
hepatic cell line (HepG2 cells). This provides further support eteroarylalkyl, cycloakkyl, or cycloalkylalkyl
for the proposal that an MTP inhibitor would lower apoB Yis
containing lipoprotein and lipid levels in vivo. This Cana-
dian patent application discloses a method for identifying —(CHm— or _ﬁ_
the MTP inhibitars 30 o
where m is 2 or 3;
R! is alkyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkyl
35 (wherein alkyl has at least 2 carbons), diarylalkyl,
. CN arylalkenyl, diarylalkenyl, arylalkynyl, diarylalkynyl,
' diarylalkylaryl, heteroarylalkyl (wherein alkyl has at
lcast 2 carbons), cycloalkyl, or cycloalkylalkyl
0 (wherein alkyl has at least 2 carbons); all of the
40 aforementioned R groups being optionally substituted
through available carbon atoms with 1, 2, or 3 groups
which has the name 2-[1-(3, 3-diphenylpropyl)-4- selected from halo, haloalkyl, alkyl, alkenyl, alkoxy,
piperidinyl]-2, 3-dihydro-3-oxo-1H-isoindole hydrochloride aryloxy, aryl, arylalkyl, alkyl-mercapto, arylmercapto,
and cycloalkyl, cycloalkyl-alkyl, heteroaryl, fluorenyl,
45 heteroarylalkyl, hydroxy or oxo; or
o R' is a group of the structure
Ris Rys
/\ N
N \/ OCI; 50 Q
: Ry
which has the name 1-[3-(6-fluoro-1-tetralanyl)methyl]-4- R z
O-methoxyphenyl piperazine "
EP 0643057A1 published Mar. 15, 1995, discloses MTP >
inhibitors of the structure
Ris Ris
R? o] [
60 R'! is a bond, alkylene, alkenylene or alkynylene of up o
N—RI 6 carbon atoms, arylene (for example
X
or 65
4 0f 123 PENN EX. 2212
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or mixed arylene-alkylene (for example

(CHz)s7)

where nis 1 to 6;

R'? is hydrogen, alkyl, alkenyl, aryl, heteroaryl,
haloalkyl, arylalkyl, arylalkenyl, cycloalkyl, aryloxy,
alkoxy, arylalkoxy, heteroarylalkyl or cycloalkylalkyl;

Z is a bond, O, S, N-alkyl, N-aryl, or alkylene or alk-
enylene of from 1 to 5 carbon atoms;

R'3, R, R*?, and R are independently hydrogen, alkyl,
halo, haloalkyl, aryl, cycloalkyl, cycloheteroalkyl,
alkenyl, alkynyl, hydroxy, alkoxy, nitro, amino, thio,
alkylsulfonyl, arylsulfonyl, alkylthio, arylthio, carboxy,
aminocarbonyl, alkylcarbonyloxy, alkylcarbonyl-

amino, arylalkyl, heteroaryl, heteroarylalkyl, or ary- ,

loxy:
or R' is

R17

—(CHy)p {

wherein p is 1 to 8 and R'7 and R*® are each indepen-
dently H, alkyl, alkenyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, cycloalkyl or cycloalkylalkyl, at least
one of R'” and R'® being other than H;

or R'is

Ri#

wherein R*® is aryl or heteroaryl;

R*® is aryl or heteroaryl;

R*' is H, alkyl, aryl, alkylaryl, arylalkyl, aryloxy,
arylalkoxy, heteroaryl, heteroarylalkyl,
heteroarylalkoxy, cycloalkyl, cycloalkylalkyl or
cycloalkylalkoxy;

R?, R* R* are independently hydrogen, halo, alkyl,
haloalkyl, alkenyl, alkoxy, aryloxy, aryl, arylalkyl,
alkylmercapto, arylmercapto, cycloalkyl,
cycloalkylalkyl, heteroaryl, heteroarylalkyl, hydroxy or
haloalkyl;

R® is alkyl of at least 2 carbons, alkenyl, alkynyl, aryl,
heteroaryl, arylalkyl, heteroarylalkyl, cycloalkyl,
cycloalkylalkyl, polycycloalkyl, polycycloalkylalkyl,
cveloalkenyl, cycloalkenylalkyl, polycycloalkenyl,
polyeycloalkenylalkyl, heteroarylearbonyl, all of the
R3 and R® substituents being optionally substituted
through available carbon atoms with 1, 2, or 3 groups
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definitions), thiol, alkylthio, arylthio, heteroarylthio,
arylthioalkyl, alkylcarbonyl, arylcarbonyl,
arylaminocarbonyl, alkoxycarbonyl, aminocarbonyl,
alkynylaminocarbonyl, alkvlaminocarbonyl,
alkenylaminocarbonyl, alkylcarbonyloxy,
arylcarbonyloxy, alkylcarbonylamino,
arylcarbonylamino, arylsulfinyl, arylsulfinylalkyl,
arylsulfonyl, alkylsulfonyl, arylsulfonylamino; with
the proviso that when R” is CH,, R is not H; and where
R® is phenyl, the phenyl preferably includes an ortho
hydrophobic substituent such as alkyl, haloalkyl, aryl,
aryloxy or arylalkyl;

R® is hydrogen or C,~C, alkyl or C,~C, alkenyl;

R7 is alkyl, aryl or arylalkyl wherein alkvl or the alkyl
portion is optionally substituted with oxo; and

including pharmaceutically acceptable salts and anions
thereof.
In the formula I compounds, where X is CIL, and R?, R?
and R* are each H, R will be other than 3,3-diphenylpropyl.
In the formula IIT compounds, where one of R, R? and R*
is 6-fluoro, and the others are II, R7 will be other than
4-0O-methoxyphenyl.
U.S. application Ser. No. 472,067, filed Jun. 6, 1995 (file
DC21e), U.S. Pat. No. 5,739,135 discloses compounds of
the structure

R2 0
R l\' N—R!,
X
R4
or
Rl
|
N

or
R]
|
0 N
7\
fN
RE
or
R? (o]

selected from hydrogen, halo, alkyl, haloalkyl, alkoxy, R*
haloalkoxy, alkenyl, alkynyl, cycloalkyl,
cycloalkylalkyl, cycloheteroalkyl, cycloheteroalky- 60 . o Qis
lalkyl, aryl, heteroaryl, arylalkyl, arylcyclo-alkyl,
arylalkynyl, aryloxy, aryloxyalkyl, aryl-alkoxy, o o
arylazo, heteroaryloxo, heteroarylalkyl, I Il
heteroarylalkenyl, heteroaryloxy, hydroxy, nitro, —C—or _i;l_
cyano, amino, substituted amino (wherein the amino 65 o
includes 1 or 2 substituents which are alkyl, or aryl or
any of the other aryl compounds mentioned in the
S of123 PENN EX. 2212
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Xis -continued
Ri6 Ris D
CHRS, —ﬁ—_. —(ll“[I—(lf[I— or —(IZZ?—:
O R‘J R](‘J RO Rm 5
E —Ril—71
oI
R® R® and R are independently hydrogen, alkyl, RI2Z—72
alkenyl, alkynyl, aryl, arylalkyl, heteroarvyl,
heteroarylalkyl, cycloalkyl, or cycloalkylalkyl; 10
Y is R R4
15 i . . .
—(CHu— o1 _ﬁ_ R" is an indenyl-type group of the structure
o] 15 E
R4
wherein m is 2 or 3;
R! is alkyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkyl —Rll—71 or
wherein alkyl has at least 2 carbons, diarylalkyl, 20
arylalkenyl, diarylalkenyl, arylalkynyl, diarylalkvnyl, h
diarylalkylaryl, heteroarylalkyl wherein alkyl has at R _;f;‘; RI%
least 2 carbons, cycloalkyl, or cycloalkylalkyl wherein .
alkyl has at least 2 carbons, all optionally substituted 25 @=230r4
through available carbon atoms with 1, 2, 3 or 4 groups RI3 RI4 F
selected from halo, haloalkyl, alkyl, alkenyl, alkoxy,
aryloxy, aryl, arylalkyl, alkylmercapto, arylmercapto,
cycloalkyl, cyclo-alkylalkyl, heteroaryl, fluorenyl,
heteroarylalkyl, hydroxy or oxo; 30 —RHU—=Z! or
or R' is a fluorenyl-type group of the structure Riz—22 Rié
R15a
A
Ri3 G
35
—RIll=71 or
40 Riz—72
Risa
RL3 H
R
B y4s
_Rll_zl
50 Riz—72 Rl6a
’ Rl.rw:
Z' and Z* are the same or different and are independently
a bond, O, S,
55
C H
S, ,S, , —NH—C—, —N—~C—, —C— or —C—,
I (u) I L I |
o \o/. 0 alkyl O 0 OH
60 with the proviso that with respect to B, at least one of
Z' and Z* will be other than a bond; R is a bond,
alkylene, alkenylene or alkynylene of up to 10 carbon
atoms; arylene or mixed arylene-alkylene; R is
hydrogen, alkyl, alkenyl, aryl, haloalkyl, trihaloalkyl,
65 trihaloalkylalkyl, heteroaryl, heteroarylalkyl, arylalkyl,
arylalkenyl, cyclo-alkyl, aryloxy, alkoxy, arylalkoxy or
cycloalkyl-alkyl, with the provisos that
6 of 123 PENN EX. 2212
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(1) when R'* is H, aryloxy, alkoxy or
—NH—C—, —N—~C—, —C—
Il | Il Il
0 alkyl O o

or arylalkoxy, then Z* is a bond and

(2) when Z* is a bond, R' cannot be heteroaryl or
heteroarylalkyl;

Zisbond, O, S, N-alkyl, N-aryl, or alkylene or alkenylene
from 1 to 5 carbon atoms; R'3, R™, R'%, and R are
independently hydrogen, alkyl, halo, haloalkyl, aryl,
cycloalkyl, cyclo-heteroalkyl, alkenyl, alkynyl,
hydroxy, alkoxy, nitro, amino, thio, alkylsulfonyl,
arylsulfonyl, alkylthio, arylthio, aminocarbonyl,
alkylcarbonyloxy, arylcarbonylamino,
alkylcarbonylamino, arylalkyl, heteroaryl, heteroaryla-
lkyl or aryloxy;

R'>* and R'® are independently hydrogen, alkyl, halo,
haloalkyl, aryl, cycloalkyl, cycloheteroalkyl, alkenyl,
alkynyl, alkoxy, alkylsulfonyl, arylsulfonyl, alkylthio,
arylthio, aminocarbonyl, alkylcarbonyloxy,
arylcarbonylamino, alkylcarbonylamino, arylalkyl,
heteroaryl, heteroarylalkyl, or arvloxy;

or R is a group of the structure

—(CHy)p —<

wherein p is 1 to 8 and R'7 and R® are cach indepen-
dently H, alkyl, alkenyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, cycloalkyl or cycloalkylalkyl at least
one of R'” and R'® being other than H;

or R is a group of the structure

R17

Ri#

R0

—R1# <

Rt

wherein R' is aryl or heteroaryl;

R*® is aryl or heteroaryl;

R*' is H, alkyl, aryl, alkylaryl, arylalkyl, aryloxy,
arylalkoxy, heteroaryl, heteroarylalkyl,
heteroarylalkoxy, cycloalkyl, cycloalkylalkyl or
cycloalkylalkoxy;

R?, R3 R* are independently hydrogen, halo, alkyl,
alkenyl, alkoxy, aryloxy, aryl, arylalkyl, alkylmercapto,
arylmercapto, cycloalkyl, cycloalkylalkyl, heteroaryl,
heteroarylalkyl, hydroxy or haloalkyl;

R* is independently alkyl, alkenyl, alkynyl, aryl, alkoxy,
aryloxy, arylalkoxy, heteroaryl, arylalkyl,
heteroarylalkyl, cycloalkyl, cycloalkylalkyl,
polycycloalkyl, polycycloalkylalkyl, cycloalkenyl,
cycloheteroalkyl, heteroaryloxy, cycloalkenylalkyl,
polycycloalkenyl, polycycloalkenylalkyl,
heteroarylcarbonyl, amino, alkylamino, arylamino,
heteroarylamino, cycloalkyloxy, cycloalkylamino, all
optionally substituted through available carbon atoms
with 1, 2, 3 or 4 groups selected from hydrogen, halo,
alkyl, haloalkyl, alkoxy, haloalkoxy, alkenyl, alkvnyl,
cycloalkyl, cycloalkylalkyl, cycloheteroalkyl,
cycloheteroalkylalkyl, aryl, heteroaryl, arylalkyl,
aryleycloalkyl, arylalkenyl, arylalkynyl, aryloxy,
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aryloxyalkyl, arylalkoxy, arylazo, heteroaryloxo,
heteroarylalkyl, heteroarylalkenyl, heteroaryloxy,
hydroxy, nitro, cyano, amino, substituted amino, thiol,
alkylthio, arylthio, heteroarylthio, arylthioalkyl,
alkylcarbonyl, arylcarbonyl, arylaminocarbonyl,
alkoxycarbonyl, aminocarbonyl,
alkynylaminocarbonyl, alkylaminocarbonyl,
alkenylaminocarbonyl, alkyvlcarbonyloxy,
arylcarbonyloxy, alkylcarbonylamino,
arylcarbonylamino, arylsulfinyl, arylsulfinylalkyl,
arylsulfonyl, alkylsulfonyl, arylsulfonylamino,
heteroarylcarbonylamino, heteroarylsulfinyl,
heteroarylthio, heteroarylsulfonyl, alkylsulfinyl;

R® is hydrogen or C,-C, alkyl or C,-C, alkenyl; all
optionally substituted with 1, 2, 3 or 4 groups which
may independently be any of the substituents listed in
the definition of R® set out above;

R’ is alkyl, aryl or arylalkyl wherein alkyl by itself or as
part of arylalkyl is optionally substituted with oxo

R
) (=)

are the same or different and are independently selected
from heteroaryl containing 5- or 6-ring members; and
N-oxides

and

(o]
1\-/
SRt

thereof; and

pharmaceutically acceptable salts thereof; with the pro-
visos that where in the first formula X is CII,, and RZ,
R? and R* are cach H, then R' will be other than
3,3-diphenylpropyl, and in the fifth formula, where one
of R?, R? and R is 6-fluoro, and the others arc I, R7
will be other than 4-(2-methoxyphenyl).

U.S. application Ser. No. 548,811 filed Jan. 11, 1996 (file

DC21h), discloses compounds having the structure

L
o}
I H
C—N—CH;—CF;

g i
(CH),—N N—C—RS
H
X!

including the piperidine N-oxide thereof or a pharmaceuti-
cally acceptable salt thereof, wherein Z is a bond, O or S;
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X' and X* are independently selected from H or halo; R* is a fluorenyl-type group of the structure
X is an integer from 2 1o 6;

R? is heteroaryl, aryl, heterocycloalkyl or cycloalkyl, each
R group being optionally substituted with 1,2,3 or 4 s
substituents which may be the same or different.

SUMMARY OF THE INVENTION

. . ' 15
In accordance with the present invention, novel com-

pounds are provided which are inhibitors of MTP and have
the structure

20
N—RL or
25
Il
N—R!
R* is an indenyl-type group of the structure
30
R13
. R4 R1? R4
where Q is
0 0 33
Il ] —Ril—71 or or
—_— or =—5— —RlU—71
Il
0 RIZ— Rlta RIZ—72 Rl6a
Risa’  (CHa RISa
40 E F

(a=2,30r4)
X is: CHR®,

R13
—C—, —CH—CH— or —(C=C—;
Il | | | 45 R RM R4
—RI—=Z! or V
R z —RI—Z71 Q
nis 0 or 1; R®, R” and R*" are independently hydrogen, a R?2—2? Rl
50 RI2—Z2 16a
[ Rl5a
H

alkyl, alkenyl, alkynyl, arvl, arylalkyl, heteroaryl, RIS : R
heteroarylalkyl, cycloalkyl, or cycloalkylalkyl; G
R is alkyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkyl
(wherein alkyl preferably has at least 2 carbons, more
preferably at least 3 carbons), diarylalkyl, arylalkenyl, ss 7' and Z* are the same or different and are independently

diarylalkenyl, arvlalkynyl, diarylalkynyl, a bond, O, S,
diarylalkylaryl, heteroarylalkyl (wherein alkyl prefer-
ably has at least 2 carbons, more preferably at least 3 H
carbons), cycloalkyl, or cycloalkylalkyl (wherein alkyl ﬁ (ﬁ) . —N"—ﬁ—.- _T_ﬁ_- _ﬁ_ or _T_r
preferably has at least 2 carbons, more preferably at 60 o 0 o alkvl O 0 OH
least 3 carbons); all of the aforementioned R' groups .
being optionally substituted through available carbon
atoms with 1, 2, 3 or 4 groups selected from halo, with the proviso that with respect to B, at least one of
haloalkyl, alkyl, alkenyl, alkoxy, aryloxy, aryl, 7! and Z2 will be other than a bond:
arylalkyl, alkyl-mercapto, arylmercapto, cycloalkyl, s
cycloalkyl-alkyl, heteroaryl, fluorenyl, heteroarylalkyl, R is a bond, alkylene, alkenylenc or alkynylene of up to
hydroxy or oxo; or 10 carbon atoms, arylene (for example

80f123 PENN EX. 2212

CFAD V. UPENN

IPR2015-01836



5,885,983

or mixed arylene-alkylene (for example

(CH),—)

where q is 1 to 6;

R'? is hydrogen, alkyl, alkenyl, aryl, haloalkyl,
trihaloalkyl, trihaloalkylalkyl, heteroaryl,
heteroarylalkyl, arylalkyl, arylalkenyl, cyclo-alkyl,
aryloxy, alkoxy, arylalkoxy or cycloalkyl-alkyl; with
the provisos that (1) when R'* is H, aryloxy, alkoxy or
arylalkoxy, then Z* is

—NH—C—, —N——C—, —C—
Il I I I
0 alkyl O o

or a bond,;

and (2) when Z7 is a bond, R'* cannot be heteroaryl or
heteroarylalkyl;

Z is a bond, O, S, N-alkyl, N-aryl, or alkylene or alk-
enylene of from 1 to 5 carbon atoms;

R'3, R, R", and R"® are independently hydrogen, alkyl,
halo, haloalkyl, aryl, cycloalkyl, cycloheteroalkyl,
alkenyl, alkynyl, hydroxy, alkoxy, nitro, amino, thio,
alkylsulfonyl, arylsulfonyl, alkylthio, arylthio,
aminocarbonyl, alkylcarbonyloxy, arylcarbonylamino,
alkylcarbonylamino, arylalkyl, heteroaryl,
hetercarylalkyl, or aryloxy;

R'> and R'® are independently any of the R* or R'®
groups excepl hydroxy, nitro, amino or thio;

or R' is

R17

—(cu-.»lp—<

wherein p is 1 1o 8 and R*” and R*® are each indepen-
dently H, alkyl, alkenyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, cycloalkyl or cycloalkylalkyl, at least
one of R'” and R'® being other than H;

or R' is

Ri8

wherein R' is aryl or heteroaryl;

R*® is aryl or heteroaryl;

R*' is H, alkyl, aryl, alkylaryl, arylalkyl, aryloxy,
arylalkoxy, heteroaryl, heteroarylalkyl,
heteroarylalkoxy, cycloalkyl, cycloalkylalkyl or
cycloalkylalkoxy;

R?, R3 R* are independently hydrogen, halo, alkyl,
alkenyl, alkoxy, aryloxy, aryl, arylalkyl, alkylmercapto,
arylmercapto, cycloalkyl, cycloalkylalkyl, heteroaryl,
heteroarylalkyl, hydroxy or haloalkyl;
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R> is alkyl , alkenyl, alkynyl, aryl, alkoxy, aryloxy,
arylalkoxy, heteroaryl, arylalkyl, heteroarylalkyl,
cycloalkyl, cycloheteroalkyl, heteroaryloxy,
cycloalkylalkyl, polycveloalkyl, polycycloalkylalkyl,
cycloalkenyl, cvcloalkenylalkyl, polycycloalkenyl,
polycycloalkenylalkyl, heteroarylcarbonyl, amino,
alkvlamino, arylamino, heteroarylamino,
cycloalkyloxy, cycloalkylamino, all of the R® substitu-
ents and R® substituents (set out hereinafter) being
optionally substituted through available carbon atoms
with 1, 2, 3 or 4 groups selected from hydrogen, halo,
alkyl, haloalkyl, alkoxy, haloalkoxy, alkenyl, alkynyl,
cycloalkyl, cycloalkylalkyl, cycloheteroalkyl,
cycloheteroalkylalkyl, aryl, heteroaryl, arylalkyl,
aryleycloalkyl, arylalkenyl, arylalkynyl, aryloxy,
aryloxyalkyl, arylalkoxy, arylazo, heteroaryloxo,
heteroarylalkyl, heteroarylalkenyl, heteroaryloxy,
hydroxy, nitro, cyano, amino, substituted amino
(wherein the amino includes 1 or 2 substituents which
are alkyl, aryl or heteroaryl, or any of the other aryl
compounds mentioned in the definitions), thiol,
alkylthio, arylthio, heteroarylthio, arylthioalkyl,
alkylcarbonyl, arylcarbonyl, arylaminocarbonyl,
alkoxycarbonyl, aminocarbonyl,
alkynylaminocarbonyl, alkylaminocarbonyl,
alkenylaminocarbonyl, alkylcarbonyloxy,
arylcarbonyloxy, alkylcarbonylamino,
arylcarbonylamino, arylsulfinyl, arylsulfinylalkyl,
arylsulfonyl, alkylsulfonyl, arylsulfonylamino,
heteroarylcarbonylamino, heteroarylsulfinyl,
heteroarylthio, heteroarylsulfonyl, or alkylsulfinyl.
Where R is phenyl, aryl, heteroaryl or cycloalkyl; this
group preferably includes an ortho hydrophobic sub-
stituent such as alkyl, haloalkyl (with up to 5 halo
groups), alkoxy, haloalkoxy (with up to 5 halo groups),
aryl, aryloxy or arylalkyl;

R® is hydrogen or C,—C, alkyl or C,—C, alkenyl;

are the same or different and are independently selected
from heteroaryl containing 5- or 6-ring members; and

including N-oxides of the formulae I and II compounds,
that is

including pharmaceutically acceptable salts thereof such
as alkali metal salts such as lithium sodium or
potassium, alkaline earth metal salts such as calcium or
magnesium, as well as zine or aluminum and other
cations such as ammonium, choline, diethanolamine,
ethylenediamine, t-butylamine, t-octylamine,
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dehydroabietylamine, as well as pharmaceutically
acceptable anions such as chloride, bromide, iodide,
tartrate, acctate, methancsulfonate, malcate, succinate,
glutarate, and salts of naturally occurring amino acids
such as arginine, lysine, alanine and the like, and
prodrug esters thereof.

In Ihc formula I comlpmmds where X is CH, and R?, R?
and R* are each H, R? will preferably be other than 3,3
diphenylpropyl.

Thus, the compounds of formulae I and II of the invention
encompass compounds of the structure

R:«@N (c Har,,<: N—R!

RS
—(CHy)» <

Ri0

—(CHz)p N—R!
R3
RJ(J

R2 o
|
RS AQ:tN(CHmQ N—R!
R4

(o]

*

(o] i

A

—(CHa)x N—R!

N—
|
RE

0] n°

||
5/II\\ —(CH, ;,.@

N—R!

In addition, in accordance with the present invention, a 3

method for preventing, inhibiting or treating atherosclerosis,
pancreatitis or obesity is provided, wherein a compound of
formula I or II as defined hereinbefore is administered in an
amount which decreases the activity of microsomal triglyc-
eride transfer protein.

Furthermore, in accordance with the present invention, a
method is provided for lowering serum lipid levels, choles-
terol and/or triglycerides, or inhibiting and/or treating
hyperlipemia, hyperlipidemia, hyperlipoproteinemia, hyper-
cholesterolemia and/or hypertriglyceridemia, wherein a
compound of formula I or II is administered in an amount
which decreases the activity of microsomal triglyceride
transfer protein.

DETAILED DESCRIPTION OF THE
INVENTION

The following definitions apply to the terms as used
throughout this specification, unless otherwise limited in
specific instances.
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The term “MTP” refers to a polypeptide or protein
complex that (1) if obtained from an organism (e. g., cows,
humans, etc.), can be isolated from the microsomal fraction
of homogenized tissue; and (2) stimulates the transport of
triglycerides, cholesterol esters, or phospholipids from syn-
thetic phospholipid vesicles, membranes or lipoproteins to
synthetic vesicles, membranes, or lipoproteins and which is
distinct from the cholesterol ester transfer protein [ Drayna et
al., Nature 327, 632-634 (1987)] which may have similar
catalytic properties. However, the MTP molecules of the
present invention do not necessarily need to be catalytically
active. For example, catalytically inactive MTP or fragments
thereof may be useful in raising antibodies to the protein.

The phrase “stabilizing” atherosclerosis as used in the
present application refers to slowing down the development
of and/or inhibiting the formation of new atherosclerotic
lesions.

The phrase “causing the regression of” atherosclerosis as
used in the present application refers to reducing and/or
climinating atherosclerotic lesions.

Unless otherwise indicated, the term “lower alkyl”,
“alkyl” or *alk” as employed herein alone or as part of
another group includes both straight and branched chain
hydrocarbons, containing 1 to 40 carbons, preferably 1 to 20
carbons, more preferably 1 to 12 carbons, in the normal
chain, such as methyl, ethyl, propyl, isopropyl, butyl,
t-butyl, isobutyl, pentyl, hexyl, isohexyl, heptyl, 4,4-
dimethylpentyl, octyl, 2,2,4- Irlm-.,thyl pcntyl nonyl decyl,
undecyl, dodecyl, the various branched chain isomers
thereof, and the like as well as such groups including 1 to 4
subslituents such as halo, for example F, Br, Clor I or CF;,
alkoxy, aryl, aryloxy, aryl(aryl) or diaryl, arylalkyl,
arylalkyloxy, alkenyl, cycloalkyl, cycloalkylalkyl,
cycloalkylalkyloxy, amino, hydroxy, acyl, heteroaryl,
heteroaryloxy, heteroarylalkyl, heteroarylalkoxy,
aryloxyalkyl, aryvloxyaryl, alkylamido, alkanoylamino,
arylcarbonylamino, nitro, cyano, thiol, haloalkyl, triha-
loalkyl and/or alkylthio, as well as any of the other substitu-
ents as defined for R® and R®.

Unless otherwise indicated, the term “cycloalkyl” as
employed herein alone or as part of another group includes
saturated or partially unsaturated (containing 1 or 2 double
bonds) cyclic hydrocarbon groups containing 1 to 3 rings,
including monocyclicalkyl, bicyclicalkyl and tricyclicalkyl,
containing a total of 3 to 20 carbons forming the rings,
preferably 4 to 12 carbons, forming the ring and which may
be fused to 1 or 2 aromatic rings as described for aryl, which
include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl, cyclodecyl and cyclododecyl,
cyclohexenyl,

any of which groups may be optionally substituted with 1 to
4 substituents such as halogen, alkyl, alkoxy, hydroxy, aryl,
aryloxy, arylalkyl, cycloalkyl, alkylamido, alkanoylamino,
oxo, acyl, arylcarbonylamino, amino, nitro, cyano, thiol
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and/or alkylthio, as well as any of the other substituents as
defined for R® or R°.

The term “cycloalkenyl” as employed herein alone or as
part of another group refers to cyclic hydrocarbons contain-
ing 5 to 20 carbons, preferably 6 to 12 carbons and 1 or 2
double bonds. Exemplary cycloalkenyl groups include
cyclopentenyl, cyclohexenyl, cycloheptenyl, cyclooctenyl,
cyclohexadienyl, and cycloheptadienyl, which may be
optionally substituted as defined for cycloalkyl.

The term “polycycloalkyl” as employed herein alone or as
part of another group refers to a bridged multicyclic group
containing 5 to 20 carbons and containing 0 to 3 bridges,
preferably 6 to 12 carbons and 1 or 2 bridges. Exemplary
polycyeloalkyl groups include [3.3.0]-bicyclo-octanyl,
adamantanyl, [2.2.1]-bicycloheptanyl, [2.2.2]-
bicyclooctanyl and the like and may be optionally substi-
tuted as defined for cycloalkyl.

The term “polycycloalkenyl” as employed herein alone or
as part of another group refers to a bridged multicyclic group
containing 5 to 20 carbons and containing 0 to 3 bridges and
containing 1 or 2 double bonds, preferably 6 to 12 carbons
and 1 or 2 bridges. Exemplary polycyclo-alkyl groups
include [3.3.0]-bicyclooctenyl, [2.2.1]-bicycloheptenyl,
[2.2.2]-bicyclooctenyl and the like and may be optionally
substituted as defined for cycloalkyl.

The term “aryl” or “Ar” as employed herein alone or as
part of another group refers to monocyclic and bicyclic
aromalic groups containing 6 to 10 carbons in the ring
portion (such as phenyl or naphthyl) and may optionally
include one to three additional rings fused to Ar (such as
aryl, cycloalkyl, heteroaryl or cycloheteroalkyl rings) and
may be optionally substituted through available carbon
atoms with 1, 2, 3 or 4 groups selected from hydrogen, halo,
haloalkyl, alkyl, haloalkyl, alkoxy, haloalkoxy, alkenyl,
trifluoromethyl, trifluoromethoxy, alkynyl, cycloalkylalkyl,
cycloheteroalkyl, cycloheteroalkylalkyl, aryl, heteroaryl,
arylalkyl, aryloxy, aryloxyalkyl, arylalkoxy, arylthio,
arylazo, heteroarylalkyl, heteroarylalkenyl,
heteroarylheteroaryl, heteroaryloxy, hydroxy, nitro, cyano,
amino, substituted amino wherein the amino includes 1 or 2
substituents (which are alkyl, aryl or any of the other aryl
compounds mentioned in the definitions), thiol, alkylthio,
arylthio, heteroarylthio, arylthioalkyl, alkoxyarylthio,
alkylcarbonyl, arylcarbonyl, alkylaminocarbonvl,
arylaminocarbonyl, alkoxycarbonyl, aminocarbonyl,
alkylcarbonyloxy, arylecarbonyloxy, alkylearbonylamino,
arylcarbonylamino, arylsulfinyl, arylsulfinylalkyl, arylsulfo-
nylamino or arylsulfonaminocarbonyl, or any of the sub-
stituents as defined for the R® or R® groups set out above.

The term “aralkyl”, “aryl-alkyl” or “aryllower alkyl” as s

used herein alone or as part of another group refers to alkyl
groups as discussed above having an aryl substituent, such
as benzyl or phenethyl, or naphthylpropyl, or an aryl as
defined above.

The term “lower alkoxy”, “alkoxy”, “aryloxy” or 3

“aralkoxy” as employed herein alone or as part of another
group includes any of the above alkyl, aralkyl or aryl groups
linked to an oxygen atom.

The term “amino™ as employed herein alone or as part of
another group may optionally be substituted with one or two
substituents such as alkyl and/or aryl.

The term “lower alkylthio”, “alkylthio”, “arylthio” or
“aralkylthio™ as employed herein alone or as part of another
group includes any of the above alkyl, aralkyl or aryl groups
linked to a sulfur atom.

The term “lower alkylamino”, “alkylamino”,
“arylamino”, or “arylalkylamino™ as employed herein alone

11 of 123

30

35

40

45

6(

65

18

or as part of another group includes any of the above alkyl,
aryl or arylalkyl groups linked to a nitrogen atom.

The term “acyl” as employed herein by itself or part of
another group as defined herein, refers to an organic radical

linked to a carbonyl
o]
Il
C

group, examples of acyl groups include alkanoyl, alkenoyl,
aroyl, aralkanoyl, heteroaroyl, cycloalkanoyl and the like.

The term “alkanoyl” as used herein alone or as part of
another group refers 1o alkyl linked to a carbonyl group.

Unless otherwise indicated, the term “lower alkenyl” or
“alkenyl” as used herein by itself or as part of another group
refers to straight or branched chain radicals of 2 to 20
carbons, preferably 3 (o 12 carbons, and more preferably 1
to 8 carbons in the normal chain, which include one to six
double bonds in the normal chain, such as vinyl, 2-propenyl,
3-butenyl, 2-butenyl, 4-pentenyl, 3-pentenyl, 2-hexenyl,
3-hexenyl, 2-heptenyl, 3-heptenyl, 4-heptenyl, 3-octenyl,
3-nonenyl, 4-decenyl, 3-undecenyl, 4-dodecenyl, 4,8,12-
tetradecatrienyl, and the like, and which may be optionally
substituted with 1 to 4 substituents, namely, halogen,
haloalkyl, alkyl, alkoxy, alkenyl, alkynyl, aryl, arylalkyl,
cyclo-alkyl, amino, hydroxy, heteroaryl, cycloheteroalkyl,
alkanoylamino, alkylamido, arylcarbonylamino, nitro,
cyano, thiol and/or alkylthio, as well as any of the other
substituents as defined for R* or R°.

Unless otherwise indicated, the term “lower alkynyl” or
“alkynyl™ as used herein by itself or as part of another group
refers to straight or branched chain radicals of 2 to 20
carbons, preferably 2 to 12 carbons and more preferably 2 to
8 carbons in the normal chain, which include one triple bond
in the normal chain, such as 2-propynyl, 3-butynyl,
2-butynyl, 4-pentynyl, 3-pentynyl, 2-hexynyl, 3-hexynyl,
2-heptynyl, 3-heptynyl, 4-heptynyl, 3-octynyl, 3-nonynyl,
4-decynyl,3-undecynyl, 4-dodecynyl and the like, and which
may be optionally substituted with 1 to 4 substituents,
namely, halogen, haloalkyl, alkyl, alkoxy, alkenyl, alkynyl,
aryl, arylalkyl, cycloalkyl, amino, heteroaryl,
cycloheteroalkyl, hydroxy, alkanoylamino, alkylamido,
arylcarbonyl-amino, nitro, cyano, thiol, and/or alkylthio, as
well as any of the other substituents as defined for R® or R®.

The term “alkylene” as employed herein alone or as part
of another group (which also encompasses “alkyl” as part of
another group such as arylalkyl or heteroarylalkyl) refers 1o
alkyl groups as defined above having single bonds for
attachment to other groups at two different carbon atoms and
may optionally be substituted as defined above for “alkyl”.
The definition of alkylene applies to an alkyl group which
links one function to another, such as an arylalkyl substitu-
ent.

Ther terms “alkenylene” and “alkynylene” as employed
herein alone or as part of another group (which also encom-
pass “alkenyl” or “alkynyl”, as part of another group such as
arylalkenyl or arylalkynyl), refer to alkenyl groups as
defined above and alkynyl groups as defined above,
respectively, having single bonds for attachment at two
different carbon atoms.

Suitable alkylene, alkenylene or alkynylene groups or
(CII,), or (CIL,),, (which may include alkylenc, alkenylenc
or alkynylene groups) as defined herein, may optionally
include 1,2, or 3 alkyl, alkoxy, aryl, heteroaryl,
cycloheteroalkyl, alkenyl, alkynyl, oxo, aryloxy, hydroxy,
halogen substituents as well as any of the substituents
defined for R® or R®, and in addition, may have one of the
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carbon atoms in the chain replaced with an oxygen atom,

N—H, N-alkyl or N-aryl. Examples of alkylene, alkenylene,
alkynylene, (CH,), and (CH.), groups include

20
through a carbon atom or a heteroatom, where possible,
optionally via the linker (CI,), (which is defined above),
such as

—CH=CH—CH;—, —CH,CH=CH—, —C=C—CH;—. 5 o N o S N
—CH—C—, —CH—CH,—CH,—C—, —CH,C=CCH,—, G ij : ’ Lj’
0 o]
TH" 10 o N o
—C=CH—CH,—, —(CH;);—, —(CHzs—, —(CHa)y—, R} »
CH;
|
—[CI]_:]:—(E—CIIgC[Ig—, _CII_'?I[_, —C[I_r(ljllC[I;—, 15
CH; CH3 C:Hs and the like. The above groups may include 1 to 3 substitu-
—CHCHy—. —CHCH»CHy—. —CHCHCH— ents such as any of the R, R®or R® groups as defined above.
| | | In addition, any of the above rings can be fused to 1 or 2
CHs Catls (qu.H; _ cycloalkyl, aryl, heteroaryl or cycloheteroalkyl rings.
" The term “heteroaryl” or
0 o] o]
I I
—CHCH0—C—, —(.‘H;(?Hg_‘lq—(.‘—_, —CH;CH;—N—C—,
H CH; . @ or @
25
(I.‘H; F
—CH;—C—CHy—, —(CHi)s—, —(CH);—C—CHy—,
LIH ]I: (also referred to as heteroaryl) as used herein alone or as part
o " of another group refers to a 5- or 6-membered aromatic ring
T] TH T“i “" which includes 1, 2, 3 or 4 hetero atoms such as nitrogen,
—CH,—CH—CH;—, —(CH;);—CH—, —CH;—CH—C—, oxygen or sulfur, and such rings fused to an aryl, cycloalkyl,
| heteroaryl or cycloheteroalkyl ring (e.g. benzo-thiophenyl,
CH; CHjz . .
indolyl), linked through a carbon atom or a heteroatom,
—CHJ—EITH—CITH—C-‘H:—, —(-‘H:—(I.‘H—(.‘H:—(ITH—, 35 Wwhere possible, optionally via the linker (CH,), (which is
CHs CHs CH; CH; defined above), such as
OH OCH; N s O N
| N7
—CH—CH,CH,—, —CH—CH,CH; —CH,0CH,—, \ \ ) \ ) / i
40 ’ ' N ’
—OCH,CH,—, —CH,NHCH,—, —NHCH,CH,—,
N N
CH; = \(\
I , . N O N
—(CHy)s—CF,—, —CH—N—CH;—, —N—CH,CH;—,
| RN \—/
Ci;s 4
. N
F CH; N c 74 /§/
: | ( { L I, ~ o,
—(CH;);—C—CH;—, —(CH;);—C—CH,—, ' N ’
| [ s AN N/
H CH; 50
N
CH; CH; CH; /§/ B
| | | N s | ,
—(CHy);—C—CHy—, —(CHp);—C— or —(CH;);—C—. ' 7
| | | \—/ N
H CH; H
55
The term "ha]()gcn“ or “halo™ as used herein alone or as and the like, and includes all pOSSIblc N-oxide derivatives.
part of another group refers to chlorine, bromine, fluorine,
and iodine as well as CF;, with chlorine or fluorine being
preferred.
The term “metal ion” refers to alkali metal ions such as 90 @ ; @ and @
sodium, potassium or lithium and alkaline earth metal ions
such as magnesium and calcium, as well as zinc and
aluminum. . . o
The term “cycloheteroalkyl” as used herein alone or as are the same or different as defined hereinbefore and are
part of another group refers to a 5-, 6- or 7-membered 65 attached to the central ring of the indenyl or Huorenyl type
saturated or partially unsaturated ring which includes 1 to 2 group at adjacent positions (that is ortho or 1,2-positions).
hetero atoms such as nitrogen, oxygen and/or sulfur, linked Examples of such groups include
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wherein u is selected from O, S, and NR7: R™ is H, lower
alkyl, aryl, —C(O)R"?, —C(0)OR"; £ is alkyl or aryl,
and includes all possible N-oxide derivatives.

The heteroaryl groups including the above groups may
optionally include 1 to 4 substituents such as any of the
substituents listed for aryl, or those substituents indicated for
R? or R® groups as defined above. In addition, any of the
above rings can be fused to a cycloalkyl, aryl, heteroaryl or
cycloheteroalkyl ring.

The term “cycloheteroalkylalkyl” as used herein alone or
as part of another group refers to cycloheteroalkyl groups as
defined above linked through a C atom or heteroatom to a
(CH,),, chain.

The term “heteroarylalkyl™ or “heteroarylalkenyl™ as used
herein alone or as part of another group refers to a heteroaryl
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group as defined above linked through a C atom or heteroa-
tom to a —(CIl,),-chain, alkylene or alkenylene as defined
above.

The term “fluorenyl” or “fluorenyl analog™ or “fluorenyl-
type group” as employed herein refers to a group of the
structure:

A
B
c
—Rl—71
N or
R
RJJ R'.4
D

The term “indenyl-type group™ as emplyed herein refers
to a group of the structure

R E

—Ril—71

or

piz—z?
RIS
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-continued
R R F
—Ri—7! Q or
RIZ—72 Rlfa
RlSzx
RI3 R4 G
_Rll_zl or
Rir—=22/ (CHa2jZ Rl6e
lew:
H

R13
1{"‘
—Rl—71 Q
RIZ—72 R16a
Risa

Z,Z',Z7, R, R, R, R™, R", R", R"™ and as used in
the above groups A through H are as defined hereinbefore.

Preferred are compounds of formulae I and II wherein

R' is arylalkyl, arylalkenyl, heteroarylalkyl,

heteroarylalkenyl,

! R
Rls“ RIS
7
or
RI2 RIL B
g2 it
Z

(including where Z' is a bond and R is alkylene or
alkenylene and Z7 is

14 of 123

10

30

35
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and R'? is C,~C; alkyl or 1,1,1-trifluoroethyl, R** is H
or F and R*is Hor F, and Z is a bond or O; and where
R™ is alkylenc or alkenylence or alkylene substituted
with oxo, R'* is alkyl, alkenyl, aralkyl, aralkenyl, Z is
0, S or a bond); or

—{c11_,;.?_<

R&

(wherein R'7 and R*® are each independently alkyl,
alkenyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl,
cycloalkyl or cycloalkylalkyl); or

R0

—R19—<

R2L

wherein R' is aryl or heteroaryl;

R*" is aryl or heteroaryl;

R™' is alkyl, aryl, alkylaryl, arylalkyl aryloxy, arylalkoxy,
heteroaryl, heteroarylalkyl, heteroaryvlalkoxy,
cycloalkyl, cycloalkylalkyl or cycloalkylalkoxy.

In structure I, it is preferred that R*, R? and R* are each

H and X is CH,, CH,CH,, or CH=CH and n is 0.

In structure 11, it is preferred that R is H or CH; and R®
is cycloalkyl, phenyl, aryl or heteroaryl, or cycloalkyl,
phenyl, aryl heteroaryl having an ortho hydrophobic sub-
stituent which is alkyl, alkoxy, haloalkyl (containing up o
five halo groups), trifluoromethyl, aryl, aryloxy, arylalkyl,
arylalkoxy, haloalkoxy (containing up to five halo groups)
and n is 0.

In structure II, it is also preferred that R' is arylalkyl or
heteroarylalkyl wherein alkyl of each has at least 2 carbons
(preferably at least 3 carbons) and R®> and R® may be as
defined hereinbefore and may or may not be the preferred
groups set out above.

It is to be understood that combinations of substituents
which lead to chemically unstable molecules are not
included within the scope of the present invention; for
example, compounds of the invention will not include
—0—0—, —0—C—O0H, N—C—OH and —S—C—O0OH
linkages.

The compounds of formulae I and II may be prepared by
the exemplary processes described in the following reaction
schemes. Exemplary reagents and procedures for these reac-
tions appear hereinafter and in the working Examples.
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Rl s RY or (CH;);COCO [BOC]

IVb

Scheme L
Routes to I[soindolinone Azetidines
R? O
3
R o R2 /()
v )
. R? « ; .
— Rl S~ 3 - —Rls
N—Ri Phthalimide > R N—(CHz)n N—RR
v Formaticn VI
R 8]
IVe
Reduction
Zn, Acetic Acid
or Tin/HCl
R2 o]
O Alkyl
R? )
R o}
. VII Hal
R o .
3 — (] {—Rle
Tieat > R N—(CHa), N—R
Isoindolone Formation Ia
R*
scheme 1L
Additional Routes to Isoindolinone Azetidines
R O
R © Rz o]
{ VIII [ ) ]
. . R . N—(CHz) N—Rl
aN— - § P i 3 2ln
HN—(CH,), N—R Amide Formation > R H
v (Heat or Al{CH3); promotion) X
R OH

Rleis R! or (CH;)5COCO [BOC]

Vb

Amide

Formation

R?
R4

/

\

Ve

R: o]
m[—laln
X
R4

Halo

o}
R3 HN—(CHy), N—Rl
X1

Halo

(a) Mesylate Formation
followed by Base Cyclization
or

(b) Mitsunohn Cycliztion

R: o}
Base
Cyclization ; R3 N—(CHaz), N—Rl
Ia
R4
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Scheme IIIL
Introduction of R' by Alkylation or Arylation

Rr? O R? o]

R} N—(CHa), N—BoC Zeprotections,  ps N—(CHa), NH

X Ie' Ie'

R4

Amine (Amide)
Alkylation or
Arylation

Hydogenolysis

N—CH,Aryl

Scheme [V,
Routes to Starting Materials [Vb, [Ve, IVd and [Ve

Scheme (1). Route to 3-amino-azelidine starting material (IVd

Ph Ph
MsO N —< MO, 1N N —<
Ph Ph
Ivd

I'Va'

potassium NH:NH:

phthalimide

0
Ph
N .
Ph
o Via

A

Scheme (2). Routes to [Vb and [Ve

s}
Ph
N N —<
Ph
o Via

J/l]ydro genolysis

16 of 123 PENN EX. 2212
CFAD V. UPENN
IPR2015-01836



5,885,983
29 30

-continued
Scheme {2). Routes to [Vb and [Vc

O O
Amine (Amide)
. X bl _~ Alkylation or Arylalion Ry —
N—(CHa). N—R < (s m Scheme M) N—(CHa)» NH
() Vie O Vib
(o] (8]
Hydrazinolysis >|\ O/IL‘ (')/JL OX
“BOC ANHYDRIDE™
/ O
HaN—(CHy), N—R! H,N—(CHa), N—BOC Hydrazinolysis ijiw—(m,), Q N—BOC
Vb Ve Vid
Q
a5 -continued
Scheme (3). Route to 3-(aminomethylj-azetidine starting material ([Ve) Scheme (3). Route to 3-(aminomethyl)-azetidine starting material (IVe)
Ph Ph
. .
MsO N —< 3 I\Eﬂ;}r, 30 :
o ) LIATH HN Ph
Ve

IVa'

Scheme V.
General Routes to Starting Materials [Vb

Ph Pprotecting Group Ph
HoN—(CHa), N < Formation PG-N —(CHy), N :
Ph Ph

IVa Xlla
$Hydra genolysis
Amine (Amide)
R _p1 o Alkylation or Arylation N . .
PG-N—(CHa), N—R! < Tas In Scheme [0 PG-N—(CHy), NH
Xlle XlIb
Deprmeclion\l/
HaN—(CHa), N—R!
Vb
17 of 123 PENN EX. 2212
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Schemes VI and VIIL
General Routes to 1T
O
H:N—(CH,), N—R! Amide Formation R?)I\ N—(CH,), N—R!
H
Vb [Ia
Amine Amide
Alkylation N-Alkylation
or Arylation
O
H Amide Formati g)j\
N—(CHy). N—R! w RS N—(CHa), N=—R!
R |
XII R®
Il
LiAlH;4
Reduction
(R6=CHs)
o]
alk_vl—(l).l\ N—(CHa), N—R!
H
XXIla
30
Scheme VIII
Preparation of Compounds I", [¢
R’ o]
3 X
R R? 0
d XA R ( .
- . R 3 N—(CHa), N—R
TN — —R! i 3
HN—(CH,), N—R X is halo or OH > R H
amide formation
IVh XIA
R’ RY
base
RIMCON{OMe)Me | acylation
or DMF (R'7%is H)
RZ O R: 8]
(CHz)y N—R! (CHz ) N—R!
N~ . N7
R & dehydntion g
A Q1o OH
R0
R1 R? R* R?
I¢ XIB

J/hydro genation

18 of 123 PENN EX. 2212

CFAD V. UPENN
IPR2015-01836



5,885,983
33 34

-continued
Scheme VIII

Preparation of Compounds Ib, ©

&
Scheme [X
Preparation of Compounds [A'-IA®
R O
RS N—(CHa), NH arylation > Al
O
X
R4 halo
RSt iz R¥
XXl or le XXIV
base
R? o]
© addition
R3 N—(CHz), N R*M
33 XXIV 2
X R R (M = metal such as ; fA
R IAL Li, or Mg or Zn)
R? 8]
R3 N—(CHz), N
% Rl
R4 A2
ﬁ?};l];l;un deoxygenation
or
hydrogenolysis
Rz /0
R} N—(CH), \
X
R4
R? o]
R? N—(CHz)n N
Y R
RY 1At
R*! and R*? are independently selected from any of the R*? and R*" are independently selected from any of the R
R2, R?, or R* radicals; radicals as well as aryloxy, alkoxy, arylalkoxy, het-

eroarylalkoxy and heteroaryloxy;
R** can be any of the R! radicals.
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Scheme X
Preparation of Compound I*

R? N—({CHz}n N—R!

RY 1A

R? O
V4
j‘_l."B"i‘:’“ R N—(CHz), <: N—R!
2) RE halo
(halo=1. Br,Cl)
R* R®
a

reduction
Zn, AcOH or
EtsSiH, trifluoroacetic

acid
R? 8]
R_i
[0}
R4 R# i /0
XB
HaN—(CH;) N—R! X is Clor OH = R3 N—(CHz) N—R!
" amide formation "
IVh followed by intramolecular
cyclization
RY R®  OH
KXV
-continued
Scheme XI
Scheme XI 35 Preparation of Compound TI
Preparation of Compound [I o (Robotic Amide Coupling)
(Robotic Amide Coupling) ﬂ)
RS—C—N—(CHy), N—R!
| :
. RO
. . 40
(‘jl{'}H!NL)_(c‘H!)" N—R! Mﬂ% Il
I
R® XX VI . . .
In the following Schemes XII et al, in the fluorenyl rings
or fluorenyl analogs, the fused aryl groups:
o] 45
S —
HN—(CHz) N—R! XXV R —C—OH
| " XXVII
RE
XXV 50
may each optionally be replaced by a 5- or 6-membered
heteroaryl ring as defined herein.
20 of 123 PENN EX. 2212
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RIS
RlE
RHe—COOH
Z
Ri3 Rl
NXVIIL
RIS
Rl
Rile—CHO
Z
Ri2
RLF 314
XXXI
Phosphonate
Witlig olefination
NXXII

37

Scheme XIT

RI6
alkylation ;
1) base
2) R12Q (Q is halo
preferably 1)
XXVIILA
Ri3

LiAlH; reduction

then Swern oxidation

R can be any of the R*! radicals.

R CO.E:
H/f
RI6
C
Hjf
C
R'.lrj
7
R'.E
Rl:‘ 3[-‘
XXXII

DIBAL reduction
(Qis CH=CHCHz)
or DIBAL reduction

then hydrogenation

(Qis (CHz)s)

5,885,983

RIS
Rile—COOH
R
XX
TiATH,
reduction
(Y is CHz)
KXX
21 0f 123

38
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-continued
RIS
Ri6
5
f()H
Rlln_Q
¥/
Rz
10
R”
R4

XXX

halogenation
or
sulfonation
20
s

15
R1e
25
VA
R||.’J_Q;
Z

R1z 30

R Q RE

35
MOCKIITA
73 is halo or Osulfonate
Scheme XIIT
Preparation of Intermediates where 77 is S, SO or SO,

RI6 RIS
HO Z NXXV
RL R4

acid treatment

R1SIH

22 0f 123
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-continued
Scheme XIIT
Preparation of Intermediates where 77 is 5. S0 or SO,

R16 RIS
Q XXXV

RiZ—S Z

R1 Q R

e 1) strong base
A].\)-lnuoi 2 XI—ER“-—YL

Ri6

Sulfur
oxidation

RIS

XXXVIIT
Sulfur

oxidation -_;

Rl&

XXXVII
12
~s
I
0,
RU

1) strong base -
2] X! —RU—Y! Alkylation

XXXVIIB

XY, Y are same or different halo or Osulfonate n' = 1 or 2

Scheme XIVA

Preparation of A (Intermediates where 27 is NHCO)

R Ri=

HOOC 7 amide formation «.;.._

R]3 R4

HXXIX

1) Z 2 equiv. base
2) =1 equiv. X' —RU—Y!

Alkylation

Ri6

1) Z 2 equiv. base

Alkylation

2) = 1 equiv. X!'—RU—Y!
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-continued
Scheme XIVA
Preparation of A (Intermediates where 7° is NHCO

5,885,983

44

RI6
R16 RS
Xl—pi
Nl_RlL
7 amide formation -;-...
RIZ—N
HOOC H
RI3
R R
XLI

' X1 ¥ are same or different halo or Osulfonate

RIS

R4

MAXIC

a0 -continucd
Scheme XIVB - Scheme XV
Alternating Procedure for Preparing Intermediate XL ——
(Shown in Scheme XIVA) RIS
Ri6 RIS 25
Ri6 RIS =
halogenation or ;
RrL2 sulfonation
Base \N
7z REN=C—0 ;.. | 30
H
R
RM MLIIT
Rl] Rl! 35
XL
XXXIXA RIS RS
In carrying out the above reaction, bases such as n-butyllithiun, lithium
bis(trimethylsilyl) amide and sodium bis{(trimethylsilyl) amide may be
. . - 40
employed in an aprotic solvent such as THE, at between =78 C. and H

350 C

It is preferable to have the starting material and isocyanate

(R™N = C—O0) together in solvent, and then add the base, and optionally 45

add further excess isocyanate subsequently.

Scheme XV

H
Preparation of Intermediate where Z!is —N—C—

|
o

Rle RIS

RL

7 amide formation ;

HOOC

RI3 R

XLIT

xl—RI—N

RI13 Ri4

XXXIID
Xlis halo or Osulfonate

50
Scheme XVI
RI6 RIS
55
Grignard
o 7 addition ;
REMgX
60
Ri3 R
XLIV
65
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-continued
Scheme XVI

RI6 RIS
5
R acid
7 treatment ~
Y2 —RIUI—SH -
HO 2 . 10
Y2 =0PG or COOMe
OPG is protecting group
(e.g. benzoate)
R R4
XLV 15
XLVI
RI6 R ls 35
acid
. treatment
HO Z > 40
Yi—Ril—SH 7
1= OPG or COOMe
OPG is protecting group
(e.g. benzoate)
13 R4
R R 45
XXXV
50
Ri6 RI5
H Alkylation
7 1) strong hase ~ 55
. " 2} x| — R'_’
Y:—RH—S X! = halo or Osulfonate
R R 60
XLVII
250f123

-continued
Scheme XVI

Ri6 RIS

Reduction
(Y? = CO;Me)

or Deprotection

YE—RI—S (Y2 = OPG)

RIS

halogenation ;

or sulfonation

XLVIII
RI6 RS
R Sulfur
7 Oxidation ;
Xl —Rpil—§g
RIS R4

XULis halo or Osulfonate
XNXXIIE

XXXIIIE (n' = 1)
XXXIIG (n' = 2)
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Scheme XVIA

Preparation of Ketones

. alkylation
HOOC z —
Rizxi
X!= halo or
Osulfonate
R].‘ Rl'l
XXXIX

1) acid chloride formation
for G = C1{COCl)z

2y amide formation
for G = MeN—

OMe

Ketone formation

5,885,983

30

Rit

HOOC

40

XIMgO—RII—MgX!
(Optional catalytic Cu(T))
X! = halo or Osulfonate
R1lis a chain of >2 carbons

XLITA

G =Clor MeN—
|

OMe

HO—R!

XLIIB

halogenation «-7\..

60

26 of 123
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-continued
Scheme XVIA
Preparation of Ketones

Rl RIS
o]
¥ —RU
Z
Rz
RI3 R4
XXXIIH

X! = halo or Osulfonate

Scheme XVIDB.
Preparation of Ketones {Preferred Route)

RIS
Alkylation
1) base
2 —ORUXL
7 2) PG—0ORUX
X! =haloor
O-sulfonate
, Rl
NXXIX
Ri6 Ris
HOOC
7 Decarboxylation 5.
: DMSO, RT
PG—0O—RU
Rl
RiF
XLIC
Rl6 R1s
Ketone Formation
(Acylation)
H 1) base
2} R12
7 2) R12COC
PG—0O—RU
R].'-
Ri3
XLIID
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-continued -continued

Scheme XVIB. ) S_ch::mc XVIB.
Preparation of Ketones (Preferred Route)

Preparation of Ketones (Preferred Route)

R16 RIS
(8]
RrLz I

™~

10 X1_RH

1) D(:Eru clion -;\.. 4 R4
2) Halide Formation RIS
15 NXXNIHD
PG is an appropiate protecting group:

such as t-butyl(dimethyl)silyl or
t-butyl{diphenyl)silyl, which can be

XLIE deprotected with aqueous acid of n-BuyNF.
20
Scheme XVIIA
Preparation of Amide Linked Compounds
RI6 RIS RIG RIS
1) base HO,C
2) Xl —RH—COsAlkyl
HO,C Z - > Z
where X1is halo
or O-sulfonate AlkylOC—R!
RLF R4 RLF R
XXXIX XLV
Amide
Formation
RUNH;
RI5 Ri6 RIS
R1Z
SN
5 Saponification H
AlkylOC—RU
R R R
XLVII XLVI

R*—(CHy), NH | Amide Formation

KLVIIA
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-continued
Scheme XVIIA
Preparation of Amide Linked Compounds

RrRI2
~~
H
R"—{CH_!]” N
R
o]

R13

RIS

R4

XLVITI

R? 0
R? N 4;
/
X
R

Rais Q
RS SN 4; or

|
RS
Scheme XVIIB
Preparation of Carbamate and Urea Linked Compounds
Ri6 RIS :
1) base 1HO.C
2) XI—RI'—Y
HO,C Z -
where X!is halo 4
or O-sulfonate Y—RH
Y =CN or CH=CH;
and RV is defined
as is R
Ri3 R R
XXX
Rl6 RIS
Y =CN
RI2 Nitrile Reduction
\\I (e.g Hz, Pd/C or P10y,
i—l or NaBHy/Co(II))
H;NCH;—RW
RI:! Rl'l
LI
w w Where W and W' are leaving groups Y = CH=CH;
\ﬂ/ such as Cl or OCgHy-p-NO2 1) Ozone
O or Nl-imidazole, and L is O or NHCH» 2) NaBH,
LV
28 of 123

RIS

R

L

Amide
Formation
R!*NH;

RIS

R4

LI
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53

-continued
Scheme XVIIB
Preparation of Carbamate and Urea Linked Compounds

RIS

T

R+

LVI
Where Lis O or HIN

R*—(CHy), NH

XLVIIA

Re—(CHa), N

LIV
35
Scheme XVIILA
Formation of Sulfonamides
40
H\ R3S0:C1
. X
N—(CHa), N—Rl ——=>
R()/
45
['Vh. XIII
8]
Il
RS =8 =—=N=—(CH2), N—R!
I S0
O RS
LXI
55
Scheme XVIIIB
Formation of Ureas (R® is Amino)
H
T N=(C=
N—(CHy), N—pi RIZN=C=0 60
RE
IVh. XIIT
29 of 123

HO—CH;—R!

R13

RIS
R4
LI
-continued
Scheme XVIIIB
Formation of Ureas (R” is Amino)
0O
R /IL
NN N—(CHy), N—R!
H |
RS
LXII
Scheme XIXA
General Route to Final Product
Re—(CHz), NH
XLVIIA L
Rl=—X1 — } or
(where Rlis as in I

NXXII A-K or any
other R! is defined
herein)
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Scheme XIXNB
General Route to Final Products (I or IT)

RJ_X'
-N—(CH> i i #-N—(CHa N—R!
PG-N—(CHy), NH Amine Alkylation PG-N—(CHa), R

Xllec Vb
(wherein Rtis as in
XXXII A-Torany
of the other Rl as Deprotection
defined herein)

As in Schemes
- _~ L 1, VI, VIII, X, XI,
Final Products < XVIIA, XVIID
(I or II)

HN—(CH3), N—R!

Kllb

(Example of a protected nitrogen (PG-N) is the t-BuOC=0NH (BOC amino) group, which can be
deprotected under mild conditions, such as anhydrous IICI in dioxanc or neat trifluoroacctic acid).

Scheme XX

Oxidation of sulfur at the end of the reaction sequence

25
Ri6 RI5
Rz 1) HCI* or
RO H*
Ré+-CHz 4 N 7 ("lj("(_l” po 30
\ 2) Selective sulfur
RL-s oxidation
3) base
*Acid pretreatment
R1 RM  protecls basic 35
1 pl[?cm!mc from
oxidation
RIS
40
Re+CH; -
45
R4
o
n=1or2
(R is defined as in Scheme XVILA) 50
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Scheme XXI

Prepamation of Halide Intermediates

Ri6 RIS

RIS

o]
PG-O o/IL Alkyl or aryl)
~—cCc=Cc—~ (A o
[
HO:C z H_ > pGo
b Palladium Catalyst -~
Base
Aprotic Solvent
RE RM All alkenes in this scheme R4
NRKIK may be cis or trans or a mixture. XV
Amide
Formation
RIZNH;
16 15 15
R R o R
PG-0 0 ’JL (Alkyl or aryl
R ~— = —" VAT yh
SN I
H H H __ ~ )
Palladium Catalyst = PGO
Base
Aprotic Solvent
Ri3 R4 R

XL

For example: Palladium catalyst can be PA(PhsP)y,
base can be NaH or bis(trimethylsilyl)acetamide,
aprotic solvent can be THF or DMF or mixtures.
PG- can be organosilyl, such as t-Bu(Ph);Si—,
and deprotection conditions can be n-BuyNF, THFE.

Rlﬁ RIS

Hydrogenation
(for example, Hy—Pd/C)

LXVI

Deprotection

LXVIL

<

HO

LXIX

Halide Formation

RS

R Halo is Cl, Br, [

Halo

KXXIIT
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Halide
Formation

RIS

R

XXXIIK
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Scheme XXII
Preparation of N-Oxides of Formulae [ and II Compounds

Oxidation
(for example, peracid such as
meta-chloroperbenzoic acid) ~
—=

N—R!

In the above Reaction Schemes XII through XXI, the
starting fluorenyl-type acid XXVIII, alcohol XXXV, acids
XXXIX and XLII, ketone XLIV, hydride XXXIXA, and
amide XL groups may be substituted with corresponding
acid, alcohol, ketone, hydride and amide containing fluore-
nyl type groups as set out in A, B, C and D or indenyl-type
groups as set out in E, F, G and/or H to provide an
intermediate compound for use in preparing a compound of
formula I or II of the invention as per Reaction Schemes I
to XXII.

Phthalimide formation (Reaction Schemes I and IV) may
be carried out by heating to about 80° to 150° C. in an oil
bath optionally in an inert solvent or by wvarious other
procedures known in the art.

Reduction (Reaction Scheme 1) may be carried out by
treatment with such reducing agents as zinc in the presence
of acetic acid or tin in the presence of hydrochloric acid
under an inert atmoshphere (e.g., argon).

Isoindolone formation (Reaction Scheme I) may be car-
ried out by heating in the range of about 50° to 150° C. in
an organic solvent (e.g., toluene, cthanol,
dimethylformamide) optionally in the presence of a salt
(e.g., potassium carbonate) or a tertiary amine base (e.g.,
2,6-di-t-butyl-pyridine or tricthylamine).

Amide formation (Reaction Schemes II, VI, VII, VIII, X,
XI, XIVA, XV, XVI, XVIA, XVIB, XVIIA, XVIIB, XXI),
may be carricd out by a number of methods known in the art.
For example, an amine substrate may be treated with (1) an
acid halide R*C(O)halo or compound X or XA in an aprotic
solvent, optionally in the presence of a tertiary amine base
(e.g., triethylamine); (2) the acid halide in the presence of an
aqueous base under Schotten-Baumann conditions; (3) a free
carboxylic acid (R’CO,H) in the presence of a coupling
agent such as dicyclohexylcarbodiimide (DCC), diisopropyl
carbodiimide (DIC) or 1-(3-dimethylamino-propyl)-3-
ethylcarbodiimide hydrochloride (WSC), optionally in the

presence of 1-hydroxybenzotriazole (HOBT); (4) the [ree s

acid in the presence of N, N-carbonyl-diimidazole in an
aprotic organic solvent followed by the amine substrate; (5)
trialkylaluminum (e.g., AI(CH;);) in an aprotic solvent,
followed by an ester (e.g., R*CO,alkyl or compound VIII) or

(6) mixed anhydride formation, by reacting the acid with an

acid chloride (e.g., isobutyl chloroformate or bis-(2-oxo0-3-
oxazolidinyl)-phosphinic chloride (Bop-Cl)) in the presence
of a tertiary amine base (e.g., triethylamine) followed by
treatment with the amine substrate.

Mesylate formation (Reaction Scheme II) may be carried
out by treatment of the amine-alcohol substrate with meth-
ancsulfonyl chloride and tricthylamine or pyridine or in an
aprotic solvent, such as dichloromethane.

Base cyclization (Reaction Schemes 11, VIII, XXII) may
be carried out by treatment with a base (e.g., potassium
t-butoxide, lithium hexamethyl-disilazide (LiN(TMS),) or
sodium hydride) in an inert solvent (e.g.,
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dimethylformamide, tetrahydrofuran, dimethoxymethane,
or toluene). Mitsunobu cyclization (Reaction Scheme II)
may be carried out by procedures generally known in the art.
See, e.g., R. K. Olsen, J. Org. Chem., 49, 3527 (1984);
Genin, M. 1., et al., J. Org. Chem., 58, 2334-7 (1993).

Alternatively, a mixture of compounds IV and VIII can be
converted to compound Ia in a single pot by heating the
mixture in a protic solvent (e.g., water, methanol, ethenyl or
isopropanol or mixtures thereof) at 100° to 200° C. See, e.g.,
European patent application 81/26,749, FR 2, 548,666
(1983).

Protection and deprotection (Reaction Schemes 111, IV, V,
XVI, XVIB, XIXB, XXI) may be carried out by procedures
generally known in the art. See, for example, T. W. Greene,
Protecting Groups in Organic Synthesis, Second edition,
1991. PG in Scheme V denotes a nitrogen-prolecting group.
One particularly useful group is tert-butoxy-carbonyl (BOC)
which can be derived from the associated anhydride as
shown in Scheme V. BOC-protected amines may typically
be deprotected by treatment with acid (e.g., trifluoroacetic
acid or hydrochloric acid) in procedures well understood by
those having ordinary skill in the art.

Hydrogenolysis (Reaction Schemes III, IV, V) may be
carried out with H, using a balloon apparatus or a Parr
Shaker in the presence of a catalyst (e.g., pallladium on
activated carbon).

Amine/Amide alkylation and arylation (Reaction
Schemes I1I, [V, V, IX, XII, XIXA, XIXB) may be carried
out by methods known in the art. Suitable procedures are
described in Cortizo, L., J. Med. Chem. 34, 2242-2247
(1991). For example, the alkylation or arylation may be
carried out by treating the amine substrate with a halide
(¢.g., R*-halo) or an oxytosylate (e.g., R'-O-tosylate) in an
aprotic solvent (e.g., dimethylformamide), optionally in the
presence ol a tertiary amine (e.g., tricthylamine), an inor-
ganic base (e.g., potassium carbonate, Nal), or lithium
hexamethyl-disilazide).

Reductive amipation may be employed as an alternative
to the foregoing amine alkylation and arylation procedures
where W is H,H when R, R® or R7 is R°R'°CH— and R®
and R are cach independently hydrogen, alkyl, alkenyl,
aryl, heteroaryl, arylalkyl, heteroarylalkyl, cycloalkyl, or
cycloalkylalkyl, or R® and R together are alkylene (i.c.,
R°R'PCH— forms a cycloalkyl group). Such reductive
amination may be carried out by treating the amine with (a)
a ketone or aldehyde (R°—C(0)—R'%), (b) NaBH,,
NaBH,CN or NaB(acetoxy);H, (c) a protic solvent (e.g.,
methanol) or a dipolar aprotic solvent (e.g., acetonitrile),
and, optionally, (d) an acid (e.g., acetic acid, trifluoroacetic
acid, hydrochloric acid, or titanium isopropoxide). When R*
is aryl or heteroaryl, transition metals (e. g., palladium or
copper salts or complexes) may be used to promote the
arylation reaction.

Alkylation of the isoindolone (Reaction Scheme X) may
be carried out by treatment of the isoindolone with a strong,
base (i.e. sodium bis(trimethylsilyl)-amide or lithium
diisopropylamide) followed by an alkyl halide (¢.g. R®-halo)
or alkyl sulfonate (e.g. R®-tosylate) in an inert solvent (e.g.
tetrahydrofuran or dimethoxyethane). Alternatively, as seen
in Scheme X, amine IVb can be treated under amide
formation conditions with a ketone with the structure XB to
provide a hydroxylactam XXV, which could be subjected to
reduction conditions with such reducing agents as zinc in
acetic acid or triethylsilane in trifluoroacetic acid to give 1%

Hydrazinolysis of phthalimides may be carried out by
standard means known in the art. See, e.g., T. W. Greene,
Protecting Groups in Organic Synthesis, Second edition,
1991.
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Amide N-alkylation (Reaction Scheme VI) may be car-
ried out by base treatment (e.g., NaH, KH, KN[Si(CH,);].,
K,COj,, P4-phosphazene base, or butyl lithium) in an aprotic
organic solvent, followed by treatment with R°-halo or
R®-O-tosylate. Use of P-phosphazene base is described in T,
Pietzonka, D. Seebach, Angew Chem. Int. Ed. Engl. 31,
1481, 1992.

Compound IIT can also be prepared from compound XX
as described by Cortizo, L., J. Med. Chem. 34, 2242-2247
(1991).

Dehydration (Scheme VIII) may be carried out employing
a strong acid such as hydrochloric acid, sulfuric acid or
trifluoroacetic acid.

Hydrogenation (Scheme VILI) may be carried out in the
presence of a conventional catalyst such as Pd/C or Pt or Rh
under a H, atmosphere.

The addition reaction shown in Scheme 1X may be carried
out by treating IA* with an organometallic reagent XXIV,
such as an organolithium or organic magnesium compound
where organo is alkyl or aryl.

The deoxygenation or hydrogenation reaction (Scheme
IX) is carried out in the presence of a strong acid such as
trifluoroacetic acid or boron trifluoride etherate, in the
presence of a hydride source such as triethyl silane or
tris(trimethylsilyl)silane.

The alkylation in Schemes XII, XIII, XIV, XVI, XVIA,
XVIB is carried out in the presence of base such as butyl-
lithium or sodium bis(trimethylsilyl)-amide. It will be appre-
ciated that R'® in R"™Q may be any of the R'> groups as
defined hereinbefore.

Alternatively, the alkylation in the above Schemes can be
performed where either or both Z' or Z* is a bond, using a
palladium catalyzed allylic alkylation procedure. In this
reaction, the fluorenyl-type or indenyl-type precursors
(compounds XXVIII, XXXVI, XXXVII, XXXIX, XL,
XLVII) are reacted with a base (sodium hydride, sodium
bis(trimethylsilyl)amide or bis(trimethylsilyl)acetamide), a
palladium catalyst (for example Pd(Ph),) and an allylic
acetate

[CH;('D;CHg—CH:CH—i or CH;CO,CH—CH=CH;)

in an inert solvent (for example THF). This reaction is to
introduce either -R** (Scheme XII) or -R"™-X" (Schemes
XIII, X1V, XVI, XVIA) or -R"-OPG (Scheme XVIB,
Scheme XXI). The product of this reaction contains either an
-R*? group or an -R™-X* group (or an -R™-OPG group)
which begins with

—CH,—CH=CH—{

Saturation of the alkene in R™ or R'* can be accomplished
by standard catalytic hydrogenation conditions.

With respect to Scheme XII, the LiAIH, reduction, Swern
oxidation, Wittig olefination and halogenation/sulfonation
reactions are conventional reactions well known to those
skilled in the art.

The sulfur oxidation in Schemes XIII, XVI and XVIII is
carried out as follows.

Sulfides of structures XXX VI, XXXVIII, XXXIIIE and I
can be selectively oxidized to sulfoxides by 1 molar equiva-
lent of reagents known in the art, such as 30% H,0,, NalO,,
and peracids (e.g., metachloroperbenzoic acid). The result-
ing sulfoxides can be further transformed to corresponding
sulfones by another molar equivalent or excess of 30%
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H,0,, KMnO,, KHSO,, or peracids (e.g., metachloroper-
benzoic acid). Alternatively, the sulfones can be directly
prepared from sulfides with 2 molar equivalents or more of
oxidizing agents, such as 30% H,O, and peracids (e.g.,
metachloroperbenzoic acid). In cases where an amine (such
as an azetidine in 1°) is present during the oxidation, the
basic nitrogen may be protected by pretreatment with an
acid such as HCI or CF,CO,H (see Scheme XIX).

To prepare examples where Z' or Z* is —CHOH, the
compounds I and II where Z' or Z* is C=0 can be reduced
with a hydride reagent, for example NaBH,,.

Preparation of the protected aminoazetidine starting mate-
rial IVd (Scheme (1)) can be performed by reaction of the
known methanesulfonate (Anderson and Lok, J. Org. Chem.
1972, 37, 3053-3955) with ammonia via the procedure of
Frigola, et al, J. Mecd. Chem. 1995, 38, 1203-1215.
Alternatively, compound 1Vd can be prepared via the pro-
cedure of Nisato and Frigerio, U.S. Pat. No. 4,943,641.

Preparation of the aminomethylazetidine starting material
IVe may be accomplished as described in J. Org. Chem.
1972, 37, 3953-3955.

The compounds of the invention may be employed in
preventing, stabilizing or causing regression of atheroscle-
rosis in a mammalian species by administering a therapeu-
tically effective amount of a compound to decrease the
activity of MTP.

The compounds of the invention can be tested for MTP
inhibitory activity employing the procedures set out in U.S.
application Ser. No. 117,362 filed Sep. 3, 1993, U.S. Pat No.
5,595,872 employing MTP isolated from one of the follow-
ing sources:

(1) bovine liver microsomes,

(2) HepG, cells (human hepatoma cells) or

(3) recombinant human MTP expressed in baculovirus.

The compounds of the invention may also be employed in
lowering serum lipid levels, such as cholesterol or triglyc-
eride (TG) levels, in a mammalian species, by administering
a therapeutically effective amount of a compound to
decrease the activity of MTP.

The compounds of the invention may be employed in the
treatment of various other conditions or diseases using
agents which decrease activity of MTP. For example, com-
pounds of the invention decrease the amount or activity of
MTP and therefore decrease serum cholesterol and TG
levels, and TG, fatty acid and cholesterol absorption and
thus are useful in treating hypercholesterolemia,
hypertriglyceridemia, hyperlipidemia, pancreatitis, hyperg-
lycemia and obesity.

The compounds of the present invention are agents that
decrease the activity of MTP and can be administered to
various mammalian species, such as monkeys, dogs, cats,
rats, humans, etc., in need of such treatment. These agents
can be administered systemically, such as orally or parenter-
ally.

The agents that decrease the activity or amount of MTP
can be incorporated in a conventional systemic dosage [orm,
such as a tablet, capsule, elixir or injectable formulation. The
above dosage forms will also include the necessary physi-
ologically acceptable carrier material, excipient, lubricant,
buffer, antibacterial, bulking agent (such as mannitol), anti-
oxidants (ascorbic acid or sodium bisulfite) or the like. Oral
dosage forms are preferred, although parenteral forms are
quite satisfactory as well.

The dose administered must be carefully adjusted accord-
ing to the age, weight, and condition of the patient, as well
as the route of administration, dosage form and regimen, and
the desired result. In general, the dosage forms described
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above may be administered in amounts of from about 5 to
about 500 mg per day in single or divided doses of one to
four times daily.

The following Examples represent preferred embodi-
ments of the invention. All temperatures are in °C. unless
indicated otherwise.

EXAMPLE 1
N-(2,2,2-Trifluoroethyl)-9-[ 5-[ 3 [[ 4'-(trifluoromethyl)[ 1,
1"-biphenyl]-2-yl]carbonyl]amino J-1-azetidinyl Jpenty1]-9H-
fluorene-9-carboxamide, monohydrochloride

.HCl

Ph A.
>— N OH
Ph

A mixture of epichlorohydrin (19.6 mL, 0.25 mol), ben-
zhydrylamine (43.1 mL, 0.25 mol) and methanol (100 mL)
was stirred at RT for 3 days and then refluxed for 2 days. The
methanol was removed (reduced pressure) and the residue
was washed with acetone (4x150 mL). After drying under
high vacuum, a white solid was obtained (37.4 g, 54%). The
product (10 g, 41.7 mmol) was partitioned between ethyl
ether and 1N NaOH solution and removal of the solvent
from the dried ethereal solution gave title compound (8.5 g,
97%) as a white solid (m.p. 108°-110° C.).

Ph

Ph

To a stirred solution of Part A compound (5.0 g, 20.8
mmol) and triethylamine (4.61 mL., 33.3 mmol) in dichlo-
romethane (35 mL) at 0° C. was added dropwise a solution
of methanesulfonyl chloride (2.42 mlL, 31.2 mmol) in
dichloromethane (15 mL.). The reaction was stirred at 0° C.
for 10 min. The reaction was washed with water (2x10 mL),
brine (2x10 mL) and dried over MgSO,. Evaporation gave

title compound (6.6 g, 100%) as an off-white waxy solid.
Ph C.
N NH;
Ph

A mixture of Part B compound (6.5 g, 20.4 mmol),
2-propanol (40 mL) and ammonium hydroxide (30%, 24
mL, 200 mmol) was heated at 70° C. for 2 hr. The solvent
was removed in vacuo, and the resulting solution was
alkalinized with sodium carbonate and extracted with
dichloromethane. Evaporation gave a yellow oil. Purifica-
tion was performed by flash chromatography on silica gel
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(500 g), loaded and eluted with 2% methanol in dichlo-
romethane containing 0.5% ammonium hydroxide. Pure
fractions were combined and evaporated to give title com-
pound (2.0 g, 41%) as a pale yellow oil.

CF; D.

A mixture of Part C compound (320 mg, 1.34 mmol),
4'-(trifluoromethyl)-2-biphenylcarboxyvlic acid (392 mg,
1.47 mmol), 1-hydroxybenzotriazole hydrate (181 mg, 1.34
mmol), ethyl-3-(3-dimethylamino)-propyl carbodiimide
hydrochloride (334 mg, 1.74 mmol) and triethylamine (0.19
mL, 1.34 mmol) in dichloromethane (10 mL) was stirred at
RT overnight. The reaction was diluted with dichlo-
romethane (30 mL) and the solution was washed with water
(2x15 mL), saturated sodium bicarbonate (2x15 mL), brine
(2x15 mL) and dried over MgSO,. Purification was per-
formed by flash chromatography on silica gel (50 g), loaded
and eluted with 1.5% methanol in dichloromethane contain-
ing 0.2% ammonium hydroxide. Pure fractions were com-
bined and evaporated to give title compound (620 mg, 95%)
as a white solid (m.p. 156°-160° C.).

CF; E.

HN N

HOAc

A mixture of Part D compound (280 mg, 0.58 mmol),
acetic acid (33 uL, 0.58 mmol) and 10% palladium on
carbon (50 mg) was hydrogenated on a Parr shaker at RT and
50 psi overnight. ‘The mixture was filtered through Celite
and the filtrate was evaporated to dryness to give title
compound (200 mg) as an off-white solid which was carried
on without purification.

Br

To a solution of 9-fluorenecarboxylic acid (10 g, 47.6
mmol) in THE (200 mL) at 0° C. was added dropwise a
solution of n-butyllithium (2.5M, 42 mL, 105 mmol) in THF.
The yellow reaction was stirred at 0° C. for 30 min., then
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1,5-dibromopentane (16.8 mL, 124 mmol) was added drop-
wise over 30 min. The reaction was stirred at 0° C. for 30
min, then the reaction was warmed to RT for 30 h. The
reaction was extracted with water (3x100 mL) and the
combined aqueous layers were extracted with ethyl ether
(2x100 mL). The aqueous layer was made acidic with 1N
HCI solution, then extracted with dichloromethane (3x150
mL). The combined organic layers were dried over MgSO,,.
Evaporation gave a crude white solid (15.7 g). To a solution
of the crude acid and DMF (20 gl.) in CH,CL, (200 mL.)
under argon at 0° C. was added oxalyl chloride (35.7 mL,
2.0M in CH,CL, 71.4 mmol) dropwise. The reaction was
stirred at 0° C. for 10 min, then warmed to RT and stirred for
1.5 h. The reaction was concentrated in vacuo to give the
crude acid chloride as a yellow oil. To a suspension of
2,2, 2-trifluoroethylamine hydrochloride (6.45 g, 47.6 mmol)
in CH,Cl, (150 mL) at 0° C. under argon was added
triethylamine (14.5 mL, 105 mmol) followed by dropwise
addition of a solution of the crude acid chloride in CH,Cl,
(15 mL). The reaction was stirred at 0° C. for 1 h, diluted
with CH,Cl, (300 mL), and washed with water (2x100 mL),
IN HCI (2x100 mL), saturated NaHCO; (2x100 mL), and
brine (2x100 mL), then dried over MgSO,. Evaporation
gave 17 g of a oil which was purified by flash chromatog-
raphy on silica gel (1.5 kg). The crude product was loaded
in a mixture of CH,Cl, and hexane, and eluted with 15%
ethyl acetate/hexane. Pure fractions were combined and
evaporated to give the title compound (14.7 g, 72%) as a
white solid (m.p. 92°-96° C.).

G.

CF;

HCI N

Amixture of Part E compound (200 mg, 0.63 mmol), Part
F compound (266 mg, 0.63 mmol) and K,CO, (95 mg, 0.70

mmol) in DMF (5 mL) was stirred at 50° C. for 16 h. The

reaction was evaporated and the residue was partitioned
between dichloromethane (60 ml.) and water (20 mL.). The
organic layer was dricd over sodium sulfate, then concen-
trated in vacuo to give a yellow oil, which was chromato-

graphed (2.5% methanol in dichloromethane containing $

0.5% ammonium hydroxide) on silica gel (40 g). Pure
fractions were combined and evaporated to give a colorless
oil (125 mg, 56%). The product was dissolved in MeOH (2
mL), then 1.1M HCI in ethyl ether (1 mlL.) was added. The
reaction was stirred at RT for 10 min. The solution was
evaporated and dried under vacuum to give title compound
(125 mg, 96%) as a white solid (m.p. 104°-109° C.).

MS (ES, +ions): m/z 680 (M+H).

Anal. Caled for CiHasF N,O,41.5 HCl+1.1 H,0: C,
60.52; H, 5.17; N, 5.57; Cl, 7.05 Found: C, 60.56; H, 5.05;
N, 5.66; Cl, 7.24.
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EXAMPLE 2
9-[5-[3-(Benzoylamino)-1-azetidinyl]pentyl]-N-(2,2,2-
trifluoroethyl)-9H-fluorene-9-carboxamide, monohydro-
chloride

Following the procedure in Example 1 except substituling
benzoic acid for 4'-(trifluoromethyl)-2-biphenylcarboxylic
acid, title compound was prepared as a white solid.

m.p. 89°-94° C.; MS (LS, +ions): m/z 536 (M+I1).

Anal. Caled for Cy,11,,F3N;0,+1.3 HCl+1.1 ILO: C,
61.77; H, 5.94; N, 6.97; F, 9.45; Cl, 7.65 Found: C, 61.60;
H, 5.61; N, 6.92; F, 9.57; Cl, 7.81.

EXAMPLE 3

N-(2,2,2-Trifluoroethyl)-9-[4-[3-[[[[4'-(trifluoromethyI)[ 1,
1'-biphenyl]-3-yl]carbonyl]amino]methyl]-1-azetidinyl]
butyl]-9H-fluorene-9-carboxamide, monohydrochloride

CFs

Ph A
} N CN
Ph

A mixture of Example 1 Part B compound (5.0 g, 15.7
mmol) and sodium cyanide (3.85 g, 78.6 mmol) in DMSO
was stirred at 60° C. for 1 h. then warmed to 90° C. Stirring
was continued overnight. The reaction was cooled to RT.
Dichloromethane (300 mL) was added and the solution was
washed with water (2x50 ml.), brine (2x50 ml.) and dried
over MgS0,. Evaporation gave a brown solid. Purification
was performed by flash chromatography on silica gel,
loaded and eluted with 15% ethyl acetate in hexane. Pure
fractions were combined and evaporated to give title com-
pound (2.5 g, 66%) as a white solid (m.p. 151°-155° C.).
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NH2
Ph

To a solution of Part A compound (1.2 g, 4.82 mmol) in
THF (15 mL) at 0° C. was added dropwise 1.0M lithium
aluminum hydride in THF. After addition, the reaction was
warmed to RT and stirring was continued overnight. A 15%
sodium hydroxide solution (15 mL) was added and the
mixture was stirred at RT for 4 h. The resulting mixture was
filtered through Celite and the filtrate was extracted with
ethyl acetate (3x50 mL). The organic layer was washed with
water (2x30 mL), brine (2x30 mL) and dried over MgSO,.
Evaporation gave title compound (1.05 g, 86%) as a color-
less oil.

CFs .
8]
>N I
:>ﬁ HN

Following the procedure in Example 1 Part D, Part B
compound (500 mg, 1.98 mmol) was reacted with 4'-
(trifluoromethyl)-2-biphenylcarboxylic acid (580 mg, 2.18
mmol) to give title compound (720 mg, 73%) as a white
solid (m.p. 191°-195° C)).

O
HN
HN

HOAc

CFz D

Following the procedure in Example 1 Part E, Part C
compound (280 mg, 1.44 mmol) was rcacted to give title
compound (220 mg, 46%) as an off-white solid which was
carried on without purification.

Br
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-continued

‘ OH

Br

To a solution of 9-fluorenecarboxylic acid (50 g, 240
mmol) in THF (1200 mL) at 0° C. was added dropwise a
solution of n-butyllithium (2.5M, 211 mL, 530 mmol) in
THF. The yellow reaction was stirred at 0° C. for 1 h, then
1,4-dibromobutane (31.3 mL, 260 mmol) was added drop-
wise over 30 min. The reaction was stirred at 0° C. for 30
min, then the reaction was warmed to RT for 30 h. The
reaction was extracted with water (3x750 mL). The com-
bined aqueous layers were extracted with ethyl ether (800
mL). The aqueous layer was made acidic with HCI solution
(1IN, 500 mL), then extracted with dichloromethane (3x750
mlL). The combined organic layers were dried over MgSQO,,.
Evaporation gave title compound (71 g, 85%) as a white
solid.

E(2).

CFs

T Z

Br

To a solution of Part E(1) acid (60 g, 173 mmol) and DMF
(100 L) in CH,CL, (600 mL) under argon at 0° C. was
added oxalyl chloride (104 mL, 2.0M in CH,Cl,, 208 mmol)
dropwise. The reaction was stirred at 0° C. for 10 min, then
warmed to RT and stirred for 1.5 h. The reaction was
concentrated in vacuo to give the crude acid chloride as a
yellow oil. To a suspension of 2,2,2-trifluoroethylamine
hydrochloride (25.9 g, 191 mmol) in CH,Cl, (500 mL) at 0°
C. under argon was added triethylamine (73 mL, 521 mmol)
followed by dropwise addition of a solution of the crude acid
chloride in CH,CL, (15 mL). The reaction was stirred at 0°
C. for 1 h, diluted with CH,Cl, (500 mL), and washed with
walter (2x300 mL), 1N HCI (2x300 mL), saturated NaHCO;
(2x300 mL), and brine (2x300 mL), then dried over MgSO,.
Evaporation gave 80 g of a oil which was purified by flash
chromatography on silica gel (2.5 kg). The crude product
was loaded in a mixture of CH,Cl, and hexane, and eluted
with a step gradient of 10% EtOAc/hexane (4L) to 15%
EtOAc/hexane (2L) to 20% EtOAc/hexane (4L). Pure frac-
tions were combined and evaporated to give title compound
(52.5 g, 71%) as a white solid (mp 88°-92° C.).

F. N-(2,2,2-Trifluoroethyl)-9-[4-[3-[[[[4'-
(trifluoromethyl)[1,1'-biphenyl]-3-yl]-carbonyl]amino]
methyl]-1-azetidinyl]butyl]-9H-fluorene-9-carboxamide,
monohydrochloride

Following the procedure in Example 1 Part D compound
(220 mg, 0.32 mmol) was reacted with Part E compound
(138 mg, 0.32 mmol) to give title compound (205 mg, 36%)
as a white solid (m.p. 79°-83° C.).
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MS (ES, +ions): m/z 680 (M+H).
Anal. Caled for C;gHyFN;O,42.0 HCI+2.0 H,O: C,
58.54; H, 5.17; N, 5.39; Cl, 9.09 Found: C, 58.61; H, 5.03;
N, 5.29; Cl, 9.10.

EXAMPLE 4
9-[4-[3-[(Benzoylamino)methyl]-1-azetidinyl]butyl]-N-(2,
2,2-trifluoroethyl)-9H-fluorene-9-carboxamide, monohy-
drochloride

>
>

>

To a solution of Example 3 Part B compound (500 mg,
1.98 mmol), tricthylamine 0.4 mL, 2.97 mmol) in dichlo-
romethane (10 mL) at 0° C. was added dropwise a solution
of benzoyl chloride in dichloromethane (1 mL). The reaction
was stirred at 0° C. for 10 min. Ethyl acetate (50 mL) was
added abd the solution was washed with water (2x30 mL),
brine (2x30 mL) and dried over MgSO,,. Evaporation gave
a yvellow oil. Purification was performed by flash chroma-
tography on silica gel, loaded and eluted with 2% methanol
in dichloromethane. Pure fractions were combined and
evaporated to give title compound (420 mg, 62%) as a
colorless oil.

HN
HOAc

Following the procedure in Example 1 Part E, Part A
compound (420 mg, 1.19 mmol) was reacted to give title

compound (200 mg, 88%) as a colorless oil which was 3

carried on without purification.

C. 94{44{3{(Benzoylamino)methyl]-1-azetidinyl Jbutyl]-
N-(2,2,2-trifluoroethyl)-9H-fluorene-9-carboxamide, mono-
hydrochloride

Following the procedure in Example 1 Part G, Part B
compound (161 mg, 0.85 mmol) was reacted with Example
3 Part £ compound (361 mg, 0.85 mmol) to give title
compound (150 mg, 28%) as a white solid (m.p. 91°-96°
C.).

MS (ES, +ions): m/z 536 (M+H).

Anal. Caled for C;;,H;;F;N;0,+HCI+2.4 H,0: C, 60.69;
H, 6.18; N, 6.85 Found: C, 61.09; H, 5.91; N, 6.35.
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EXAMPLE 5
N-(2,2,2-Trifluoroethyl)-9-[4-[3-[[[4'-(trifluoromethyl)
[1,1'-biphenyl]-2-yl]carbonyl]amino]-1-azetidinyl]butyl]-
9H-fluorene-9-carboxamide, monohydrochloride
5

Following the procedure in Example 1, Example 3 Part E
compound was substituted for Example 1 Part F compound
to give title compound as a white solid.

m.p. 93°-96° C. MS (ES, +ions): m/z 666 (M+H).

EXAMPLE 6
9-[4-[3-(Benzoylamino)-1-azetidinyl]butyl]-N-(2,2,2-

trifluorocthyl)-9H-fluorene-9-carboxamide, monohydro-
chloride

35

40

45

Following the procedure in Example 5 except substituting
benzoic acid for 4'-(trifluoromethyl)-2-biphenylcarboxylic
acid, title compound was prepared as a white solid.

m.p. 91°-95° C. MS (ES, +ions): m/z 522 (M+H).

Anal. Caled for CyH5FsN;OL+1.4 HCI+1.5 H,O: C,
60.09; H, 5.78; N, 7.01; F, 9.50; Cl, 8.28 Found: C, 60.15;
H, 5.59; N, 7.18; F, 9.13; Cl, 8.67.
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EXAMPLES 20 to 202 i i CH, i
TABLE A H CH3 H S
R o ~
R¢ 55 sem, H H H
. N H H OCH, H
N N—RL H H t SCH,
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where R™ is
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CgHs
(a) . b) Y\.z/\< H H H f—CHz—q
Colls, Colls, 65
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Example 283:
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Additional compounds falling within the scope of the Substituents for ecach example are identified in the table
present invention are described by the following structures. following each structure.
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Example of R

EXAMPLE 337 EXAMPLE 339
cis-9-[4-[3-(2,3-Dihydro-1H-isoindol-2-yl)-1-azetidinyl]
butyl]-N-propyl-9H-fluorene-9-carboxamide, N-oxide

EXAMPLE 338 65 9-[4-[[3-[(1,1-Dimethylethoxy)carbonyl]amino]-1-
2-[1-[4-[9-(Butylsulfonyl)-9H-fluoren-9-yl]butyl]-2- azetidinylJbutyl]-2,7-difluoro-N-(2,2,2-trifluoroethyl)-9H-
azetidinyl]-2,3-dihydro-1H-isoindol-1-one fluorene-9-carboxamide
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EXAMPLE 340
9-[4{3-[(2-Phenoxybenzoyl)amino]-1-azetidinyl]-butyl]-
N-(2,2,2-trifluoroethyl)-9H-fluorene-9-carboxamide, mono-
hydrochloride

EXAMPLE 341
9-[4-[[3-(Benzoylamino)-1-azetidinyl |butyl]-2,7-difluoro-
N-(2,2,2-trifluoroethyl)-9H-fluorene-9-carboxamide

EXAMPLE 342
9-[4-[[3-(1,3-Dihydro-1,3-dioxo-2H-isoindol-2-yI)-1-
azetidinyl Jbutyl]-2,7-difluoro-N-(2,2,2-trifluoroethyl)-9H-
fluorene-9-carboxamide

EXAMPLE 343
2,7-Difluoro-9-[4-[[3-[(2-phenoxybenzoyl)amino]-1-
azetidinyl]butyl]-N-(2,2,2-trifluoroethyl)-9H-fluorene-9-
carboxamide

EXAMPLE 344
9-[4-[3-(Benzoylamino)-1-azetidinyl]butyl]-N-(2,2,2-
trifluoroethyl)-9H-fluorene-9-carboxamide, monohydro-
chloride

EXAMPLE 345
2,3-Dihydro-2-[1-[4-[9-(1-oxopentyl)-9H-fluoren-9-vl1]
butyl]-2-azetidinyl]-1H-isoindol-1-one, monohydrochloride

EXAMPLE 346
2,3-Dihydro-2-{1-(1-0x0-3,3-diphenylpropyl)-2-azetidinyl]
-1H-isoindol-1-one

EXAMPLE 347
[1-[4-[9{(Propylamino)carbonyl]-9H-fluoren-9-y1]-butyl]-
2-azetidinyl Jecarbamic acid, phenylmethyl ester, monohy-
drochloride

EXAMPLE 348
9-[4-[3-(2,3-Dihydro-1-oxo-1H-isoindol-2-y1)-1-azetidinyl]
butyl]-N-(2,2,2-trifluoroethyl)-9H-fluorene-9-carboxamide,
hydrochloride salt

EXAMPLE 349
9{4{3-(2,3-Dihydro-1-oxo-1H-isoindol-2-y1)-1-azetidinyl]
butyl]-N-(2,2,2-trifluoroethyl)-9H-fluorene-9-carboxamide,
hydrochloride salt
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EXAMPLE 350
9-[4-3-(Benzoylamino)-1-azetidinyl Jbutyl]-N-propyl-9H-
fluorene-9-carboxamide

EXAMPLE 351
9-[4-[3-(1,3-Dihydro-1,3-dioxo-2H-isoindol-2-vI)-1-
azetidinyl]-butyl]-N-propyl-9II-fluorene-9-carboxamide

EXAMPLE 352
9-[4-3-(2,3-Dihydro-1-ox0-1H-isoindol-2-y1)-1-azetidinyl ]
butyl]-N-(2,2,3,3,4,4 4-heptafluoro-butyl)-9H-fluorene-9-
carboxamide, monohydrochloride

EXAMPLE 353
9-[4-[[3-[(1,1-Dimethylethoxy)carbonyl]amino]-1-
azetidinylJbutyl]-3,6-difluoro-N-(2,2,2-trifluorocthyl)-9H-
fluorene-9-carboxamide

EXAMPLE 354
1{43-(1,3-Dihydro-1-oxo-2H-isoindol-2-y1)-1-azetidinyl ]
butyl]-2-methyl-N-(2,2,2-trifluoroethyl)-1H-indene-1-
carboxamide

EXAMPLE 355
9[43-(1,3-Dihydro-1-oxo-2H-isoindol-2-y1)-1-azetidinyl ]
buiyl]-N-(2,2,3,3,3-pentafluoropropyl)-9H-fluorene-9-
carboxamide, monohydrochloride

EXAMPLE 356
1{4-[3-(1,3-Dihydro-1-oxo-2II-isoindol-2-y1)-1-azetidinyl ]
butyl]-N-(2,2,2-trifluoroethyl)-1H-indene- 1-carboxamide

EXAMPLE 357
9-[4-[3-(Benzoylamino)-1-azetidinylJbutvl]-3,6-difluoro-
N-(2,2,2-trifluoroethyl)-9H-fluorene-9-carboxamide

EXAMPLE 358
3,6-Difluoro-9-[4-[3-[(2-phenoxybenzoyl)amino]-1-
azetidinyl Jbutyl]-N-(2,2,2-trifluoroethyl)-9H-fluorene-9-
carboxamide

Please note that in the Examples 359 to 475 for structures
bearing only two single bonded substituents to nitrogen, the
third substituent is always hydrogen, but it is not shown
explicitly in the structures. Also, please note that in the
Examples 359 to 475 for structures bearing oxygen and
sulfurs with only one single bonded substituent, the second
substituent is always hydrogen, but is not shown explicitly
in the structures.
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EXAMPLE 476

9-[4-[3-[(Phenoxycarbonyl)amino]-1-azetidinyl]-butyl]-N-
(2,2,2-trifluoroethyl)-9H-fluorene-9-carboxamide, monohy-

drochloride

What is claimed is:
1. A compound which has the structure

R
N—(CHy), N—RI,
Re
where Q is
O O
I Il
—C= or =—5—;
Il
O

R! is a fluorenyl-type group of the structure

R

or

R4

5,885,983
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-continued
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R! is an indenyl-type group of the structure

R13 E

or

—Ril—71

RIZ—7?
RS2

(),

(a=2,30r4)

Ri3 R4 F

or

—RIl—71
RiZ—72 Rlba

Rlsa

G

or

R15a

Z' and Z* are the same or different and are independently

a bond, O, S,

S H
I , —NH—C—, —N—~C—, —C— or —C—,
o} Il | Il Il I

2 (o] alkyl © [e] OH

with the proviso that with respect to B, at least one of
Z' and Z7 will be other than a bond; R is alkylene,
alkenylene or alkynylene of up to 10 carbon atoms;
arylene or mixed arylene-alkylene; R'® is hydrogen,
alkyl, alkenyl, aryl, haloalkyl, trihaloalkyl,
trihaloalkylalkyl, heteroaryl, heteroarylalkyl, arylalkyl,
arylalkenyl, cyclo-alkyl, aryloxy, alkoxy, arvlalkoxy or
cycloalkyl-alkyl, with the provisos that

(1) when R** is H, aryloxy, alkoxy or arylalkoxy, then Z*

s

—NH—C—, —N——C—, —C—
Il | Il Il
0 alkyl © o}

or a bond and

30

35

40

45

50

55

60
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(2) when Z* is a bond, R'™ cannot be heteroaryl or
heteroarylalkyl;

Zisbond, O, S, N-alkyl, N-aryl, or alkylene or alkenylene
from 2 to 5 carbon atoms; R*3, R*, R**, and R¢ are
independently hydrogen, alkyl, halo, haloalkyl, aryl,
cycloalkyl, cyclo-heteroalkyl, alkenyl, alkynyl,
hydroxy, alkoxy, nitro, amino, thio, alkylsulfonyl,
arylsulfonyl, alkylthio, arylthio, aminocarbonyl,
alkylcarbonyloxy, arylcarbonylamino,
alkylcarbonylamino, arylalkyl, heteroaryl, heteroaryla-
lkyl or aryloxy;

R'* and R'®* are independently hydrogen, alkyl, halo,
haloalkyl, aryl, cycloalkyl, cycloheteroalkyl, alkenyl,
alkynyl, alkoxy, alkylsulfonyl, arylsulfonyl, alkylthio,
arylthio, aminocarbonyl, alkylcarbonyloxy,
arylcarbonylamino, alkylcarbonylamino, arylalkyl,
heteroaryl, heteroarylalkyl, or aryloxy;

R? is independently alkyl, alkenyl, alkynyl, arvl, alkoxy,
aryloxy, arylalkoxy, heteroaryl, arylalkyl,
heteroarylalkyl, cycloalkyl, cycloalkylalkyl,
polycycloalkyl, polyeycloalkylalkyl, cycloalkenyl,
cycloheteroalkyl, heteroaryloxy, cycloalkenylalkyl,
polycycloalkenyl, polycycloalkenylalkyl,
heteroarylearbonyl, amino, alkylamino, arylamino,
heteroarylamino, cycloalkyloxy, cycloalkylamino, all
optionally substituted through available carbon atoms
with 1, 2, 3 or 4 groups selected from hydrogen, halo,
alkyl, haloalkyl, alkoxy, haloalkoxy, alkenyl, alkynyl,
cycloalkyl, cycloalkylalkyl, cycloheteroalkyl,
cycloheteroalkylalkyl, aryl, heteroaryl, arylalkyl,
aryleycloalkyl, arylalkenyl, arylalkynyl, aryloxy,
aryloxyalkyl, arylalkoxy, arylazo, heteroaryloxo,
heteroarylalkyl, heteroarylalkenyl, heteroaryloxy,
hydroxy, nitro, cvano, amino, substituted amino, thiol,
alkylthio, arylthio, heteroarylthio, arylthioalkyl,
alkylcarbonyl, arylcarbonyl, arylaminocarbonyl,
alkoxycarbonyl, aminocarbonyl,
alkynylaminocarbonyl, alkylaminocarbonyl,
alkenylaminocarbonyl, alkylcarbonyloxy,
arylcarbonyloxy, alkylcarbonylamino,
arylcarbonylamino, arylsulfinyl, arylsulfinylalkyl,
arylsulfonyl, alkylsulfonyl, arylsulfonylamino,
heteroarylcarbonylamino, heteroarylsulfinyl,
heteroarylthio, heteroarylsulfonyl, alkylsulfinyl;

R® is hydrogen or C,-C, alkyl or C,—C, alkenyl; all
optionally substituted with 1, 2, 3 or 4 groups which
may independently be any of the substituents listed in
the definition of R® set out above:

are the same or different and are independently selected
from heteroaryl containing 5- or 6-ring members; or
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an N-oxide -continued
’ RS D
/0
N 5
\
R
thereof; a stereoisomer thereof; or a pharmaceutically
acceptable salt thereof. R4
2. The compound as defined in claim 1 having the formula
5. The compound as defined in claim 4 wherein R is
0
Il 15 A
S
RSN —(CHY), N—RL
o |
Rl’l
20 or
3. The compound as defined in claim 1 having the formula
0
R-*)L N—(CHa)s N—RL 25
- RIS B
RS
4. The compound as defined in claim 1 wherein R* is
30
A
35 R4
Z is a bond, O or S;
R*3, R*™, R*® and R'® are each H or one of R'® and R'®
0 and one of R'® and R'* are halogen;
z' is a bond or C=0;
. R is alkylene or alkenylene;
R1>—72 is
45 o o
Il Il
RUE«—NH—C—; or R&C—;
S0 R*** is alkyl, fluorinated lower alkyl or polyfluorinated
’ lower alkyl.
6. The compound as defined in claim 1 wherein R' is
. gt RI
C . RIS RIS
Z
60
where R is alkylene or alkenylene; R'* is H, alkyl, alkenyl,
aralkyl, aralkenyl; and R is 11 or I'; and R¥ is I or I'; Z
is O, S or a bond.
65 7. The compound as defined in claim 1 wherein R is an
indenyl-type group of the structure
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E
—RH—=7! or
RI2—772
RIS
(a=2,30r4)
Ri3 R4 F
—RII=7! Q or
RIZ—72 Rifa
Rl5a
G
or
R H
Ri4
—Ril—71L
Riz—72 Rl6
R15a

8. The compound as defined in claim 1 having the
structure

240

where Q is
o] o}
I Il
5 —C— or —Ll':l—
(o}
Z is abond, O or §;

10 where R® is cycloalkyl, phenyl, aryl, heteroaryl, or
cycloalkyl, phenyl, aryl or heteroaryl, independently
substituted at the ortho position with alkyl, alkoxy,
haloalkyl (optionally substituted with up to 5

15 halogens), trifluoro-methyl, aryl, aryloxy, haloalkoxy
(optionally substituted with up to 5 halogens), arylalkyl
or arylalkoxy;

R®is H or CH;;
20 R'® and R*5 are independently H or F;
Z' is a bond;
RY is alkylene;
s RP—Z%is
ﬁ O
alkyl-NH—C— or CFsalkyINHC—.
30
9, The compound as defined in claim 8 wherein R is
—(CH.),—, Z"' is a bond, and R**—Z7 is
0 0
3 Il Il
CH3(CHz);—N—C— or CF;CH;—N—C—.
H H
10. The compound as defined in claim 8 having the
40

structure

O

Q
R \lef—(cu_,),, N—RIL C—NH—R!

45
: o
RI3 RIS
Q 50
R SN—(CHy), N—RLU—Z1
l{e /‘ 3 . .
RZ_72 and R'? is trifluoromethylalkyl or alkyl.
55 11. The compound as defined in claim 8 having the
structure
RIS
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12
~ O\ .
R T—(C] 12)n N-alkylene-C

RS O

where R'? is alkyl.
12. The compound as defined in claim 1 having the
structure

Rl.i
/O\
R N—(CHz), N—RU—-7Z1
R
RI2—72
RIS
where () is
o] ¢]
I Il
—C— o =—=8=—;

O

where R is cycloalkyl, phenyl, aryl, heteroaryl, or
cycloalkyl, phenyl, aryl or heteroaryl, independently
substituted at the ortho position with alkyl, alkoxy,
haloalkyl (optionally substituted with up to 5
halogens), trifluoromethyl, aryl, aryloxy, haloalkoxy
(optionally substituted with up to 5 halogens), arylalkyl
or arylalkoxy;

123 of 123
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R is H or CH,;
R'® and R'® are independently H or F;
Z' is a bond:
R'" is alkylene;

R>—7%is
o] o] o] [¢]
I I I
alkyl-3—, R%#—5—,  alkyl-C— or RMY—C—,
I I
O 8]

R'** is alkyl, fluorinated lower alkyl or polyfluorinated
lower alkyl,

or Z7 is a bond and R' is alkyl.

13. The compound as defined in claim 1 which is

N-(2,2,2-trifluoroethyl)-9-[ 5-[3-[[[4'-(trifluoromethy])[ 1,
1'-biphenyl]-2-yl]carbonyl]amino]-1-azetidinyl]
pentyl]-9H-fluorene-9-carboxamide,

9-[53-(benzoylamino)-1-azetidinyl]pentyl]-N-(2,2,2-
trifluoroethyl)-9H-fluorene-9-carboxamide,

N-(2,2,2-trifluoroethyl)-9-[4- 3-[[[[4-(trifluoromethyl)
[1,1-biphenyl]-3-yl]carbonyl]-amino |methvl]-1-
azetidinyl]butyl]-9H-fluorene-9-carboxamide,

9-[4-[3-(benzoylamino)methyl]-1-azetidinyl ]-butyl]-N-
(2.2,2-trifluoroethyl)-9H-fluorene-9-carboxamide,

N-(2,2,2-trifluoroethyl)-9-[ 4-[3-[[[4'-(trifluoromethyD)[ 1,
1"-biphenyl]-2-yl]carbonyl]-amino]-1-azetidinyl]butyl]
-OH-fluorene-9-carboxamide,

9-[4-[3-(benzoylamino)-1-azetidinyl]butyl]-N-
trifluoroethyl)-9H-fluorene-9-carboxamide,

2220

Ly ey

or a pharmaceutically acceptable salt thereof.

14. A method for or treating atherosclerosis, pancreatitis
or obesity responsive to a decrease in MTP activity in a
patient, which comprises administering to a patient in need
of treatment a MTP activity decreasing amount of a com-
pound as defined in claim 1.

15. A method of lowering serum lipid levels, cholesterol
and/or triglycerides, or treating hyperlipemia, hyper-
lipidemia, hyperlipoproteinemia, hypercholes-terolemia
and/or hypertriglyceridemia responsive to a decreasing MTP
activity in a patient, which comprises administering to a
patient in need of treatment a MTP activity decreasing
amount of a compound as defined in claim 1.
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