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(54) Title: INHIBITORS OF FARNESYL-PROTEIN TRANSFERASE

(57) Abstract

The present invention comprises analogs of the CA!'A2X motif of the protein Ras that is modified by famesylation in vivo. These
CAl!A2X analogs inhibit the famesyl-protein transferase and the famesylation of certain proteins. Furthermore, these CA!A2X analogs
differ from those previously described as inhibitors of farnesyl-protein transferase in that they do not have a thiol moiety. The lack of the
thiol offers unique advantages in terms of improved pharmacokinetic behavior in animals, prevention of thiol-dependent chemical reactions,
such as rapid autoxidation and disulfide formation with endogenous thiols, and reduced systemic toxicity. The compounds of the instant
invention also incorporate a cyclic amine moiety in the A2 position of the motif. Further contained in this invention are chemotherapeutic
compositions containing these farnesyl transferase inhibitors and methods for their production.
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TITLE OF THE INVENTION .
INHIBITORS OF FARNESYL-PROTEIN TRANSFERASE

The present patent application is a

application of copendi fon Serial No. 08/412,626, filed March

BACKGROUND OF THE INVENTION

The Ras proteins (Ha-Ras, Ki4a-Ras, Ki4b-Ras and N-Ras)
are part of a signalling pathway that links cell surface growth factor
receptors to nuclear signals initiating cellular proliferation. Biological
and biochemical studies of Ras action indicate that Ras functions like a
G-regulatory protein. In the inactive state, Ras is bound to GDP. Upon
growth factor receptor activation Ras is induced to exchange GDP for
GTP and undergoes a conformational change. The GTP-bound form of
Ras propagates the growth stimulatory signal until the signal is
terminated by the intrinsic GTPase activity of Ras, which returns the
protein to its inactive GDP bound form (D.R. Lowy and D.M. Willumsen,
Ann. Rev. Biochem. 62:851-891 (1993)). Mutated ras genes (Ha-ras,
Ki4a-ras, Ki4b-ras and N-ras) are found in many human cancers,
including colorectal carcinoma, exocrine pancreatic carcinoma, and
myeloid leukemias. The protein products of these genes are defective in
their GTPase activity and constitutively transmit a growth stimulatory
signal.

Ras must be localized to the plasma membrane for both
normal and oncogenic functions. At least 3 post-translational
modifications are involved with Ras membrane localization, and all 3
modifications occur at the C-terminus of Ras. The Ras C-terminus
contains a sequence motif termed a "CAAX" or "Cys—Aaal-Aaa2-Xaa"
box (Cys is cysteine, Aaa is an aliphatic amino acid, the Xaa is any amino
acid) (Willumsen et al., Nature 310:583-586 (1984)). Depending on the
specific sequence, this motif serves as a signal sequence for the enzymes
farnesyl-protein transferase or geranylgeranyl-protein transferase, which
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catalyze the alkylation of the cysteine residue of the CAAX motif with a
C15 or Cp isoprenoid, respectively. (S. Clarke., Ann. Rev. Biochem.
61:355-386 (1992); W.R. Schafer and J. Rine, Ann. Rev. Genetics 30:209-
237 (1992)). The Ras protein is one of several proteins that are known to
undergo post-translational farnesylation. Other farnesylated proteins
include the Ras-related GTP-binding proteins such as Rho, fungal mating
factors, the nuclear lamins, and the gamma subunit of transducin. James,
et al.,, J. Biol. Chem. 269, 14182 (1994) have identified a peroxisome
associated protein Pxf which is also farnesylated. James, et al., have also
suggested that there are farnesylated proteins of unknown structure and
function in addition to those listed above.

Inhibition of farnesyl-protein transferase has been shown to
block the growth of Ras-transformed cells in soft agar and to modify
other aspects of their transformed phenotype. It has also been
demonstrated that certain inhibitors of farnesyl-protein transferase
selectively block the processing of the Ras oncoprotein intracellularly
(N.E. Kohl et al., Science, 260:1934-1937 (1993) and G.L. James et al.,
Science, 260:1937-1942 (1993). Recently, it has been shown that an
inhibitor of farnesyl-protein transferase blocks the growth of ras-
dependent tumors in nude mice (N.E. Kohl et al., Proc. Natl. Acad. Sci
U.S.A., 91:9141-9145 (1994) and induces regression of mammary and
salivary carcinomas in ras transgenic mice (N.E. Kohl et al., Nature
Medicine, 1:792-797 (1995).

Indirect inhibition of farnesyl-protein transferase in vivo has
been demonstrated with lovastatin (Merck & Co., Rahway, NJ) and
compactin (Hancock et al., ibid; Casey et al., ibid, Schafer et al., Science
245:379 (1989)). These drugs inhibit HMG-CoA reductase, the rate
limiting enzyme for the production of polyisoprenoids including farnesyl
pyrophosphate. Farnesyl-protein transferase utilizes farnesyl
pyrophosphate to covalently modify the Cys thiol group of the Ras
CAAX box with a farnesyl group (Reiss et al., Cell, 62:81-88 (1990);
Schaber et al., J. Biol. Chem., 265:14701-14704 (1990); Schafer et al.,
Science, 249:1133-1139 (1990); Manne et al., Proc. Natl. Acad. Sci USA,
87:7541-7545 (1990)). Inhibition of farnesyl pyrophosphate biosynthesis
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by inhibiting HMG-CoA reductase blocks Ras membrane localization in
cultured cells. However, direct inhibition of farnesyl-protein transferase
would be more specific and attended by fewer side effects than would
occur with the required dose of a general inhibitor of isoprene
biosynthesis.

Inhibitors of farnesyl-protein transferase (FPTase) have been
described in two general classes. The first are analogs of farnesyl
diphosphate (FPP), while the second class of inhibitors is related to the
protein substrates (e.g., Ras) for the enzyme. The peptide derived
inhibitors that have been described are generally cysteine containing
molecules that are related to the CAAX motif that is the signal for protein
prenylation. (Schaber et al., ibid; Reiss et. al., ibid; Reiss et al., PNAS,
88:732-736 (1991)). Such inhibitors may inhibit protein prenylation
while serving as alternate substrates for the farnesyl-protein transferase
enzyme, or may be purely competitive inhibitors (U.S. Patent 5,141,851,
University of Texas; N.E. Kohl et al., Science, 260:1934-1937 (1993);
Graham, et al., J. Med. Chem., 37, 725 (1994)). In general, deletion of the
thiol from a CAAX derivative has been shown to dramatically reduce the
inhibitory potency of the compound. However, the thiol group
potentially places limitations on the therapeutic application of FPTase
inhibitors with respect to pharmacokinetics, pharmacodynamics and
toxicity. Therefore, a functional replacement for the thiol is desirable.

It has recently been reported that farnesyl-protein transferase
inhibitors are inhibitors of proliferation of vascular smooth muscle cells
and are therefore useful in the prevention and therapy of arteriosclerosis
and diabetic disturbance of blood vessels (JP H7-112930).

It has recently been disclosed that certain tricyclic
compounds which optionally incorporate a piperidine moiety are
inhibitors of FPTase (WO 95/10514, WO 95/10515 and WO 95/10516).
Imidazole-containing inhibitors of farnesyl protein transferase have also
been disclosed (WO 95/09001 and EP 0 675 112 Al).

It is, therefore, an object of this invention to develop
tetrapeptide-based compounds that do not have a thiol moiety, and that
will inhibit farnesyl-protein transferase and thus, the post-translational
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farnesylation of proteins. It is a further object of this invention to develop
chemotherapeutic compositions containing the compounds of this
invention and methods for producing the compounds of this invention.

SUMMARY OF THE INVENTION

The present invention comprises analogs of the CA1A2X
motif of the protein Ras that is modified by farnesylation in vivo. These
CA1A2X analogs inhibit the farnesylprotein transferase. Furthermore,
these CA1A2X analogs differ from those previously described as
inhibitors of farnesyl-protein transferase in that they do not have a thiol
moiety. The lack of the thiol offers unique advantages in terms of
improved pharmacokinetic behavior in animals, prevention of thiol-
dependent chemical reactions, such as rapid autoxidation and disulfide
formation with endogenous thiols, and reduced systemic toxicity. The
compounds of the instant invention also incorporate a cyclic amine
moiety in the A2 position of the motif. Further contained in this
invention are chemotherapeutic compositions containing these farnesyl
transferase inhibitors and methods for their production.



WO 96/31525 PCT/US96/03974
-5.
The compounds of this invention are illustrated by the
formulae:
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DETAILED DESCRIPTION OF THE INVENTION

The compounds of this invention inhibit the farnesyl-protein
transferase. In a first embodiment of this invention, the farnesyl-protein
transferase inhibitors are illustrated by the formula I:

(R), . W
| ; OH
V- AY(CR'%,),A%(CR %), AW /- (GR™), Y 7/K
R4b
| R4a
wherein:

R1a and R1b are independently selected from:

a)  hydrogen,

b)  aryl, heterocycle, cycloalkyl, alkenyl, alkynyl, R100-,
R11S(0)m-, RI0OC(O)NR10-, CN, NO2, (R10)9N-
C(NR10)-, R10C(0)-, R100C(0)-, N3, -N(R10)9, or
R110C(O)NR10.,

c) C1-Cp alkyl unsubstituted or substituted by aryl,
heterocyclic, cycloalkyl, alkenyl, alkynyl, R100-,
R11S(0)m-, RI0C(O)NR10-, CN, (R10)oN-C(NR10)-,
R10C(0)-, R100C(0)-, N3, -N(R10)3, or R110C(0)-
NR10;

R2 and R3 are independently selected from:
a)  aside chain of a naturally occurring amino acid,
b)  an oxidized form of a side chain of a naturally occurring
amino acid which is:
1) methionine sulfoxide, or
i1)  methionine sulfone, and
c) substituted or unsubstituted C1-C2( alkyl, C2-C2( alkenyl,
C3-C10 cycloalkyl, aryl or heterocyclic group,
wherein the substituent is selected from F, Cl, Br,
N(R10)7, NO2, R100-, R11§(0)py-, RIOC(O)NR10-,
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CN, (R10)sN-C(NR10), R10C(0)-, R100C(0)-, N3,
-N(R10)2, R110C(O)NR10- and C1-C20 alkyl, and
d) C1-C¢ alkyl substituted with an unsubstituted or

substituted group selected from aryl, heterocycle and C3-
5 C10 cycloalkyl; or

R2 and R3 are combined to form - (CH?)s - ; or

R2 or R3 are combined with R9 to form a ring such that

10
- 5
NS (GH)
L Z is 2
3
R? R R7a R7b

R4a, R4b, R7a and R7b are independently selected from:
a)  hydrogen,
15 b)  C1-Cé6 alkyl unsubstituted or substituted by alkenyl, R 100-,
R115(0)m-, R10C(O)NR10-, CN, N3, (R10)7N-C(NR10).,
R10C(0)-, R100C(0)-, -N(R10y3, or RI1OC(O)NR 10,
c)  aryl, heterocycle, cycloalkyl, alkenyl, R100-,
R11S(O)m-, R10C(O)NR10-, CN, NO2, (R10))N-
20 C(NR10)., R10C(0)-, R100C(0)-, N3, -N(R10)p,
or R110C(O)NR10-, and
d) C1-Cg alkyl substituted with an unsubstituted or
substituted group selected from aryl, heterocyclic and
C3-C10 cycloalkyl;
25
R5a and R5b are independently selected from:
a)  aside chain of a naturally occurring amino acid,
b)  an oxidized form of a side chain of a naturally occurring
amino acid which is:
30 1) methionine sulfoxide, or
ii) methionine sulfone,
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substituted or unsubstituted C1-C2( alkyl, C2-C2( alkenyl,

C3-C10 cycloalkyl, aryl or heterocycle group,
wherein the substituent is selected from F, Cl, Br,
(R10)2NC(0)-, NO2, R100-, R11S(0)p-,
R10C(O)NR10-, CN, (R10),N-C(NR10)-, R10C(O)-,
R100C(0)-, N3, -N(R10)2, R11O0C(O)NR10- and
C1-C20 alkyl,

C1-Ce alkyl substituted with an unsubstituted or

substituted group selected from aryl, heterocycle and C3-

C10 cycloalkyl; or

R5a and R5b are combined to form - (CH?)s - wherein one of the carbon
atoms is optionally replaced by a moiety selected from: O, S(O)m,
-NC(0)-, and -N(COR10)-;

RO is independently selected from hydrogen or C1-Cg alkyl;

R8 is independently selected from:

a)
b)

hydrogen,

aryl, heterocycle, cycloalkyl, alkenyl, alkynyl,
perfluoroalkyl, F, Cl, Br, R100-, R11S(0)py-,
R10C(0O)NR10-, CN, NO2, R10pN-C(NR10)-, R10C(0)-,
R100C(0)-, N3, -N(R10)3, or R110C(O)NR10., and
C1-Cp alkyl unsubstituted or substituted by aryl,
heterocycle, cycloalkyl, alkenyl, alkynyl, perfluoroalkyl, F,
Cl, Br, R100-, R11§(0)p-, R10C(O)NH-, CN, H)N-
C(NH)-, R10C(0)-, R100C(0)-, N3, -N(R10)y, or
R100C(O)NH-;

30 RYis selected from:

a)
b)

hydrogen,
alkenyl, alkynyl, perfluoroalkyl, F, Cl, Br, R100-,
R11S(0)m-, RIOC(O)NR10-, CN, NO2, (R10)2N-C-
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(NR10y., R10C(0)-, R100C(0)-, N3, -N(R10)7, or
R110C(O)NR10-, and

c) C1-C6 alkyl unsubstituted or substituted by perfluoroalkyl,
F, Cl, Br, R100-, R11§(0)m-, R10C(O)NR10., CN,
(R10sN-C(NR10)-, R10C(0)-, R100C(0)-, N3, -N(R10),,
or R110C(O)NR10-;

R10 is independently selected from hydrogen, C1-Cg alkyl, benzyl and
aryl;

R1l g independently selected from C1-Cg alkyl and aryl;

Al and A2 are independently sclected from: a bond, -CH=CH-, -C=C-,
-C(0)-, -C(O)NR10-, .NR10C(0)-, O, -N(R10).,
-S(0)2N(R10)-, -N(R10)S(0)2-, or S(O);

Q is a substituted or unsubstituted nitrogen-containing C6-C9 bicyclic
ring system, wherein the non-nitrogen containing ring is selected from an
aromatic ring and a heterocycle;

V is selected from:

a)  hydrogen,

b) heterocycle,

c) aryl

d) C1-C20 alkyl wherein from 0 to 4 carbon atoms are replaced

with a a heteroatom selected from O, S, and N, and

e) C2-C2( alkenyl,
provided that V is not hydrogen if Al is S(O)m and V is not hydrogen if
Alis abond, n is 0 and A2 is S(O)r;

W is a heterocycle;

X, Y and Z are independently H2 or O;
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0,1 o0r2;

0,1,2,30r4;

0,1,2,30r4;

0 to 5, provided that r is 0 when V is hydrogen;
4orS;

3,4 0r5;and

Oorl;

or the pharmaceutically acceptable salts thereof.

In a second embodiment of this invention there is provided prodrugs of the formula II:

R 9
\ll— A'(CR'™),A%(CR'%),— W —(CRr"
u
e "t 10 I
:::::: wherein:
::.:‘g R'?and R' are independently selected from:
:.::::‘ a)  hydrogen,
s b)  aryl, heterocycle, cycloalkyl, alkenyl, alkynyl, R"°O-, R''S(O)m-, R**C(O)NR'-,
CN, NO,, (R'%),N-C(NR'%-, R'°C(0)-, R'°OC(0)-, N3, -N(R'%),, or R"'OC(O)NR'’-;
:;;f‘: ¢) Cy-Cs alkyl unsubstituted or substituted by aryl, hetérocyclic, cycloalkyl,
alkenyl, alkynyl, R'’O-, R!"'S(0)n-, R'®C(O)NR'-, CN, (R'®),N-CNR'Y)-, R'°C(0)-,
R R'90C(0)-, N, -N(R'),, or R''OC(O)NR’-;
20 R? and R® are independently selected from:

a)

a side chain of a naturally occurring amino acid,

[R:\LIBA]02565.doc: TLT
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an oxidized form of a side chain of a naturally occurring
amino acid which is: |
1) methionine sulfoxide, or
i1)  methionine sulfone, and
substituted or unsubstituted C1-C20 alkyl, C2-C2( alkenyl,
C3-C10 cycloalkyl, aryl or heterocyclic group,
wherein the substituent is selected from F, Cl, Br,
N(R10)2, NO2, R100-, R11S(0)m-, R10C(O)NR 10-,
CN, (R10N-C(NR10)-, R10C(0)-, R100C(0)-, N3,
-NR10)3, R110C(O)NR10- and C1-C20 alkyl, and
C1-Cé alkyl substituted with an unsubstituted or
substituted group selected from aryl, heterocycle and C3-
C10 cycloalkyl; or

R2 and R3 are combined to form - (CH?2)s - ; or

R2 or R3 are combined with RO to form a ring such that

R6

N5

R2 ha

5

is ( H2)t ;

R7a R7b

R4a, R4b, R7a and R7b are independently selected from:

a)
b)

c)

hydrogen,

C1-Cé alkyl unsubstituted or substituted by alkenyl, R100-,
R11S(0O)m-, RI0OC(O)NR10-, CN, N3, (R10)2N-C(NR10).,
R10C(0)-, R100C(0)-, -N(R10yp, or R110C(O)NR10-,
aryl, heterocycle, cycloalkyl, alkenyl, R100-,

R11S(0O)m-, RI0C(O)NRIO-, CN, NO2, (R10)oN-
C(NR10)-, R10C(0)-, R100C(0)-, N3, -N(R10),,

or R110C(O)NR10-, and
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substituted group selected from aryl, heterocyclic and
C3-C10 cycloalkyl,

5 RS5aand R5b are independently selected from:
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a)
b)

c)

d)

a side chain of a naturally occurring amino acid,

an oxidized form of a side chain of a naturally occurring

amino acid which is:

1) methionine sulfoxide, or

1)  methionine sulfone,

substituted or unsubstituted C1-C2( alkyl, C2-C2( alkenyl,

C3-C10 cycloalkyl, aryl or heterocycle group,
wherein the substituent is selected from F, Cl, Br,
(R10)2NC(0)-, NO2, R100-, R11§(0O)m-,
R10C(O)NR10-, CN, (R10ysN-C(NR10)-, R10C(0)-,
R100C(0)-, N3, -N(R10)p, R110C(O)NR10- and
C1-C20 alkyl,

C1-Cé alkyl substituted with an unsubstituted or

substituted group selected from aryl, heterocycle and C3-

C10 cycloalkyl; or

R5a and R5Db are combined to form - (CH?)s - wherein qne of the carbon
atoms is optionally replaced by a moiety selected from: O, S(O)m,
-NC(O)-, and -N(COR10)-;

R6 is independently selected from hydrogen or C1-Cg alkyl;

R8 is independently selected from:

a)
b)

hydrogen,

aryl, heterocycle, cycloalkyl, alkenyl, alkynyl,
perfluoroalkyl, F, Cl, Br, R100-, R1 1S(O)m—,
R10C(O)NR10-, CN, NO2, R10pN-C(NR10)-, R10C(0)-,
R100C(0)-, N3, -N(R10)3, or R110C(O)NR10-, and
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C1-Cé alkyl unsubstituted or substituted by aryl,
heterocycle, cycloalkyl, alkenyl, alkyny], perfluoroalkyl, F,
Cl, Br, R100-, R11§(O)my-, RI0C(O)NH-, CN, HpN-
C(NH)-, R10C(0)-, R100C(0)-, N3, -N(R10)7, or
R100C(O)NH-;

RY is selected from:

a)

b)

hydrogen,

alkenyl, alkynyl, perfluoroalkyl, F, Cl, Br, R100-,
R11S(0)m-, RIOC(O)NR10-, CN, NO3, (R10)9N-C-
(NR10)-, R10C(0)-, R100C(0)-, N3, -N(R10), or
R110C(O)NR10-, and

C1-Co6 alkyl unsubstituted or substituted by perfluoroalky],
F, Cl, Br, R100-, R11§(0)-, R10C(O)NR10-, CN,
(R10)sN-C(NR10)-, R10C(0)-, R100C(0)-, N3, -N(R10)7,
or R110C(O)NR10-,

R10 is independently selected from hydrogen, C1-Cg alkyl, benzyl and

aryl;

R11 is independently selected from C1-Cg alkyl and aryl;

R12 s

a)

b)

substituted or unsubstituted C1-Cg alkyl, substituted or
unsubstituted C5-Cg cycloalkyl, or substituted or
unsubstituted cyclic amine, wherein the substituted alkyl,
cycloalkyl or cyclic amine is substituted with 1 or 2

substituents independently selected from:
1) C1-Ce alkyl,

2) aryl,

3) heterocycle,
4)  -NRI1y,
5) -ORI0, or
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roon

L]

R13 is independently selected from hydrogen and C1-Cg alkyl;
R14 is independently selected from C1-Cg alkyl;

Al and AZ2 are independently selected from: a bond, -CH=CH-, -C=C-,
-C(0)-, -C(O)NR10- .NR10C(0)-, O, -N(R10)-,
-S(0)2N(R10)-, -NR10)S(0)2-, or S(O)m;

Q is a substituted or unsubstituted nitrogen-containing C6-C9 bicyclic
ring system, wherein the non-nitrogen containing ring is selected from an

aromatic ring and a heterocycle;

V i1s selected from:

a)  hydrogen,
b) heterocycle,
c) aryl,

d) C1-C20 alkyl wherein from 0 to 4 carbon atoms are replaced

with a a heteroatom selected from O, S, and N, and
e) C2-C20 alkenyl,
provided that V is not hydrogen if Al is S(O)m and V is not hydrogen if
Alisabond, n is 0 and A2 is S(O)m:

W is a heterocycle;

X, Y and Z are independently H2 or O;

m is 0, 1or2;
nis 0,1,2,30r4;
pis 0,1,2,30r4;

ris 0 to 5, provided that r is 0 when V is hydrogen,;
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s 1S 4 orS;
tis 3,4 o0rS5;and
uis Oorl;

or the pharmaceutically acceptable salts thereof.

In a third embodiment of this invention, the inhibitors of
farnesyl transferase are illustrated by the formula I1I:

HOCH,(CH,),
(Ra)r RQ Z
| | R Y OH
V - AY(CR'3,),A%(CR"3,), \W /- (CR'™,), N)_/lk g X
u z
YR2 Rs Q
X
1 R%

R4a

wherein:
R1a and R1b are independently selected from:

a)  hydrogen,

b)  aryl, heterocycle, cycloalkyl, alkenyl, alkynyl, R100-,
R11S(0)y-, R10C(O)NR10-, CN, NO2, (R10)5N-
C(NR10)., R10C(0)-, R100C(0)-, N3, -N(R10);, or
R110C(O)NR1O-,

c) C1-Cé alkyl unsubstituted or substituted by aryl,
heterocyclic, cycloalkyl, alkenyl, alkynyl, R100-,
R11S(0)m-, R10C(O)NR10-, CN, (R10)oN-C(NR10).,
R10c(0)-, R100C(0)-, N3, -N(R10)2, or R110C(0)-
NR10;

R2 and R3 are independently selected from:
a)  a side chain of a naturally occurring amino acid,
b)  an oxidized form of a side chain of a naturally occurring
amino acid which is:
1) methionine sulfoxide, or
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il)  methionine sulfone, and
c)  substituted or unsubstituted C1-C20 alkyl, C2-C20 alkenyl,
C3-C10 cycloalkyl, aryl or heterocyclic group,
wherein the substituent is selected from F, Cl, Br,
N(R10)2, NO2, R100-, R11S(0)mn-, R10C(O)NR10-,
CN, (R10N-C(NR10)., R10C(0)-, R100C(0)-, N3,
-N(R10)7, R110C(O)NR10- and C1-C2 alkyl, and
d) C1-Ce alkyl substituted with an unsubstituted or
substituted group selected from aryl, heterocycle and C3-
C10 cycloalkyl; or

R2 and R3 are combined to form - (CH?2)s - ; or

R2 or R3 are combined with RO to form a ring such that

e -
TN (GHy)
: 7/ is -2
hs
R2 R7a R7b

R4a, R4b, R7a and R7b are independently selected from:

a)  hydrogen,

b) C1-Cé alkyl unsubstituted or substituted by alkenyl, R 100Q-,
R11S(O)m-, R1I0C(O)NR10-, CN, N3, (R10)pN-C(NR10)-,
R10C(0)-, R100C(0)-, -N(R10),, or R110C(O)NR10-,

c) aryl, heterocycle, cycloalkyl, alkenyl, R100-,

R11S(0)m-, R1I0C(O)NRIO-, CN, NO2, (R10)oN-
C(NR10)-, R10C(0)-, R100C(0)-, N3, -N(R10)y,
or R110C(O)NR10-, and

d) C1-Ceg alkyl substituted with an unsubstituted or
substituted group selected from aryl, heterocyclic and

C3-C10 cycloalkyl,

R6 is independently selected from hydrogen or C1-Cg alkyl;
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R8 is independently selected from:

a)  hydrogen,

b)  aryl, heterocycle, cycloalkyl, alkenyl, alkynyl,
perfluoroalkyl, F, Cl, Br, R100-, R11S(0)p-,
R10C(O)NR10-, CN, NO2, R10,N-C(NR10)-, R10C(O)-,
R100C(0)-, N3, -N(R10)3, or R110C(O)NR10-, and

c) C1-Ce alkyl upsubstituted or substituted by aryl,
heterocycle, cycloalkyl, alkenyl, alkynyl, perfluoroalkyl, F,
Cl, Br, R100-, R11S(0)pm-, R10C(O)NH-, CN, HoN-
C(NH)-, R10C(0)-, R100C(0)-, N3, -N(R10)9, or
R100C(O)NH-;

RY is selected from:

a)  hydrogen, '

b) alkenyl, alkynyl, perfluoroalkyl, F, Cl, Br, RIOO-,
R11S(0)m-, R1I0C(O)NR10-, CN, NO2, (R10)oN-C-
(NR10), R10C(0)-, R100C(0)-, N3, -N(R10)2, or
R110C(O)NR10-, and

c) C1-Cé alkyl unsubstituted or substituted by perfluoroalkyl,
F, Cl, Br, R100-, R11§(0)m-, R1I0C(O)NR10-, CN,
(R10)7N-C(NR10)-, R10C(0)-, R100C(0)-, N3, -N(R10)»,
or R110C(O)NR10-;

R10 is independently selected from hydrogen, C1-Cg alkyl, benzyl and
aryl;

R11 is independently selected from C1-Cg alkyl and aryl;

Al and A2 are independently selected from: a bond, -CH=CH-, -C=C-,

-C(O)-, -C(O)NR10-, .NR10C(0)-, O, -N(R10)-,
-S(0)2N(R10)-, -N(R10)S(0)2-, or S(O)m;




25

18

Q 1s a substituted or unsubstituted nitrogen-containing C¢-Co bicyclic ring system,

wherein the non-nitrogen containing ring is selected from an aromatic ring and a

heterocycle;

V is selected from:

a)
b)
c)
d)

hydrogen,
heterocycle,
aryl,

Ci-Cyo alkyl wherein from 0 to 4 carbon atoms are replaced with a heteroatom

selected from O, S and N, and

e)

Cy-Cyp alkenyl,

provided that V is not hydrogen if A' is S(O), and V is not hydrogen if A' is a bond, n
g

is 0 and A?

18 S(O)m;

W is a heterocycle;

X, Y and Z are independently H, or O;

m is
nis
pis
qis
ris
S1s
tis
uis

or the

formula [V:

0,1o0r2;
0,1,2,30r4;
0,1,2,3 0r4;
0,1o0r2;
0 to 5, provided that r is O when V is hydrogen;
4 or 5;
3,4 0r5; and
Oorl;
pharmaceutically acceptable salts thereof.

In a fourth embodiment of this invention there is provide prodrugs of the

(R:\LIBA]02565.doc. TLT
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8 ‘
| RS Y 0
N
V- AYCRIACR %)y AW - (cn‘%)pYN . Hoo
R2 R3 Q
X
v R4b
R4a

wherein:
R1a and R1D are independently selected from:

a)  hydrogen,

b) aryl, heterocycle, cycloalkyl, alkenyl, alkynyl, RIOO-,
R11S(0)yy-, RI0C(O)NR10-, CN, NO3, (R10)9N-
C(NR10)., R10C(0)-, R100C(0)-, N3, -N(R10)2, or
R110C(O)NR10-,

c)  C1-Ce alkyl unsubstituted or substituted by aryl,
heterocyclic, cycloalkyl, alkenyl, alkynyl, R100-,
R11S(0)mm-, RI0C(O)NR10-, CN, (R10)pN-C(NR10)-,
R10C(0)-, R100C(0)-, N3, -N(R10)2, or R110C(0)-
NR10-;

R2 and R3 are independently selected from:
a)  aside chain of a naturally occurring amino acid,
b)  anoxidized form of a side chain of a naturally occurring
amino acid which is:
1) methionine sulfoxide, or
i)  methionine sulfone, and
c)  substituted or unsubstituted C1-C2( alkyl, C2-C2( alkenyl,
C3-C10 cycloalkyl, aryl or heterocyclic group,
wherein the substituent is selected from F, Cl, Br,
N(R10)3, NO2, R100-, R11S(0)m-, R10C(O)NR10-,
CN, (R10),N-c(NR10)-, R10C(0)-, R100C(O)-, N3,
-N(R10)p, R11OC(O)NR10- and C1-C20 alkyl, and
d)  C1-Ce¢ alkyl substituted with an unsubstituted or
substituted group selected from aryl, heterocycle and C3-
C10 cycloalkyl; or
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R2 and R3 are combined to form - (CH2)s - ; or

R2 or R3 are combined with R6 to form a ring such that

5
- S
N . (CH,)
it 7 is 2k
R2 h3 7a
R R7b
R4a, R4b, R7a and R7b are independently selected from:
a)  hydrogen,
10 b)  C1-Cg alkyl unsubstituted or substituted by alkenyl, R100-,

R11S(0)m-, R10C(O)NR10-, CN, N3, (R10)7N-C(NR10).,
R10C(0)-, R100C(0)-, -N(R10Y, or R11OC(O)NR10-,
c) aryl, heterocycle, cycloalkyl, alkenyl, R100.,
R11S(0)m-, RI0OC(O)NR10-, CN, NO2, (R10)oN-
15 ' C(NR10)-, R10C(0)-, R100C(0)-, N3, -N(R10),
or R110C(O)NR10-, and
d) C1-Cg alkyl substituted with an unsubstituted or
substituted group selected from aryl, heterocyclic and
C3-C10 cycloalkyl;
20
R6 is independently selected from hydrogen or C1-Cg alkyl;

R8 is independently selected from:
a) hydrogen,
25 b)  aryl, heterocycle, cycloalkyl, alkenyl, alkynyl,
perfluoroalkyl, F, Cl, Br, R100-, R11S(O)mp-,
R10C(O)NR10-, CN, NO2, R102N-C(NR10)-, R10C(O)-,
R100C(0)-, N3, -N(R10)2, or R110C(0)NR10-, and
c) C1-Ce alkyl unsubstituted or substituted by aryl,
30 heterocycle, cycloalkyl, alkenyl, alkynyl, perfluoroalkyl, F,
Cl, Br, R100-, R11§(0)py-, RIOC(O)NH-, CN, HoN-
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C(NH)-, R10C(0)-, R100C(0)-, N3, -N(R10)3, or
R100C(O)NH-;

RY is selected from:

a)  hydrogen,

b)  alkenyl, alkynyl, perfluoroalkyl, F, Cl, Br, R100-,
R11S(0)m-, R1IOC(O)NR10-, CN, NO2, (R10)7N-C-
(NR10y-, R10C(0)-, R100C(0)-, N3, -N(R10)2, or
R110C(O)NR10-, and

c) C1-Cé alkyl unsubstituted or substituted by perfluoroalkyl,
F, Cl, Br, R100-, R11S(O)m-, R10C(O)NR10-, CN,
(R10)2N-C(NR10)-, R10C(0)-, R100C(0)-, N3, -N(R10)5,
or R110C(O)NR10-;

R10 s independently selected from hydrogen, C1-Cg alkyl, benzyl and
aryl;

R11 is independently selected from C1-Cg alkyl and aryl,

Al and A2 are independently selected from: a bond, -CH=CH-, -C=C-,

-C(0)-, -C(O)NR10-, -NR10C(0)-, O, -N(R10)-,
-S(0)2N(R10)-, -N(R10)S(0)2-, or S(O)m;

Q is a substituted or unsubstituted nitrogen-containing C¢-C9 bicyclic
ring system, wherein the non-nitrogen containing ring is selected from an

aromatic ring and a heterocycle;

V 1s selected from:

a) hydrogen,
b) heterocycle,
c) aryl,

d)  C1-C20 alkyl wherein from 0 to 4 carbon atoms are replaced

with a a heteroatom selected from O, S, and N, and
e) C2-C2( alkenyl,
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provided that V is not hydrogen if Al s S(O)m and V is not hydrogen if
Alisabond, n is 0 and A2 is S(O)m;

W is a heterocycle;

X, Y and Z are independently H2 or O;

m is 0,1o0r2;

nis 0,1,2,30r4,

pis 0,1,2,30r4;

q1is 0,1o0r2;

ris 0 to 5, provided that r is 0 when V is hydrogen;
S 18 4 or5;

tis 3,4 0or5; and

uis Oorl;

or the pharmaceutically acceptable salts thereof.

In a more preferred embodiment of this invention, the Ras
farnesyl transferase inhibitors are illustrated by the Formula I:

(RY) | P
r 9 y4 &
l . T R6 Y N >\H/OH
V - AY(CR'3) ,A%(CR %)), \W /- (CR™,) N~ H o

u >

YRZ RS Q
X R4b
| R4a

wherein:
Rla is independently selected from: hydrogen or C1-Cg alkyl;

R1b is independently selected from:
a) hydrogen,
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b)  aryl, heterocycle, cycloalkyl, R100-, -N(R10)3 or alkenyl,
c) C1-Ce alkyl unsubstituted or substituted by aryl,
heterocycle, cycloalkyl, alkenyl, R100-, or -N(R10)7:

5 R2 and R3 are independently selected from:
a)  aside chain of a naturally occurring amino acid,
b)  an oxidized form of a side chain of a naturally occurring
amino acid which is:
1) methionine sulfoxide, or
10 i1)  methionine sulfone,
c) substituted or unsubstituted C1-C1( alkyl, C2-C10 alkenyl
C3-C10 cycloalkyl, aryl or heterocyclic group,
wherein the substituent is selected from F, Cl, Br,
NO2, R100-, R11§(0)y-, R10C(O)NR10-, CN,
15 (R10)2N-C(NR10)-, R10C(0)-, R100C(0)-, N3,
-N(R10)2, R110C(O)NR10- and C1-C( alkyl, and
d)  C1-Cg alkyl substituted with an unsubstituted or
substituted group selected from aryl, heterocycle and C3-
C10 cycloalkyl; or

’

2 R2 and R3 are combined to form - (CH2)s - ; or
R2 or R3 are combined with R to form a ring such that
R6 o ’VZ"\A
“?-._’,N ‘H‘* is (GH2) .
25 i R R™

R4a and R72 are independently selected from:
a)  hydrogen,
b)  C1-Cg alkyl unsubstituted or substituted by alkenyl, R100-,
30 R11S(0)m-, R1I0C(O)NR10-, CN, N3, (R10)sN-C(NR10)-,
R10C(0)-, R100C(0)-, -N(R10yy, or R1ILOC(O)NR10-,
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c) aryl, heterocycle, cycloalkyl, alkenyl, R100-,
R11S(O)my-, RIOC(O)NR 10, CN, NO2, (R10)oN-
C(NR10)-, R10C(0)-, R100C(0)-, N3, -N(R10)y,
or RI10C(O)NR10-, and

d) C1-Cg alkyl substituted with an unsubstituted or
substituted group selected from aryl, heterocyclic and C3-
C10 cycloalkyl,;

R4b and R7D are hydrogen;

R3a is selected from:
a)  aside chain of a naturally occurring amino acid, wherein the
amino acid is selected from methionine and glutamine,
b)  an oxidized form of a side chain of a naturally occurring
amino acid which is:
1) methionine sulfoxide, or
i)  methionine sulfone, and
c) substituted or unsubstituted C1-Cj( alkyl, C2-C10 alkenyl,
C3-C10 cycloalkyl, aryl or heterocyclic group,
wherein the substituent is selected from F, Cl, Br,
NO2, R100-, R11§(O)pp-, RIOC(O)NR10-,
(R10)2NC(0)-, CN, (R10)2N-C(NR 10)-, R10C(0)-,
R100C(0)-, N3, -N(R10)5, R110C(0)NR10- and
C1-C20 alkyl, and
d) C1-Cg alkyl substituted with an unsubstituted or
substituted group selected from aryl, heterocycle and C3-
C10 cycloalkyl;

R5b is selected from:
a) . hydrogen, and
b) Cj1-C3 alkyl;

RO is independently selected from hydrogen or C1-Cg alkyl;



25

R® is independently selected from:

a)  hydrogen,
b)  Ci-Cq alkyl, C-Cg alkenyl, C,-Cg alkynyl, C,-C4 perfluoroalkyl, F, ClI, R'OO-,

R'0-, R"C(O)NR'-, CN, NO,, (R'),N-C(NR')-, R'°C(0)-, R'°OC(O)-, -N(R'%),, or
R"OC(O)NR'’-, and

¢)  C-Csalkyl substituted by C;-Cq perfluoroalkyl, R'°0-, R'°C(0)-, R'YOC(0)-, or
~N(R');

R’ is selected from:

a)  hydrogen,
10 b)  Cy-Ce alkenyl, C,-Cy alkynyl, C,-Cq perfluoroalkyl, F, Cl, R'°O-, R"'S(O)-,

RYC(O)NR'-, CN, NO; ([R'9N-CINR')-, R"C(0)-, R'°0C(0)-, -N(R'), or
R"OC(O)NR'’-, and '
¢)  Cy-Ce alkyl unsubstituted or substituted by C,-Cs perfluoroalkyl, F, Cl, R'°O-,
R"'S(O)m-, R'’C(OINR'-, CN, (R'),N-C(NR'®)-, R'°C(0)-, R'’OC(0)-, -N(R'®),, or
15 RYOC(O)NR'-;
R'"%is independently selected from hydrogen, C-C; alkyl, benzyl and aryl;
R'"is independently selected from C,-Cq alkyl and aryl;

Q is selected from:

+ A AN

20

(R:\LIBA]02565.doc:TLT
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Al and AZare independently selected from: a bond, -CH=CH-, -C=C-,

-C(0)-, -C(O)NR10-, 0, -N(R10)-, or S(O)m;

V i1s selected from:

a)
b)

c)
d)

e)

hydrogen,

heterocycle selected from pyrrolidinyl, imidazolyl, pyridinyl
thiazolyl, pyridonyl, 2-oxopiperidinyl, indolyl, quinolinyl,
1soquinolinyl, and thienyl,

aryl,

C1-C20 alkyl wherein from 0 to 4 carbon atoms are replaced

with a a heteroatom selected from O, S, and N, and
C2-C20 alkenyl, and

’

provided that V is not hydrogen if Al is S(O)m and V is not hydrogen if
Alisabond, n is 0 and A2 is S(O)m;

W is a heterocycle selected from pyrrolidinyl, imidazolyl, pyridinyl,
thiazolyl, pyridonyl, 2-oxopiperidinyl, indolyl, quinolinyl, or
isoquinolinyl;

X, Y and Z are independently H2 or O;

m 1s
nis
pis
ris
tis
uis

0, 1or2;

0,1,2,30r4;

0,1,2,30r4;

0 to 5, provided that r is 0 when V is hydrogen;
3,4 o0r5; and

Oorl;

or the pharmaceutically acceptable salts thereof.

In a second more preferred embodiment of this invention,

the prodrugs of the preferred compounds of Formula I are illustrated by
the Formula II:
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A, 3 . RS2 \\F{5b
| i Re Y AN OR
V - AY(CR'4,),A%(CR"3,), \W - ((mwz)p\('\'?._/lL i' H o
X R2 hS Q
' R4b
R4a
wherein:

Rla is independently selected from: hydrogen or C1-Cg alkyl;

R1b is independently selected from:
a)  hydrogen,
b)  aryl, heterocycle, cycloalkyl, R100-, -N(R10); or alkenyl,
c)  C1-Ce alkyl unsubstituted or substituted by aryl,
heterocycle, cycloalkyl, alkenyl, R100-, or -N(R10)y;

R2 and R3 are independently selected from:
a) a side chain of a naturally occurring amino acid,
b)  an oxidized form of a side chain of a naturally occurring
amino acid which is:
i) methionine sulfoxide, or
11) methionine sulfone,
c) substituted or unsubstituted C1-C1( alkyl, C2-C10 alkenyl,
C3-C10 cycloalkyl, aryl or heterocyclic group,
wherein the substituent is selected from F, Cl, Br,
NO2, R100-, R11§(0)m-, R10C(O)NR10-, CN,
(R10)2N-C(NR10)-, R10C(0)-, R100C(0)-, N3,
-N(R10)3, R110C(0)NR10- and C1-Cpg alkyl, and
d) C1-Cg alkyl substituted with an unsubstituted or
substituted group selected from aryl, heterocycle and C3-
C10 cycloalkyl; or

R2 and R3 are combined to form - (CH?)s - ; or
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R2 or R3 are combined with R6 to form a ring such that

, 47
NS (GHy)
W is 2h

n3
5 LY

R4a and R74 are independently selected from:

a)  hydrogen,

b)  C1-Ceg alkyl unsubstituted or substituted by alkenyl, R100-,
R11S(0)m-, R1IOC(O)NR10-, CN, N3, (R10)pN-C(NR10)-,

10 R10C(0)-, R100C(0)-, -N(R10),, or R110C(O)NR10-,

c) aryl, heterocycle, cycloalkyl, alkenyl, R100-,
R118(0O)m-, R1I0C(O)NR10-, CN, NO2, (R10)sN-
C(NR10)-, R10C(0)-, R100C(0)-, N3, -N(R10)7,
or R110C(O)NR10-, and

15 d)  Ci1-Ce alkyl substituted with an unsubstituted or
substituted group selected from aryl, heterocyclic and C3-
C10 cycloalkyl;
R4b and R7b are hydrogen;
20

R5a is selected from:
a) a side chain of a naturally occurring amino acid, wherein the
amino acid is selected from methionine and glutamine,
b)  an oxidized form of a side chain of a naturally occurring
25 amino acid which is:
1) methionine sulfoxide, or
i1)  methionine sulfone, and
c) substituted or unsubstituted C1-C1( alkyl, C2-C1( alkenyl,
C3-C10 cycloalkyl, aryl or heterocyclic group,
30 wherein the substituent is selected from F, Cl, Br,
NO2, R100-, R115(0)py-, R10C(O)NRIO.,




10

IS

29

(R'9%NC(0)-, CN, R'9N-C(NR'")-, R'°C(0)-, R"0C(0)-, N;, -N(R'9),,
R"OC(O)NR'- and C,-Cyy alkyl, and

d)  C;-Cs alkyl substituted with an unsubstituted or substituted group selected from
aryl, heterocycle and C3-C cycloalkyl;

R is selected from:

a)  hydrogen, and

b) C,-C;alkyl,

R’ is independently selected from hydrogen or C;-Cg alkyl;

R® is independently selected from:

a)  hydrogen,

b)  Ci-Cs alkyl, C-Cs alkenyl, C,-C¢ alkynyl, C;-Cg perfluoroalkyl, F, Cl, R'°O-,
RC(ONR'-, CN, NO; [R',N-CINR')-, R'°C(0)-, R'OC(0)-, -N(R'®),, or
R"OC(O)NR'"-, and

¢)  Ci-Cg alkyl substituted by C,-Cg perfluoroalkyl, R'°0-, R'°C(0)-, R'’°OC(O)-, or
~NR')y;

R’ is selected from:

a)  hydrogen,

b)  Cy-Cs alkenyl, C>-Cq alkynyl, C,-C¢ perfluoroalkyl, F, Cl, R'°0-, R"'S(0),,-,
R"C(O)NR"-, CN, NO,;, (R'%N-C(NR'®)-, R"C(0)-, R'0C(0)-, -NR'),, or
R'"OC(O)NR'’-, and

c)  C;-Cg alkyl unsubstituted or substituted by C,-Cs perfluoroalkyl, F, Cl, R'°O-,
R'"'S(0)w-, R'C(O)NR'-, CN, (R'),N-C(NR'))-, R'°C(0)-, R'°0OC(0)-, -N(R'%),, or

R'"OC(O)NR'"-;

(R:\LIBA]02565.doc: TLT
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R10 is independently selected from hydrogen, C1-Cg alkyl, benzyl and

aryl;

R11js independently selected from Ci-Cﬁ alkyl and aryl;

R12 s
a)

b)

R13 s independently selected from hydrogen and C1-Cg alkyl;

substituted or unsubstituted C1-Cg alkyl, substituted or
unsubstituted C5-Cg cycloalkyl, or substituted or
unsubstituted cyclic amine, wherein the substituted alkyl,
cycloalkyl or cyclic amine is substituted with 1 or 2
substituents independently selected from:

1)  C1-Ce alkyl,

2) aryl,

3)  heterocycle,

4 -NRIll)y,

50  -ORI0, or
R O

H/kO/U\ R14'

]

9

R14 s independently selected from C1-Cg alkyl;

Q is selected from:

TN

§ X ?’J’N
=N

)
3
Q
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Al and A2 are independently selected from: a bond, -CH=CH-, -C=C-,

-C(0)-, -C(O)NR10-, 0, -N(R10)-, or S(O)y;

V 1s selected from:

a)
b)

c)
d)

e)

hydrogen,

heterocycle selected from pyrrolidinyl, imidazolyl, pyridinyl,
thiazolyl, pyridonyl, 2-oxopiperidinyl, indolyl, quinolinyl,
isoquinolinyl, and thienyl,

aryl,

C1-C20 alkyl wherein from 0 to 4 carbon atoms are replaced

with a a heteroatom selected from O, S, and N, and
C2-C20 alkenyl, and

provided that V is not hydrogen if Al is S(O)m and V is not hydrogen if
Alisabond, n is 0 and A2 is S(O)m;

W is a heterocycle selected from pyrrolidinyl, imidazolyl, pyridinyl,
thiazolyl, pyridonyl, 2-oxopiperidinyl, indolyl, quinolinyl, or
isoquinolinyl;

X, Y and Z are independently H2 or O;

m is
nis
pis
ris
tis
uis

0,1o0r2;

0,1,2,30r4;

0,1,2,3 0r4;

0 to 5, provided that r is 0 when V is hydrogen;
3,4 or5; and

Oorl;

or the pharmaceutically acceptable salts thereof.

In a third more preferred embodiment of this invention, the

inhibitors of farnesyl transferase are illustrated by the formula III:
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HOCH,(CH,),
(Re)r RQ Z
| | ~ Re OH
V - Al(CR'%,),A%(CR'3), \W /- (CR™®,), N7/lk ﬁ I
u z
\[(R2 Rs Q
X
I R*®

R4a
wherein:
Rla js independently selected from: hydrogen or C1-Cé alkyl;

R1b is independently selected from:
a) hydrogen,
b) aryl, heterocycle, cycloalkyl, R100-, -N(R10); or alkenyl,
c)  C1-Cg alkyl unsubstituted or substituted by aryl,
heterocycle, cycloalkyl, alkenyl, R100-, or -N(R10)5;

R2 and R3 are independently selected from:
a)  aside chain of a naturally occurring amino acid,
b)  anoxidized form of a side chain of a naturally occurring
amino acid which is:
i) methionine sulfoxide, or
il)  methionine sulfone,
c) substituted or unsubstituted C1-C1( alkyl, C2-C1( alkenyl,
C3-C10 cycloalkyl, aryl or heterocyclic group,
wherein the substituent is selected from F, Cl, Br,
NO2, R100-, R11S(0O)yy-, R10C(O)NR10-, CN,
(R10)2N-C(NR10)-, R10C(0)-, R100C(0)-, N3,
-N(R10y,, R110C(0)NR10- and C1-C0 alkyl, and
d)  Cj1-Cg alkyl substituted with an unsubstituted or
substituted group selected from aryl, heterocycle and C3-
C10 cycloalkyl; or
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R2 and R3 are combined to form - (CH2)s - ; or

R2 or R3 are combined with R® to form a ring such that

RG J“JJ W‘:‘-ﬂ
N —
".'1: 4 is ( H2)t ;
n3
rz R R72 R7b

R4a and R72 are independently selected from:

a)  hydrogen,

b)  C1-Cé alkyl unsubstituted or substituted by alkenyl, R 100-,
R11S(0)m-, R1I0C(O)NR10-, CN, N3, (R10)sN-C(NR10)-,
R10C(0)-, R100C(0)-, -N(R10yp, or R110C(O)NR10-,

c)  aryl, heterocycle, cycloalkyl, alkenyl, R100-,

R11S(0)m-, RI0C(O)NR10-, CN, NO3, (R10)>N-
C(NR10)., R10C(0)-, R100C(0)-, N3, -N(R10),
or RI10C(O)NR10-, and

d)  Ci1-Ce alkyl substituted with an unsubstituted or
substituted group selected from aryl, heterocyclic and C3-
C10 cycloalkyl;

R4b and R7D are hydrogen;
R6 is independently selected from hydrogen or C1-Cg alkyl;

R8 is independently selected from:

a)  hydrogen,

b) C1-Ce alkyl, C2-Cg alkenyl, C2-Cg¢ alkynyl, C1-Cg
perfluoroalkyl, F, Cl, R100-, R10C(O)NR10-, CN, NO»,
(R10)2N-C(NR10)-, R10C(0)-, R100C(0)-, -N(R10), or
R110C(O)NR10-, and
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¢)  C;-Cs alkyl substituted by C,-Cg¢ perfluoroalkyl, R'OO-, R'OC(O)-, R'OOC(O)-, or
~N(R');
R’ is selected from:

a)  hydrogen,
5 b)  C-Cs alkenyl, C,-Cs alkynyl, C,-C; perfluoroalkyl, F, Cl, R'°0-, R''S(O),-,

RC(ONR'™- CN, NO,, (R'LN-C(NR')., R'C(0)-, R"OC(0)-, -NR'"), or

R"OC(O)NR'’, and
¢)  C;-Cq alkyl unsubstituted or substituted by C,-C; perfluoroalkyl, F, Cl, R'°O-,

R"'S(O)w-, R'®C(ONR'-, CN, (R'),N-CINR')-, R!°C(0)-, R"OC(0)-, NRR'"),, or

10 R"OC(O)NR'-;
R' is independently selected from hydrogen, C;-Cg alkyl, benzyl and aryl;

R"is independently selected from C;-Cg alkyl and aryl;

Q is selected from:

%N N N
™ and ;

A" and A? are independently selected from: a bond, -CH=CH-, -C=C-, -C(O)-,
e -C(O)NR'’-, 0, -N(R'%)-, or S(O)u;

V is selected from:

set a)  hydrogen,

(R\LIBA]02565.doc' TLT
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heterocycle selected from pyrrolidinyl, imidazolyl, pyridinyl,
thiazolyl, pyridonyl, 2-oxopiperidinyl, indolyl, quinolinyl,
isoquinolinyl, and thienyl,

aryl, .

C1-C20 alkyl wherein from O to 4 carbon atoms are replaced
with a a heteroatom selected from O, S, and N, and

C2-C20 alkenyl, and

provided that V is not hydrogen if Al is S(O)m and V is not hydrogen if
Alisabond, n is 0 and A2 is S(O)m;

W is a heterocycle selected from pyrrolidinyl, imidazolyl, pyridinyl,
thiazolyl, pyridonyl, 2-oxopiperidinyl, indolyl, quinolinyl, or
isoquinolinyl;

X, Y and Z are independently H2 or O;

m is
nis
pis
q1is
Iis
tis
uis

0,1o0r2;

0,1,2,30r4,

0,1,2,30r4,

0,1o0r2;

0 to 5, provided that r is 0 when V is hydrogen;
3,4 o0r5;and

Oorl;

or the pharmaceutically acceptable salts thereof.

In a fourth more preferred embodiment of this invention, the

prodrugs of the preferred compounds of Formula III are illustrated by the

Formula I'V:
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(R%), R9 ' Z q

l RG Y o)

N
V- AT(CRI%),A(CR ), AW /- (Csz)pYN?‘/“\ /z\H I
R2 R3 Q
X
Y, R4b
R4a

wherein:

Rla js independently selected from: hydrogen or C1-Cg alkyl;

R1b is independently selected from:
a)  hydrogen,
b) aryl, heterocycle, cycloalkyl, RIOO-, -N(R10)2 or alkenyl,
c)  C1-Ce alkyl unsubstituted or substituted by aryl,
heterocycle, cycloalkyl, alkenyl, R100-, or -N(R10)5:

R2 and R3 are independently selected from:
a) a side chain of a naturally occurring amino acid,
b)  anoxidized form of a side chain of a naturally occurring
amino acid which is:
1) methionine sulfoxide, or
11) methionine sulfone,
c) substituted or unsubstituted C1-C1( alkyl, C2-C10 alkenyl,
C3-C10 cycloalkyl, aryl or heterocyclic group,
wherein the substituent is selected from F, Cl, Br,
NO2, R100-, R11§(0)y-, R10C(O)NR10-, CN,
(R10)sN-C(NR10)-, R10C(0)-, R100C(0)-, N3,
-N(R 10y, R110C(O)NR 10- and C1-Cpg alkyl, and
d) Cj1-Ce alkyl substituted with an unsubstituted or
substituted group selected from aryl, heterocycle and C3-
C10 cycloalkyl; or

R2 and R3 are combined to form - (CH?2)g - ; or
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R? or R? are combined with R® to form a ring such that

; =

>}1 is (CHyy
RY 3

: 3
R R’ R7b

R* and R are independently selected from:
a)  hydrogen
b) Ci-Ce alkyl unsubstituted or substituted by alkenyl, R'°O-, R''S(O)n-,

R'C(O)NR'"-, CN, Ni, R'"N-CNR'%)-, R'’C(0)-, R'°0C(0)-, -NR'),, or

R'""OC(O)NR'’-,
c) aryl, heterocycle, cycloalkyl, alkenyl, R’OO-, R“S(O).,,-, R’OC(O)NR'O-, CN,

NO,, (R'"),N-CNR'%)-, R'°C(0)-, R'°0C(0)-, N3, -N(R'%),, or R''OC(O)NR'’-, and
d)  C-Cq alkyl substituted with an unsubstituted or substituted group selected from
aryl, heterocyclic and C3-C cycloalkyl;

R* and R™ are hydrogen;
R®is independently selected from hydrogen or C;-Cg alkyl;

R® is independently selected from:

a)  hydrogen,
b)  C;-Cs alkyl, C,-Cs alkenyl, C,-Cg alkynyl, C,-Cs perfluoroalkyl, F, CI, R'OO-,

R'C(ONR'-, CN, NO, [R'“N-CNR')-, R'"C(0)-, R'°0C(0)-, NR'"),, or

R"OC(O)NR"-, and
c)  Ci-Cgalkyl substituted by C,-Cy perfluoroalkyl, R'°0-, R'°C(0)-, R'°OC(O)-, or

~NR'%);

[R\L1BA]02565.doc:TLT
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R9 is selected from:
a) hydrogen,
b)  C2-C6 alkenyl, C2-Cg alkynyl, C1-Cg perfluoroalkyl, F, Cl,
5 R100-, R11S(0)m-, R10C(O)NR10-, CN, NO2, (R10),N-

C(NR10)-, R10C(0)-, R100C(0)-, -N(R10)y, or
R110C(O)NR10., and
c) C1-Ce alkyl unsubstituted or substituted by C1-Cg
perfluoroalkyl, F, Cl, R100-, R11§(0)y-, R10C(O)NR10-,
10 CN, (R10)2N-C(NR10)-, R10C(0)-, R100C(0)-, -N(R10)»,
or R110C(O)NR10-;

R10 is independently selected from hydrogen, C1-C¢ alkyl, benzyl and
aryl;
15
R11 is independently selected from C1-Cg alkyl and aryl;

Q is selected from:

4N °
and

20

Al and A2 are independently selected from: a bond, -CH=CH-, -C=C-,
-C(0)-, -C(O)NR10-, 0, -N(R10)-, or S(O)p;
25
V is selected from:
a) hydrogen,
b)  heterocycle selected from pyrrolidinyl, imidazolyl, pyridinyl,
thiazolyl, pyridonyl, 2-oxopiperidinyl, indolyl, quinolinyl,
30 isoquinolinyl, and thienyl,
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c) aryl,
d)  C,-Cy alkyl wherein from 0 to 4 carbon atoms are replaced with a heteroatom
selected from O, S, and N, and
e)  C,-Cy alkenyl, and
provided that V is not hydrogen if A! is S(O),, and V is not hydrogen if A' is a bond, n
is 0 and A? is S(O)m;
W is a heterocycle selected from pyrrolidinyl, imidazolyl, pyridinyl, thiazolyl,
pyridonyl, 2-oxopiperidinyl, indolyl, quinolinyl, or isoquinolinyl;
X, Y and Z are independently H, or O;
10 mis 0,1o0r2;
nis 0,1,2,3 or4;
pis 0,1,2,30r4;
qis 0,1o0r2;
ris 0 to 5, provided that r is 0 when V is hydrogen;
15 tis 3,4o0rS5;and
oo uis Oori;
.- or the pharmaceutically acceptable salts thereof.

Another aspect of the invention provides a compound of the formula I:

8
(R )l‘ R9 OH

: I 1 la 2 la | Ib R6 vIY ‘ N>\[}/
V—-A(CR™),AY(CRy)p—W |—(CR 2)p\\/N H o
) IVASEA
X KR Q

4b
H I R4a R

20 Wherein Rla, R]b, RZ, R3, R4a, R4b, RSa, RSb, R6, R7a’ R7b, Rg, RIO’ Rl [’ Q, A[, AZ, V, W,

’ X,Y,Z, m,n,p, 1, tand u are as defined in pages 22-26 above, and
: R%is independently selected from C;-C; alkyl substituted by R’OC(O)NR’O-, (R'°)2N-

C(NR')-, or R""OC(O)NR -,
Another aspect of the present invention provides a compound of the formula II:

[R:\LIBA]02565.doc:TLT
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R, 9

__R
1 | RS Y z N}'\H/ORD
V—A'(CR"),AYCR"*)y—W —(CRlbz)p\/N ool
) e
X R Q

I R4a

Wherein Rla Rlb R2 R3 R4£l R4b RSa RSb R6 R?a R7b R() Rl() Rll RlZ Rl3 R]4 Q
AI, AQ, V,W,X,Y,Z, m,n, p, 1, tand u are as defined in pages 27-31 above, and
R is independently selected from C,-Cy alkyl substituted by R'°C(O)NR'-, (R'%),N-
5 C(NR'")-, or R"OC(O)NR'-.
A turther aspect of the present invention provides a compound of the formula II1:

HOCHz(CHz)q
8
) X oH
1 la 2 la ‘ 1b N
V—-A (CR 2)nA (CR 2)n—“w —(CR H O
u
R4b
R4a

111

wherein R', R"*, R%, R, R*, R*, R®, R”*, R”, R°, R R"!, Q, A", A>, V, W. X, Y, Z,
m, n, p, q, 1, t and u are as defined in pages 32-35 above, and
10 R® is independently selected from C;-Cg alkyl substituted by RlOC(O)NRm-* (R'%),N-
C(NR'%)-, or R"'OC(O)NR -,

A still further aspect of the present invention provides a compound of the formula IV:

R 1
( )r R‘) 7 0O
l ( R N
V= ANCRYACR ), |—(CR Dy N o
u N
I ®
2 R
X R Q

4b
4a R
v R

wherein R, R'"®, R, R*, R® R* R® R R™ R’ R'* R, Q,A' A% V,W,X,Y,Z,

m, n, p, q, I, t and u are as defined in pages 36-39 above, and

O LR
\Tt‘”—r 7 [RALIBAJ02565.doc:TLT
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R? is independently selected from C;-Cg alkyl substituted by R'°C(O)NR'’., (R'%),N-
C(NR'%)-, or R"OC(O)NRY-,

The preferred compounds of this invention are as follows:

N-[(1H-1midazol-4-ylacetyl-2(S)-amino)-3(S)-methylpentyl]-1,2,3,4-tetrahydro-3(S)-
s 1soquinolinecarbonyl-methionine methyl ester

N-[(1H-imidazol-4-ylacetyl-2(S)-amino-3(S)-methylpentyl]-1,2,3 4-tetrahydro-3(S)-

isoquinolinecarbonyl-methionine
N-{L-Pyroglutamyl-2(S)-amino-3(S)-methylpentyl]-1,2,3,4-tetrahydro-3(S)-

1soquinolinecarbonyl-methionine methy! ester
N-[L-Pyroglutamyl-2(S)-amino-3(S)-methylpentyl]-1,2,3,4-tetrahydro-3(S)-

10

isoquinolinecarbonyl-methionine

[R:\LIBA]02565.doc:TLT
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N-[(1 H-imidazol-4-ylpropionyl)-2(S)-anﬁno-3(S)-methylpentyl]- 1,2,3,4-
tetrahydro-3(S)-isoquinolinecarbonyl-methionine methyl ester

N-[(1H-imidazol-4-ylpropionyl)-2(S)-amino-3(S)-methylpentyl]-1,2,3,4-
tetrahydro-3(S)-isoquinolinecarbonyl-methionine

N-[(1-(4-cyanobenzyl)- 1H-imidazol-5-yl)acetyl]-2(S)-amino-3(S)-

methylpentyl]-1,2,34-tetrahydro-3(S)-isoquinolinecarbonyl methionine
methyl ester

N-[(1-(4-cyanobenzyl)-1H-imidazol-5-yl)acetyl}-2(S)-amino-3(S)-
methylpentyl]-1,2,34-tetrahydro-3(S)-isoquinolinecarbonyl methionine

N-[N-(4-cyanobenzyl)-L-pyroglutamyl-2(S)-amino-3(S)-methylpentyl]-
1,2,3,4-tetrahydro-3(S)-isoquinolinecarbonyl-methionine methyl ester

N-[N-(4-cyanobenzyl)-L-pyroglutamyl-2(S)-amino-3(S)-methylpentyl]-
1,2,3,4-tetrahydro-3(S)-isoquinolinecarbonyl-methionine

or the pharmaceutically acceptable salts or optical isomer thereof.

Specific examples of compounds of the invention are:

N-[L-Pyroglutamyl-2(S)-amino-3(S)-methylpentyl]-1,2,3,4-tetrahydro-
3(S)-isoquinolinecarbonyl-methionine

SCH

O\\Ji OH



WO 96/31525 PCT/US96/03974

-4] -

N- [L—Pyroglutamyl-Z(S)-amino-3(S)-methylpentyl]— 1,2,3,4-tetrahydro-
3(S)-isoquinolinecarbonyl-methionine methyl ester

SCH;

@)
H §§—H OCH,
o] .
o) /'w
5 or the pharmaceutically acceptable salts or optical isomer thereof.
In the present invention, the amino acids which are disclosed

are identified both by conventional 3 letter and single letter abbreviations
as indicated below:

10
Alanine Ala A
Arginine Arg R
Asparagine Asn N
15 Aspartic acid Asp D
Asparagine or
Aspartic acid Asx B
Cysteine Cys C
Glutamine Gln Q
20 Glutamic acid Glu E
Glutamine or
Glutamic acid Glx Z
Glycine Gly G
Histidine His H
25 Isoleucine Ile I
Leucine Leu L
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Lysine Lys K
Methionine Met M
Phenylalanine Phe F
Proline Pro P
Serine Ser S
Threonine Thr T
Tryptophan Trp \\4
Tyrosine . Tyr Y
Valine Val \Y%

The compounds of the present invention may have
asymmetric centers and occur as racemates, racemic mixtures, and as
individual diastereomers, with all possible isomers, including optical
isomers, being included in the present invention.

As used herein, "alkyl" is intended to include both branched
and straight-chain saturated aliphatic hydrocarbon groups having the
specified number of carbon atoms.

As used herein, "cycloalkyl" is intended to include non-
aromatic cyclic hydrocarbon groups having the specified number of
carbon atoms. Examples of cycloalkyl groups include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl and the like.

"Alkenyl" groups include those groups having the specified
number of carbon atoms and having one or several double bonds.
Examples of alkenyl groups include vinyl, allyl, isopropenyl, pentenyl,
hexenyl, heptenyl, cyclopropenyl, cyclobutenyl, cyclopentenyl,
cyclohexenyl, 1-propenyl, 2-butenyl, 2-methyl-2-butenyl, isoprenyl,
farnesyl, geranyl, geranylgeranyl and the like.

As used herein, "aryl" is intended to include any stable
monocyclic, bicyclic or tricyclic carbon ring(s) of up to 7 members in
each ring, wherein at least one ring is aromatic. Examples of aryl groups
include phenyl, naphthyl, anthracenyl, biphenyl, tetrahydronaphthyl,
indanyl, phenanthrenyl and the like.
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The term heterocycle or heterocyclic, as used herein,
represents a stable 5- to 7-membered monocyclic or stable 8- to 11-
membered bicyclic or stable 11-15 membered tricyclic heterocycle ring
which is either saturated or unsaturated, and which consists of carbon
atoms and from one to four heteroatoms selected from the group
consisting of N, O, and S, and including any bicyclic group in which any
of the above-defined heterocyclic rings is fused to a benzene ring. The
heterocyclic ring may be attached at any heteroatom or carbon atom
which results in the creation of a stable structure. Examples of such
heterocyclic elements include, but are not limited to, azepinyl,
benzimidazolyl, benzisoxazolyl, benzofurazanyl, benzopyranyl,
benzothiopyranyl, benzofuryl, benzothiazolyl, benzothienyl,
benzoxazolyl, chromanyl, cinnolinyl, dihydrobenzofuryl, dihydro-
benzothienyl, dihydrobenzothiopyranyl, dihydrobenzothio-pyranyl
sulfone, furyl, imidazolidinyl, imidazolinyl, imidazolyl, indolinyl,
indolyl, isochromanyl, isoindolinyl, isoquinolinyl, isothiazolidinyl,
isothiazolyl, isothiazolidinyl, morpholinyl, naphthyridinyl, oxadiazolyl,
2-oxoazepinyl, 2-oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolidinyl,
piperidyl, piperazinyl, pyridyl, pyridyl N-oxide, pyridonyl, pyrazinyl,
pyrazolidinyl, pyrazolyl, pyrimidinyl, pyrrolidinyl, pyrrolyl, quinazolinyl,
quinolinyl, quinolinyl N-oxide, quinoxalinyl, tetrahydrofuryl,
tetrahydroisoquinolinyl, tetrahydro-quinolinyl, thiamorpholinyl,
thiamorpholinyl sulfoxide, thiazolyl, thiazolinyl, thienofuryl,
thienothienyl, and thienyl.

As used herein, the terms "substituted aryl", "substituted
heterocycle" and "substituted cycloalkyl" are intended to include the
cyclic group which is substituted with 1 or 2 substitutents selected from
the group which includes but is not limited to F, Cl, Br, CF3, NH2, N(C]-
Ce alkyl)2, NO2, CN, (C1-Cg alkyl)O-, -OH, (C1-C¢ alky)S(O)m-, (C1-
Ceo alkyl)C(O)NH-, H2N-C(NH)-, (C1-Cg alkyl)C(O)-, (C1-Cé
alkyl)OC(O)-, N3,(C1-Cg alkyl) OC(O)NH- and C1-C2( alkyl.




WO 96/31525 PCT/US96/03974

10

15

20

-44 -

The following structure:

(CHy),

represents a cyclic amine moiety having 5 or 6 members in the ring, such
a cyclic amine which may be optionally fused to a phenyl or cyclohexyl
ring. Examples of such a cyclic amine moiety include, but are not limited
to, the following specific structures:

OU%%

It is also understood that substitution on the cyclic amine moiety by R82
and R8b may be on different carbon atoms or on the same carbon atom.

When R3 and R4 are combined to form - (CH2)s -, cyclic
moieties are formed. Examples of such cyclic moieties include, but are
not limited to:

When R52 and R5b are combined to form - (CH)s -, cyclic
moieties as described hereinabove for R3 and R4 are formed. In addition,
such cyclic moieties may optionally include a heteroatom(s). Examples
of such heteroatom-containing cyclic moieties include, but are not limited
to:
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As used herein, the phrase "nitrogen containing C6-C9
5 bicyclic ring system wherein the non-nitrogen containing ring is selected
from an aromatic ring and a heterocycle" which defines moiety "Q" of the
instant invention includes but is not limited to the following ring systems:

10
It is well understood by persons of ordinary skill in the art

that the "side chain" of the naturally occurring amino acid glycine is a
hydrogen moiety.
The pharmaceutically acceptable salts of the compounds of
15  this invention include the conventional non-toxic salts of the compounds
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of this invention as formed, e.g., from non-toxic inorganic or organic
acids. For example, such conventional non-toxic salts include those
derived from inorganic acids such as hydrochloric, hydrobromic, sulfuric,
sulfamic, phosphoric, nitric and the like: and the salts prepared from
organic acids such as acetic, propionic, succinic, glycolic, stearic, lactic,
malic, tartaric, citric, ascorbic, pamoic, maleic, hydroxymaleic, phenyl-
acetic, glutamic, benzoic, salicylic, sulfanilic, 2-acetoxy-benzoic,
fumaric, toluenesulfonic, methanesulfonic, ethane disulfonic, oxalic,
isethionic, trifluoroacetic and the like.

It is intended that the definition of any substituent or variable
(e.g., R10,Z, n, etc.) at a particular location in a molecule be independent
of its definitions elsewhere in that molecule. Thus, -N(R10)7 represents
-NHH, -NHCH3, -NHC2H35, etc. It is understood that substituents and
substitution patterns on the compounds of the instant invention can be
selected by one of ordinary skill in the art to provide compounds that are
chemically stable and that can be readily synthesized by techniques
known in the art as well as those methods set forth below.

Preferably, R 1a and R1D are independently selected from:
hydrogen, -N(R8)2, R8C(O)NR8- or C1-Cg alkyl unsubstituted or
substituted by -N(R8)2, R80- or R8C(O)NRS-.

Preferably, R2 is the sidechain of glycine (hydrogen).
Preferably, R3 is selected from:
a) a side chain of a naturally occurring amino acid,
b) substituted or unsubstituted C1-C20 alkyl,
wherein the substituent is selected from F, Cl, Br,
N(R10)p, NO2, R100-, R11S(0)y-, R10C(O)NR10-,
CN, (R10)2N-C(NR10)-, R10C(0)-, R100C(0)-, N3,
-N(R10)7, R110C(O)NR10- and Cj-C20 alkyl, and
c) C1-Ce alkyl substituted with an unsubstituted or

substituted group selected from aryl, heterocycle and C3-

C10 cycloalkyl; or
R3 is combined with RO to form pyrrolidinyl ring.

Preferably, R4a, R4b, R72 and R7b are independently
selected from: hydrogen, C1-Cg alkyl, aryl and benzyl.
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Preferably, R32 and R5b are independently selected from:

a side chain of a naturally occurring amino acid, methionine sulfoxide,
methionine sulfone and unsubstituted or substituted C1-Cg alkyl .

Preferably, R6 is: hydrogen or is combined with R3 to form
pyrrolidinyl ring.

Preferably, R8 is selected from: hydrogen, perfluoroalkyl, F,
Cl, Br, R100-, R11§(O)y-, CN, NO2, R10pN-C(NR10)-, R10C(O)-,
R100C(0)-, N3, -N(R10)2, or R110C(0O)NR10- and C1-Cg alkyl.

Preferably, R is hydrogen.

Preferably, R10 is selected from H, C1-Cg alkyl and benzyl.

Preferably, R12 is selected from C1-Cg alkyl and benzyl.

Preferably, Al and A2 are independently selected from: a
bond, -C(O)NR10-, -NR10C(0)-, O, -N(R10)-, -S(0)2N(R 10)- and-
NRI10)S(0)2-

Preferably, Q is a tetrahydroisoquinolinyl moiety.

Preferably, V is selected from hydrogen, heterocycle and
aryl.

Preferably, n, p and r are independently 0, 1, or 2.

Preferably t is 3.

The pharmaceutically acceptable salts of the compounds of
this invention can be synthesized from the compounds of this invention
which contain a basic moiety conventional chemical methods. Generally,
the salts are prepared by ion exchange chromatography or by reacting the
free base with stoichiometric amounts or with an excess of the desired
salt-forming inorganic or organic acid in a suitable solvent or various
combinations of solvents.

The compounds of the invention can be synthesized from
their constituent amino acids by conventional peptide synthesis
techniques, and the additional methods described below. Standard
methods of peptide synthesis are disclosed, for example, in the following
works: Schroeder et al., "The Peptides", Vol. I, Academic Press 1965, or
Bodanszky et al., "Peptide Synthesis", Interscience Publishers, 1966, or
McOmie (ed.) "Protective Groups in Organic Chemistry", Plenum Press,
1973, or Barany et al., "The Peptides: Analysis, Synthesis, Biology" 2,



WO 96/31525

PCT/US96/03974

-48 -

Chapter 1, Academic Press, 1980, or Stewart et al., "Solid Phase Peptide
Synthesis", Second Edition, Pierce Chemical Company, 1984. The
teachings of these works are hereby incorporated by reference.

Abbreviations used in the description of the chemistry and in

5 the Examples that follow are:
Ac20 Acetic anhydride;
Boc t-Butoxycarbonyl;
DBU 1,8-diazabicyclo[5.4.0Jundec-7-ene;
10 DMAP 4-Dimethylaminopyridine;
DME 1,2-Dimethoxyethane;
DMF Dimethylformamide;
EDC 1-(3-dimethylaminopropyl)-3-ethyl-carbodiimide-
hydrochloride;
15 HOBT 1-Hydroxybenzotriazole hydrate;
Et3N Triethylamine;
EtOAc Ethyl acetate;
FAB Fast atom bombardment;
HOOBT  3-Hydroxy-1,2,2-benzotriazin-4(3H)-one;
20 HPLC High-performance liquid chromatography;
MCPBA  m-Chloroperoxybenzoic acid,;
MsCl Methanesulfonyl chloride;
NaHMDS Sodium bis(trimethylsilyl)amide;
Py Pyridine;
25 TFA Trifluoroacetic acid;
THF Tetrahydrofuran.

Compounds of this invention are prepared by employing the

reactions shown in the following Reaction Schemes A-J, in addition to

30 other standard manipulations such as ester hydrolysis, cleavage of
protecting groups, etc., as may be known in the literature or exemplified
in the experimental procedures. Some key bond-forming and peptide
modifying reactions are:
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Reaction A Amide bond formation and protecting group cleavage using
standard solution or solid phase methodologies.

Reaction B Preparation of a reduced peptide subunit by reductive
alkylation of an amine by an aldehyde using sodium
cyanoborohydride or other reducing agents.

Reaction C Deprotection of the reduced peptide subunit

Reaction D Peptide bond formation and protecting group cleavage using
standard solution or solid phase methodologies.

Reaction E Preparation of a reduced subunit by borane reduction of the
amide moiety.

Reaction Schemes A-E illustrate bond-forming and peptide
modifying reactions incorporating acyclic peptide units. It is well
understood that such reactions are equally useful when the - NHC(RA) -
moiety of the reagents and compounds illustrated is replaced with the
following moiety:

These reactions may be employed in a linear sequence to provide the
compounds of the invention or they may be used to synthesize fragments
which are subsequently joined by the reactions described in the Reaction
Schemes.
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REACTION SCHEME A
Reaction A. Coupling of residues to form an amide bond
A COzR
ﬂ\ J 1 oH + ™ /<
0 N)\ff Q
H (0]
R4b
R4a
EDC, HOBT TR CO.R
or HOOBT >(O\H/N _
Et,N, DMF 0 R [ Q
R4b
R4a
HCl or 0]
CO,R
TFA _ o 2
R* [ Q
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REACTION SCHEME B

Reaction B. Preparation of reduced peptide subunits by reductive

alkylation

RA CO,R
>L j\ H "\ /Q 2

Al o
0]
R4b
R4a

NaCNBH

REACTION SCHEME C

Reaction C. Deprotection of reduced peptide subunits

o H CO,R
>r hig ~T /< TFA or
O RA Q
R4 HCI
R4a
CO,R
HaN A~ /Q ?
rR* [ Q
R4b

10 R4a
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REACTION SCHEME D

Reaction D. Coupling of residues to form an amide bond

EDC, HOBT
0] CO,H or HOOBT
AL o o
Q

o  EtsN,DMF

R4b
R4a
@)
(o) o) HCl or TFA
N e ——
S I
q 0]
R4b
R4a
0]
He N ©
a 0]
R4b
R4a




WO 96/31525 PCT/US96/03974

-53-
REACTION SCHEME E

Reaction E. Preparation of reduced dipeptides from peptides

0
XOTH\)K /zoﬁﬂ BH, THF

O RA Q

R4b
R4a

H CO,R
N~

O
0
o] R
R4a

where RA is R2, R3, R5a or RSb as previously defined; R4a and R4b are
as previously defined; and R is an appropriate protecting group for the
carboxylic acid.

10 Reaction Schemes F - M illustrate reactions wherein the non-
sulfhydryl-containing moiety at the N-terminus of the compounds of the
instant invention is attached to an acyclic peptide unit which may be
further elaborated to provide the instant compounds. It is well understood
that such reactions are equally useful when the - NHC(RA) - moiety of

15 the reagents and compounds illustrated is replaced with the following
moiety:
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These reactions may be employed in a linear sequence to provide the
compounds of the invention or they may be used to synthesize fragments
which are subsequently joined by the reactions described in Reaction
Schemes A - E.

The intermediates whose synthesis are illustrated in Reaction
Schemes A and C can be reductively alkylated with a variety of
aldehydes, such as I, as shown in Reaction Scheme F. The aldehydes can
be prepared by standard procedures, such as that described by O. P. Goel,
U. Krolls, M. Stier and S. Kesten in Organic Syntheses, 1988, 67, 69-75,
from the appropriate amino acid (Reaction Scheme F). The reductive
alkylation can be accomplished at pH 5-7 with a variety of reducing
agents, such as sodium triacetoxyborohydride or sodium
cyanoborohydride in a solvent such as dichloroethane, methanol or
dimethylformamide. The product II can be deprotected to give the final
compounds III with trifluoroacetic acid in methylene chloride. The final
product IIT is isolated in the salt form, for example, as a trifluoroacetate,
hydrochloride or acetate salt, among others. The product diamine III can
further be selectively protected to obtain I'V, which can subsequently be
reductively alkylated with a second aldehyde to obtain V. Removal of
the protecting group, and conversion to cyclized products such as the
dihydroimidazole VII can be accomplished by literature procedures.

Alternatively, the protected dipeptidyl analog intermediate
can be reductively alkylated with other aldehydes such as 1-trityl-4-
carboxaldehyde or 1-trityl-4-imidazolylacetaldehyde, to give products
such as VIII (Reaction Scheme G). The trityl protecting group can be
removed from VIII to give IX, or alternatively, VIII can first be treated
with an alkyl halide then subsequently deprotected to give the alkylated
imidazole X. Alternatively, the dipeptidyl analog intermediate can be
acylated or sulfonylated by standard techniques.

The 1midazole acetic acid XI can be converted to the acetate
XIII by standard procedures, and XIII can be first reacted with an alkyl
halide, then treated with refluxing methanol to provide the
regiospecifically alkylated imidazole acetic acid ester XIV. Hydrolysis
and reaction with the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>