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TREATMENT OF INSULIN RESISTANCE WITH GROWTH HORMONE SECRETAGOGUES

BACKGROUND OF THE INVENTION

Growth hormone (GH), which is secreted from the pitvitary gland,
stimulates growth of all tissues of the body that are capable of growing. In
addition, growth hormone is known to have the following basic effects on the
metabolic processes of the body: " _

1. Increased rate of protein synthesis in substantially all cells of the

body;

2 Decreased rate of carbohydrate utilization in celis of the body; and

3. increased mobilization of free fatty acids and use of fatty acids for

energy. .

Deficiency in growth hormone results in a variety of medical disorders. In
children, it causes dwarfism. iIn aduits, the consequences of acquired GH
deficiency include profound reduction in lean body mass and concomitant increase
in total body fat, particularly in the truncal region. Decreased skeletal and cardiac
muscle mass and muscle strength lead to a significant reduction in exercise
capacity. Bone density is also reduced. Administration of exogenous growth
hormone has been shown to reverse many of the metabolic changes. Additional
benefits of therapy have included reduction in LDL cholesterol and improved
psychological well-being.

In cases where increased levels of growth hormone were desired, the
problem was generally solved by providing exogenous growth hormone or by
administering an agent which stimulated growth hormone production and/or
release. In either case the peptidyl nature of the compound necessitated that it be
administered by injection. Initially the source of growth hormone was the
extraction of the pituitary glands of cadavers. This resulted in an expensive
product, and carried with it the risk that a disease associated with the source of the
pituitary gland could be transmitted to the recipient of the growth hormone (e.g.,
Jacob-Creutzfeld disease). Recently, recombinant growth hormone has become
available which, while no longer carrying any risk of disease transmission, is stili a
very expensive product which must be given by injection or by a nasal spray.
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Most GH deficiencies are caused by defects in GH release, not primary

defects in pituitary synthesis of GH. Therefore, an alternative strategy for

nomalizing serum GH levels is by stimulating its release from somatotrophs.
Increasing GH secretion can be achieved by stimulating or inhibiting various
neurotransmitter systems in the brain and hypothalamus. As a result, the
development of synthetic growth hormone-releasing agents to stimulata pituitary
GH secretion -are being pursued, and may have several advéntages over
expensive and inconvenient GH replacement therapy. By acting along physiologic
regulatory pathways, the most desirable agents would stimulate pulsatile GH
secretion, and excessive levels of GH that have been associated with the
undesirable side effects of exogenous GH administration would be avoided by
virtue of intact negative feedback loops.

Physiologic and pharmacologic stimulators of GH secretion include
arginine, L-3,4-dihydroxyphenylalanine (L-DOPA), glucagon, vasopressin, and
insulin induced hypoglycemia, as well as aclivities such as sleep and exercise,
indirectly cause growth hormone to be released from the pituitary by acting in
some fashion on the hypothalamus perhaps either to decrease somatostatin
secretion or to increase the secretion of the known secretagogue growth hormone
releasing factor (GHRF) or an unknown endogenous growth hormone-releasing
hormone or all of these.

Other compounds have been developed which stimulate the release of
endogenous growth hormone such as analogous peptidyl compounds related to
GRF or the peptides of U.S. Patent 4,411,890. These peptides, while
considerably smaller than growth hommones are still susceptible to various
proteases. As with most peptides, their potential for oral bioavailability is iow. WO
94/13696 refers to certain spiropiperidines and homologues which promote
release of growth hormone.

The compounds of WO 94/11012 and WO 94/13696 are reported to be
useful in the treatment of osteoporosis in combination with parathyroid hormone or
a bisphosphonate. '

In one aspect, this invention relates to a method of treating insulin resistant
conditions such as Non-Insulin Dependent Diabetes Mellitus (NIDDM) and reduced
glycemic control associated with obesify and aging in a mammal in need thereof
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~ which comprises administering to said mammal an effective amount of a

compound of the formuia |, defined below, or a pharmaceutically acceptable sait
thereof.

This invention is directed to the use of growth hormone secretagogues
specifically growth hormone releasing peptides (GHRP) or GHRP mimetics of
formula I, defined below, to improve glycemic control. Agents that increase growth
hormone (GH) levels would not be expected to have this effect since it is widely
recognized that GH is diabetogenic in animals and in humans. In acromegalics,
glucose utilization and suppression of hepatic glucose production are impaired
(see Hansen, I, et al., Am J Physiol, 250:E269 (1986)). In this disease of GH
excess, impaired glucose handling and hyperinsulinemia have been reversed by
pituitary surgery or chemotherapy which reduced GH levels (see Levin S.R., et al,,
Am J Med, 57:526 (1974), Feek, C.M., et al., J Clin Endocrinol 22:532 (1981)).
Furthermore, administration of GH to older subjects caused hyperglycemia,
glucose intolerance and hyperinsulinemia in numerous studies (see Aloia, J.F., et
al., J Clin Endocrinol Metab, 43:992 (1978); Binnerts et al, J Clin Endocrinol
Metab, 67:1312 (1988); Marcus, R., et al., J Clin Endocrinol Metab, 70:519
(1980)). Therefore, GH therapy is contra-indicated for individuais with diabetes or
those at risk for diabetes.

Obesity is a major risk factor for diabetes, and a large fraction of NIDDM
patients are obese. Both conditions are characterized by elevated ciréulating
insulin levels and suppressed GH levels. GH treatment of GH-deficient adults
(Jorgensen, J.O.L., et al., Lancet 1:1221 (1989)), obese women (Richelsen, B., et
al., Am J Physiol, 266:E211 (1994)) and elderly men (Rudman, D, et al, Horm Res
38 (Suppl 1):73 (1991)) has been shown to produce increases in lean body,
hepatic and muscie mass while decreasing fat mass. Thus, GH therapy for
obesity would seem attractive except for the diabetogenic effects of GH.

An alternative to exogenous GH administration is therapy that stimulates
endogenous GH secretion. It has been shown that a substantial pituitary reserve
of GH is present in pituitary-intact GH-deficient patients and the elderly so that
decreased serum GH levels are due to hyposecretion.

Hyposecretion of GH in several clinical settings (obesity, aging,
glucocorticold suppression) is relatively resistant to stimulation by GHRH (Gertz,
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B.J., et al, J Clin Endocrinol Metab, 79:745 (1994); Arvat, E., et al., J Clin
Endocrinol Metab, 79:1440 (1994); Maccario, M., et al., Metabolism, 44:134
(1995)). In contrast, administration of a GHRP or combined administration of
GHRH and a GHRP in these patients can elicit a robust GH response (Aloi, J.A., et
al., J Clin Endocrinol Metab, 79:943; (1994)). Single dose studies of GHRPs have
demonstrated the absence of an acute effect on circulating insulin or glucose
levels. Insulin and glucose have generally not been monitored in chronic studies
except to document the absence of unfavorable changes (Jacks, T., et al.,, J
Endocrinol. 143:399 (1993)). '

Prior to the present invention, the use of GHRPs or GHRP mimetics to
improve glycemic control has not specifically been explored. The method of
treating insulin resistance in a mammal comprising the administration of a
compound of formula | is practiced preferentially in patients who have a functional
hypothalamic-pituitary axis capable of GH secretory responses to GHRPs and who
are diabetics (Type | or Type II), or are insufin resistant, or who show impaired
glucose toierance.

in another aspect, this invention is directed to methods for the treatment or
prevention of congestive heart failure, obesity and frailty associated with aging, in

- mammal in need thereof, which comprises administering to said mammal

simultaneously, sequentially in any order or as a combination a functional
somatostatin antagonist such as an alpha-2 adrenergic agonist, for exampile
donidine, xylazine or medetomidine, and a compound of formula |, defined below.
In another aspect, this invention provides methods for accelerating bone fracture
repair and wound healing, attenuating protein catabolic response after a major
operation, and reducing cachexia and protein ioss due to chronic illness in a
mammal in need thereof, which comprises administering to said mammal
simultaneously, sequentially in any order or as a combination an aipha-2
adrenergic agonist, such as clonidine, xylazine or medetomidine and a compound
of formula |, defined below. Clonidine, which is disclosed in US Patent No.
3,202,660 the disclosure of which is hereby incorporated by reference, xylazine,
which is disclosed in US Patent No. 3,235,550 the disclosure of which is hereby
incorporated by reference and medetomidine, which is disclosed in US Patent No.
4,544,664 the disclosure of which is hereby incorporated by reference. It has been
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shown that alpha-2 adrenergic agonists cause release of endogenous growth
hormone in human and canine subjects (Cella et al., Life Sciences (1984), 34:447-
454; Hampshire J, Altszuler N. American Joumal of Veterinary Research (1881),
42:6, 1073-1076; Valcavi et al., Clinical Endocrinology (1988), 29:309-316;
Mormison et al., American Journat of Veterinary Research (1990), 51:1, 65-70;),
and that the co-administration of an alpha-2 adrenergic agonist with growth
homone-releasing factor restores defective growth hormone secretion in aged
dogs (Arce et al, Brain Research (1990), 537:359-362; Cella et al,
Neuroendocrinology (1993), 57:432-438).

In yet another aspect, this invention provides a process for the synthesis of
a compound of the formula Z

Me\ o) Ph
h Ph (
Na o o
N " )j><NH2 L-tartrate
5o
(3aR, 1R)
y4

where the process is describéd below.

Further, this invention is directed to processes for preparing certain
intermediates, shown below, which are useful in the synthesis of the compound of
formula Z.

The compounds of formula | utilized in the present invention and the
compound of formula Z are disclosed and claimed in co-pending PCT Application
Number PCT/IB 96/01353 filed December 4, 1988, which is assigned to the
assignee hereof, wherein said compounds are disclosed as having activity as

growth hormone secretagogues and which increase the level of endogenous
growth hormone.
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SUMMARY OF THE INVENTION
The compounds utilized in methods of this invention have the formula |,

4

6 R7
(cn,). CH, / \4/ ~ N ~F
\r I Npe
(CHz)w ©
5 |
or the stereoisomeric mixtures, diastereomerically enriched, diastereomerically
pure, enantiomerically enriched or enantiomerically pure isomers, or the
phamaceutically acceptable salts and prodrugs thereof,
wherein
10 eisOor1;

n and w are each independently 0, 1 or 2;
provided that w and n cannot both be O at the same time;
Y is oxygen or sulfur; .
R* is hydrogen, -CN, -{CH2)NO)C(0)X®, -(CHz)quC(oxcs-l,).-A'

156 -(CHa)eNOC®)SOACH:)-A’, ~(CH2)NXESO,XE, -(CH2)eNOCICIOINOS)(CHR)-A',
~(CHa);NEXIC(O)NCXH(X), -(CH)CIOINGKH(XY), <(CH2)CIOINCCNCH)-A",
~(CH2){C(O)OXE, -(CH2)eC{O)O(CHR)rA', ~(CH2),0X?, -(CH2)OC(O)X5,
~(CHZ)qOC(O)(CHz)rA', -(CH2);OC(OINPEHCH:)-AY, ~(CH2);OC(OINEE) (<),
~(CH2){C(O)X®, ~(CH2)eC(OXCHa)A", {CHz),NCE)C(O)YOXS,

20  -(CHa)NOK)SONEC)(XY), ~(CHz)S(OMmX’, ~(CH2)S(O)m(CH2)-A',
~(C+-Crojalkyl, (CH)rA', (CHz)-(C5-Cr)cycloalkyl, -(CHz)-Y'-(C1-Coyalityl,
~(CHz)¢-Y'-(CH2)eA" or +(CHa)e Y'<(CH2)r(C5-Cr)cycloalkyl;

where the alkyl and cycloalkyl groups in the definition of R' are optionally
substituted with (C,-C,)alkyt, hydroxyl, (Ci-Cs)alkoxy, carboxyl, ~CONH,

25 -S(O)m(C1-Co)alkyl, -CO5(Cs-CJ)alky! ester, 1H-tetrazol-5-yl or 1, 2 or 3

fluoro; '
Y'is O, S(O)m, C(ONX’-, -CH=CH-, -C=C-, -N(XC(O)-, -CIONX’-,
-C(0)O-, -OC(O)N(X- or -OC(0)-;
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said (CHz)q group and (CH.) group may each be optionally substituted with
hydroxy], {C+-Cq)alkoxy, carboxyl, -CONH,, -S(0)m(Ci-Ce)alkyl,
-CO(C-CJ)alkyl ester, 1H-tetrazol-5-yl, 1, 2 or 3 fluoro, or 1 or 2 (Cs-
Caalkyl;

R? is hydrogen, (C1-Ca)alkyl, -(Co-Ca)alkyl-(Cs-Cs)cycioalkyl, -(C+-Coalkyl-A' or A';
where the alkyl groups and the cycloalky! groups in the definition of R? are
optionally substituted with hydroxyl, -C(O)OX®, -C(O)NPB) (X%, -NXH(X),
-S(O)m(C+-Ca)alkyl, -C(O)AY, -C(0)(<®), CFs, CN or 1, 2 or 3 halogen;

R is A", (Ci-Co)alkyl, (Cr-Celalkyl-A’, -(C+-Ce)alkyl-(Cs-Cricycioalkyl,

~(C1-Ce)alkyl-X'(C1-Cs)alkyl, (C+-Cs)alkyl-X'-(Co-Cs)alkyl-A' or

-(C+-Cs)alkyl-X'~(C+-Cs)alkyl-(Cs-Cr)cycioalkyl;
where the alkyl groups in the definition of R® are optionally substituted with
-S(0)m(C1-Co)alkyl, -C(O)OX3, 1, 2, 3, 4 or 5 halogens, or 1, 2 or 3 0X;

X' is O, S$(O)ms ~-NCAC(O)-, -C{OINGR)-, -OC(0)-, -C(0)0-, -CX*=CxZ,
-NEX)C(0)O-, -OC(O)N(S?)- or -CuC-; '

R* is hydrogen, {Ci-Ce)alkyl or (C+-Cr)cycloalkyl, or R* is taken together with R®

and the carbon atom to which they are attached and form (Cs-Cy)cycloalky!, (Cs-

Cy)cycloalkenyl, a partially saturated or fully saturated 4- to 8-membered ring

having 1 to 4 heteroatoms independently selected from the group consisting of

oxygen, sulfur and nitrogen, or is a bicyclic ring system consisting of a partially
saturated or fully saturated 5- or 6-membered ring, fused to a partially saturated,

fully unsaturated or fully saturated 5- or 6-membered ring, optionally having 1 to 4

heteroatoms independently selected from the group consisting of nitrogen, sulfur

and oxygen;

X* is hydrogen or (C+-Cg)alkyl or X* is taken together with R* and the nitrogen atom

to which X* is attached and the carbon atom to which R* is attached and form a

five to seven membered ring;

x3 x5a
y N/
~Z AN 7
(CH2a (CH2)p .

t

R®is abond oris
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where a and b are independently 0, 1, 2 or 3;
X® and X> are each independently selected from the group consisting of
hydrogen, trifluoromethyl, A' and optionally substituted (C-Ce)alkyl;
the optionally substituted (C+-Ce)alky! in the definition of X° and X*
is optionally substituted with a substituent selected from the group
consisting of A', OX%, -S(O)m(C+-Cealkyl, -C(OYOX?, (Cs
Cy)cycloalkyi,
-NE<A)(X?) and -CLOINX)O):
or the carbon bearing X5 or X> forms one oi' two alkylene bridges with the
nitrogen atom bearing R” and R® wherein each alkylene bridge contains 1
to 5 carbon atoms, provided that when one alkylene bridge is formed then
X5 or X but not both may be on the carbon atom and R or R® but not both
may be on the nitrogen atom and further provided that when two alkylene
bridges are formed then X° and X* cannot be on the carbon atom and R’
and R® cannot be on the nitrogen atom;
or X® is taken together with X* and the carbon atom to which they are
attached and form a partially saturated or fully saturated 3- to 7-membered
ring, or a partially saturated or fully saturated 4- to 8-membered ring having
1 to 4 heteroatoms independently selected from the group consisting of
oxygen, sulfur and nitrogen;
or X® is taken together with X and the carbon atom to which they are
attached and form a bicyclic ring system consisting of a partially saturated
or fully saturated 5- or 6-membered ring, optionally having 1 or 2
heteroatoms independently selected from the group consisting of nitrogen,
sulfur and oxygen, fused to a partially saturated, fully saturated or fully
unsaturated 5- or 8-membered ring, optionally having 1 to 4 heteroatoms
independently selected from the group consisting of nitrogen, sulfur and
oxygen, -
2' is a bond, O or N-X?, provided that when a and b are both 0 then Z' is
not N-X2 or O;

R’ and R® are independently hydrogen or optionaily substituted (C-Co)alky!;

where the optionally substituted (C+-Cs)alkyl in the definition of R and R® is
optionally independently substituted with A", -C(0)O-~(C+-Ce)alkyl,
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-S(O)m(Cs-Co)alkyl, 1 to 5§ halogens, 1 to 3 hydroxy, 1 to 3 -O-C(O)Cs-
Cio)aikyl or 1 to 3 (Cy-Ce)alkoxy; or
R’ and R® can be taken together to form -(CH,)~-L-(CH2);
where L is CO)0¢), S(O)m 0f NOG);
A' for each occurrence is independently (Cs-Cs)cycloalkenyl, phenyl or a partially
saturated, fully saturated or fully unsaturated 4- to 8-membered ring optionally
having 1 to 4 heteroatoms independently selected from the group consisting of
oxygen, sulfur and nitrogen, a bicyclic ring system consisting of a partially
saturated, fully unsaturated or fully saturated 5- or 6-membered ring, optionally
having 1 to 4 heteroatoms independently selected from the group consisting of
nitrogen, sulfur and oxygen, fused to a partially saturated, fully saturated or fully
unsaturated 5- or 6-membered ring, optionally having 1 to 4 heteroatoms
independently selected from the group consisting of nitrogen, sulfur and oxygen;
A' for each occurrence is independently optionally substituted, in one or
optionally bath rings if A' is a bicyclic ring system, with up to three
substituents, each substituent independently selected from the group
consisting of F, ClI, Br, |, OCFs, OCF.H, CFs, CHs, OCH,, -OX5 -
C(OINOK)(X®), -C(O)OX®, oxo,
(C+-Celalkyl, nitro, cyano, benzyl, -S(O)m(Ci-Ce)alkyl, 1H-tetrazol-5-yl,
phenyl, phenoxy, phenylalkyloxy, halophenyl, methylenedioxy, -N(X‘)(X“),
-NEACOIX),  -SONHX),  -N(XHSOzphenyl, -NXHSOX?, -
CONX''X",
-SONX'X™, -NX*S0,X™, -NX®CONX"'X", -NXSO.NX"'X"2, -NX°C(O)X™,
imidazolyl, thiazolyl and tetrazolyl, provided that if A' is optionally
substituted with methylenedioxy then it can only be substituted with one
methyienedioxy;
where X' is hydrogen or optionally substituted (Cs-Ce)alkyl;
the optionally substituted (Ci-Ce)alkyl defined for X' is
optionally independently substituted with phenyl, phenoxy,
(C+-Ce)alkoxycarbonyl, -S(O)m(C1-Ce)alkyl, 1 to 5 halogens,
1 to 3 hydroxy, 1 to 3 (Ci-Cio)alkanoyioxy or 1 to 3 (C,-
Ce)alkoxy;
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X' is hydrogen, (Cr-Ce)alkyl, phenyl, thiazolyl, imidazolyl, furyt or

thienyl, provided that when X' is not hydrogen, X*? is optionally

substituted with one to three substituents independently selected

from the group consisting of Cl, F, CHa, OCHs, OCF; and CF3;

or X' and X™ are taken together to form -(CHy)-L'-(CHz)~;

~ where L' is C)(X3), O, S(O)m or N(X*);
r for each occurrence is independently 1, 2 or 3;
X2 for each occurrence is independently hydrogen, optionally substituted (Cq-
Ce)alkyl, or optionally substituted (C;-Cr)cycloalkyl, where the optionally substituted
(Cy-Ce)alkyl and optionally substituted (Cs-Cy)cycloalkyl in the definition of X? are
optionally independently substituted with -S(O)m(C+-Coalkyl, -C(O)OX3, 1 to §
halogens or 1-3 OX®;
X3 for each occurrence is independently hydrogen or (C1-Ce)alkyl;
X® is independently hydrogen, optionally substituted (Ci-Cealkyl, (Co
Ce)halogenated alkyl, optionally substituted (Ca-Cr)eycloalkyl, (Cs-Cy)-
halogenatedcycloalkyl, where optionally substituted (Cs-Cg)alkyl and optionally
substituted (Cs-C;)cycloalkyl in the definition of X8 is optionally independently
substituted by 1 or 2 (C,-C,)alkyl, hydroxyl, (C,-Cs)alkoxy, carboxyl, CONH,, -
S(O)m(C+-Ce)alkyl, carboxylate (C,-Cy)alkyl ester, or 1H-tetrazol-5-yi; or
when there are two X" groups on one atom and both X° are independently (C+-
Ce)alkyl, the two (C,-Cgalky! groups may be opticnally joined and, together with
the atom to which the two X® groups are attached, form a 4- to 8- membered ring
optionally having oxygen, suifur or NX; |
X' is hydrogen or (C,-Ce)alkyl optionally substituted with hydroxyl; and
m for each occurrence is independently 0, 1 or 2;
with the proviso that:
X® and X cannot be hydrogen when it is attached to C(O) or SO, in the form
C(O)X®, C(O)X™, SOX°* or SO.X™; and
when R®%is a bond then L is NO®) and each r in the definition (CHz)-L-(CH2)- is
independently 2 or 3.
In one aspect, this invention provides a method for treating insulin

resistance in a mammal which comprises administering to said mammal an
effactive amount of a conipound of formula |, as defined above, or the
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sterecisomeric mixtures, diastereomerically enriched, diastereomerically pure,
enantiomerically enriched or enantiomerically pure isomers, or the
pharmaceutically acceptable salts and prodrugs thereof.

A preferred method of the foregoing method is where the condition
associated with insulin resistance is type | diabetes, type Il diabetes,
hyperglycemia, impaired glucose tolerance or an insulin resistant syndrome or
state.

Another preferred method of the foregoing method is where the condition
associated with insulin resistance is associated with obesity or old age.

A preferred method of the foregoing method is where said compound of
formula | is of the following formula

/N\ R® o]
R’——N%Od \ﬂ/}\ %(NH,
J R H T
H ’
or the stereoisomeric mixtures, diastereomerically enriched, dia§tereomerically
pure, enantiomerically enriched or enantiomerically pure isomers, or the
pharmaceutically acceptable salts and prodrugs thereof where
R' is -CHx-phenyl, R? is methyl and R® is -(CH,)s-phenyl;
R' is -CHz-phenyl, R? is methyl and R® is 3-indoly-CHz-;
R' is -CHz-phenyl, R? is ethyl and R® is 3-indoly-CHz-;
R’ is -CHy4-fluoro-phenyl, R? is methyl and R® is 3-indolyl-CH~;
R' is -CHz-phenyl, R* is methyl and R® is -CH;-O-CH.-phenyl;
R' is -CHz-phenyl, R? is ethyl and R® is -CHz-O-CHz-phenyl;
R' is -CHzphenyl, R? is -CH;CF3 and R? is -CHo-O-CH-phenyi;
R’ is -CHz-4-filuoro-phenyl, R? is methyl and R® is -CHz-0-CH,-phenyt;
R' is -CHx-phenyl, R? is t-butyl and R® is -CH,-O-CH.-phenyl; or
R is -CHz-phenyl, R? is methyl and R® is -CH-O-CH;-3,4-di-flucro-phenyl.
Another preferred method of the foregoing method is where said
compound of formula | is of the formula
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N 3
S R (o)
R"-'-—N/
N NH,
o
o Al H

or the stereocisomeric mixtures, diastereomerically enriched, diastereomerically
pure, enantiomerically enriched or enantiomerically pure isomers, or the
pharmaceutically acceptable salts and prodrugs thereof where

R?is methyl; A' is 2-pyridyl; and R® is -CH,-O-CHz-phenyl:

R?is CH,CF5; A' is 2-pyridyl; and R® is -CH;-O-CHz-3-chioro-phenyt;

R?is CHCFa; A' is 2-pyridyl; and R® is -CH,-O-CHy-4-chioro-phenyl;

R?is CH,CFx A'is 2-pyridyl; and R? is ~CH;-O-CH2-2,4-di-chioro-pheny!;

R?is CH,CFy; A' is 2-pyridyl; and R® is -CH,-O-CH,-3-chloro-thiophene or

R?is CH.CF3; A' is 2-pyridyl; and R®is -CHz-O-CH2-2,4-di-fluoro-phenyi.

Yet another preferred method of the foregoing method is where said
compound of formula | or the sterecisomeric mixtures, diastereomerically enriched,
diastereomerically pure, enantiomerically enriched or enantiomerically pure
isomers or the pharmaceutically acceptabie salts and prodrugs thereof is the
3a(R,S5),1(R) diastereomeric mixture, the 3a(R),1(R) diastereomer or the
3a(S), 1(R) diastereomer of a compound selected from the group consisting of
2-amino-N-{1-(3a-benzyl-2-methyl-3-ox0-2,3,3a,4,8,7-hexahydro-pyrazolo}4,3-
cJpyridine-5-carbonyi)-4-phenyl-butyil-isobutyramide,
2-amino-N-[z-(3a-benzyl-2-methyl-3-oxo-2,3,3a,4,6,7-hemhydro-pyrazolo-[4.3-
clpyridin-5-yl)-1-(1H-indol-3-yimethyl)-2-oxo-ethyl}-isobutyramide,
2-amino-N-[2-(3a-benzyl—2-ethyl-3—oxo-2,3.3a,4,6,7-hexahydro-pyrazolo[4,3-
Clpyridin-5-yl)-1-(1H-indol-3-yimethyl)-2-oxo-ethyi}-isobutyramide,
2-amino-N-[2-[3a-(4-filuoro-benzyl)-2-methyl-3-oxo-2,3,3a,4,6,7-hexahydro-
pyrazolo[4,3-cJpyridin-5-yll-1-(1H-indol-3-yimethyl)-2-oxo-ethyil-isobutyramide,
2-amino-N-[2-(3a-benzyl-2-methy!-3-0x0-2,3,3a,4,6, 7-hexahydro-pyrazolof4,3-
clpyridin-5-yl)-1-benzyloxymethyl-2-oxo-ethyl]-isobutyramide,
2-amino-N-[2-(3a-benzyl-2-ethy|-3-oxo-2,3,3a,4,6,7-hexahydro-pyrazolo[4,3-
clpyridin-5-yl)-1-benzyloxymethyi-2-oxo-ethyl}-isobutyramide,
2-amino-N—{2—[33-benzy|-3-oxo-2—(2,2.2-triﬂuoro-ethyl)-2,3,3a,4,6,7-hexahydro-
pyrazolo[4,3-clpyridin-5-yl]-1-benzyloxymethyl-2-oxo-ethyi}-isobutyramide,
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2-amino—N-{1-benzyloxymethyl-z-[3a-(4-ﬂuoro-benzyl)-z-memyl-a-oxo-z,3,33,4,6.7—
hexahydro-pyrazolo[4,3-c]pyridin-5-yl}-2-oxo-ethyi}-isobutyramide,
2-amino-N-[2-(3a-benzyl-2-tert-butyl-3-ox0-2,3,3a,4,6,7-hexahydro-pyrazolof4.3-
clpyridin-5-yl)-1-benzyloxymethyl-2-oxo-ethyl}l-isobutyramide and
2-amino-N-[2-(3a-benzyl-3-0x0-2,3,3a,4,6, 7-hexahydro-pyrazoio[4, 3-c]pyridin-5-yl)-
1-benzyloxymethyl-2-oxo-ethyl]-isobutyramide.

A preferred method of the immediately foregoing method is where said
compound of formula | is 2-amino-N-{2-(3a-(R)-benzy}l-2-methyl-3-0x0-2,3,3a,4,8,7-
hexahydro-pyrazolo-[4,3-c]pyridin-5-yl)-1-(R)-benzyloxymethyi-2-oxo-ethyl]-
isobutyramide L-tartaric acid sait. |

Still another preferred method of the foregoing method is a method where
said compound of formula | or the sterecisomeric mixtures, diastereomerically
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically
pure isomers or the pharmaceutically acceptable salts and prodrugs thereof is the
3a-(R,S).1-(R) diastereomeric mixture, the 3a-(R),1-(R) enantiomer or 3a-(8),1-(R)
enantiomer of a compound selected from the group consisting of
2-amino-N-[1-benzyloxymethyl-2-(2-methyl-3-oxo-3a-pyridin-2-yimethyl-
2,3,3a,4,6,7-hexahydro-pyrazolo[4,3-c]pyridin-5-yi}-2-oxo-ethyl]-2-methyi-
propionamide;
2-amino-N-{1-(3-chloro-benzyloxymethyl)-2-oxo-2-[3-oxo-3a-pyridin-2-yimethyl-2-
(2,2,2-trifluoro-ethyl)-2,3,3a,4,8, 7-hexahydro-pyrazolo[4,3-¢ Jpyridin-5-yl}-ethyl}-2-
methyl-propionamide;
2-amino-N-{1-{4-chloro-benzyloxymethyl)-2-oxo-2-[3-oxo-3a-pyridin-2-yimethyl-2-
(2,2,2-trifluoro-ethyl)-2,3,3a,4,6,7-hexahydro-pyrazolof4,3-¢ Jpyridin-5-yl}-ethyl}-2-
methyl-propionamide;
2-amino-N-{1-(2,4-dichioro-benzyloxymethyf)-2-oxc-2-[3-oxo-3a-pyridin-2-yimethyl-
2-(2,2,2-trifluoro-sthyl)-2,3,3a,4,6,7-hexahydro-pyrazolo[4,3-clpyridin-5-yi}-ethyl}-2-
methyl-propionamide; '
2-amino-N-{1 -(4-ch|oro-thiophen-2-y|methoxymethyl)-z-oxo-z-[s-6xo-3a-pyridin—2-
yimethyl-2-(2,2, 2-trifluoro-ethyl)-2,3,3a,4,5, 7-hexahydro-pyrazolo[3,4-clpyridin-6-
yl}-ethyl}-2-methyl-propionamide; and
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2-amino-N-{1-(2,4-diflucro-benzyloxymethyl)-2-oxo-2-[3-oxo-3a-pyridin-2-yimethyl-
2-(2,2,2-triﬂuoro—eﬂ1yl)-2,3,3a,4.6,7-hexahydro-pyrazolo[4.3-c]pyﬁdin-5-yl]-ethyl}-2-
methyl-propionamide.

Even still another preferred method of the foregoing method additionally
comprises administering to a mammal in need thereof a growth hormone releasing
hormone or a functional analog thereof, which are prepared by methods known in
the art and some examples of which are described in European Patent Publication
No. EP 511 003,

In another aspect, this invention provides pharmaceutical compositions
useful for treating insulin resistance in a mammal which comprises a
pharmaceutically acceptable camier and an effective amount of a compound of
formula |, as shown above, or the sterecisomeric mixtures, diastereomerically
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically
pure isomers, or the pharmaceutically acceptable salts and prodrugs thereof.

In still another aspect, this invention provides methods for increasing levels
of endogenous growth hormone, which comprises administering to a human or
other animal in need thereof effective amounts of a functional somatostatin
antagonist and a compound of formula |, as shown above, or the sterecisomeric
mixtures, diastereomerically enriched, diastereomerically pure, enantiomerically
enriched or enantiomerically pure isomers, or the pharmaceutically acceptable
salts and prodrugs thereof. "

In yet another aspect, this invention provides methods of treating or
preveniing congestive heart failure, obesity or frailty associated with aging, which
comprises administering to 2 mammal in need Mereof'effective amounts of a.
functional somatostatin antagonist and a compound of formula |, as shown above,
or the stereoisomeric mixtures, diastereomerically enriched, diastereomericaily
pure, enantiomerically enriched or enantiomerically pure isomers, or the
pharmaceutically acceptable salts and prodrugs thereof. Preferred of the
immediately foregoing method is where said functional somatostatin antagonist is
an alpha-2 adrenergic agonist. Preferred of the immediately foregoing method is
where said alpha-2 adrenergic agonist is selected from the group consisting of
clonidine, xylazine and medetomidine. Preferred of the immediately foregoing
method is where said compound of formula | is 2-amino-N-[2-(3a-(R)-benzyl-2-



WO 98/58949 _ PCT/1B98/00876

10

15

-15-

methyl-3-ox0-2,3,3a,4,8,7-hexahydro-pyrazolo-{4,3-c]pyridin-5-yl)-1-(R)-
benzyloxymethyl-2-oxe-ethyl}-isobutyramide L-tartaric acid sait.

This invention is also directed to phammaceutical compositions which
comprise a phammaceutically acceptable carrier, an amount of an alpha-2
adrenergic agonist and an amount of a compound of formuia |, as defined above,
or the stersoisomeric mixtures, diastereomerically enriched, diastereomerically
pure, enantiomerically enriched or enantiomerically pure isomers, or the
pharmaceutically acceptable salts and prodrugs thereof,

This invention is further directed to methods of treating insulin resistance in
a mammal which comprise administering to a mammal in need thereof an effective
amount of a growth hormone releasing peptide or a growth hormone releasing
peptide mimetic or a pharmaceutically acceptable salt thereof.

In one aspect, this invention is directed to the processes described below,
where the “*” indicates stereochemical centers.

A process for the preparation of the compound of formula k,

, which comprises reacting the compound of

Free Base
formula g, @ , with the compound of formula j,

o/—Ph
0O
HO NH-P1t
wivj'x "
O H
o

presence of an organic base, a peptide coupling reagent, and a reaction inert

, where Prt is an amine protecting group, in the
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soivent at a temperature between about -78 °C to about -20 °C to yield the
compound of formula k.

Preferred of the foregoing process is where the pepfide coupling reagent is
1-propane phosphonic acid cyclic anhydride and the compound of formula g has
the R-configuration, the compound of formula j has the R-configuration and the
compound of formula k has the 3a-(R),1-(R) configuration.

A process for the preparation of the compound of formula Z,

Me o} Ph -
Pn [
A $
*
N \(*[N &NH, L-tartrate
o H
y4

, which comprises reacting the
Me
N—N
/ o
N
o
Free Base
compound of formulag, (@ , with the compound of formula j,

o ~—Ph
o]
HO
O H
® . in the presence of an organic base, a peptide coupiing

reagent, and a reaction inert solvent at a temperature between about -78 °C to

about
Me, O Ph
™ £
N~ o]
"\r('['.“JXNH'P"
O H
®

-20 °C to yield the compound of formula k,
deprotecting the compound of formula k to yield the compound of formula |,
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Me_ (o) Ph
N\g/’.[N&NHz
H
O ; reacting the compound of formula | with L-

tartaric acid in an alcoholic solvent to yield the compound of formula Z.
Preferred of the immediately foregoing process is where the peptide
coupling reagent is 1-propane phosphonic acid cyclic anhydride and the
5 compound of formula g has the R-configuration, the compound of formula j has
the R-configuration and each of the compounds of formula k, | and Z has the 3a-
(R),1-(R) configuration.
A process for the preparation of the compound of formula g,

. which comprises reacting the compound of formula f,

N

H
L-Tartrate
10 ) , with a base in an inert solvent at a temperature of about

-850 to -10 °C wherein the chirality of the benzyl group is maintained, to yield the
compound of formula g.
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A process for the preparation of the compound of formula ¢,
O O

O-alkyl

)
Prt

(© , which comprises reacting the compound of formula b,

O-alkyl

Se

N
P
®) , where Prt is an amine protecting group, with an inorganic or

organic base and benzyl bromide in a reaction inert solvent to yield the éompound
§5 offormuiac.

A proceass for the preparation of the compound of formuia f,

Me
n—N
/ o

N
J,
L-Tartrate
® , which comprises reacting the compound of formula e,

(e) , with L-tartaric acid in a reaction inert organic soivent.
This invention also provides the R,S-enantiomeric mixture, the R-
10 enantiomer or the S-enantiomer of the compound of formula
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O O

O-alkyl

Tv—<

, where Prt is hydrogen or an amine protecting group.
DETAILED DESCRIPTION OF THE INVENTION
In general the corhpounds of formula ! or the sterecisomeric mixtures,
diastereomerically enriched, diastereomerically pure, enantiomerically enriched or
enantiomerically pure isomers, or the phamaceutically acceptable salts and
prodrugs thereof, utilized in methods of the instant invention can be made by
processes which include processes known in the chemical arts.

In the above structural formulae and throughout the instant application, the
following terms have the indicated meanings unless expressly stated otherwise.

The alkyl groups are intended to include those alkyl groups of the
designated length in either a straight or branched configuration which may
optionally contain double or triple bonds. Exemplary of such alkyl groups are
methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, tertiary butyl, pentyl, isopentyl,
hexyl, isohexyl, allyl, ethynyl, propenyl, butadienyl, hexenyl and the like.

When the definition Cg-alkyl occurs in the definition, it means a single
covalent bond. ’

The alkoxy groups specified above are intended to include those alkoxy
groups of the designated length in either a straight or branched configuration
which may optionally contain double or triple bonds. Exemplary of such alkoxy
groups are methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, tertiary
butoxy, pentoxy, isopentoxy, hexoxy, isohexoxy, ailyloxy, 2-propynyloxy,
isobutenyloxy, hexenyloxy and the like.

The term "halogen” or "halo” is intended to include the halogen atoms
fiuorine, chlorine, bromine and iodine.

The term “halogenated alkyl® is intended to include an alkyl group as
defined hereinabove substituted by one or more halogen atoms as defined
hereinabove. _

The term “halogenated cycioalkyl” is intended to include a cycloalkyl group
substituted by one or more halogen atoms as defined hereinabove‘.
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The term “aryl" is intended to inciude phenyl and naphthyl and aromatic 5-
and 6-membered rings with 1 to 4 heteroatoms or fused 5- or 6-membered bicyclic
rings with 1 to 4 heteroatoms of nitrogen, sulfur or oxygen. Examples of such
heterocyclic aromatic rings are pyridine, thiophene (also known as thienyl), furan,
benzothiophene, tetrazole, indole, N-methylindole, dihydroindole, indazole, N-
formylindole, benzimidazole, thiazole, pyrimidine, and thiadiazole.

The chemist of ordinary skill will recognize that certain combinations of
heteroatom-containing substituents listed in this invention define compounds
which will be less stable under physiclogical conditions (e.g., those containing
acetal or aminal linkages). Accordingly, such compounds are less preferred.

The expression “prodrug” refers to compounds that are drug precursors,
which following administration, release the drug in vivo via some chemical or
physiological process (e.g., a prodrug on being brought to the physiological pH is
converted to the desired drug form). Exemplery prodrugs upon cleavage release
the corresponding free acid, and such hydrolyzable ester-forming residues of the
compounds of this invention include but are not limited to carboxylic acid
substituents (e.g., R' is -(CH.),C(O)X® where X® is hydrogen, or R? or A’ contains
carboxylic acid) wherein the free hydrogen is replaced by (Ci-Cyalkyl, (Co-
Ci)alkanoyloxymethyl, (C+Co)1-(alkanoyloxy)ethyl, 1-methyl-1-(alkancyloxy)-ethyl
having from 5 to 10 carbon atoms, alkoxycarbonyl-oxymethyl having from 3 to 6
carbon atoms, 1-(alkoxycarbonyioxy)ethyl having from 4 to 7 carbon atoms, 1-
methyl-1-(alkoxycarbonyloxy)ethyl having from 5 to 8 carbon atoms, N-
(alkkoxycarbonyl)aminomethyl having from 3 to 9 carbon atoms, 1-(N-
(alkoxycarbonyl)amino)ethyl having from 4 to 10 carbon atoms, 3-phthalidyl, 4-
crotonolactonyl, gamma-butyrolacton-4-yl, di-N,N-(C,-C,)alkylamino(C,-Cy)alky!
{such as p-dimethylaminoethyl), wrbamoyl-(c,-cz)alkyl, N,N-di(C+-Cy)-
alkyicarbamoyl-(C+-Cz)alkyl and piperidino-, pymolidino- or morpholino(Cz-Ca)alky!.

Other exempiary prodrugs release an alcohol of formula | wherein the free
hydrogen of the hydroxyl substituent (e.g., R' contains hydroxyl) is replaced by
(Ci-Ce)alkanoyloxymethyl, 1-{{Cs-Ce)alkanoyloxy)ethyl, 1-methyl-1-((C;-
Celalkanoyl-  oxy)ethyl,  (Ci-Cs)alkoxycarbonyioxymethyl,  N-(Ci-Cg)alkoxy-
carbonylamino-methyl, succinoyl, (Cs-Ce)alkanoyl, a-amino(C+-Csalkanoyl,
arylacetyl and a-aminoacyl, or a-aminoacyl-a-aminoacyl wherein said a-aminoacy}
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moieties are independently any of the naturally occurring L-amino acids found in
proteins, P(O)(OH)., -P(O)(O(C+-Ce)aikyl). or giycosyl (the radical resulting from
detachment of the hydroxyl of the hemiacetal of a carbohydrate).

Prodrugs of compounds of formuta | where a carboxyl group in a carboxylic
acid of formula | is replaced by an ester may be prepared by combining the

- carboxylic acid with the appropriate alkyl halide in the presence of a base such as

potassium carbonate in an inert solvent such as DMF at a temperature of about 0
°C to 100 °C for about 1 to about 24 hours. Altematively, the acid is combined with
the appropriate alcohol as solvent in the presence of a catalytic amount of acid
such as concentrated sulfuric acid at a temperature of about 20 °C to 120 °C,
preferably at refiux, for about 1 hour to about 24 hours. Another method is the
reaction of the acid in an inert solvent such as THF, with concomitant removat of
the water being produced by physical (e.g., Dean Stark trap) or chemical (e.g.,
molecular sieves) means.

Prodrugs of compounds of formula | where an aicoho! function has been
derivatized as an ether may be prepared by combining the alcohol with the
appropriate alkyl bromide or iodide in the presence of a base such as potassium
carbonate in an inert solvent such as DMF at a temperature of about 0 °C to 100
°C for about 1 to about 24 hours. Alkanoylaminomethyl ethers may be obtained by
reaction of the alcohol with a bis-(alkanoylamino)methane in the presence of a
catalytic amount of acid in an inert solvent such as THF, according to a method
described in US 4,997,984. Altematively, these compounds may be prepared by
the methods described by Hoffman et al. in J. Org. Chem. 1994, 59, p. 3530.

Certain of the above defined terms may occur more than once in the above
formula and upon such occurrence each term shall be defined independently of
the other.

Throughout the specification and appendent claims the following
abbreviations are used with the following meanings: '
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BOP

CcBzZ
CDI
CHCl,
CHCI,
DCC

EDC

EtOAc
FMOC

Hex
HOAT
HOBT
HPLC
MHz
MS
NMR
PTH
TFA
THF
TLC
TRH
TROC

PCT/IB98/00876

t-butyloxycarbonyi
Benzotriazol-1-yloxytris(dimethylamino)
phosphonium hexafiluorophosphate
Benzyloxycarbonyl
N,N-Carbonyldiimidazole

Methylene chloride

Chioroform

Dicyclohgxylcarbodiimide

" Dimethylformamide

1-(3~-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride
Ethyl acetate
9-Fluorenyimethoxycarbonyl
hours

Hexane
1-Hydroxy-7-azabenzotriazole
Hydroxybenzotriazole hydrate
High pressure liguid chromatography
Megahertz

Mass Spectrum

Nuclear Magnetic Resonance
Parathyroid hormone
Trifluoroacetic acid
Tetrahydrofuran

Thin layer chromatography
Thyrotropin releasing hormone
2,2,2-Trichloroethoxycarbonyl

The compounds utilized in a method of the instant invention ali have at
least one asymmetric center as noted by the asterisk in the structural formula |,
above. Additional asymmetric centers may be present on the molecule depending
upon the nature of the various substituents on the molecuie. Each such
asymmetric center will produce two optical isomers and it is intended that all such
optical isomers, as separated, pure or partially purified optical isomers, racemic
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mixtures or diastereomeric mixtures thereof, be included within the scope of the
instant invention. In the case of the asymmetric center represented by the
asterisk, it has been found that the absolute stereochemistry of the more active
and, thus, more preferred isomer is shown in formula IA. This preferred absolute
configuration also applies to formula I.

o] x4
¥ E Ja R? R’
Yﬁ/(CHz)c (csz';\l P \9 7N Ny <
| iﬁ\ﬁ " R®
R? N
({A) .

With the R* substituent as hydrogen, the spatial configuration of the asymmetric
center corresponds to that in a D-amino acid. In most cases this is also
designated an R-configuration although this will vary according to the vaiues of R®
and R* used in making R- or S-sterecchemical assignments. '

The compounds of formula | utilized in methods of the instant invention are
generally isolated in the form of their pharmaceutically acceptable acld addition
salts, such as the salts derived from using inorganic and organic acids. Examples
of such acids are hydrochloric, nitric, sulfuric, phosphoric, formic, acetic,
trifluoroacetic, propionic, maleic, succinic, D-tartaric, L-tartaric, malonic, methane
sulfonic and the like. In addition, certain compounds containing an.acidic function
such as a carboxy can bes isolated in the form of their inorganic salt in which the
counter-ion can be selected from sodium, potassium, lithium, calcium, magnesium
and the like, as well as from organic bases.

The phamaceutically acceptable salts are formed by taking "about 1
equivalent of a compound of formula | and contacting it with about 1 equivalent of
the appropriate corresponding acid of the salt which is desired. Work-up and
isolation of the resulting salt is well-known to those of ordinary skill in the art.

The present invention includes within its scope pharmaceutical
compositions comprising, as an active ingredient, an insulin resistance treating
amount of at least one of the compounds of formula | in association with a
phamaceutically acceptable carrier. Further, the present invention includes within
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its scope pharmaceutical compositions comprising, as an active ingredient, at least
one alpha-2 adrenergic agonist and at least one of the compounds of formula | in
association with a phammaceutically acceptable carrier. Optionally, the
pharmaceutical compositions can further comprise an anabolic agent in addition to
at least one of the compounds of formula | or another compound which exhibits a
different activity, e.g., an antibiotic growth permittant or with other pharmaceutically
active materials wherein the combination enhances efficacy and minimizes side
effects.
Assay for stimulation of GH release from rat pituicytes

Compounds that have the ability to stimulate GH secretion from cultured rat
pituitary cells are identified using the following protocol. This test is also useful for
comparison to standards to determine dosage levels. Cells are isolated from
pituitaries of 6-week old male Wistar rats. Following decapitation, the anterior’
pituitary lobes are removed into cold, sterile Hank’s balanced sait solution without
calcium or magnesium (HBSS). Tissues are finely minced, then subjected to two
cycles of mechanically assisted enzymatic dispersion using 10 U/mL bacterial
protease (EC 3.4.24.4, Sigma P-6141, St. Louis, Missouri) in HBSS. The tissue-
enzyme mixture is stirred in a spinner flask at 30 rpm in a 5% CO, atmosphere at
about 37 °C for about 30 min., with manual trituration after about 15 min. and
about 30 min. using a 10-mL pipet. This mixture is centrifuged at 200 x g for about
5 min. Horse serum (35% final concentration) is added to the supematant to
neutralize excess protease. The pellet is resuspended in fresh protease (10 U/mL),
stimed for about 30 min. more under the previous conditions, and manually
triturated, ultimately through a 23-gauge needie. Again, horse serum (35% final
concentration) is added, then the cells from both digests are combined, pelleted
(200 x g for about 15 min.), resuspended in culture medium (Dulbecco's Modified
Eagle Medium (D-MEM) supplemented with 4.5 g/L giucose, 10% horse serum,
2.5% fetal bovine serum, 1% non-essential amino acids, 100 U/mL nystatin and 50
mg/ml. gentamycin sulfate, Gibco, Grand Isiand, New York) and counted. Cells
are plated at 6.06.5x10° cells per cm in 48well Costar™ (Cambridge,
Massachusetts) dishes and cuiltured for 3-4 days in culture medium.

Just prior to GH secretion assay, culture wells are rinsed twice with release
medium, then equilibrated for about 30 minutes in release medium (D-MEM
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buffered with 25 mM Hepes, pH 7.4 and containing 0.5% bovine serum albumin at
37 °C). Test compounds are dissolved in DMSO, then diluted into pre-warmed
release medium. Assays are run in quadruplicate. The assay is initiated by
adding 0.5 mL of release medium (with vehicle or test compound) to each culture
well. Incubation is camied out at about 37 °C for about 15 minutes, then
terminated by removal of the release medium, which is centrifuged at 2000 x g for
about 15 minutes to remove cellular material. Rat growth hormone concentrations
in the supernatants are determined by a standard radicimmunocassay protocol
described below.

Measurement of rat growth hormone

Rat growth hormone concentrations were determined by double antibody
radioimmunoassay using a rat growth hormone reference preparation (NIDDK-
rGH-RP-2) and rat growth hormone antiserum raised in monkey (NIDDK-anti-rGH-
S-5) obtained from Dr. A. Parlow (Harbor-UCLA Medical Center, Torrence, CA).
Additional rat growth hormone (1.5U/mg, #G2414, Scripps Labs, San Diego, CA)
is iodinated to a specific activity of approximately 30 uCi/ug by the chioramine T
method for use as tracer. Immune compiexes are obtained by adding goat
antiserum to monkey IgG (ICN/Cappel, Aurora, OH) plus polyethylene giycol, MW
10,000-20,000 to a final concentration of 4.3%; recovery is accomplished by
centrifugation. This assay has a working range of 0.08-2.5 ug rat growth hormone
per tube above basal levels.

As f enously-Stimulated Growth Hormone Release in the Rat after
infravenous Administrafion of Test Compounds

Twenty-one day old female Sprague-Dawley rats (Charles River
Laboratory, Wilmington, MA) are allowed to acclimate to local vivarium conditions
(24 °C, 12 hr light, 12 hr dark cycle) for approximately 1 week before compound
testing. All rats are allowed access t0 water and a pelleted commercial diet
(Agway Country Food, Syracuse NY) ad libitum. The experiments are conducted
in accordance with the NIH Guide for the Care and Use of Laboratory Animals.

On the day of the experiment, test compounds are dissolved in vehicle
containing 1% ethanol, 1 mM acetic acid and 0.1% bovine serum albumin in
saline. Each test is conducted in three rats. Rats are weighed and anesthetized
via intraperitoneal injection of sodium pentobarbital (Nembutol®, 50 mg/kg body
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weight). Fourteen minutes after anesthetic administration, a blood sampie is taken
by nicking the tip of the tail and allowing the blood to drip into a microcentrifuge
tube (baseline blood sample, approximately 100 ul). Fifteen minutes after
anesthetic administration, test compound is delivered by intravenous injection into
the tail vein, with a total injection volume of 1 mlkg body weight. Additional blood
samples are taken from the tail at 5, 10 and 15 minutes after compound
administration. Blood samples are kept on ice until serum separation by
centrifugation (1430xg for 10 minutes at 10°C). Serum is stored at -80 °C until
serum growth hormone determination by radicimmunoassay as described above.
Assessment of Exogenously-Stimulated Growth Hormone Release in the Dog after
Oral Administration S

On the day of dosing, the test compound is weighed out for the appropriate
dose and dissolved in water. Doses are delivered at a volume of 0.5-3 mL/kg by
gavage to 2-4 dogs for each dosing regimen. Blood samples (5 mL) are collected
from the jugular vein by direct vena puncture pre-dose and at 0.17, 0.33, 0.5, 0.75,
1, 2, 4, 6, 8 and 24 hours post dose using 5§ mL vacutainers containing lithium
heparin. The prepared plasma is stored at -20 °C until analysis.
Measurement of Canine Growth Hormone

Canine growth hormone concentrations are determined by a standard
radioimmunoassay protocol using canine growth hormone (antigen for icdination
and reference preparation AFP-1983B) and canine growth hormone antiserum
raised in monkey (AFP-21452578) obtained from Dr. A. Parow (Harbor-UCLA
Medical Center, Torrence, CA). Tracer is produced by chloramine T-iodination of
canine growth hormone to a specific activity of 20-40 uCi/ug. Immune complexes
are obtained by adding goat ahtiserum to monkey IgG (ICN/Cappel, Aurora, OH)
plus polyethylene glycol, MW 10,000-20,000 to a final concentration of 4.3%;
recovery is accompiished by centrifugation. This assay has a working range of
0.08-2.5 ug canine GH/tube.

ssessment of Canine Growth Hormone and Insulin-Like G actor-1 Levels

in the dog after chronic oral administration

The dogé receive test compound daily for either 7 or 14 days. Each day of
dosing, the test compound is weighed out for the appropriate dose and dissolved
in water. Doses are delivered at a volume of 0.5-3 mi/kg by gavage to 5 dogs for
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each dosing regimen. Blood samples are collected at days 0, 3, 7, 10 and 14,
Blood samples (5 mi) are cbtained by direct venipuncture of the jugular vein at pre-
dose, 0.17, 0.33, 0.5, 0.754, 1, 2, 3, 6, 8, 12 and 24 hours post administration on
days 0, 7 and 14 using 5 ml vacutainers containing lithium heparin. In addition,
blood is drawn pre-dose and 8 hours on days 3 and 10. The prepared plasma is
stored at -20 °C until analysis.

Female Rat Study

This study evaluates the effact of chronic treatment with a GHRP mimetic
on weight, body composition and non-fasting plasma concentrations of glucose,
insulin, lactate and lipids in estrogen-deficient and estrogen-replete female rats.
Acute responsiveness of serum GH levels to i.v. administration of the GH releasing
agent was assessed on the last day of dosing. Body weight was monitored weekly
throughout the treatment period; additionally, body composition and plasma levels
of glucose, insulin, lactate, cholesterol and triglycerides were assessed at the end
of treatment.

Virgin female Sprague-Dawley rats were cobtained from Charles River
Laboratories (Wilmington, MA) and underwent bilateral ovariectomy (Ovx) or
sham-surgery (Sham) at approximately 12 weeks of age. For sham surgeries,
ovaries were exteriorized and replaced into the abdominal cavity. Foliowing
surgery the rats were housed individually in 20 cm x 32 cm x 20 cm cages under
standard vivarium conditions (about 24 °C with about 12 hours light/12 hours dark
cycle). All rats were allowed free access to water and a pelieted commercial diet
{Agway ProLab 3000, Agway Country Food, Inc., Syracuse, NY). The experiment
was conducted in accordance with NiIH Guidelines for the Care and Use of
Laboratory Animals.

Approximately seven months post-surgery, Sham and Ovx rats were
weighed and randomly assigned to groups. Rats were dosed daily by oral gavage
with 1 mL of either vehicle (1% ethanol in distilled-deionized water), 0.5 mg/kg or 5
mg/kg of a growth hormone releasing agent for 90 days. Rats were weighed at
weekly intervals throughout the study. Twenty-four hours after the last oral dose,
the acute response of serum growth hormone (GH) to test agent was assessed by
the following procedure. Rats were anesthetized with sodium pentobarbital 50
mg/kg. Anesthetized rats were weighed and a baseline blood sample (~100 )
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was collected from the tail vein. Test agent (growth hormone releasing agent or
vehicle) was then administered intravenously via the tail vein in 1 mi.
Approximately ten minutes after injection, a second 100 u! biood sample was
collected from the tail. Blood was allowed to clot at about 4 °C, then centrifuged at
2600xg for about 10 minutes. Serum was stored at about -70 °C. Serum growth
hormone concentrations were determined by radicimmunoassay as previously
described. Following this procedure, each anesthetized rat underwent whole body
scanning by dual-energy X-ray absorptiometry (DEXA, Hologic QDR 1000/W,
Waltham MA). A final blood sample was collected by cardiac puncture into
heparinized tubes. Plasma was separated by centrifugation and stored frozen as
described above. |

Plasma insulin is determined by radicimmunoassay using a kit from Binax
Corp. (Portiand, Maine). The interassay coefficient of variation is < 10%. Plasma
triglycerides, total cholesterol, glucose and lactate levels are measured using
Abbott VP™ and VP Super System® Autoanalyzer (Abbott'Laboratories, lrving,
Texas), using the A-Gent™ Triglycerides, Cholesterol and Glucose Test reagent
systems, and a lactate kit from Sigma, respectively. The plasma insulin,
triglycerides, total cholesterol and lactate lowering activity of a growth hormone
releasing peptide (GHRP) or GHRP mimetic such as a compound of formula |, are
determined by statistical analysis (unpaired t-test) with the vehicle-treated control
group.

The compounds of formula | utilized in a method of this invention can be
administered by oral, parentéral (e.g., ihtramuscular. intraperitoneal, intravenous or
subcutaneous injection, or implant), nasal, vaginal, rectal, sublingual, or topical
routes of administration and can be formulated with pharmaceutically acceptable
carriers to provide dosage forms appropriate for each route of administration.

Solid dosage forms for oral administration include capsules, tablets, pills,
powders and granules. In such solid dosage forms, the active compound is
admixed with at least one inert pharmaceutically acceptable carrier such as
sucrose, lactose, or starch. Such dosage forms can also comprise, as is normal
practice, additional substances other than such inert diluents, e.g., lubricating
agents such as magnesium stearate. In the case of capsules, tablets and pills, the
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dosage forms may also comprise buffering agents. Tablets and pills can
additionally be prepared with enteric coatings.

Liquid dosage forms for oral administration inciude pharmaceutically
acceptable emulsions, solutions, suspensions, syrups, the elixirs containing inert
diluents commonly used in the art, such as water. Besides such inert diluents,
compositions can also include adjuvants, such as wetting agents, emulsifying and
suspending agents, and sweetening, flavoring and perfuming agents.

Preparations according to this invention for parenterali administration
include sterile aqueous or non-aqueous solutions, suspensions, or emuisions.
Examples of non-aqueous solvents or vehicles are propylene glycol, polyethylene
glycol, vegetable oils, such as olive oil and corn oil, gelatin, and injectable organic
esters such as ethyl oleate. ‘Such dosage forms may also contain adjuvants such
as preserving, wetting, emuisifying, and dispersing agents. They may be sterilized
by, for example, filtration through a bacteria-retaining filter, by incorporating
sterilizing agents into the compositions, by irradiating the compositions, or by
heating the compositions. They can also be manufactured in the form of sterile

solid compositions which can be dissolved in sterile water, or some other sterile

injectable medium immediately before use.

Compositions for rectal or vaginal administration are preferably
suppositories which may contain, in addition to the active substance, excipients
such as coca butter or a suppository wax.

Compositions for nasal or sublingual administration are also prepared with
standard excipients well known in the art.

The dosage of active ingredient in the compositions of this invention may
be varied; however, it is necessary that the amount of the active ingredient be
such that a suitable dosage form is obtained. The selected dosage depends upon
the desired therapeutic effect, on the route of administration, and on the duration
of the treatment. Generally, dosage levels of between 0.0001 to 100 mg/kg of
body weight daily are administered to humans and other animals, e.g., mammals,
to obtain effective release of growth hormone. '

A preferred dosage range in humans is 0.01 to 5.0 mg/kg of body weight
daily which can be administered as a single dose or divided into multiple doses.



10

15

20

25

30

WO 98/58949 ' . PCT/IB98/00876

A preferred dosage range in animals other than humans is 0.01 to 10.0
mg/kg of body weight daily which can be administered as a single dose or divided
into multiple doses. A more preferred dosage range in animals other than humans
is 0.1 to 5 mg/kg of body wéight daily which can be administered as a single dose
or divided intc multiple doses.

The preparation of the compounds of formula | utilized in a method of the
present invention can be carried out in sequential or convergent synthetic routes.
Syntheses detailing the preparation of the compounds of formula | in a sequential
manner are presented in the reaction schemes shown hereinbelow.

Many protected amino acid derivatives are commercially available, where
the protecting groups Prt, 2'® and Z*® are, for example, BOC, CBZ, benzyl,
ethoxycarbonyl groups, CFaC(0)-, FMOC, TROC, ftrityl or tosyl. Other protected
amino acid derivatives can be prepared by literature methods. Some 3-oxo-2-
carboxyl pyrrolidines, and 4-oxo-3-carboxyl piperidines are commercially available,
and many other related pyrrolidines and 4-substituted piperidines are known in the
literature.

Many of the schemes illustrated below describe compounds which contain
protecting groups Prt, Z'® or 2*®, Benzyloxycarbonyl groups can be removed by a
number of methods including, catalytic hydrogenation with hydrogen in the
presence of a palladium or platinum catalyst in a protic solvent such as methanol.
Preferred catalysts are palladium hydroxide on carbon or palladium on carbon.
Hydrogen pressures from 1-1000 psi may be employed; pressures from 10 to 70
psi are preferred. Altematively, the benzyloxycarbonyl group can be removed by
transfer hydrogenation.

Removal of BOC protecting groups can be carried out using a strong acid
such as trifluoroacetic acid or hydrochloric acid with or without the presence of a
cosolvent such as dichloromethane, ethyl acetate, ether or methanol at a
temperature of about -30 to 70 °C, preferably about -5 to about 35 °C.

Benzyl esters of amines can be removed by a number of methods
including, catalytic hydrogenation with hydrogen in the presence of a palladium
catalyst in a protic solvent such as methanol. Hydrogen pressures from 1-1000 psi
may be employed; pressures from 10 to 70 psi are preferréd. The addition and
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removal of these and other protecting groups are discussed by T. Greene in
Protective Groups in Organic Synthesis, John Wiley & Sons, New York, 1981.
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SCHEME 1
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SCHEME 1: The protected amino acid derivatives 1 are in many cases
commercially available, where the protecting group Prt is, for example, BOC,
FMOC or CBZ groups. Other amino acids can be prepared by literature methods.

As illustrated in Scheme 1, coupling of amines of formula 2 with protected
amino acids of formula 1, where Prt is a suitable protecting group, is conveniently
carried out in an inert solvent such as dichloromethane or DMF by a coupling
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reagent such as EDC or DCC in the presence of HOBT or HOAT. In the case
where the amine is present as the hydrochloride sait, it is preferable to add one or
two equivalents of a suitable base such as triethylamine to the reaction mixture.
Alternatively, the coupling can be effected with a coupling reagent such as BOP in
an inert solvent such as methanol. Such coupiing reactions are generally
conducted at temperatures of about -30° to about 80 °C, preferably -10° to about
25 °C. For a discussion of other conditions used for coupling peptides see
Houben-Weyl, Vol. XV, part li, E. Wunsch, Ed., George Theime Verlag, 1974,
Stuttgart. Separation of unwanted side products and purification of intermediates
is achieved by chromatography on silica gel, employing flash chromatography (W.
C. Still, M. Kahn and A. Mitra, J. Org. Chem. 43 2923 1978), by crystallization or
by trituration.

Transformation of the compound of formula 3 into intermediates of formula
4 can be carried out by removal of the protecting group Prt as described above.
Coupling of intermediates of formula 4 to amino acids of formula 5 can be
effected as described above to give intermediates of formula 6. Deprotection of
the amine 6 affords compounds of formula 7.
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SCHEME 2: Alternatively, compounds of formula 7 can be prepared by a

§ convergent route as shown in Scheme 2. intermediate esters of formula 8 can be
prepared by treating amino acids 1, where Prt is a suitable protecting group, with a

base such as potassium carbonate foliowed by an alkyl halide such as
iodomethane in a suitable solvent such as DMF. Deprotection of the amine
transforms 8 into 9. Altematively, many amino acids of formula 9 are commercially

10 available. Intermediate 10 is generated by coupling 9 to amino acid 5. The ester
of intermediate 10 can be converted to intermediate acid 11 by a number of
methods known in the art; for example, methyl and ethyl esters can be hydrolyzed

with lithium hydroxide in a protic solvent such as aqueous methanol or aqueous

THF at a temperature of about -20° to 120 °C, preferably about 0° to 50 °C. In

15 addition, removal of a benzyl group can be accomplished by a number of reductive
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methods including hydrogenation in the presence of platinum or palladium catalyst
in a protic solvent such as methanol. Acid 11 can then be coupled to amine 2 to
give intermediates of formula 6. Transformation of 6 to 7 can be achieved by
removal of the protecting group Z*®.
5 SCHEME 3
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SCHEME 3: The esters of formula & can be converted to intermediate acids of
formula 13 by a number of methods known in the art; for exampile, methyl and
ethyl esters can be hydrolyzed with lithium hydroxide in a protic solvent such as
10 aqueous methanol or aqueous THF at a temperature of about -20° to 120 °C,
preferably about 0° to 50 °C. In addition, removal of a benzyl group can be
accomplished by a number of reductive methods including hydrogenation in the
presence of platinum or palladium catalyst in a protic solvent such as methanol.
Coupling the acid 13 to amine 16 generates the inteﬁnediates of formula 14.
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Transformation of 14 to 15 can be achieved by removal of the protecting group
pined

SCHEME 4

Rs—thll—l'l
R R H R
1 R? ——i—f—-ﬁ—RLN—Z”

COH

11

SCHEME 4: Esters of formula 17 can be prepared by treating an acid of formula 5
with hydroxysuccinimide in the presence of a coupling agent such as EDC in an
inert solvent such as methylene chloride as illustrated in Scheme 4. Treatment of
an ester 17 with an amino acid of formula 1 in a solvent such as dioxane, THF or
DMF in the presence of a base such as diisopropylethylamine produces 11.

G
SV @% Jp

SCHEME 5: As illustrated in Scheme 5, alkylation of the diphenyloxazinone of
foormula 18 with cinnamyl bromide in the presence of sodium
bis(trimethylsilyl)amide generates 19 which is then converted to the desired (D)-2-
amino-5-phenylpentanocic acid 20 by removing the protecting group (Prt) and
hydrogenation over a PdCl2 catalyst.
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SCHEME 6: Treatment of an ester of formula 21 with a base such as sodium
hydride in a solvent such as DMF followed by an alkyl halide 22 generates a
5 compound of formula 23 as illustrated in Scheme 6. Treating a compound of
formula 23 with a hydrazine of formula 24 such as hydrazine or methyl-hydrazine
in a solvent such as refluxing ethanol, followed by concentration and heating the
residue in toluene at temperatures at or near reflux results in a compound of
formula 25. Altemnatively, 23 can be treated with a salt of a hydrazine in the
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presence of sodium acetate in refluxing ethanol to give 25. Deprotection of the
amine generates a compound of formula 28. Thioamides of formula 26 can be
formed by treating 25 with Lawesson's reagent in refluxing toluene or benzene.
Removal of the protecting group transforms 26 into 27.

SCHEME 7
R2
-
o N—N
COMe / o
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24 2.R¥X
"I‘ N
2190 Loo
21 29
Tz R
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[~ B
R — Rl
N

2100

25 28
SCHEME 7: Treatment of a compound of formula 21 with a hydrazine of formula
24 in a solvent such as refluxing ethanol, followed by concentration and heating
the residue in toluene at temperatures at or near reflux resuits in compounds of :
formula 29. Altematively, 21 can be treated with a salt of a hydrazine in the
presence of sodium acetate in refiuxing ethanol to give 29. The amide of formula
29 can be treated with a base such as sodium hydride in a solvent such as DMF
followed by an alkyl halide to give 25. Deprotection of the amine generates a
compound of formula 28.
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SCHEME 8: Reaction of a ketoester of formula 30 with a chiral amine such as
5 alpha-methylbenzylamine with a suitable aldehyde such as formaldehyde, or
reaction of a vinyt ketoester of formula 31 with a chiral amine such as alpha-
methylbenzylamine with a suifable aldehyde such as formaldehyde, affords a
compound of formula 32 via a double Mannich reaction. Reaction of 32 with a
hydrazine generates a chiral compound of formula 33. Deprotection of the
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nitrogen with hydrogen and a suitable catalyst such as palladium affords
compounds of formula 34.
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SCHEME 9: Treatment of a compound of formula 81 with a reducing agent such
as sodium borohydride and protection of the nifrogen affords a compound of
formula 82. Protection of the aicohol affords 83. Saponification of the ester
affords a compound of formula 84. Reaction of 84 with thionyl chioride followed
by treatment with diazomethane affords the homologated acid of formula 85.
Esterification of 85 affords a compound of formula 88, which is O-deprotected to
give 87. Oxidation of 87 affords a ketone of formula 88. Reaction of 88 with a
hydrazine, followed by nitrogen deprotection affords a compound of formula 44.
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SCHEME 10: Treatment of a compound of formula 35. with a base such as
sodium hydride in a solvent such as DMF followed by treatment with
diethylcarbonate generates the ethyl ester of compound 36. Deprotection of the
amine fransforms 36 into 37.
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SCHEME 11: Treatment of a malonic ester of formula 38 with a base such as

5 sodium hydride in a solvent such as DMF and subsequent hydrogenolysis of the

benzyl group with hydrogen and a catalyst such as palladium in a suitable solvent

such as methanol produces the ester of formula 39. Deprotection of the amine
generates compounds of formuia 40.
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- SCHEME 12: Treatment of a ketone of formula 41 with a secondary amine such
5 as piperidine in a suitable solvent such as benzene with removal of water affords
an enamine of formula 42. Alkylation of the enamine with an alpha-haloester such
as ethylbromoacetate in a suitable solvent such as benzene or THF using a
suitable base such as LDA or NaN(SiMe,). affords a ketoester of formula 43.
Reaction with a hydrazine of formula 24 affords the compound of formula 44.
10  Deprotection of the nitrogen affords compounds of formula 45.
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Scheme 13: Treatment of a ketoester of formula 37 with an iodonium salt such as
diphenyliodonium trifluoroacetate in a suitable solvent such as t-butanol generates
a ketoester of formula 46. Reaction of 46 with a hydrazine generates a compound
of formula 47. Deprotection of the nitrogen affords compounds of formula 48, see
Synthesis, (9), 1984 p. 709 for a detailed description.
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SCHEME 14: Treatment of a ketoester of formula 37 with an olefin such as
acrylonitrile generates a ketoester of formula 49. Reaction of 49 with a hydrazine

S5 generates a compound of formula 50. Deprotection of the nitrogen affords
compounds of formula 51.
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SCHEME 15: Treatment of a ketoester of formula 37 with allyl bromide and a
suitable base such as sodium hydride in a suitable solvent such as DMF affords a
ketoester of formula 52. Reaction of 52 with a hydrazine generates a compound
of formula 53. Ozonolysis of 53 in a suitable solvent such as methylene chloride
followed by treatment with a reducing agent such as dimethylsuifide affords an
aldehyde of formula 54. Oxidation of 54 aﬁbrds a carboxylic acid of formuia 55.
Curtius rearrangement of 55, followed by hydrolysis of the intermediate isocyanate
affords a primary amine of formuia 56. Treatment of a compound of formula 56
with an isocyanate or carbamate affords a urea of formula 57. Deprotection of the
nitrogen affords compounds of formula 58.

SCHEME 16

62
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SCHEME 16: Treatment of a compound of formula 54 with a primary amine
affords an imine of formula 59. Reduction of a compound of formula 59 affords a
compound of formula 60. Treatment of a compound of formula 60 with an
acylating agent affords a compound of formula 61. Deprotection of the nitrogen
affords compounds of formula 62.
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SCHEME 17: Treatment of a compound of formula 54 with a reducing agent such
as sodium borohydride affords a compound of formula 83. Reaction of 83 with an
acylating agent such as an isocyanate or carbamate affords compounds of
formula 64. Deprotection of the nitrogen affords compounds of formula 65.
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SCHEME 18: Treatment of a compound of formula 63 with a phosphine such as
triphenyl phosphine and an azo compound such as diethylazodicarboxylate and an

5 oxindole affords a compound of formula 6. Deprotection of the nitrogen affords
the compound of formula 67.
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SCHEME 19: Treatment of a ketoester of formula 37 with a chiral diol and acid
catalyst with removal of water in a suitable solvent such as benzene affords a
5§ chiral ketal of formula 68. Alkylation of 68 with an alkyl halide in the presence of a
base such as LDA followed by acid-catalyzed hydrolysis of the ketal affords chiral
ketoesters of fonnula 69. Reaction of 69 with a hydrazine generates chiral



. PCT/IB98/00876
WO 98/58949 &

compounds of formula 70. Deprotection of the nitrogen affords compounds of
formula 71.
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5 SCHEME 20: Treatment of a ketoester of formuia 37 with a chiral amino acid
ester such as valine t-butyt ester affords a chiral enamine of formiula 72. Alkylation
of 72 with an alkyl halide in the presence of a base such as LDA followed by acid-
catalyzed hydrolysis of the enamine affords chiral ketoesters of formula 69.
Reaction of 69 with a hydrazine generates chiral compounds of formula 70.
10 Deprotection of the nitrogen affords compounds of formula 71.
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SCHEME 21: Deprotection of the nitrogen of 25 affords compounds of formula 28.
Salt formation of 28 with a chiral acid affords a mixture of diastereomeric salts of
5 formula 73. Crystallization of the diastereomeric saits affords the acid salt of chiral
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compounds of formula 70. Decomposition of the sait 70 with base liberates chiral
compounds of formula 71.
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5 SCHEME 22: Alkylation of compounds of formula 25 with an allylic acetate in the
presence of a suitable catalyst such as palladium tetrakis(triphenylphosphine)
affords compounds of formula 74. Deprotection of the nitrogen affords

compounds of formula 75, see Tetrahedron (50) p. 515, 1994 for a detailed
discussion.
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SCHEME 23: Treatment of a ketodiester of formula 76 with an alky! halide in the
presence of a base such as sodium hydride foliowed by acid-catalyzed hydrolysis

5 and decarboxylation, followed by esterification with methyliodide and a suitable
base affords a compound of formula 77. Reaction of a compound of formula 77

with a suitable aldehyde such as formaldehyde and benzylamine affords a
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compound of formula 78. Reaction of a compound of formula 78 with a hydrazine
generates chiral compounds of formula 79. Deprotection of the nitrogen affords

compounds of formula 80.
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SCHEME 24: Treatment of an amine of formula 23 with an acid of formula 11 in
an inert solvent such as dichloromethane or DMF by a coupling reagent such as
EDC or DCC in the presence of HOBT affords compounds of formula 89.

10 Reaction of compounds of formula 89 with a hydrazine generates compounds of
formula 6. Deprotection of the nitrogen affords compounds of formula 7.
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SCHEME 25: Treatment of a hydroxyacetoacetate ester of formula 90 with an
alkyt halide in the presence of a suitable base such as sodium hydride affords
compounds of formula 81. Reaction of 91 with a hydrazine generates compounds
of formula 92. O-Alkylation of the carbonyl oxygen of 92 affords 93 which is
converted to the halide 94. Displacement of the halide X by cyanide ion affords
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the nitrile 85. Reduction of 95 gives the primary amine 96 which is deprotected
and cyclized in the presence of formaldehyde to afford 28.
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5 SCHEME 26: Treatment of a beta-keto-protected aminovalerate such as 97 with
an alkyl halide in the presence of a suitable base such as sodium hydride affords
compounds of formula 88. Reaction of compounds of formula 98 with a hydrazine
generates compounds of formula 99. Deprotection of compounds of formula 99.
affords primary amines of formuta 100. .Cyclization of compounds of formula 100

10  in the presence of formaldehyde affords compounds of formula 28.
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SCHEME 27: Treatment of the amine of formula 23a with an acid such as 1 in the
presence of EDC and HOAT in a suitable solvent provides keto-esters of formula
23b. The keto-ester 23b can be treated with a sait of hydrazine in the presence of
sodium acetate in refluxing ethanol to give hydrazines of formula 23c.

5 Deprotection under suitable conditions gives amines of formula 4. Coupling of

10

intermediates of formula 4 to amino acids of formula S can be effected as
described above to give intermediates of formula 6. Deprotection of amine 6
affords compounds of formula 7.

SCHEME 28
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SCHEME 28: Prt represents an amine protecting group that will be known to one
skilled in the art. BOC has been used for Prt to illustrate the preferred protecting
group but the use of BOC should not be taken as limiting the scope of this
disclosure. Further, although the scheme iilustrates the synthesis of the compound
of formuia m using particular isomers, other isomers and/or isomeric mixtures are
also within the scope the instant disclosure. '

Step A.

To a solution of 4-oxo-piperidine-3-carboxylic acid ethyl ester hydrochloride
in a reaction inert organic solvent such as IPE, THF, methylene chloride and
EtOAc with or without water as a cosolvent, preferably IPE and water, is added an
inorganic or organic base such as TEA, DMAP, an hydroxide or a carbonate,
preferably TEA, followed by an amine protecting group, preferably (Boc),O. The
mixture is stirred for about 1-24 hours, preferably ovemight, preferably under
nittogen. The organic phase is separated and worked-up according to standard
procedures known to those skilled in the art, and concentrated to afford the
desired product as crystals.

Step B. .

To a solution of 4-oxo-piperidine-1,3-dicarboxylic acid 1-terf-butyl ester 3-
ethyl ester in an organic solvent such as THF, IPE, an alcohol,. DNF, or DMSO,
preferably DMF, an inorganic or organic base such as TEA, DMAP, an hydroxide
or a carbonate, preferably lithium carbonate, is added, followed by benzyl bromide.
The mixture is heated to about 25-100 °C, preferably 60 °C, and stirred for about
1-24 hours, preferably 20 hours. The reaction mixture is then cooled to room
temperature and extracted with an organic soivent such as IPE, toluene, THF or
EtOAc and worked-up according to standard procedures known to those skilled in

~ the art to yield the desired compound.

Step C.

To a solution of 3-benzyl-4-oxo-piperidine-1,3-dicarboxylic acid 1-terf-buty!
ester 3-ethyl ester in an organic solvent such as an alcohol, THF. or toluene is
added methylhydrazine, followed by an acid such as sulfuric acid, HCI, AcOH or
TsOH, preferably acetic acid at about 0 °C to room temperature. The reaction
mixture is heated slowly to about 40-100 °C, preferably about 85 °C and stirred for
about 3-10 hours, preferably about 7.5 hours. After cooling to room temperature,
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the organic layer is washed with 10% sodium bicarbonate and worked-up
according to standard procedures known to those skilled in the art and
concentrated to yield the desired compound.

Step D.

The concentrated solution from step C is mixed with an organic solvent
such as IPE, cooled to about -10-10 °C, preferably 0 °C, an acid such as MeSOsH,
TFA or HCI, preferably HCI gas, is introduced repeatedly and stirred at room
temperature until the hydrolysis is complete. The mixture is concentrated, an
organic solvent such as methylene chioride, IPE or THF is added, followed by a
base such as a hydroxide, a carbonate, preferably NH,OH. The mixture is then
extracted with methylene chloride, IPE or THF and concentrated to yield the
desired compound.

Step E. -
To a solution of Sa-benzyl-z-meth;}l-z,3a,4,5,6,7-hexahydro—pyrazolo[4.3-
cJpyridin-3-one in a mixture of acetone/water (1% to 11% water, preferably 5%
water in acetone) is added L-tartaric acid. The mixture is heated to 25-60 °C,
preferably about 50 °C, and stirred, preferably overnight. The reaction mixture is
cooled to preferably about 10-15 °C and precipitates are filtered, washed with cold
acetone/water and dried to yield the desired compound. |
Step G.

2-Aminoisobutyric acid, a base such as a hydroxide, preferably 1N NaOH,
(Boc),C and an organic solvent such as THF, IPE or dioxane are mixed together
and stirred at room temperature ovemight. The reaction mixture is diluted with
organic solvent such as ethyl acetate and adjusted to about pH 3 to 7 by adding
an aqueous acid such as HCl. The organic phase is separated and worked-up
according to standard procedures known to those skilled in the art to yield the
desired compound.

Step H.

To a solution of 2-amino-3-benzyloxy-propionic acid in water and an
inorganic or organic base, preferably TEA, is added 2-ferf-butoxycarbonylamino-2-
methyl-propionic acid 2,5-dioxo-pyrrolidin-1-yl ester in an organic solvent such as
THF. The mixture is stired preferably overnight at preferably room temperature,
preferably under nitrogen. An aqueous acid such as 10% citric acid solution is
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added to the mixture. The mixture is stirred for several minutes, then diluted with
an organic solvent such as ethyl acetate. The organic phase is separated from the
mixture and worked-up according to standard procedures known to those skilled in
the art and then concentrated to yield the desired compound.

Steps F and I.

- To a solution of 3a-(R)-benzyl-2-methyl-2,3a,4,5,6,7-hexahydro-
pyrazolo[4,3-c]pyridin-3-one, L-tartrate in organic solvent such as ethyl acetate at
about -78 to -20 °C, preferably about -66 °C, Is added a base such as TEA. The
mixture is stirred for 1-24 hours, preferably about 1.5 hours. After removal of the
precipitated salt, 3-benzyloxy-2-(2-tert-butoxycarbonylamino-2-methyl-
propionylamino)-propionic acid and a base such as TEA are added at about -50 to
0 °C, preferably about -35 °C, followed by the addition of a peptide coupling
reagent, preferably 50% 1-propane phosphonic acid cyclic anhydride (PPAA) in
ethyl acetate. The mixture is stirred for about 1-6 hours, preferably about 2 hours
at -50 to 0 °C, preferably about -20 °C to about -27 °C, then the temperature was
slowly raised to preferably about 0 °C. The reaction mixture is poured into water
and extracted with an organic solvent such as IPE and the organic layer is
separated and worked-up according to standard methods known to those skilled in
the art to yield the desired compound.

Step J.

To a solution of {1-[2-(3a-(R)-benzyl-2-methyl-3-0x0-2,3,3a,4,6,7-
hexahydro-pyrazolo[4,3-c]pyridin-5-yi)-1-(R)-benzyloxymethyl-2-oxo-
ethyicarbamoyl}-1-methyl-ethyi}-carbamic acid fert-butyl ester in an organic solvent
such as methylene chioride at about -10 to 10 °C, preferably about 0-5 °C. is
added TFA, preferably the temperature is maintained below about 5°C. The
temperature is then raised to room temperature. The mixture is stirred for about 1-
6 hours, preferably about 3 hours. Methylene chloride is replaced with another
organic solvent such as ethyl acetate. The mixture is then adjusted to about pH 7
o pH 9, preferably pH 8, with an aqueous base such as saturated sodium
bicarbonate solution and then worked-up according to standard methods known to
those skilled in the art to yield the desired compound.

Step K.
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To a solution of 2-amino-N-[2-(3a-(R)-benzyi-2-methyl-3-oxo—2.3,3a,4.6.7-
hexahydro-pyrazolo[4,3-c]pyridin-5-yi)-1-(R)-benzyloxymethyl-2-oxo-ethyl]-2-
methyl-propionamide from step | in an aicohol such as methanol is added L-(+)-
tartaric acid and the mixture is stired ovemight. The resulting solution is filtered
and concentrated. An organic solvent such as IPE or ethyi acetate is added and
the remaining alcohol is removed azeotropically. The solid that is isolated is
dissolved in ethyl acetate and the solutioﬁ is refluxed, then allowed to cool to room
temperature to yield crystals of the desired product.. '

The following examples are provided for the purpose of further illustration
only and are not intended to be limitations on the disclosed invention.

General Experimental Procedures:

Amicon silica 30 uM, 80 A pore size, was used for column chromatography.
Melting points were taken on a Buchi 510 apparatus and are uncorrected. Proton
and carbon NMR spectra were recorded on a Varian XL-300, Bruker AC-300,
Varian Unity 400 or Bruker AC-250 at 25 °C. Chemical shifts are expressed in
parts per million down field from trimethylisilane. Particle beam mass spectra were
obtained on a Hewlett-Packard 5989A spectrometer using ammonia as the source
of -chemicatl ionization. For initial sample dissolution, chioroform or methanol was
employed. Liguid secondary ion mass spectra (LSIMS) were obtained on a Kratos
Concept-1S high resclution spectrometer using cesium ion bombardment on a
sample dissolved in a 1:5 mixture of dithicerythritol and dithiothreitol or in a
thioglycerol matrix. For initial sample dissolution chloroform or methanol was
employed. Reported data are sums of 3-20 scans calibrated against cesium
iodide. TLC analyses were performed using E. Merck Kieselgel 60 F254 siiica
plates visualized (after elution with the indicated solvent(s)) by staining with 15%
ethanolic phosphomolybdic acid and heating on a hot plate.

General Procedure A (Peptide coupling using EDC): A 0.2-0.5 M solution
of the primary amine (1.0 equivalent) in dichloromethane (or a primary amine
hydrochioride and 1.0-1.3 equivalents of triethylamine) is treated sequentially with
1.0-1.2 equivalents of the carboxylic acid coupling partner, 1.5-1.8 equivalents
hydroxybenzotriazole hydrate (HOBT) or HOAT and 1.0-1.2 equivalents
(stoichiometrically equivalent to the quantity of carboxylic acid) 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC) and the mixture is
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stirred overnight in an ice bath (the ice bath is allowed to warm, thus the reaction
mixture is typically held at about 0-20 °C for about 4-6 h and about 20-25 °C for
the remaining period). The mixture is diluted with ethyt acetate or other solvent as
specified, and the resulting mixture washed twice with 1N NaOH, twice with 1N
HCI (if the product is not basic), once with brine, dried over Na2SO4, and
concentrated giving the crude product which is purified as specified. The
carboxylic acid component can be used as the dicyciohexylamine salt in coupling
to the primary amine or hydrochioride of the latter; in this case no triethylamine is
employed.

Example 1

-Amino-N-{1{R)-be 2-[3a- fluoro-be 2-methyl-3-oxo-
233a467- hydro- olof4. 3-clpyridin-5-yll-2-oxo-ethyl}-isob ide
hydrochloride and
2-Amino-N-{1(R joxymethyl-2-[3a-(S)-(4-fluoro-benzyi)-2-methyi-3-oxo-
2.3.3a.4.6.7-he olof4,3-clpyridin-5-yi}-2-oxo- isobutyramide
hydrochioride
A. 4-Oxo-piperidine-1,3-dicarboxylic acid 1-tert-butyl ester 3-ethy! ester

A mixture of 8.00 g (38.5 mmol) of 4-oxo-piperidine-3-carboxylic acid ethyl ester
hydrochloride, 9.23 g (42.4 mmol) of di-tert-butyldicarbonate, and 3.89 g (38.5
mmol) of triethylamine in 150 mL of THF was stirred at room temperature for about
72 h. The mixture was concentrated and the residue was dissolved in ethyl
acetate and washed three times each with 10% aqueous HCI, saturated aqueous
sodium bicarbonate solution, and brine, dried over MgSO4, and concentrated to

give 10.0 g of 1A as a white solid. MS (Cl, NH3) 272 (MH™).

B. 3-(R.S)-{4-Fluoro-benzyl)-4-oxo-piperidine-1.3-dicarboxylic_acid 1-tert-butyl
estor 3-ethyl ester '

To a solution of 2.00 g (7.4 mmol) 1A in 10 mL of DMF was added 282 mg (7.4
mmol) of sodium hydride (0% oil dispersion) and the mixture was stired at room
temperature for about 15 min. A solution of 1.3 g (7.4 mmol) 4-fluorobenzyl
bromide in 7 mL of DMF was added to the stirming solution and the mixture was
stirred for about 72 h at room temperature. The mixture was diluted with ethyl
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acetate and washed once with water and four times with brine, dried over MgS0O4,

and concentrated to give 2.8 g of 18. MS (C!, NH3) 380 (MH*).
C. 3a- -{4-Fluoro-benzyl}-2-meth oxo-2.3,3a 4.6, 7-hexahydro-

pyrazolo[4,3-clpyridine-5-carboxylic acid tert-butyl ester

A mixture of 2.54 g (6.7 mmol) of 1B and 309 mg (6.7 mmol} of methylhydrazine in
100 mL of ethanol was heated at reflux for about 8 h. The mixture was
concentrated and the residue was dissolved in 100 mL toluene and heated at
reflux for about 17 h. The mixture was concentrated and the residue was purified
by silica gel chromatography using an elution gradient of (18:82 viv ethyl
acetate:hexane) to (75:25 v/v ethyl acetate:hexane) to give 1.0 g of 1C as a clear
colorless oil. MS (Cl, NH3) 362 (MH*).

D. 3a-(R,S)-(4-Fluoro-benzyl)-2-methyl-2.3a.4.5 6. 7-hexahydro-pyrazolo{4,3-
clpyridin-3-one triflucroacetate

To 1.00 g (2.8 mmol) of 1C was added 10 mL of trifluoroacetic acid at about 0 °C
and the mixture was stirred for about 1 h. Ethyl acetate was added and the

mixture was concentrated to give 1.0 g of 1D. MS (Cl, NH3) 263 (MH™).

E. R)}-3-Be -2-(2-tert-b carbonylamino-2-methyl-propionylamino
propionic acid

To 1.83 g (6.2 mmol) of N-t-BOC-O-benzyl-D-serine in 35 mL of DMF was added
1.02g (7.4 mmol) of potassium carbonate followed by 0.92g (6.5 mmol) of
jodomethane. The mixture was stimed ovemight at about 24 °C under an
atmosphere of nitrogen. The reaction mixture was diluted with 200 mL of water,
and extracted three times with ethyl acetate. The combined organics were
washed five times with water and once with brine, dried over MgSO4 and
concentrated. The crude (R)-3-benzyloxy-2-tert-butoxycarbonyl-amino-propionic
acid methyl ester was dissolved in 15 mL of cold trifluoroacetic acid at about 0 °C
and the mixture was stirred for about 2 h. The mixture was concentrated and the
residue was diluted with 1N NaOH and extracted three times with ethyl acetate.

The combined organic extracts were washed with brine and dried over Na2S04 to
give 0.84 g (4.02 mmol) of the resulting (R)-2-amino-3-benzyloxy-propionic acid
methyl ester which was coupled to 0.81 g (4.02 mmol) of N-t-BOC-a-methylalanine
to give 1.80 g of (R)-3-benzyloxy-2-(2-tert-butoxycarbonylamino-2-methyl-
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propionylamino)-propionic acid methyl ester. The crude product was dissolved in
20 mL of 4:1 THF:water and a solution of 335 mg (7.98 mmol) of lithium hydroxide
hydrate in 1 mL of water was added to the solution and the mixture was stirred
ovemight at room temperature. The mixture was concentrated and the residue
was diluted with ethyl acetate and acidified with aqueous HCI and extracted three
times with ethyl acetate. The organic extracts were combined and washed once
with brine, dried over Na2S04 and concentrated to give 1.60 g of 1E as an oil

which solidified on standing. TH NMR (CDCl3 300 MHz) 3 7.30 (m, 5H), 7.10 (d,

1H), 5.07 (bs, 1H), 4.68 (m, 1H), 4.53 (g, 2H) 4.09 (m, 1H), 3.68 (m, 1H), 1.3-1.5
(m, 15H).

F. 1-{1({R)-Be oxymethyi-2-| R U be -2-methyl-3-0xo-
2.3.3a 4,86, 7-hexahydro- zolof4 idin-5-yll-2-oxo-ethylcarbamoyi}-1-
methyl-ethvi)-carbamic acid tert-butyl ester

According to the method outlined in General Procedure A, 193 mg (0.51 mmol) of
1D and 196 mg (0.51 mmol) of 1E were coupled to give a mixture of
diastereomers. The residue was purified by silica gel chromatography using an
elution gradient of (1:1 v/v ethyl acetate:hexane) to 100% ethyl acetate to give 60
mg of less polar 1F isomer 1 and 100 mg of more polar 1F isomer 2. MS (Cl,
NH3) 624 (MH™) for both isomers.

G. 2-Amino-N-{1(R)-benzyloxymethyl-2- R)-(4-fluoro-benzyl)-2-methyl-3-
oxo-2.3.3a.4,6.7-hexahydro-pyrazolo[4,3-c]pyridin-5-yl}-2-0

ethyi}-isobutyramide hydrochloride

To 60 mg (0.10 mmol) of 1F isomer 1 in 10 mL of ethanol was added 4 mL of
concentrated HCI and the mixture was stired at room temperature for about 2 h.
The mixture was concentrated and the residue was precipitated from
ethanol/hexane to give 50 mg of 1G isomer 1 as a white powder. MS (Cl, NH3)

524 (MH*). THNMR (CD30D): (partial) § 7.32 (m, 5 H), 7.12 (m, 2 H), 6.1 (m, 2

H),5.15(m, 1 H), 454 (s, 2 H),3.78 (m, 2 H)3.02 (m, 7 H), 2.66 (m, 2 H), 1.57 (s,
6 H).
H. 2-Amino-N-{1({R}-benzyloxvmet . S)-{4-flucro- 1)-2-methyl-3-

ox0-2.3,3a,4,6.7-hexahydro-pyrazolof4.3-clpyridin-5-yi}-2-oxo-
ethylk-isobt mide hydrochioride
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To 100 mg (0.18 mmol) of 1F isomer 2 in 10 mL of ethanol was added 4 mL of
concentrated HC! and the mixture was stirred at room temperature for about 2 h.

The mixture was concentrated and the residue was precipitated from
ethanol/hexane to give 80 mg of 1H isomer 2 as a white powder. MS (Cl, NH3)

524 (MH*). THNMR (CD30D): (partial) § 7.32 (m, 5 H), 7.08 (m, 2 H), 6.95 (m, 2

H), 6.80 (m, 2 H), 5.30 (m, 1 H), 4.61 (m, 3 H), 3.80 (m, 2 H), 2.58 (m, 3 H), 1.58
(s,6 H).

Example 2
2-Amino-N-[2-[3a-(R.S)-(4-fluoro-benzyl)-2-methyl-3-oxo-2 3.3 7-hexahydro-
pyrazolof4 3-clpyridin-5-yi}-1(R)-{1H-indol-3-vimethyl)-2-oxo-ethyll-isobutyramide

hydrochloride
A.  (R)}-2-Amino-3-[(1H-indol-3-yl}-propionic acid methyi ester
To 4.92 g (16.2 mmol) of N-a-t-BOC-D-tryptophan in 100 mL of DMF was added
2.46 g (17.8 mmol) of potassium carbonate followed by 2.41 g (17.0 mmol) of
iodomethane, and the mixture was stirred overnight at 24°C under an atmosphere
of nitrogen. The reaction mixture was diluted with water, and extracted three times
with ethyl acetate. The combined organics were washed five times with 500 mL of
water and once with brine, dried over MgSQ4 and concentrated to give 4.67 gof a
white solid. To the crude (R)-2-tert-butoxycarbonylamino-3-(1H-indol-3-yi)-
propionic acid methyl ester was added 15 mL of cold trifluoroacetic acid at about 0
OC and the mixture was stirred for about 2 h. The mixture was concentrated and
the residue was diluted with 1IN NaOH and extracted three times with ethy!
acetate. The combined organic extracts were washed with brine and dried over
Na2S04 to give (R)-2-amino-3-(1H-indol-3-yl)-propionic acid methy! ester as an
orange oil in quantitative yield.
B. (R)-2-(2-tert-Butoxycarbonylamino-2-methyl-propionylamino}-3-(1H-indol-3-

[ ionic acid methyl ester.
The crude product from 2A 1.55 g (7.1 mmol) was coupled {0 1.44 g (7.1 mmoi) of
N-+-BOC-a-methylalanine according to Procedure A to give an oil which was
purified by silica gel chromatography using a gradient of 10%, 20%, 30%, 40%
and 50% ethyl acetate in hexane to elute. Recovered 1.32 g of (R)-2-(2-tert-
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butoxycarbonylamino-2-methyl-propionylamino)-3-(1H-indoi-3-yl)-propionic  acid
methyl ester.

C. R)-2-(2-tert-Butoxycarbonylamino-2- ionylamino)-3-{1H-indo!
yl)>-propionic acid

To a solution of 1.03 g (2.64 mmol) of 2B in 10 mL of THF was added 381 mg (9.1
mmol) of lithium hydroxide hydrate in 2 mL of water and the mixture was stirred
ovemight at room temperature. Excess THF was removed by evaporation, and
the basic aqueous mixture was extracted three times with ethyl acetate, and then
acidified to pH 4 with dilute acetic or hydrochloric acid. The product was extracted
with ethyl acetate and the combined organic extracts were washed with brine,
dried over MgSQ4 and evaporated to give 1.03 g of 2C as an orange foam. MS

(Cl, NH3) 380 (MH*). TH NMR (CDCi3 300 MHZ) & 7.61 (d, 1H), 7.48 (d, 1H),
7.27 (t, 1H), 7.10 (¢, 1H), 4.81 (bs, 1H), 3.35 (m, 1H), 1.49 (s, 6H), 1.32 (s, OH).
D. 1-2- Filuoro-benzyl)-2-methyl-3-ox0-2,3,3a,4.6.7-hexa

razolof4, 3-clpyridin-5-yi}-1-(R)-(1H-indol-3-yimethyl)-2-oxo-ethylcarbamoyil-1-
methyl-ethyl}-carbamic acid tert-butyi ester
According to the method outlined in General Procedure A, 183 mg (0.51 mmol) of
1D and 200 mg (0.51 mmol) of 2C were coupled and the residue was purified by
silica gel chromatography using an elution gradient of (1:1 viv ethyl
acetate:hexane) to 100% ethyl acetate to give 230 mg of 2D. MS (Cl, NH3) 633
(MHY).
E. 2-Amino-N-[2-] R,S)-(4-fluoro-benzyl)-2-meth 486.7-
hexahydro- olo[4,3-clpyridin-5-yi}-1 1H-indot-3-vimethyl)-2-oxo-e
isobutyramide hydrochlori '
To 230 mg (0.36 mmol) of 2D in 10 mL of ethanol was added 4 mL of
concentrated HCl and the mixture was stirred at room temperature for about 2 h.
The mixture was concentrated and the residue was precipitated from
ethanol/hexane to give 130 mg of 2E as a white powder. MS (Cl, NH3) 533

(MH*). THNMR (CD30D): (partial) 5 7.79 (d, 1 H), 7.48 (m, 1 H), 7.33 (m, 2 H),

7.19-6.77 (m, 7 H), 8.54 (m, 1 H), 5.17 (m, 1 H), 4.02 (m, 1 H), 3.11 - 2.68 (m, 6
H), 2.47 (m, 2 H), 2.03 (m, 2 H), 1.59 (m, 6 H).
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Example 3
2-Amino-N-[2-(3a-(R,S)-benzyl-2-meth 0-2.3,32a,4.6.7-hexahydro- .
olof4.3-clpyridin-5-vi -{1H-indol-3-yimethyl)-2-oxo-ethyl]-isobutyramide

A. 4-Oxo-piperidine-1,3-dicarboxylic acid 1-tert-butyl ester 3-methvl ester
To a mixture of 7.00 g (36.2 mmol) of 4-oxo-piperidine-3-carboxylic acid methyl
ester and 8.82 g (72.3 mmol) of 4,4-dimethylaminopyridine in 200 mL of methylene

chloride at about 0 °C was added a solution of 7.88 g (36.2 mmol) of di-tert-
butyldicarbonate in 150 mL of methylene chloride over about 30 min. The mixture
was warmmed to room temperature and then stirred for about 17 h. The mixture
was concentrated and the residue was diluted with chloroform and washed three
fimes each with 10% aqueous HC|, saturated aqueous sodium bicarbonate
solution and brine, dried over MgSO4 and concentrated to give 9.18 g of a clear
yellow oil.

B. 3- Benzyl-4-0 iperidine-1.3-dicarboxylic_acid 1-tert-butyl ester 3-
methyl ester '

To a solution of 5.00 g (19.4 mmol) 3A in 10 mL of DMF was added 745 mg (7.4
mmol) of sodium hydride {(80% oil dispersion) and the mixture was stirred at room
temperature for about 15 min. A solution of 3.32 g (19.4 mmol) benzylbromide in
15 mL of DMF was added to the sfirring solution by cannula and the mixture was
stired for about 42 h at room temperature. The mixture was diluted with ethyl
acetate and washed once with water and four times with brine, dried over MgSOg4,

and concentrated to give 6.0 g of 3B as a yeliow oil. MS (Cl, NH3) 348 (MH™).

C. 3a-(R.S)-Benzyl-2-methyl-3-ox 4 6. 7-hexahydro-pyrazolo[4.3-c]-
idine-5-carboxylic aci - aster

A mixture of 4.00 g (11.5 mmol) of 3B and 530 mg (11.5 mmol) of methylhydrazine

in 100 mL of ethanol was heated at reflux for about 8 h. The mixture was

concentrated and the residue was dissolved in 100 mL toluene and heated at

reflux for about 17 h. The mixture was concentrated and the residue was purified

by silica gel chromatography using an elution gradient of (15:85 viv ethyl

acetate:hexane) to (75:25 v/v ethyl acetate:hexane) to give 2.6 g of 3C as a clear

coloriess oil. MS (CI, NH3) 344 (MH™). '
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D. 3a-(R.S)-Benzyl-2-methvi-2,3a,4,5.6,7-hexahydro-pyrazolo[4,3-clpyridin-3-
one

To 2.80 g (7.6 mmol) of 3C was added 20 mL of trifluoroacetic acid at about 0 °C
and the mixture was stimed for about 2.5 h. Ethyl acetate was added and the
solution was washed with BN NaOH, dried over MgSO4 and concentrated to give
1.8 g of 3D. MS (Cl, NH3) 244 (MH*).

E. 1-[2-(3a- Benzyl-2-methyl-3-0x0-2.3,3a.4.6.7-hexahydro-

olo[4. 3-clpyridin-5-yl)-1R-(1H-ind Imethyl)-2-oxo-ethylcarbamoyi}-1-
ethyl-eth rbamic acid tert-butyl ester

According to the method outlined in General Procedure A, 125 mg (4.6 mmol) of
3C and 1.75 g (0.51 mmol) of 2C were coupled and the residue was purified by

-gilica gel chromatography using an elution gradient of (6.4 viv ethyl

acetate:hexane) to 7% methanol in ethyt acetate to give 150 mg of 3E.

F. 2-Amino-N-[2-(3a-(R,S)-benzyl-2-methyl-3-o0x0-2,3.3a 4.8,7-hexahydro-
olo[4.3-clpyridin-5-yl)-1R-(1H-indol-3-yimethyl)-2-oxo-ethyll-isobutyramide

hydrochloride

To 150 mg (0.24 mmol) of 3E in 15 mL of ethanol was added 5 mL of
concentrated HCI and the mixture was stired at room temperature for about 3 h.
The mixture was concentrated and the residue was crystallized from
ethanolhexane to give 100 mg of 3F. MS (Cl, NH3) 515 (MHY). THNMR
(CD30D): 8 7.20 - 6.91 (m, @ H), 6.56 {m, 1), 5.17 (m, 1 H), 4.05 (m, 1 H), 2.96 (s,
3 H), 2.62 (m, 1 H), 2.38 (m, 1 H), 2.06 (m, 2 H), 1.61 (m, 8 H).

Example 4
2-Amino-N-{2-(3a-(R)-benzyl-2-methyi-3-ox0-2,3,3a,4,6.7-hexahydro-pyrazolof4.3-
clpyridin-5-vi)-1-(R)-benzyloxymethyl-2-oxo-ethyil-isobutyramide hydrochloride
and '
2-Amino-N-[2-(3a-(S)-benzyl-2-meth 3.3a,4.8,7-hexahydro- 0[4,3-
clpyridin-5-yl)-1 l-2-oxo-ethyl}-isobutyramide hydrochloride
A. 1-[2-(3a-(R.S)-Benzyl-2-m 3-0x0-2.3.32,4,6.7- dro-

razolof4,3-clpyridi )-1-(R)-benzyl thyl-2-oxo-ethylcarbamoyil-1-methyl-

eth rbamic acid tert-butyl ester
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According to the method outiined in General Procedure A, 1.12 g (4.6 mmol) of 3C
and 1.75 g (0.51 mmol) of 1E were coupled to give a mixture of diastereomers.
The residue was purified by silica gel chromatography using an elution gradient of
(1:1 viv ethyt acetate:hexane) to 100% ethyl acetate to give 350 mg of less polar
4A isomer 1 and 250 mg of more polar 4A isomer 2. MS (Cl, NH3) 608 (MH*) for
both isomers.

B. -Amino-N-[2-(3a-{R)-benzyl-2-methyl-3-0x0-2,3,33.4.8. 7-hexahydro-
lol4.3-clpyridin-5-vl)-1-(R)-benzyloxymethvi-2-oxo-ethyll-isobu ide
hydrochloride

To 250 mg (0.41 mmol) of 4A isomer 1 in 15 mL of ethanol was added 5 mL of
concentrated HCI and the mixture was stirred at room temperature for about 5 h.
The mixture was concentrated and the residue was precipitated from
ethanol/hexane and dried under vacuum to give 130 mg of 4B isomer 1. MS (Ci,
NH3) 508 (MHY). THNMR (CD30D): & 7.33 (m, 5 H), 7.14 (m, S H), 5.22 (m, 1 H),
4.57 (m, 3 H), 3.80 (m, 2 H) 3.14 (m, 1 H), 3.04 (s, 3 H), 296 (m, 2 H), 261 (M, 2
H), 1.63 (m, 7 H).
C.  2-Amino-N-2-{3a-(S}-benzyl-2-methwi-3-ox0-2.3,3a,4.6,7-hexahydro-
lo[4.3-clpyridin-5-yi)-1 benzyloxymethyl-2-oxo-ethyi}-isob ide
hydrochloride
To 250 mg (0.41 mmol) of 4A isomer 2 in 15 mL of ethanol was added 5 mL of
concentrated HCI and the mixture was stirred at room temperature for about 5 h.
The mixture was concentrated and the residue was precipitated from
ethanol/hexane and dried under vacuum to give 120 mg of 4C isomer 2. MS (Ci,
NH3) 506 (MH). THNMR (CD30D): § 7.31 (m, 5§ H), 7.13 (m, 5 H), .78 (m, 1 H),
528 (m, 1H), 462 (m, 3 H),3.81 (M, 2H),3.14(m, 1H),262(m,3 H), 1.58(m, 7
H).
D. 2-Amino-N-[2- -be 2= 3-0x0-2.3.32,4.6,7- hydro-
razolo[4,3-clpyridin-5-yl)-1-(R)-benzyl ethyl-2-oxo-ethyll-isob: mide
methanesulfonate
Saturated aqueous sodium bicarbonate was added to 3.60 g (6.6 mmol) of 4B
isomer 1 and the mixture was extracted with ethyl acetate. The organic layer was
dried over MgSQ4 and concentrated. The residue was dissolved in ethyl acetate,
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cooled to about 0 °C and 0.43 mL (6.6 mmol) of methane-sulfonic acid was added
and the mixture was stirred for about 0.5 h. Hexane (200 mL) was added to the
solution and the mixture was stirred for about 1h and filtered to give 3.40 g of a
white solid. The solid was recrystallized from 3% aqueous ethyl acetate to give

2.55 g of 4D Isomer 1 as a white crystalline solid. MS (Cl, NH3) 506 (MHY).

Example 5
2-Amino-N-[1-(3a-(R)-benzvi-2-m 0-2.3,3a,4.6,7-hexahydro-pyrazolo[4,3-
clpyridine-5-carbonvi}-4-phenyi-(R)-butyll-isobutyramide hydrochioride and

-Amino-N-{1-(33-(S)-benzyl-2-methyl-3-0x0-2.3,3a.4,6,7-hexahydro- olo[4,3-
clpyridine-5-carbon henyl-(R)-b isob mide chloride
A. 2-Oxo0-5.6-diphen 3-ph al ormpholine-4-carboxylic acid t-bu
ester
To an about -78°C solution of 13.8 g (70.0 mmol) of cinnamyl bromide and 4.94 g
(14.0 mmol) of t-butyl-(2S,3R)-(+)-6-0x0-2,3-diphenyl-4-morpholine carboxyiate in
350 mL of anhydrous THF was added 28 mL (28 mmol) of 1M sodium
bistrimethylsilylamide in THF. The mixture was stirred at about -78°C for about 1.5
h and then poured into 750 mL of ethyl acetate. The mixture was washed twice
with brine, dried over MgSO4 and concentrated to give a yeliow oil. The cil was
stirred in 150 mL of hexane ovemight and the precipitated solid was then collected
by filtration to give 3.2 g of 5A as a white solid. .
B. 5 Diphenyl-3(R)-(3- liyl}-morpholin-2-one
To 2.97 g (6.33 mmol) of SA was added 20 mL of triflucroacetic acid at about 0°C
and the mixture was stirred for about 2 h and then concentrated. The residue was
dissolved in water and basified with aqueous NaOH untii a pH of 10 was
maintained. The mixture was extracted three times with ethyl acetate and the
combined organic extracts were washed with brine, dried over MgSO4 and
concentrated to give an orange oil which was purified by silica gel chromatography
(10:90 viv ethyl acetate:hexane) to give 880 mg of 5B as a white solid.
C. 2-(R)-Amino-5-phenyl-pentanoic acid
A mixture of 440 mg (1.19 mmol) of 5B and 120 mg of palladium chioride in 20 mL
of ethanot and 10 mL of THF was hydrogenated at 45 psi. for about 16 h. The
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mixture was filtered through diatomaceous earth and concentrated, and the
residue was triturated with ether to give 240 rhg of 5C as a white solid.

D.  2-tert-Butoxycarbonyiamino-2-methyl-propionic acid 2.5-dioxo-pyrrolidin-1-
ylester |

To. a slurry of 5.0 g (24.6 mmol) of . N-t-BOC-a-methylalanine in 13.5 mL of
methylene chloride was added 3.40 g (29.6 mmol) of N-hydroxysuccinimide and
5.65 g (29.6 mmol) of EDC. The slurry was stired for about 17 h at room
temperature. The mixture was diluted with ethyl acetate and washed twice each
with water, saturated sodium bicarbonate solution and brine. Dried over MgSO4
and concentrated. The product was purified by silica gel chromatography (1:1 viv
ethyl acetate:hexanes) to give 5.2 g of the title compound of this part D as a white
solid.

E. (R)-2-(2-tert-Butoxycarbonylamino-2-methyl-propionylamino)-5-phenyl-
pentanoic acid

A mixture of 203 mg (1.05 mmol) of 5D, 378 mg (1.26 mmol) of 5C and 434 mg
(3.36 mmol) of diisopropylethylamine in 2 mL of DMF was stirred over-night. The
mixture was diluted with ethyl acetate and extracted twice with 1IN HCl. The
aquecus phase was extracted once with ethyl acetate. The pooled organic
extracts were washed three.times with water and once with brine. The mixture
was dried over MgSO4 and concentrated. The residue was purified by silica gel
chromatography using 80% chloroform in hexane followed by 100% chioroform
followed by 10% methanol in chioroform fo give 127 mg of SE.

F. 1-[1-{3a- enzyl-2-methyl-3-0x0-2,3,32.4.6 7-h ro-
pyrazolol4.3-clpyridine-5-carbonyi)-4-phenyl-(R)-butylcarbamovil-1-methyl-ethyi)-
carbamic acid tert-butyl ester

According to the method outlined in General Procedure A, 130 mg (0.53 mmoi) of
3C and 200 mg (0.53 mmol) of SE wera coupied to give a mbdure of
diastereomers. The residue was purified by silica gel chromatography using an
elution gradient of (1:1 v/v ethyl acetate:hexane) to 100% ethy! acetate to give 40
mg of less polar 5F isomer 1 and 40 mg of more polar 5F isomer 2. MS (Cl, NH3)

604 (MH™) for both isomers. :
G. 2-Amino-N-[1-(3a-(R)-benzyl-2-methyl-3-ox0-2.3.3a,4.6. 7-hexahydro-
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olo[4,3-clpyridine-5-carbon henyl-(R)-bi isob ide
hydrochloride
To 40 mg (0.07 mmol) of 5F isomer 1 in 10 mL of ethanol was added 4 mL of
concentrated HC| and the mixture was stirred at room temperature for about 4 h.
The mixture was concentrated and the residue was precipitated from methylene
chicride/hexane and dried under vacuum to give 30 mg of 5G isomer 1. MS (Cl,
NH3) 504 (MH*). THNMR (CD30D): (partial) 5 7.19 (m, 10 H), 4.37 (m, 1 H), 3.02
(m, 6 H), 2.67 (m, 4 H), 1.83 (m, 4 H), 1.62 (s, 6 H), 1.28 (m, 1 H).
H. -Ami 1-(3a- -2-methyl-3-ox0-2 3.3a,4,6,7-hexah

lo[4.3-clpyridine-5-carbonyl henyi-(R)-butvl]-isob mide

hydrochioride
To 40 mg (0.07 mmol) of S§F isomer 2 in 10 mL of ethanol was added 4 mL ot;
concentrated HCI and the mixiure was stirred at room temperature for about 4 h.
The mixture was concentrated and the residue was precipitated from methylene
chloride/hexane and dried under vacuum to give 30 mg of 5H isomer 2. MS (Cl,

NH3) 504 (MH*). THNMR (CD3OD): (partial) 7.25 (m, 9 H), 6.88 (m, 1 H), 3.04 (s,
3 H), 2,71 (m, 4 H), 2.48 (m, 2 H), 1.75 (m, 4 H), 1.62 (m, 6 H), 1.28 (m, 1 H).
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Example 6
2-Amino-N-[2-(3a-(R.S)-benzyl-2-me 0-2,3,3a,4 6,7-hexahydro-
of4.3-clpyridin-5-yl)-1-(R)-be ethyl-2-oxo-ethyll-isobutyramide
hydrochioride
A. 1-[2-(3a-(R,S)-Benzyl-2-meth x0-2.3,3a,4,6, 7-hexahydro-
razolo[4,3-clpyridin-5-yl)-1-(R)-be ethyl-2-oxc-ethylcarbamoyil-1-methyi-

According to the method ouﬂiﬁed in General Procedure A, 200 mg (0.82 mmol) of

3C and 320 mg. (0.82 mmol) of 1E were coupled to give a mixture of

diastereomers. The residue was purified by silica gel chromatography using an

elution gradient of (1:1 v/iv ethyl acetate:hexane) to 10% methanol in ethyl acetate

to give 170 mg of 6A.

B. 2-Amino-N-[2-(3a-(R,S)-benzyl-2-methyl-3-0x0-2.3,.3a.4.8, 7-hexahydro-

olo[4,3-clpyridin-5-yh-1-(R)-benzylo; l-2-ox0-¢ iSOD! ide

hydrochloride

To 170 mg (0.28 mmol) of 6A in 20 mL of ethanol was added 5 mL of

concentrated HCI and the mixture was sfirred at room temperature for about 2.5 h.
The mixture was concentrated and the residue was precipitated from

ethanol/hexane to give 70 mg of 6B. MS (CI, NH3) 506 (MH*). THNMR (CD30D):

8 7.32 (m, 5 H); 7.16 (m, § H), 5.22 (m, 1 H), 4.67 (m,1 H), 4.55 (m, 2 H), 3.79 m, 2
H), 3.12 (m, 2 H), 3.00 (m, 6 H), 2.71 (m, 3 H), 1.56 (m, 8 H).

Example 7
2-Amino-N-[2-(3a-b -2-ethyl-3-0x0-2,3,3a.4 6,7-hexahydro- lof4,3-
clpyridin-5-yl)-1-(1H-indol-3-yimethyl)-2-oxo-ethyil-isobutyramide hvdrochloride
A. 3a-(R,S)-Benzyl-2-ethvl-3-0x0-2.3.33a.4,6. 7-hexahydro-pyrazolo[4,3-
clpyridine-5-carboxylic acid tert-butvi ester |

To 555 mg (1.60 mmoi) of 3B in 27 mL of ethanol was added 240 mg (1.60 mmol)
of ethylhydrazineoxalate and the mixture was heated at reflux for about 4 h. The
mixture was concentrated and the residue was purified by silica gel
chromatography using an elution gradient of (10:1 v/v hexane:ethyl acetate) to

(3:7 viv hexane:ethyl acetate) tq give 357 mg of 7A. MS (Cl, NH3) 358 (MH™).
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B. 3a-(R.S)-Benzyl-2-ethyl-2.3a.4,5.6,7-hexahydro- olo{4,3-clpyridin-3-
one

To 350 mg (0.98 mmol) of 7A in 3 mL of ethanol was added 1.5 mL of
concentrated HC! and the mixture was stirred at room temperature for about 2 h.

The mixture was concentrated to give 257 mg of 7B. MS (Cl, NH3) 258 (MH™).
C. -[2-(3a-(R.S)-Benzyl-2-ethyl-3-0x0-2. 3,3a.4,6,7-hexahvdro-pyrazolo[4, 3-

clpyridin-5-yl}-1-(R)-(1H-indol-3-yimethyl)-2-oxo-ethylcarbam -methyl-eth
carbamic acid tert-butyl ester ' __
According to the method outlined in General Procedure A, 82 mg (0.28 mmol) of

7B and 100 mg (0.26 mmol) of 2C were coupled and the residue was purified by
silica gel chromatography using an elution gradient of 100% methylene chioride to
2% methanol in methylene chioride to give 110 mg of 7C. MS (Cl, NH3) 629

(MHY).
D. 2—Amino—N-[2-(3a-(R,§);benyl—2-ethyl—3—oxo-g,3,33,5,6,7—hexah1dro-
pyrazolof4, 3-cipyridin-5-vi)-1-(R)-(1 H-indo|-3-yimethyl)-2-oxo-ethyll-isobutyramide

hydrochioride ;
To 100 mg (0.15 mmol) of 7C in 2 mL of ethanol was added 1 mL of concentrated
HCI and the mixture was stirred at room temperature for about 2 h. The mixture
was concentrated to give 72 mg of 7D as a colorless foam. MS (Cl, NH3) 529
(MHY).

Example 8

2-Amino-N-[_g-(saiR);bengl-z-eMI-s-oxo-z,3,3a,4,6,7-hexah¥dro-gﬂ§golo[4,3-

clpyridin-5-y}-1-{R)}-benzyvlo: thyl-2-oxo-ethyl]-isobutyramide hydrochlorid
and

2-Amino-N-[2-(3a-(S)-benzyl-2-ethyl-3-0x0-2.3.3a. 4.8. 7-hexahvdro- lol4,3-
clpyridin-5-v}-1-(R}-be [0) 2~0X0-8 isob ide rochloride
A. 1-[2- 2= -3-0x0-2,3,3a.4.6,7-hexahydro- lo[4,3-

clpyridin-5-yi)-1-(R)-benzyloxymethyl-2-oxo-ethylcarbamoyll-1-methyl-ethyi)-
carbamic acid tert-butyl ester

According to the method outiined in General Procedure A, 85 mg (0.29 mmol) of
7B and 100 mg (0.28 mmol) of 1E were coupled to give a mixture of
diastereomers. The residue was purified by silica gel chromatography using an
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elution gradient of 100% methylene chloride to 2% methanol in methylene chioride
to give 8 mg of less polar 8A isomer 1 and 11 mg of more poiar 8A isomer 2. MS

(C!, NH3) 620 (MH*) for both isomers.

B. 2-Amino-N-[2-(3a- enzyl-2-ethyl-3-oxo0-2,3,3a. 4 .6.7-haxahvdro-

lof4,3-clpyridin-5-yl}-1-(R)-benzyloxymethyi-2-oxo-ethyll-isobutyramide
hydrochloride _
To 5.7 mg (0.009 mmol) of 8A isomer 1 in 1 mL of ethanol was added 0.4 mL of
concentrated HCI and the mixture was stirred at room temperature for about 3 h.
The mixture was concentrated to give 4.7 mg of 8B isomer 1. MS (C!, NH3) 520

(MHY). THNMR (CD3OD): (partial) 5 7.41 - 7.05 (m, 10 H), 5.20 (m, 1 H), 4.61 (m,

1H), 4.52 (s, 2 H.), 3.71 (m, 1 H), 3.60 (m, 1 H), 2.61 (m, 3 H), 1.39 (M, O H).

C. 2-Amino-N-| a-(S)-benzyl-2-ethyl-3-0x0-2,3,32,4. 6. 7-hexahvdro-
o[4,3-c]pyridin-5-yl)-1-(R)-benzyl ethyl-2-oxo-ethyll-iscbutyramide

hydrochloride

To 10 mg (0.016 mmol) of 8A isomer 2 in 1 mL of ethanol was added 0.4 mL of

concentrated HCI and the mixture was stirred at room temperature for about 3 h.

The mixture was concentrated to give 8 mg of 8C isomer 2. MS (Cl, NH3) 520

(MHH). THNMR (CD30D): (partial) 5 7.43 - 7.00 (m, 10 H), 6.81 (m, 1 H), 5.32 (m,
1 H), 4.63 (m, 2 H), 4.53 (m, 1 H), 3.72 (m, 1 H), 1.37 (m, 9 H).

Example 9
2-Amino-N-[2-(2- -3-0x0-2,3,3a.4,6. 7-hexahydro- olo[4, 3-clpyridin-5-
methyl-2-oxo-ethyll-iscbutyramide hyd i
A. 2-Benzyl-3-hydroxy-2.4.6.7-te lof4 3-clpyridine-5-ca lic

acid tert-butyl ester

A mixture of 800 mg (3.11 mmol) of 3B and 485 mg (3.11 mmol) of
benzylhydrazine dihydrochioride and 423 mg (3.11 mmol) of sodium acetate
trihydrate in 15 mbL of ethanol was heated at reflux for about 17 h. The mixture
was concentrated and the residue was dissoived in 100 mL of toluene and heated
at reflux for about 48 h. The mixture was diluted with ethyl acetate and washed
with brine, dried over MgSO4 and concentrated and the residue was purified by

silica gel chromatography using 100% ethyl acetate followed by §% methanol in
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methyiene chioride to give 530 mg of SA as a light brown solid. MS (CI, NH3) 330
(MH™).

B. 2-Benzyl-4 5.6, 7-tetrahydro-2H-| olo[4,3-clpyridi |

To 411 mg (1.24 mmol) of 3E in 30 mL of ethanol was added 10 mL of
concentrated HC! and the mixture was stirred at room temperature for about 30
min. The mixture was concentrated and the residue was crystallized from

methanol/ethyl acetate to give 353 mg of 9B. MS (Cl, NH3) 230 (MH™*).

C. 1-[2-{2- hydroxy-2.4.6,7-tetrahydro-pyrazolof4.3- idin-5-yl)}-1-
R-benzyloxym 2-oxo-ethylcarb -methyl-ethvi}-carbamic_acid tert-buty!
ester

According to the method outlined in General Procedure A, 100 mg (0.38 mmol) of
9B and 145 mg (0.38 mmol) of 1E were coupled and the residue was purified by
silica gel chromatography (95:5 viv methanol:methylene chloride) to give 42-mg of
9C as a white solid. MS (Cl, NH3) 592 (MH").

D.  2-Amino-N-[2-(2-benzyl-3-ox0-2.3.3a.4.6.7-hexahvdro-pyrazolol4.3-
clpyridin-5-yl)}-1-(R)-benzyloxymethyl- thyl}-isobutyramide hydrochloride

To 42 mg (0.07 mmol) of 9D in 20 mL of ethanol was added & mL of concentrated
HCI and the mixture was stirred at room temperature for about 30 min. The
mixture was diluted with ethanol concentrated and the residue was precipitated
from methanol/ethyl acetate to give 35 mg of 9D as a white solid. MS (Cl, NH3)

492 (MH*). THNMR (CD30D): (partial) 7.41 - 7.16 (m, 10 H), 5.19 (m, 3 H), 4.48
(m, 4 H), 3.88 (m, 1 H), 3.74 (m, 2 H), 2.68 (m, 2 H), 1.58 (m, 6 H).

Exampie 10
2-Amino-N-{2-{3a-{R)-benzyl-3-oxo-2-(2.2 2-trifluoro-ethyl)-2,3.3a,4.6.7-hexahydro-

olof4.3-clpyridin- 1-(R)-benzyio: ethyl-2-oxo-e isob mide
hydrochloride and

-Amino-N-{2-| benzyl-3-oxo-2-{2.2 2-triflucro-ethyl)-2,3 7-hexahydro-
razolof4.3-¢ in-5-yi}-1-(R)-benzvio: l-2-oxo-ethyl}-isob mide
hydrochloride

A. 3a-(R,S)-Benzyl-3-ox0-2-(2 2 2-triflucro-ethyi)-2,3,3a.4.6, 7-hexahydro-
pyrazolo[4 3-clpyridine-5-carboxylic acid tert-butyl ester
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A mixture of 840 mg (2.42 mmol) of 3B and 276 mg (2.42 mmol) of 2,2,2-
trifluoroethylhydrazine (70% in water) in 20 mL of ethanol was heated at reflux for
about 5 h and then concenirated. The residue was dissolved in 40 mL of toluene
and heated at reflux for about 17 h. The mixture was concentrated and the
residue was purified by silica gel chromatography (9:1 v/v hexane:ethyl acetate) to
give 703 mg of 10A as a yellow oil. MS (Ct, NH3) 412 (MH™).

B. - 1-2-(2,2 2-trifluoro-e 2,3a.4.5,6.7-hexahydro-
pyrazolof4,3-c]pyridin-3-one

To 600 mg (1.48 mmol) of 10A at about 0 OC was added 3 mL of cold
trifiuoroacetic acid and the mixure was stired for about 3 h, allowing the solution
to reach room temperature as it didléo. The mixture was concentrated and the
residue was dissolved in water and the solution was basified to pH 11 with 5N
NaOH and then saturated with potassium carbonate. The solution was extracted
three times with ethyl acetate and the combined organic extracts were washed
with brine, dried over MgSO4 and concentrated to give 345 -'mg of 10B as an

opaque oil. MS (C!, NH3) 312 (MH™).

C. 1{2-I13a-(R,S)-Be¢ 2-(2.2 2-trifluoro-ethyl)-2,3.3a.4,.6.7-
hexahydro-pyrazolof4, 3-clpyridin-5-vil-1-(R)-be oxymethyl-2-0xo-
ethylcarbamovl}-1-methyl-eth mic acid tert- | ester

According to the method outlined in General Procedure A, 137 mg (0.44 mmol) of
10B and 167 mg (0.44 mmol) of 1E were coupled to give a mixture of
diastereomers. The re;idue was purified by silica gel chromatography using an
elution gradient 100% methylene chloride to 5% methanol in methylene chioride to
give 128 mg of less polar 10C isomer 1 and 63 mg of more polar 10C isomer 2.

MS (Ci, NH3) 674 (MH™) for both isomers
D. 2-Amino-N-{2-[3a-(R)-benzyl-3-0x0-2-(2 2 2-trifiuoro-ethyl)-2.3.32.4.6.7-

hexahydro-pyrazolo[4, 3-clpyridin-5-vil-1-(R)-benzyloxymethyl-2-oxo-ethyi}-
isobutyramide hydrochloride _

To 120 mg (0.18 mmol) of 10C isomer 1 in 3.5 mL of ethanol was added 1.5 mL
of concentrated HCI and the mixture was stirred at room temperature for about 2
h. The mixture was concentrated to give 94 mg of 10D isomer 1 as an off-white

powder. MS (Cl, NH3) 574 (MH*). THNMR (CD30D): (partial) 5 7.31 (m, 5 H),
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7.18 (m, 5 H), 5.21 (m, 1 H), 4.57 (m, 3 H), 4.26 (m, 1 H), 4.08 (m, 1 H), 3.79 (m, 2
H), 3.09 (m, 4 H), 2.85 (m, 2 H), 1.63 (m, 6 H).
E. 2-Amino-N-{2-{3a-(S)-benzyl-3-ox0-2-(2,2 2-trifluoro-ethyl)-2.3 32 4. 6,7-
hexahydro-pyrazoiol4,3-clpyridin-5-yil-1-(R)-benzyloxymethyl-2-oxo-eth
isobutyramide hydrochloride
To 53 mg (0.079 mmol) of 10C isomer 2 in 3.5 mL of ethanoi was added 1.5 mL
of concentrated HC! and the mixture was stirred at room temperature for about 2
h. The mixture was concentrated to give 41 mg of 10E isomer 2 as a light yellow
solid. MS (Cl, NH3) 574 (MH*). THNMR (CD30D): (partial) 8 7.33 (m, 5 H), 7.15
(m, 4 H), 6.81 (m, 1 H), 5.30 (m, 1 H), 467 (m, 4 H), 4.15 (m, 2 H), 3.77 (m, 2 H),
3.09 (m, 3 H), 2.64 (m, 3 H), 1.58 {(m, 8 H).

Example 11
2-Amino-N-[2-(3a-(R)-benzyl-2-tert-butyl-3-0x0-2.3 3a.4.8. 7-hexahydro-

pyrazolof4. 3-clpyridin-5-vl)-1-(R)-benzyloxymethyl-2-oxo-ethyl}l-isobutyramide
methanesulfonate and

2-Amino-N-[2-(3a-(S)-benzyl-2-tert-butyl-3-0; 3.3a,4.8.7-hexahydro-
zolo[4,3-c]pyridin-5-y}-1-(R ] ethyl-2-oxo-ethyl}-isobutyramide
methanesulfonate :
A.  32-(R.S)Benzyl-2-tert-butyl-3-ox0-2,3,3a.4,6,7-hexahydro-pyrazolo[4,3-
clpyridine-5-carboxylic acid tert-butyl ester
To 2.07 g (5.95 mmot) of 14B in 40 mL of ethanol was added 0.97 g (7.7 mmol) of
tert-butylhydrazine hydrochioride and 0.63 g (7.7 mmol) of sodium acetate and the
mixture was heated at about 70 ©C for about 17 h. The mixture was cooled and
the solution decanted from the precipitate and concentrated. The residue was
dissolved in 80 mL of toluene and heated at refiux for about 6 h. The mixture was
concentrated and the residue was purified by silica gel chromatography (9:1 vfv
hexane:ethyl acetate) to give 1.7 g of 11A. MS (CI, NH3) 386 (MH*).

3a-(R,S)-Benzyi-2-tert-butyl-2.3a 4,5 6, 7-hexahydro-pyrazolo[4, 3-clpyridin-

ne .
To 535 mg (1.39 mmol) of 11A in 20 mL of methylene chioride was added 225 pL

of methanesulfonic acid and the mixture was stimed for about 1.5 h at room
temperature. The mixture was diluted with ethyl acetate and washed twice with 1N

el
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NaOH and once with brine, dried over Na2SO4 and concentrated to give 246 mg

of 11B. MS (Cl, NH3) 286 (MH™).

C. {1-[2-(3a-(R,S)-Benzyl-2-tert-butyl-3-0x0-2.3,3a.4.6. 7-hexahvdro-
razolo[4,3-clpyridin-5-yi)-1-(R)-be oxymethyl-2-oxo-eth carbamoyl}-1-methyl-

ethyll-carbamic acid tert-butyi ester
According to the method outlined in General Procedure A, 246 mg (0.86 mmol) of

11B and 328 mg of 14F were coupled to give a mixture of diastereomers. The
residue was purified by silica gel chromatography (6:4 v/v hexane/ethyl acetate) to
give 250 mg of less polar 11C isomer 1 and 90 mg more polar 11C isomer 2. MS

(Cl, NH3) 648 (MH™*) for both isomers.

D. 2—Amino-N-[2-{3a-(R);bgn;ﬂ-z-tert-bu_tyl-s-oxo-z,3,33,4,6,7-hexahmro-
gyrazolo[4,3-c]p_m‘din-5—xlh1-(R);ben;ﬂomethyl-z-oxo-ethﬂkisobgtyramide

methanesulfonate

To 210 mg (0.32 mmol) of 11C isomer 1 in 15 mL of methylene chloride at about 0 ‘
OC was added 28 pL (0.44 mmol) of methanesulfonic acid. The ice bath was

removed and the mixture was stirred for about 3 h, diluted with 15 mL of diethyl

ether and the precipitated solid was collected by filtration to give 100 mg of 11D

isomer 1. MS (Cl, NH3) 548 (MH*). TH NMR (CD30D): (partial} § 7.33 (m, 5 H),

7.27 - 7.07 (m, 5 H), 5.21 (m, 1 H), 4.54 (m, 3 H), 3.86 (m, 3 H), 3.10 (m, 4 H),

2.61 (s, 3 H), 1.62(m, 8 H), 1.18 (s, 9 H).

E. 2-Amino-N-[2-(3a-(S)-benzvl-2-tert-butyl- 3a. 4.6, 7-hexahvdro-
razolo[4,3-clpyridin-5-yi}-1- e [0) ethyl-2-oxo-e isob mide
methanesulfonate

To 85 mg (0.13 mmol) of 11C isomer 2 in 10 mL of methylene chioride at about 0

OC was added 21 pL (0.32 mmol) of methanesulfonic acid. The ice bath was
removed and the mixture was stirred for about 3 h, diluted with 20 mL of diethyl
ether and the precipitated solid was collected by filtration to give 46 mg of 11E
isomer 2. MS (Cl, NH3) 548 (MH*). TH NMR (CD30D): (partial) 5 8.28 (br d, 1 H),
7.32(m, 5 H), 7.18 (m, 4 H), 6.84 (m, 1 H), 5.31 (m, 1 H); 4.60 (m,"3 H), 3.70 (m, 3
H), 3.18 - 2.92 (m, 3 H), 2.88 (s, 3 H), 1.57 (m, 6 H), 1.13 (s, 9 H).
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Example 12

ime 2.3,.3a,4.6. 7-hexahydro-pyrazolo[4. 3-clpyridin-5-vi)-2-oxo-eth

isobutyramide dihydrochloride

A.  4-Oxo-3-(R.S)-pyridin-2-yimethyi-piperidine-1.3-dicarboxylic acid 1-tert-
butyl ester 3-methyl ester _

To a solution of 2.00 g (7.8 mmol) of 3A in 32 mL of THF was added 468 mg (11.7

mmol) of sodium hydride (0% ofl dispersion) at about 0 °C and the mixture was
stirred for about 30 min. A solution of 762 mg (6.0 mmol) 2-picolyl chioride in 5 mL
of THF was added to the stiring solution over about § min., followed by the
addition of 432 mg (2.6 mmol) of potassium iodide. The ice bath was removed
and the mixture was heated for about 17 h at reflux. The mixture was diluted with
ethyl acetate and washed once with water and once with brine, dried over MgSO4,
and concentrated. The residue was purified by silica gel chromatography using
(6:4 v/iv ether:hexane) followed by (6:4 v/v ethyl acetate:hexane) to give 1.2 g of

12A. MS (CI, NH3) 349 (MH™).
B. 2-Methyi-3-oxo-32-(R,S)-pvridin-2-yimethvl-2.3,3a,4,6.7-hexahydro-

pyrazolof4,3-clpyridine-S-carboxylic acid tert-butyl ester
A mixture of 1.20 g (3.45 mmol) of 12A and 159 mg (3.45 mmol) of

methylhydrazine in 20 mL of ethanol was heated-at reflux for about 6.5 h. The
mixture was concentrated and the residue was dissolved in 25 mL toluene and
heated at refiux for about 17 h. The mixture was concentrated and the residue
was purified by silica gel chromatography (65:35 v/v ethyl acetate:hexane) to give
450 mg of 12B. MS (Cl, NH3) 345 (MH™*).

C. 2—Methywa-(R,S);m'din-z-ylmethﬁz,éa,5,§,6,Z-hexahxdro-p_yrazolo[4,3—
clpyridin-3-one dihydrochloride

A mixture of 450 mg (1.30 mmol) of 12B in 2 mL of 4M HCl/dioxane was stirred at
room temperature for about 4.5 h. The mixture was concentrated to give 450 mg

of 12C. MS (Cl, NH3) 245 (MHH).
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D. {1-[1-¢1-(R)-H-Indol-3-yimethyl)-2-(2-methyl-3-ox0-3a-(R.S)-pyridin-2-
yimethyl-2 3 3a.4 6.7-hexahydro-pyrazolof4, 3-clpyridin-5-yt)-2-oxo-
ethylcarbamovi}-1-methyl-eth rbami id tert-bi ester

According to General Procedure A, 108 mg (0.31 mmol) of 12C and 122 mg (0.31
mmol) of 2C were coupled and the residue was purified by silica gel
chromatography (95:5 v/v ethyl acetat_e:methanol) to give 118 mg of 12D. MS (Cl,

NH3) 616 (MH™).
E. 2-Amino-N-[1-(R)}-(1H-indol-3-yimethyl)-2-(2-methyl-3-0x0-3a-(R,S)-pyridin-
2-vime 2,3.3a,4.6,7-h olol4, 3-clpyridin-5-yl)-2-oxo-eth

isobutyramide dihydrochloride

A mixture of 110 mg (0.18 mmol) of 12D in 1 mL of 4M HCVdioxane was stirred at
room temperature for 17 h. The mixture was concentrated to give 51 mg of 12E.
MS (CI, NH3) 516 (MH*). THNMR (CD30D): (partial) 5 8.91 - 8.52 (m, 2 H), 8.04
(m, 2 H), 7.76 - 7.50 (m, 3 H), 6.82 (m, 1 H), 4.62 (m, 1 H), 3.36 (s, 3 H), 1.63 (s, 6
H).

Example 13
2-Amino-N-[1-(R)-benzylo thyl-2-(2-methyl-3-oxo-3a-(R, S)-pyridin-2-yimethyl-
2.3.3a,4 6, 7-hexahydro-pyrazolo[4,3-c]pyridin-5-yl)-2-oxo-ethyll-isobutyramide
dihydrochioride
A. 1-[1-(R)-Benzvioxymethyl-2-(2-methyl-3-ox0-3a-(R, S)-pyridin-2-yim -

2,3.3a 4 8, 7-hexahydro-pyrazolof4. 3-clpvridin-5-yi)-2-oxo-ethylcarbamovi]-1-

methyi-ethyi}-carbamic acid tert-butvi ester

According to General Procedure A, 86 mg (0.27 mmol) of 12C and 103 mg (0.27

mmol) of 1E were coupled and the residue was purified by silica gel

chromatography (95:5 v/v ethyl acetate:hexane) to give 82 mg of 13A. |

B. 2-Amino-N-[1-(R)-benzyioxymethyl-2-(2-methyl-3-oxo0-3a-(R ridin-2-
2.3,.3a,46.7-hexa olof4,3-clpyridin-5-

isobutyramide dihydrochloride

A mixture of 75 mg (0.12 mmol) of 13A in 1 mL of 4M HCl/dioxane was stirred at

room temperature for about 17 h. The mixture was concentrated to give 80 mg of

13B. MS (Ci, NH3) 507 (MH*). THNMR (CD30D): (partial) & 8.78 (m, 1 H), 8.48
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(m, 1 H), 8.13 - 7.82 (m, 2 H), 7.32 (m, 5 H), 4.57 (m, 3 H), 3.96 (m, 1 H), 3.82 (m,
2 H), 1.63 (m, 6 H).

Example 14
2-Amino-N-[2-(3a-(R)-benzyl-2-m 3-o0x0-2,3,3a,4,6.7-hexahydro-pyrazolo[4,3-
clpyridin-5-vi)-1-(R)-(benzylo 2-oxo-ethyll-isob ide
A. 4-Oxo-piperidine-1,3-dica lic acid 1-tert-butvl ester 3-methyl ester

To a mixture of 100.0 g (516.4 mmol) of 4-oxo-piperidine-3-carboxylic acid methyl
ester and 63 g (516.4 mmol) of 4 4-dimethylaminopyridine in 1 L. of methylene
chioride at about 0 °C was added a solution of 113.0 g (516.4 mmol) of di-tert-
butyldicarbonate in 100 mL of methylene chioride over about 80 min. The mixture
was slowly warmed to room temperature and then stirred for about 19 h. The
mixture was washed three times each with 10% aqueous HCI, saturated aqueous
sodium bicarbonate solution and brine, dried over MgSQO4 and concentrated to

give 130.5 g of 14A as an amorphous solid. THNMR (CDCI3): 5 4.03 (br, 2H); 3.74
(s, 3H), 3.56 (t, 2H), 2.38 (t, 2H), 1.42.(s, SH).

B. 3-{R)-Benzyi-4-oxo-piperidine-1,3-dicarboxylic acid 1-ter-butyl ester 3-meth
ester

To a stimed suspension of 11.7 g (293 mmol) of sodium hydride (60% oil
dispersion washed twice with 100 mL of hexane) in 100 mL of DMF was added a

solution of 65.4 g (254 mmol) of 14A in 150 mL of DMF at about 0 °C over about
45 min. The ice bath was removed and the midure was stimed at room

temperature for about 45 min. The mixture was recooled to about 0 °C and 35.2
mL (286 mmol) of benzylbromide in 200 mL of DMF was added dropwise to the -
stirring solution and the mixture was stirred for about 23 h at room temperature.

To the solution was carefully added 550 mL of water and the mixture was stirred
for about 30 min. The mixture was exfracted three times with ethyl acetate and
the combined organic extracts were washed five times with water, once with brine,
dried over MgSO4 and concentrated to give 98 g of a yellow oil. The oil was

crystallized from hexane td give 71 g of 14B as a white solid. MS (Cl, NH3) 348
(MHY), THNMR (CDCI3): {(partial) 8 7.23 (m, 3 H), 7.13 (m, 2 H), 4.58 (br m, 1 H),
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4.18 (br, 1H), 3.63 (s, 3 H),3.28 -2.96 (m, 4 H), 272 (m, 1 H), 243 (m, 1 H), 1.44
(s, 9 H).

C. 3a-(R)-Benzyl-2-methyl-3-0x0-2,3,3a,4.8.7-he dro-pyrazolof4.3-
clpyridine-5-carboxylic aci -butyl ester

A mixture of 47.0 g (135 mmol) of 14B, 38.9 g (270 mmol) of methyihydrazine
sulfate and 44.3 g (540 mmol) of sodium acetate in 900 mL of ethanol was heated
at reflux for about 17 h under nitrogen. The mixture was concentrated and the
residue was dissolved in ethyl acetate and washed three times with water and
once with brine, dried over MgSO4 and concentrated to give a yellow cil. The oil
was stirred in 750 mL of hexane for about 3 h to give 41.17 g of 14C as a white
solid. MS (Cl, NH3) 344 (MH*). THNMR (CDCla): (partial)s 7.19 (m, 3 H), 7.05 (m,
2 H), 4.61 (br m, 2 H), 3.24 (m, 1 H), 3.09 (s, 3 H), 3.01 (m, 1 H), 2.62 (m, 4 H),
1.52 (s, 9 H).

D. 3a-(R,S)-Benzyl-2-methyi-2.3a.4,5.6. 7-hexahydro- olof4 3-clpyridin-3-
one_hydrochloride

Anhydrous HC| was bubbled through a solution of 24.55 g (71.5 mmol) of 14C in
800 mL of diethyl ether at about 0 ©C for about 12 min. The mixture was stirred
for about 3 h, during which time a white precipitate formed. The precipitated solid
was collected by filtraion and to give 18.2 g of 14D. MS (CI, NH3) 244 (MH*).

THNMR (CD30D): (partial) 5 7.25 (m, 3 H), 7.05 (m, 2 H), 3.77 (m, 2 H), 3.51(d, 1
H), 3.25 (m, 1 H), 3.17 (m, 3 H), 3.03 (s, 3 H), 2.81 (m, 1 H).

E. 2-tert-Buto rbonylamino-2-methyl-propionic acid
ester

To a stirring solution of 100.0 g (492 mmol) of Boc-a-methylalanine and 94.0 g

(492 mmol) of EDCin2 L of methylene chloride at about 0 °C was added 56.63 g
(492 mmol) of N-hydroxysuccinimide in portions and the reaction was then allowed
to warm fo room temperature. The mixture was stirred for about 24 h and washed
twice each with saturated aqueous sodium bicarbonate solution and brine, dried

over Na2SO4 and concentrated to give 124.0 g of 14E as a white solid. THNMR
(CDCl3): 5 4.96 (br, 1H), 2.82 (s, 4H), 1.66 (s, 6H), 1.48 (s, SH).
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F. 3-(R)-Benzyloxy-2-(2-tert-butoxycarbonylamino-2-methyl-propionylamino)-
propionic acid

A mixture of 50.5 g (168 mmol) of 14E, 33.5 g (168 mmol) of O-benzyl-D-serine,
and 51.05 g (505 mmol) of triethylamine in 400 mL of dioxane and 100 mL of

water was heated at about 45 ©C for about 16 h. The mixture was diluted with
ethyl acetate and acidified to pH 2 with acetic acid. The layers were separated
and the organic phase was washed with brine, dried over Na2SO4 and

concentrated to give 650 g of 14F as a white solid. THNMR (CD30D): (partial) &
7.55 (d, 1 H), 7.29 (m, 5 H), 4.52 (m, 1 H), 448 (s, 2H), 3.84 (d of d, 1 H), 3.69 (d
of d, 1 H), 1.42 (s, 6 H), 1.38 (s, 9 H).

3a-(R)-Be 2-methyl-2.3a 4,5.6. 7-hexahydro- lof4, 3-clpyridin-3-one L-
tartrate |
To a mixture of 5.00 g (20.6 mmol) of the free base of 14D and 3.09 g (20.6 mmol)
of L-tartaric acid in 80 mL of acetone and 3.2 mL of water was heated under
nitrogen at about 70 °C for about 70 h, during which time the reaction mixture
became a thick suspension and an additional 20 mL of acetone was added. The
reaction mixture was cooled siowly to room temperature and then filtered. The
solid that was collected wés washed with acetone and dried under vacuum to give
7.03 g of 14G as a white solid.
H. 3a-(R)-Benzyl-2-methyl-2.3a.4.5,6.7-hexahydro- olo[4.3-clpyridin-3-
one
To a suspension of 5.00 g (12.7 mmol) of 14G in 80 mL of methylene chloride at
about 0 °C was added 1.72 mL (25.4 mmol) of ammonium hydroxide and the
mixture was stirred for about 15 min. The cold solution was filtered and used
immediately in the next step.
L -[2-(3a-(R)-Be 2-meth x0-2,3.32.4.68,7-hexahydro- of4,3-
clpyridin-5-v)-1-(R)-(benzyloxymethyl)-2-oxo-ethyicarbamovil-1-methvi-eth
carbamic acid tert-butvl ester
A mixture of 4.83 g (12.7 mmol) of 14F, the solution from 14H, 2.60 g (19.1 mmol)
of HOAT, and 2.45 g (12.8 mmol) of EDC was stirred at about 0 °C under nitrogen
for about 1 h and then warmed to rcom temperature and stirred for about 16 h.
The mixture was filtered and the filtrate was washed with saturated aqueous
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sodium bicarbonate and water, dried over MgSO4 and concentrated to give 7.35 g
of 141 as a white solid.
J. 2-Amino-N-[2-(3a-(R)-benzyl-2-methyl-3-ox0-2,3,3a,.4 6. 7-hexahydro-
olo[4,3-clpyridin-5-yi)-1-(R)-(benzyloxymethyl)-2-oxo-ethyll-isobutyramide
To 755 mg (1.25 mmol) of 14l in 7 mL of methylene chloride at about 0 °C was
added 3.5 mL of cold trifluoroacetic acid and the mixture was stirred for about 1 h
at about 0 °C. The mixture was allowed to warm to room temperature and stirred
for about 2 h. The mixture was concentrated and co-evaporated twice with
toluene. The residue was dissolved in chioroform and washed twice with
saturated aqueous sodium bicarbonate and once each with water and brine. The
mixture was dried over MgSO4 and concentrated to give 594 mg of 14J as an oil.
Example 15
2-Amino-N-[1-(R)-benzyloxymethyl-2-(2-methyl-3-oxo-2,3,3a,4.6,7-hexahydro-
pyrazolo[4.3-c]pyridin-5-yl)-2-oxo-ethyll-iscbutyramide hydrochloride
A 2-Methyl-3-ox0-2,3,3a.4.6. 7-hexahydro-pyrazolof4. 3-clpyridine-5-carboxylic
acid tert-butyl ester
A mixture of 3.00 g (11.66 mmol) of 3A and 537 mg (11.66 mmol) of
methylhydrazine in 100 mL of ethanof was heated at refiux for about 17 h. The
mixture was concentrated and the residue was dissolved in 100 mL toluene and
heated at reflux for about 17 h. The mixture was diluted with ethyl acetate, and
washed twice with brine, dried over MgSO4 and concentrated. The residue was
purified by silica gel chromatography using an elution gradient of 100% ethyl
acetate to 5% methanol in methylene chioride to give 2.28 g of 15A as a white
solid. THNMR (CD3OD): 5 4.20 (s, 2H), 3.67 (¢, 2H), 3.43 (s, 3H), 2.58 (t, 2H), 1.48
(s, OH).
B. 2-Methyl-2,3a,4.5.6, 7-hexahydro- olo[4 idin-3-one hydrochloride
To 510 mg (2.01 mmol) of 15A in 30 mL of ethanol was added 10 mL of
concentrated HCI and the mixture was stimed at room temperature for about 35
min. The mixture was concentrated and the residue was crystallized from

methanol/ethyl acetate to give 425 mg of 15B as a yellow solid. THNMR (CD30OD):
54.27 (S, 2H), 3.71 (S, 3H), 3.58 (T, 2H), 3.05 (T, 2H).
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C. {1-[1-(R)-Benzyloxymethyl-2-(2-methyi-3-ox0-2,3. 3a.4 6, 7-hexahydro-

razolo[4, 3-c]pyridin-5-vi)-2-oxo-ethy! moyi}-1-methyl-eth rbamic __acid
tert-butyl ester
According to the method outlined in General Procedure A, 100 mg (0.53 mmol) of
18B and 202 mg (0.53 mmol) of 1E were coupled and the residue was purified by
silica gel chromatography (95:5 v/iv methylene chloride:methanol) to give 54 mg of

15C as a white solid. MS (Cl, NH3) 516 (MH™*).

D. 2-Amino-N-[1-R-benzyloxymethyl-2-(2-methyl-3-0x0-2.3,33,4.6.7-
hexahvdro- olof4.3-clpyridin- 2-0x0-ethyll-isobutyramide hvdrochioride

To 54 mg (0.10 mmol) of 15C in 30 mL of ethanol was added 10 mL of
concentrated HCl and the mixture was stirred at room temperature for about 40
min. The mixture was concentrated and the residue was precipitated from
methanol/ethyl acetate to give 50 mg of 15D. MS (Cl, NH3) 418 (MH*). THNMR
(CD30D): (partial) 5 7.28 (m, 5 H), 5.18 (m 1 H), 4.69-4.38 (m, 4 H), 3.88 (m, 1 H),
3.73 {m, 2 H), 3.68 (s, 2 H), 3.61 (m, 1 H), 2.67 (m, 1 H), 1.57 (s, 8 H).

Example 16
2-Amino-N-[2-(2-benzyl-3-0x0-2.3.3a 4,6,7-hexahydro- olof4, 3-clpyridin-5-
1{R)-(1H-indoi-3-yime 2-oxo-ethyll-isobutyramide hydrochloride
A. -Benzyl-3-ox0-2,3.3a.4 6, 7-hexahydro-pyrazolo[4. 3-clpyridine-5-carboxylic
acid tert-butyl ester
A mixture of 800 mg (3.11 mmol) of 3A and 495 mg (3.11 mmol) of benzyl
hydrazine dihydrochloride in 15 mL of ethanol was heated at refiux for about 17 h.
The mixture was concentrated and the residue was dissolved in 100 mL toluene
and heated at reflux for about 48 h. The mixture was diluted with ethyl acetate,
and washed twice with brine, dried over Na2S0O4 and concentrated. The residue

was purified by silica gel chromatography using an elution gradient of 100% ethyl
acetate to 5% methanol in methylene chioride to give 530 mg of 16A as a tan

solid. MS (Cl, NH3) 330 (MH*).
B. 2-Benyl-2,33,4,5,6,7-hexah1dro-gzg_a_zolo[4,3-c]p_yridin-3-one

. hydrochloride

To 411 mg (1.24 mmol) of 16A in 30 mL of ethanol was added 10 mL of
concentrated HC| and the mixture was stirred at room temperature for about 30
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min. The mixture was concentrated and the residue was crystallized from
methanol/ethyl acetate to give 353 mg of 16B as a yeliow solid. MS (CI, NH3) 230

(MH*). THNMR (CD30D): § 7.26-7.40 (m, S§H), 5.22 (s, 2H), 4.12 (s, 2H), 3.53 (t,
2H), 3.00 (t, 2H).

C.  (Ry-2-(2-tert-Butoxycarbonylamino-2-methyl-propionylamino)-3-(1H-indol-3-
vi}-propionic acid

To a stirring solution of 30.8 g (0.15 mol) of D-tryptophan, 30.4 g (0.30 mol) of N-
methylmorpholine in 450 mL of (4:1) dioxane:water, was added 45.0 g (0.15 mof)
of 14E and the mixture was stirred for about 72 h. Excess dioxane was removed
by evaporation and water and ethyl acetate were added to the mixture. The pH of
the solution was adjusted to 3 with concentrated HCl and the layers were
separated. The organic layer was washed with water and brine, dried over MgSO4
and concentrated. The residue was crystallized from ethyl acetate/hexanes to
give 37.0 g of an off-white solid.

D. 1-[2-(2-Be 3-0%0-2,3.3a.4,6.7- hydro- olo[4,3-clpyridin-5-yi)-1-

{R)-(1H-indol-3-yimethyl)-2-oxo-ethylcarbamoyi]-t-methyl-ethyi}-carbamic acid tert-
butyl ester

According to the method outlined in General Procedure A, 100 mg (0.38 mmol) of
16B and 202 mg (0.53 mmol) of 16C were coupled and the residue was purified by
silica gel chromatography (95:5 v/iv methylene chloride:methanol) to give 45 mg of
16D as a white solid. MS (Cl, NH3) 601 (MH*).

E. 2-Amino-N-[2-(2-be| xo-2,3.3a.4,8,7-hexahydro-| olof4,3-

clpyridin-5-yi}-1-(R)-(1H-indol-3-yimethyl)-2-oxo-ethyi}-isobutyramide hydrochioride
To 45 mg (0.07 mmol) of 16D in 60 mL of ethanol was added 20 mL of
concentrated HCI and the mixture was stirred at room temperature for 35 miri. The
mixture was concentrated and the residue was precipitated from methanolethyl

acetate to give 30 mg of 16E. 1THNMR (CD30D): (partial) 5 7.40 (m, 4 H), 7.25 (m,
3 H), 7.11 (m, 2 H), 6.98 (m, 2 H), 6.81 (m, 1 H), 538 - 4.93 (m, 3 H), 4.46 (m, 1

H), 4.22 (m, 1 H), 3.86 {m, 1 H), 3.69 (m, 1 H), 3.18 (m, 1 H), 2.28 (m, 1 H), 1.57
(m, 6 H),1.38 (m, 1 H). '
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Example 17
2-Amino-N-[1-benytg>_<ymg_ thyl-2-(2, 3a-dimethyl-3-oxo-2,3,3a.4 6, 7-hexahydro-
razolol4,3-clpyridi 2-oxo-ethyll-iso ramide hydrochloride

A. 3-Methyl-4-oxo-piperidine-1,3-dicarboxylic acid 1-tert-butyl ester 3-(R.S)me
ester .
To a solution of 2.00 g (7.77 mmol) 3A in 30 mL of DMF was added 308 mg (7.77
mmol) of sodium hydride (60% oil dispersion) and the mixture was stirred at room
temperature.for about 25 min. To the stirring solution was added 0.50 mL (7.77
mmol) of methyl iodide and the mixture was stired for about 17 h at room
temperature. The mixture was diluted with ethyl acetate and washed once with
water and four times with brine, dried over MgSO4, and concentrated. The
residue was purified by silica gel chromatography (7:3 v/v hexane:ethyl acetate) to
give 1.75 g of 17A as a clear oil. MS (Cl, NH3) 272 (MH*).

B. 2,3a-(R,S)-Dimethyl-3-ox0-2.3,32.4.6, 7-hexahvd 4 idine-
5-carboxylic acid tert-buty| ester '

A mixture of 162 g (9.50 mmol) of 17A and 435 mg (9.50 mmol) of
methylhydrazine in 30 mL of ethanol was heated at reflux for about 4 h. The
mixture was concentrated and the residue was dissolved in 50 mL toluene and
heated at reflux for about 14 h. The mixture was diluted with ethyl acetate, and
washed twice with brine, dried over Na2S04 and concentrated. The residue was
purified by silica gel chromatography (7:3 v/v hexane:ethyl acetate) fo give 1.00 g
of 17B as a white solid. MS (Cl, NH3) 268 (MH*).

C. 2.3a-(R,S)-Dimethyl-2 3a.4,5,6,7-hexahydro- olof4 idin-3-one
hydrochioride

To 1.00 g (3.74 mmol) of 17B in 40 mL of ethanol was added 8 mL of
concentrated HC! and the mixture was stirred at room temperature for about 35
min. The mixture was concentrated and the residue was crystallized from
methanol/ethyl acetate to give 850 mg of 17C as a white solid. MS (Cl, NH3) 168

(MH*).
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D. 1-[1-(R)-Benzylo e -(2.3a-(R,S)-dimethyl-3-0x0-2.3 32 4.6.7-
he; FO- olol4.3-clpyridin-5-yi}-2-oxo-ethylcarbamoyil-1-methyl-eth

carbamic acid tert-butyi ester

According to the method outlined in General Procedure A, 150 mg (0.74 mmol) of
17C and 514 mg (1.35 mmol) of 1E were coupled and the residue was purified by
silica gel chromatography (85:15 v/v hexane:ethyl acetate) to give 185 mg of 17D
as a white solid.

E. 2-Amino-N-[1-(R)-be ethyl-2-(2.3a- -dimethyl-3-0x0-
2.3,3a 4.6, 7-hexahydro-pyrazolo[4,3-c]pyridin-5-vi}-2-oxo-ethyll-isobutyramide
hydrochloride '

To 173 mg (0.33 mmol) of 17B in 40 mL of ethanol was added 15 mL of
concentrated HC! and the mixture was stirred at room temperature for about 1 h.
The mixture was concentrated and the residue was diluted with chloroform and
washed with saturated aqueous sodium bicarbonate and brine, dried over
Na2804 and the residue was purified by silica gel chromatography using an
elution gradient of 100% ethyl acetate to 10% diethylamine in ethyl acetate. The
rasidue was dissolved in ethanol and acidified with aqueous HCI. The mixture was
concentrated and the residue was crystallized from methanol/ethyl acetate to give

85 mg of 17E as a white solid. MS (Cl, NH3) 502 (MH™). THNMR {CD30D):

(partial) & 7.32 (m, 5 H), 5.14 (m, 1 H), 4.53 (m, 3 H), 3.71 (m, 3 H), 2.97 (m, 1 H),
2.83 (m, 1 H), 2.57 (m, 1 H), 1.98 (m, 2 H), 1.61 (m, 6 H), 1.38 (s, 3 H).

Example 18
2-Amino-N-[2-(3a-(R)-ben X0-2 8.7-he ydro- olo[4,3-
cloyridin-5-yl}-1- 2-0x0-ethyllisobutyramide _hvdrochioride
and
2-Amino-N-[2-(3a-(S)-benzyl-3-0x0-2.3.3a.4.6. 7-hexahydro- olof4.3-
clpyridin-5-vi)-1-(R)-benzyl isob mide hydrochloride
A. 3-Ben iperidine-3-carboxylic acid methyl ester

To 200 mg (0.58 mmol) of 3B at about O °C was added 5 mL of cold trifluoroacetic
acid and the mixture was stirred for about 1 h. The mixture was concentrated and
the residue was co-evaporated with ethyl acetate and hexane. To the residue was
added 2N NaOH to make it basic and the mixture was extracted with chloroform.
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The combined organic extracts were dried over MgSO4 and concentrated to give
418A in quantitative yield.

B. R.S)-Benzyi-1-[3-benzyloxy-2- -tert-butoxycarbonylamino-2-methyl-

ropionylamino)-propionyl]-4-oxo-piperidi carboxylic acid methyl ester

According to the method outlined in General Procedure A, 1.77 g (7.16 mmol) of
18A and 3.04 g (8.0 mmol) of 14F were coupled to give a mixture of
diastereomers. The residue was purified by silica gel chromatography (7:3 viv
hexane:ethy! acetate) to give 820 mg of less polar 18B isomer 1 and 1.14 g more
polar 18B isomer 2. MS (Cl, NH3) 611 (MH*) for both isomers.

C. {142-(3a-(R,S)-Benzyl-3-oxc-2 3.3a.4 6,7-hexahydro-pyrazoioi4. 3-clpyridin-

5-yD)-1-(R)-benzylo e -oxo-ethyvicarbamovil-1-methyl-ethyi}-carbamic }
tert-butyl ester

To a solution of 820 mg (1.32 mmol) of 18B isomer 1 in 13 mL of ethanol was
added 342 mg (2.63 mmol) of hydrazine sulfate and 431 mg (5.26 mmol) of
sodium acetate and the mixture was heated at reflux for about 17 h. The mixture
was concentrated and the residue was diluted with ethyl acetate and washed with
saturated aqueous sodium bicarbonate and brine, dried over MgSO4 and
concentrated. The residue was purified by silica ge! chromatography using an
elution gradient of 75% ethyl acetate in hexane to 100% ethyl acetate to give 550
mg of 18C isomer 1. )

To a solution of 1_.14 g (1.86 mmol) of 18B isomer 2 in 20 mlL of ethanol was
added 485 mg (3.73 mmol) of hydrazine sulfate and 613 mg (7.48 mmol) of
sodium acetate and the mixture was heated at reflux for about 17 h. The mixture
was concentrated and the residue was diluted with ethyl acetate and washed with
saturated aqueous sodium bicarbonate and brine, dried over MgSO4 and
concentrated. The residue was purified by silica gel chromatography (75:25 viv
ethyl acetate/hexane) to give 710 mg of 18C isomer 2.

D. 2-Amino-N-[2-(3a-(R)-benzyl-3-ox0-2,3,3a.4 68,7-hexahydro- olo[4,3-
clpyridin-5-yh-1- lo: 2-oxo-ethyll-isob de hydrochioride

To 200 mg (0.34 mmpl) of 18C isomer 1 in 12 mL of ethanol was added 6 mL of
concentrated HClI and the mixture was stirred at room temperature for about 2.5 h.
The mixture was concentrated and co-evaporated three times with ethanot to give
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20 mg of 18D isomer 1. MS (C!, NH3) 492 (MH*). 1HNMR (CD30D): (partial)s
8.42 (brd, 1 H), 7.35 (m, 5 H), 7.18 (m, 5 H), 523 (m, 2 H), 4. 91 (m, 1 H), 4.54
(m, 4 H), 3.80 (m, 2 H), 3.863 (m, 1 H), 3.12 (m, 1 H), 3.07 (m, 3 H), 2.61 (m, 3 H),
1.62 (m, 8 H), 1.39 (m, 1 H).

E. 2-Amino-N-{2-(3a-(S)-benzyl-3-ox0-2.3.3a,4.6.7-hexahyd razolo[4.3-
clpyridin-5-yl)-1-(R)-benzyioxymethyl-2-oxo-ethyl-isobutyramide hydrochioride

To 200 mg (0.34 mmol) of 18C isomer 2 in 20 mL of ethanol was added 10 mL. of
concentrated HCI and the mixture was stirred at room temperature for about 2.5 h.
The mixture was concentrated and co-evaporated three times with ethanol to give

30 mg of 18E isomer 2. MS (Cl, NH3) 492 (MH*). THNMR (CD3OD): (partial) 6
8.29 (br d, 1 H), 7.30 (m, 5 H), 7.11 (m, 4 H), 6.88 (m, 1 H), 5.29 (m, 1 H), 4.92 (m,

1 H), 4.62 (M, 3 H), 3.91-3.70 (m, 3 H), 3.22-2.95 (m, 3 H), 2.68 (m, 3 H), 1.57 (m,
6 H), 1.30 (m, 1 H), 0.89 (m, 1 H).

Example 19
2-Amino-N-[1-(R)-benzyio 1-2-(2- l-3-ox0-3a-(R,S)-thiazol-4-yimethyl-
2.3 3a,4.8.7-hexahydro- lo[4,3-clpyridin-5-yi)-2-oxo-ethyl]-iscbutyramide
dihydrochloride
A. 4-Ox0-3-(R,S)-thiazol-4-yimethyl-piperidine-1,3-dicarboxylic acid 1-tert-butyl
ester 3-ethyl ester

To a solution of 300 mg (1.10 mmol) of 1A in 5 mL of THF at about 0 °C was
added 67 mg (1.66 mmol) of sodium hydride (60% oil dispersion) and the mixture
was stirred for about 30 min. A solution of 204 mg ( 1.21 mmol) of 4-chloromethyl-
thiazole (Hsiao, C. N; Synth. Comm. 20, p. 3507 (1990)) in 5 mL of THF was
added to the cold solution, followed by 87 mg (0.53 mmol) of potassium iodide and
the mixture was heated at reflux for about 17 h. The mixture was diluted with
water and extracted with ethyl acetate. The combined organic extracts were dried
over NaSO4 and concentrated and the residue was purified by silica gel

chromatography (7:3 v/v hexane:ethyl acetate} to give 90 mg of the title
compound. MS (Cl, NH3) 648 (MH*),



WO 98/58949 _ PCT/IB98/00876

10

15

20

B. 2-Methyl-3-ox0-3a-(R,S)-thiazol-4-yimethyl-2.3.3a,4,6. 7-hexahydro-
pyrazolo[4.3-clpyridine-5-carhoxylic acid tert-butyl ester

To 90 mg (0.24 mmol) of 19A in 2 mL of ethanol was added 11.2 mg (0.24 mmol)
of methylhydrazine and the mixture was heated at reflux for about 17 h. An
additional 33.6 mg (0.72 mmol) of methylhydrazine was added and the mixture
was heated at reflux for about 7 h. The mixture was concentrated and the residue
was dissoived in 3 mL of toluene and heated at reflux for about 17 h. The mixture
was concentrated and the residue was purified by silica gel chromatography (6:4
viv hexane:ethyl acetate) to give 44 mg of 19B. MS (Cl, NH3) 648 (MH*).

C. 2-Methyl-3a-(R,S)-thiazol-4-yimethyl- 4 5.6, 7-hexahydro- olof4.3-
clpyridin-3-one dihydrochloride

A mixture of 44 mg (0.10 mmol) of 19B in 1 mL of 4M HCl in dioxane was stirred at
room temperature for about 4 h. The mixture was concentrated and co-
evaporated with methylene chloride to give 40 mg of 19C. MS (Cl, NH3) 251
(MHY).

D. 1-[1-(R)-Benzyloxymethyl-2-(2-methyl-3-ox0-3a- thiazol-4-yime

2.3,3a,4.6.7-hexahydro-pyrazolof4, 3-clpyridin-5-vi)-2-oxo-ethylcarbamoyl}-1-
meth rbamic acid tert-butyl ester

According to the method outiined in General Procedure A, 40 mg (0.12 mmol) of
19C and 39 mg (0.12 mmol) of 14F were coupled and the residue was purified by
silica gel chromatography (8:1 v/v ethyl acetate:hexane) to give 40 mg of 19D. MS
(Cl, NH3) 613 (MH™*).
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E. -Ami 1-(R)-benzylo -2-(2-methyl-3-oxo-3a-{R,S)-thiazol-4-

!Imethyl-Z,S,3a,4,6,7-hexahydro-gyrazolg[4,&c]gm‘din-s-yl);z-oxo-ethm:

isobutyramide dihydrochloride
A mixture of 40 mg (0.06 mmol) of 19D in 1 mL of 4M HCI in dioxane was stirred at

room temperature for about 5§ h. The mixture was concentrated and co-
evaporated with methylene chioride to give 40 mg of 19E. MS (Cl, NH3) 513

(MH*),
Example 20

2-Aminc-N-[2-(3 benzyi-2-meth 0-2,3,32,4.6.7-hexa 4.3
clpyridin-5-yi)-1 ") isob mide _L-tartaric acid
salt

To 4.8 g of the title compound of Example 14 in 20 mL of methanol, a solution of
1.36 g of L-tartaric acid in 20 mL of methanol was added at about 0° C. The
mixture was warmed to room temperature, stimed for about 40 min. and
concentrated in vacuo. The residue was diluted with 220 mL of ethyl acetate,
heated at reflux for about 1.5 h, then stirred at about 72° C for about 18 h. The

‘mixture was cooled to room temperature, and filtered to give 5.78 g of the title

compound as a coloriess crystalline solid.

Example 21
3 3-m nyimethyl-4-oxo-piperidine-1-carboxylic _acid _tert-butyl
ester
A. 3-Be oxo-piperidine-1-ca ¢ acid tert-butvl ester

A mixture of the B-ketoester (4480 mg, 12.9 mmol) and LiCl (1100 mg, 25.8
mmol) was heated in DMF (2.0 mL) at about 120 °C for about 17 h. The reaction
mixture was cooled to room temperature and extracted with EtOAc (3 x 100 mL).
The combined extracts were dried and concentrated in vacuo. The crude product
was chromatographed on SiO, using 20% ethyl acetate/hexanes to give 1320 mg
of the desired product as a yellow oil. 'H NMR (250 MHz, CDCL): d: 7.4 (m, 5H),
4.2 (m, 1H), 3.4 {m, 1 H), 3.3 (dd, 1 H), 3.05 (dd, 1 H), 2.7 (m, 1H), 2.55 (m, 4H),
1.5 (s, SH); MS (APCI): 190 (M+1- BOC).
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B.  3-Benzyl-3-methoxycarbonyimethyl-4-oxo-piperidine-1-carboxylic acid tert-
butyl ester

A solution of the product from Step A of Example 21 above (1320 mg, 4.56
mmol), pyrrolidine ( 872 mg, 13 mmol) and p-toluenesulfonic acid (33 mg) in
benzene (30 mL) was refluxed through 34 molecular sieves for about 17 h. The
reaction mixture was cooled to room temperature and concentrated in vacuo. The
residue was dissolved in benzene (10 mlL) and cooled to about 0 °C. Methyl
bromoacetate (1530 mg, 10 mmol) was added dropwise. The reaction mixture
was slowly allowed to warm to room temperature and then was heated under
réﬂux for about 17 h at which point H,O (5 mL) was added. After refiuxing for
about another 2 h, the reaction mixture was cooled to room temperature and
extracted with EtOAc (3 x 100 mL). The combined organic extracts were dried and
concentrated /n vacuo. The crude residue was chromatographed on SiOrgel
using 15% ethyl acetate/ hexanes to give 280 mg of product. *H NMR (250 MHz.
CDCl3): d 7.35 (m, 5 H), 4.5 (m, 1 H), 3.8 (s, 3H), 3.4 (dd, 1 H), 3.1 (m, 1 H), 2.85
(m, 4H), 2.6 (m, 1 H), 2.4 (m, 1 H), 1.5 (s, 9 H); MS (APCI): 362 (M+1).

Example 22
6-Oxo-1-phenyl-cyclohexane-1,3-dicarboxylic acid 3-tert-buty] ester 1-methyl ester

A solution of diphenyimercury (880 mg, 2.5 mmol) in CHCI3 (4 mL) under N
was heated to about 40 °C. Lead tetraacetate (1110 mg, 2.5 mmol) was added in
small portions and the greenish yellow solution was stirred at about 40 °C for
about 0.5 h. The B-ketoester (520 mg, 2.0 mmol} was then added, followed by
pyridine (0.2 mL, 2.5 mmol). After about 5 h at about 40 °C, the reaction mixture
was concentrated in vacuo and the residue was dissolved in ether (100 mL) and
fitered. The filtrate was washed with 3N H,SO4 (3x), dried and concentrated to
give 616 mg of a yellow solid. Flash chromatography over SiOx-gel using 25%
ethyl acetate/hexanes provided 368 mg of the desired product . 'H NMR (400
MHz, CDCla): d 7.15 (m, 5 H), 4.4 (s, 2 H), 3.7 (s, 5 H), 2.6 (s, 2 H), 1.5 (s, 9H); MS
(APCI): 334 (M+1)
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Exampie 23
{D)-2-Amino-3-(2 4-dichloro-benzyloxy)-propionic acid hydrochloride
A. -2-tert- ino-3-(2,4-dichloro-benzyio: ionic acid

To a stirred solution of Boc-D-serine (8.2 g, 40 mmol) in DMF (75 mL) at
about 0°C was added NaH (60% dispersion, 3.2 g, 80 mmol) over about a 10
minute period. The reaction mixture was stimed for about 1.75 h at about 0 °C,
then about 0.25 h at room temperature. After cooling to about 0 °C, a solution of
2,4-dichlorotoluene (5.56 mL, 40 mmol) in DMF (5 mL) was added dropwise. The
reaction mixture was allowed to warm to about 23 °C and was stirred for about 17
h, then was partitioned between di-isopropylether and 10% HCI. The aqueous
solution was extracted with di-isopropyl ether (2x). The combined exiracts were
washed with saturated aqueous brine, dried and concentrated to give 14.75 g of
crude product which was used without further purification. 'H NMR (400 MHz,
CDCly): d7.6-7.2(m, 3 H),54 (d, 1 H), 46 (s, 2H), 4.0 (d, 1 H), 3.8 (dd, 2 H), 1.1
(s, OH); MS (APCI): 264,266 (M+1, M+2).
B. {D)-2-Amino-3-(2,4-dichlorc-benzyloxy)-propionic acid hydrochioride

The product from step A of Example 23 above (14.7 g, 40 mmol) was
stirred in 4 M HCVdioxane (100 mL) for about 17 h. The reaction mixture was
concentrated in vacuo to give 12 g of a pale yellow solid (100%). MS (APCI): 265
M+1).

Example 24
Example 24 having the formula shown below,
Ph

R >
\N /N\
N NH,
© ) N
H |
O H

wherein R’ is -CHx-pheny! and R? is methyl, was synthesized in an analogous
manner to the procedures described in Examples 3C to 3F using the title
compound of Example 21 as starting material. Both the R,R and SR
diastereomers (* indicates the other stersoisomer center at the C-3 carbon of the
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above structure) were isolated. Mass spec. (M+1)= 520; MS method = particie
bombardment.
Examples 25 and 26
Examples 25 and 26 having the formula shown below,
Ph

[

wherein for both examples 25 and 26 R' is phenyl and R? is methyl, where

example 25 is the R,R isomer and example 26 is the S,R isomer. Examples 25

and 26 were synthesized in an analogous manner to the procedures described in

Examples 3C to 3F using the title compound of Example 22 as starting material
10 followed by chromatographic separation of the two separate isomers. Mass spec.

of each example (M+1)= 493, MS method= particle bombardment.

Examples 27- 159
Examples 27 to 158 listed in the table below, were prepared according to

the scheme illustrated below by coupling the appropriately substituted pyrazalone-

15 piperidine of formula | (in the below scheme) with the (D)-OBnSer derivative !l (in

the below scheme) in an analogous manner to the procedures described in
Examples 3E and 3F.

fg}i - T( Jx,m P RLW\H/L X

The pyrazalone-piperidines of formula | were prepared analogously according to
the procedures described in Examples 3B and 3C starting with the appropriate
alkylating agent and alkylhydrazine; the (D)-OBnSer derivatives (ll) were prepared

20
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in three steps analogously to the procedures described in Example 23A, Example
23B and Example SF.

Ex. #{ Isomer| R* R'= -CHz-A' Ar MS MS
Al Method

27 d1 H 2-pyridyl ~ phenyl 493 PB
28 d1 H 4-thiazolyl phenyl 499 PB
29 d2 H 4-thiazolyl _phenyl 499 PB
30 d1 H 5-thiazolyl ~phenyl 499 APCI
31 d1 Me phenyi 2,4-di-Cl-Ph 574.5 APCI
32 d1 Me phenyt 2,4-di-F-Ph 542 PB
33 d1 Me phenyl 12,3-O-CH-O)Phenyl] 550.2 PB
34 d1 Me phenyl 2-CFa-Ph 575 PB
35 d1 Me phenyl 2-Me-Ph 520 PB.
36 d1 Me phenvi 2-pyridyl 507 PB
37 d1 Me phenyl 3,4-di-F-Ph 542 PB
38 | d1,2 Me phenyl 3,5-di-CFs-Ph 842 PB
39 d1 Me phenyl 3,5-di-Cl-Ph 576 APCI
40 d2 Me phenyl 3-CF3-Ph 575 APCI
41 d1 Me phenyl 3-Cl-Ph 540 APCI
42 d1 Me phenyt 3-Cl-thiophene 548, 548 APCI
43 d1 Me pheny! 3-F-4-Ci-Ph 560 APCI
44 | d1 Me phenyl 3-Me-Ph 520 PB
45 d1 Me phenyl 4-Cl-Ph 540 PB
468 d1 Me phenyl 4-pyridyl 507 PB
47 d1 Me phenyl 4-thiazolyl 513 PB
48 dl Me phenyl 5-thiazolyl 513 APCI
49 | d1,2 Me phenyt benzisoxazoly! 547 PB
50 d1 Me phenyl 4-pyrimidinyl 508 PB
51| d1,2 Me 4-Ph-Ph 4-thiazolyl 589 APCI
52 | d1,2 Me 4-Ph-Ph 2-pyridyl 583 APCI
53 d1 - Me 4-F-Ph _phenyl 524 . PB
54 d2 Me 4-F-Ph _phenyl 524 PB
55 d1 Me 4-F-Ph 3-CI-Ph 558 PB
56 d2 Me 4-F-Ph 3-Cl-Ph 558 PB
57 d1 Me 4-F-Ph 3,4-di-F-Ph 560 APCI
58 d2 Me 4-F-Ph 3,4-di-F-Ph 560 APCI
59 | d1,2 Me 4-F-Ph 2-pyridyl 525 APCI
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Fx. #r iIsomer | R* R'= -CHyA' Ar MS MS
Al Method
60 | di,2 Me 4-F-Ph 2-CFs-Ph 592 APCI
61 d1 Me 4-CFxPh 4-Cl-Ph 609 APCI
62 | di,2 Me 4-CF3-Ph 4-Cl-Ph - 609 APCI
63 | di,2 Me 3-pyridyl phenyl 508 PB
64 d1 Me phenyl 3-pyridyi 508 PB
85 d1 Me 2-quinolinyt ~ phenvt 594 PB
88 d2 Me 2-gquinolinyi phenyi 594 PB
87 d1 Me 2-pyridyl phenyl 506 PB
68 d2 Me 2-pyridyl phenyl 506 PB
69 | di,2 Me 2-pyridyl 3-F-4-Cl-Ph 559,861 APCI
70 d1 Me 2-pyridyl 3-Cl-thiophene 547,549 | APCI
71 d1i Me 2-pyridyl 3-CFy-Ph 575 PB
72 | di1.2 Me 2,4-di-F-Ph 3,4-di-F-Ph 579 APCI
73 | d1,2 Me 2,4-di-F-Ph 2-pyridyl 544 PB
74 d1 Me 4-thiazolyl phenyl 513 APCI
75 d2 Me 4-thiazolyl phenyl 513 PB
76 d1 Me S-thiazolyl phenyl 513 PB
77 d1i Et 2-pyridyl phenyl 521 PB
78 | di,2 Et phenyl 4-thiazolyi 541 APCl -
79 d1 Et phenyl 3,5-di-CFs-Ph 656 PB
80 | d1,2 Et phenyl 3,4-di-F-Ph 556 PB
81 d1 Et 2,4-di-F-Ph 2,4-di-F-Ph 583 APCl
82 d2 Et 2,4-di-F-Ph 2,4-di-F-Ph 593 APCI
83 d1 Et 2,4-di-F-Ph 2-CFx-Ph 625 APCI
84 d2 Et 2, 4-di-F-Ph 2-CFx-Ph 625 | APCI
85 d1 Et 2 4-di-F-Ph 3,4-di-F-Ph 593 APCI
88 d2 Et 2.4-di-F-Ph 3,4-di-F-Ph 593 APCI
87 d1 Et 2-pyridyl 3,4-di-F-Ph 607 PB
88 d2 Et 2-pyridyl 3.4-di-F-Ph’ 607 PB
89 d1 Et 4-CF2-Ph 2 4-di-F-Ph 625 APCI
80 d2 Et 4-CFs-Ph 2,4-di-F-Ph 625 APC|
91 d1 Et 4-CF3-Ph 3-C\-Ph 823 APC!
92 d1 Et 4-CFx-Ph 4-Cl-Ph 623 APCI
93 d2 Et 4-CFsPh 4-Ci-Ph 623 APCIl
94 d1 Et 4-CHs-Ph 3-CI-Ph 568 APCI
95 d2 Et 4-CHs-Ph 3-Ci-Ph 568 APCI
96 d1 _Et 4-CI-Ph 3,4-di-F-Ph 580 PB
97 d2 Et 4-Cl-Ph 3 4-di-F-Ph 590 PB
o8 d1 Et 4-Cl-Ph 3-5-di-Cl-Ph 622 PB
99 d2 Et 4-Cl-Ph 3-5-di-Cl-Ph 622 PB
100 d1 Et 4-Cl-Ph 3-Cl-Ph 589 PB
101 d2 Et 4-Cl-Ph 3-Cl-Ph 589 PB
102 d1 Et 4-F-Ph 3,4-di-F-Ph 8§74 P8
103| d2 Et 4-F-Ph 3,4-di-F-Ph 8§74 PB
104] d1 Et 4-F-Ph 3-Ci-Ph §72 APCI
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IEx. #| Isomer | R® R'= -CHx-A' Ar MS MS
Al Method
105 d2 Et 4-F-Ph 3-Cl-Ph 572 APCI
106 | d1.2 Et 4-Me-Ph 2-CFx-Ph 602 APCIl
107 | d1,2 Et 4-Me-Ph 3,4-di-F-Ph 570 APCI
108 | d1,2 |CFiCH; phenyl 4-thiazolyl 595 APCI
109] d1__|CFCH;| __ phenyl 3CFsPh 642.3 | APCI
110| _d1__[CF.CHz| __ phenyi 3,5-di-CEPh 643 APCI
111 d2 |CF3;CH; phenyl 3,5-di-Cl-Ph 644 APCI
112 d1 lCFgCHz phenyl 3,4-di-F-Ph 610.2 APCI
113 d2 |CF;CH; phenyl 3,4-di-F-Ph 810.2 APCI
114 dt |CF:CH; phenyl 3,5-di-Cl-Ph 643 APCI
115 d2 |CF,CH; phenyl 3,5-di-CI-Ph 844 APCI
116 d1__|CF,CH,| __ phenyl 3-CFzPh 6423 | APCI
117 d1_ {CF.CH, phenyl 3.4-di-F-Ph 610.2 APCI
118 d2 |CF,CH; phenyl 3,4-di-F-Ph 810.2 APCI
118 | d1,2 |CF,CH; phenyl 4-thiazolyl 585 APCI
120§ d1,2 |CFsCH:| 24-di-Cl-Ph 2-pyridyl 643 APCIl
1214 d1.2 |CF,CH;| 24-di-ClPh 4-thiazolyt 849 APCI
122 d1 |CF;CH: 2,4-F-Ph - 2-CF3-Ph 879 APCI
123 d2 |CFsCH; 2,4-F-Ph 2-CFa-Ph 879 APCl
124 d1__ [CFaCH. 2,4-F-Ph 3,4-di-F-Ph 847 APCI
125 d2 |CFsCH» 2,4-F-Ph 3,4-di-F-Ph 847 APCl
126 | d1,2 |CF,CH; 2,4-F-Ph 4-thiazolyl 617 PB
127 d1__ |CFCH; 2-pyridyl 2.4-di-Cl-Ph 643 APCI|
128 d2 |CFi:CH> 2-pyridyl 2,4-di-Cl-Ph 843 APCI
129 d1_ |CFaCH, 2-pyridyl 2 4-di-F-Ph 611 PB
130 d2 |CFiCH, 2-pyridyl 2 4-di-F-Ph 811 PB
131 _d1__|CF,CHy| _2-pyridyl 2-CF-4-F-Ph 861 APCI
132 _d1__|CF,CHa| _ 2-pyridyl 2-CFzPh 643 PB
133| d2 [CFsCH;| _ 2-pyridyl 2-CFzPh 643 PB
134| di_ |CFsCHa|  2-pyridyi 3,4-diF-Ph 611 PB
135 d2 |CF:.CH, 2-pyridyl 3.4-di-F-Ph 611 PB
136 | _d1__|CFsCHa| _ 2-pyridyl 3,5-di-CFPh 843 APCI
137 d1_|CFiCH, 2-pyridyl 3-Ci-Ph 609 PB
138 d1__|CFiCH, 2-pyridyl 3-Cl-thiophene 615,817 | APCH
139 | d1,2 |CF.CH; 2-pyridyl 3-F-4-CHPh 627,629 | APCI
140 d1_ ICFsCHa| _ 2-pyridyl 3OCFzPh 659 APCI
141 d1__|CFsCH| _ 2-pyridyi 4-CLPh 609 PB
142 d2 |CFsC 2-pyridyl 4-CI-Ph 609 PB
143 | d12 |CF,CH: 3-pyridyl 2,4-di-F-Ph 612 APCI
144 | di,2 |CF:.CH: 3-pyridyl 2-CFy-Ph 644 APCI
145] d1,2 |CF.CH» 3-pyridyl 4-CI-Ph 810 APCI
148] d1_[CFiCHz| 4-CHyPh 3-Ci-Ph 622 APCI
47| d2_ |CF,CH,| 4-CHyPh 3-CFPh 622__|_ APCI
148 di_|CFsCH, 4-Cl-Ph 3,4-di-F-Ph 644 PB
149 d2 |CF;CH; 4-Cl-Ph 3,4-di-F-Ph 644 PB
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=104~
Ex. #| Isomer| R? R'=-CHy-A' Ar MS MS
Al ' Method
150 d1 |CFi:CH. 4-Cl-Ph 3,5-di-Cl-Ph 875 PB
151 d2 |CFiCH, 4-Cl-Ph 3,5-di-CI-Ph 875 PB
152 d2 |CFiCH, 4.CI-Ph 3-Cl-Ph 842 PB
153 di__ |CFiCH, 4-Cl-Ph 3-Cl-Ph 642 PB
184 d1_ |CFsCH. 4-F-Ph 3,4-di-F-Ph 828 PB
155 d2 |[CFsCH, 4-F-Ph 3,4-di-F-Ph 628 PB
156 d1_ |CFiCH, 4-F-Ph 3-Cl-Ph 626 - PB
157 d2 |CFiCH, 4-F-Ph 3-Cl-Ph 626 PB
168 | d1,2 {CFi:CH, 4-Me-Ph 2-CFs-Ph 856 APCI
169 | d1,2 |CFiCH. 4-Me-Ph 3,4-di-F-Ph 824 APCI

Note: in the above table, the isomer designation refers to the stereochemistry at
the C-3 position (indicated by the ™* in the structure) of the pyrazalone-piperidine
group; d1 and d2 refer to isomers that were chromatographically separated; d1,2
refers to a mixture of isomers. Abbreviations used in the table above are: Ph is
phenyl; PB is particle bombardment; and APCI is atmospheric pressure chemical
ionization. The following are NMR data for the compounds of the above table as
indicated.

Example 37: 'H NMR (400 MHz, d4-MeOH): d 7.2 (m, 5H), 5.2 (t, 1H), 4.8 (m, 3H),
3.8 (d, 2H), 3.1 (d, 1H), 3.0 (s, 3H), 2.6 {dd, 2H), 1.6 (s, 6H).

Examples 67 & 68: 'H NMR (300 MHz, d4-MeOH): d 8.85 (s, 1H), 8.6 (¢, 1H), 8.1
(d, 1H), 8.0 (t, 1H), 7.35 (s, 5H), 5.15 (s, 1H), 4.6 (bs, 3H), 3.85 (m,2H), 3.65
(m,2H), 3.2 (s, 3H), 2.75 (m, 2H), 1.85 (s, 6H).

Example 128: 'H NMR (400 MHz, d4-MeOH):d 8.8 (s, 1H), 8.6 (s, 1H), 8.5 (¢, 1H),
7.96 (t, 1H), 7.9 (d, 1H), 7.45 (d, 1H), 7.33 (d, 1H), 5.2 (s, 1H), 4.8 (s, 3H), 4.4 (m,
1H), 4.2 (m, 2H), 3.9 (m, 4H), 3.5 (m), 3.2 (m, 2H), 2.8 (dd, 2H), 1.6 (s, 6H).
Examples 129 & 130: 'H NMR (400 MHz, d4-MeOH): d 8.76 (s, 1H), 8.50 {t, 1H),
7.92 (dt,2H), 7.43 (q, 1H), 6.90 ¢, 1H), 5.20 (m, 1H), 4.90 (m), 4.30 (m, 1H), 4.20
(m, 1H), 3.7 - 3.4 (m), 3.30 (s, 2H), 3.20 (m, 1H), 2.80 (dd, 2H), 1.80 (s, BH).
Example 137: *H NMR (300 MHz, d4-MeOH): d 8.7 (1, 1H), 8.45 (t, 1 H), 7.9 (¢, 2
H), 7.25 (m, 4 H), 5.2 (m, 1 H), 4.95 (d, 1 H), 4.6 (s, 2H), 4.3 (m, 1 H), 3.8 {t, 2H),
3.5 (dd, 2 H), 2.8 (m, 1H), 2.8 (dd, 2 H), 1.8 (s, 6 H).

Example 138: 'H NMR (400 MHz, d4-MeOH): d 8.8 (dd, 1H), 8.6 (s, 1H), 8.5 (t,

1H), 7.95 (t, 1H), 7.9 (s, 1H), 7.3 (s, 1H), 7.0 (s, 1H), 5.2 (s, 1H), 4.85 (s, 3H), 4.4

(m, 1H), 4.18 (m, 1H), 3.8 (m, 2H), 3.5 (dd, 2H), 3.2 (d, 2H), 2.8 (dd, 2H), 1.6 (s,
6H).
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Examples 141 & 142: 'H NMR (300 MHz, d4-MeOH): d 8.75 (m, 1 H), 8.5 (m, 1H),
7.9 (m, 2 H), 7.3 (s, 2 H), 5.2 (m, 1 H), 4.65 (m, 1 H), 4.55 (s, 2 H), 4.35 {(m, 1 H),
4.20 (m, 1 H), 3.8 (t, 1 H), 3.5 (dd, 2 H), 3.15(d, 1 H), 2.8 (dd, 2 H), 1.6 (s, 2 H).
Examples 160- 179

5 Examples 160 to 179 shown in the table below were prepared according to
the scheme illustrated below by coupling the appropnately substituted pyrazalone-
piperidine I (in the scheme) with the (D)-Trp derivative (lll) (see Example 2C) in an
analogous manner to the procedures described in Examples 3E and 3F.

-+ ‘~
) .
" ° 1.EOC, HOAT
+ HO. NHBoc
n 2. HCI
o)
® My

15
Ex # |lsomer] R R'=-CHrA' MS | MS Method
A
160 d1 Me 4-CFa-Ph 584 APCI
161 [ d1,2 | Me | 4CFsPh 584 APCI
162 d1 Me 4-F-Ph 533 PB
163 d2 Me 4-F-Ph 533 PB
164 d1 Me 4-Ph-Ph 581 APCI
165 | d1,2 Et 2,4-di-Cl-Ph 597 APCI
166 | d1,2 Et 2.4-F-Ph 568 APCI
167 d1 Et 4—CF;ﬂ"I 598 APCI
168 | d1,2 Et 4-CF»-Ph 598 APCI
189 | d1 Et 4-CI-Ph 583 PB




4 , PCT/IB98/00876
WO 98/58949 106

Ex. # |lsomer] R® R'= -C:-ITA’ MS MS Method
A
170 d2 Et 4-Ci-Ph 563 PB
171 | d1,2 Et 4-F-Ph 547 APCI
172 ) d1,2 Et 4-Me-Ph 543 APCI
173 | d1,2 | CFaCH, | 2,4-di-CI-Ph 651.5 APCI
174 | d1,2 CFiCH. 2,4-di-F-Ph 620 APCI
175 d1 CFaCH» 4-Cl-Ph 817 PB
176 d2 | CFsCH» 4-Cl-Ph 6817 PB
177 |_d1_| CFsCHy | 4-F-Ph 801 APCI
178 d2 | CFiCH; 4-F-Ph 601 APCI
179 | d1,2 | CFaCH. |  4-Me-Ph 597 APCI

Note: in the above table, the isomer designation refers to the stereochemistry at
the C-3 position (indicated by the *** in the structure) of the pyrazalone-piperidine
group; d1 and d2 refer to isomers that were chromatographically separated; d1,2
5 refers to a mixture of isomers. .
Examples 180 - 183

Examples 180 to 183 shown in the table below were prepared according to
the scheme illustrated below by coupling the appropriately substituted pyrazalone-
piperidine | with the acid intermediate IV in--an analogous manner to the

10  procedures described in Examples 3E and 3F.

The acid intermediate (IV) was prepared by treating an amino acid with the product
from Example 5D using the established procedure described in Example 5F.

%@T@%

Ex # |ilsomer| R |R= -CHrA' Ar _ MS IMethod
A

15
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180 [d1.2 [Me |Phenyl  [(CH.)Ph |504 PB
181 |d1,2 |Me |Phenyl  |SCH,Ph 559 PB
182 |d1 Me___ |Phenyi 2-Naphthalenyl _ |527 APCI
183 |d12 |Me |Phenyl  |CH,O-(4-F-Ph)  |524 PB

Note: in the above table, the isomer designation refers to the stereochemistry at
the C-3 position (indicated by the *** in the structure) of the pyrazalone-piperidine
group; d1 and d2 refer to isomers that were chromatographically separated; d1,2
refers to a mixture of isomers.
Example 184

2-Amino-N-[2-(3a- -2-methyl-3-0x0-2.3.3a.4.6.7-hexahyd lof4,3-
clpyridin-5-yl)-1-(R)-benzyloxymethyl-2-oxo-ethyll-2-methyl-propionamide, k-
tartrate
A. 4-Oxo-piperidine-1.3-dica) lic acid 1-ferf-butyl ester 3-ethyl ester

To a solution of 4-oxo-piperidine-3-carboxylic acid ethyl ester hydrochloride
(100 g, 0.482 mol) in IPE (725 mL) and water (360 mL) was slowly added TEA
(63.5 g, 0.627 mol), foliowed by (Boc),O (115.7 g, 0.53 mol). The mixture was
stimed overnight under nitrogen. The organic phase was separated and washed
with water and dried over Na,SO;, and concentrated in vacuo to afford the desired
product as crystals (142.9 g, yield 109%, containing a small amount of IPE).

B. 3-Benzyl-4-oxo-piperidine-1,3-dicarboxylic acid 1-ferf-butyl ester 3-ethyl

ester

To a solution of 4-oxo-piperidine-1,3-dicarboxylic acid 1-fert:butyl ester 3-
ethyl ester (73.36 g, 0.27 mol) in DMF (734 mL) lithium carbonate (50 g, 0.676
mol) was added, followed by benzyl bromide (55.44 g, 0.324 mol). The mixture
was heated to about 60 °C and stirred for about 20 hours. The reaction mixture
was then cooled to room temperature and extracted with IPE, washed with water
and dried over magnesium sulfate. After filtration and concentration in vacuo a
solid was obtained. Recrystallization of the crude product in hexane afforded a
white solid (33.6 g, yield 38.2%).

C.  3a-Benzyl-2-methyl-2,3a 4.5,6.7-hexahvdro-pyrazolof4.3-clpyridin-3-one
To a solution of 3-benzyl-4—oxo-piperidine-1,3—dieerboxylic acid 1-tert-butyl
ester 3-ethyl ester (1935.97 g, 5.36 mol) in toluene (8700 mL) was added
methylhydrazine (299.2 mL, 56.63 mol), followed by acetic acid (325 mL, 5.68 mol)
slowly at about 8 °C. The reaction mixture was heated slowly to about 65 °C and
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stired for about 7.5 hours. After cooling to room temperature, the organic layer
was washed with 10% sodium bicarbonate, water and saturated NaC! solution and
concentrated /n vacuo to a low volume. The reaction was repeated at same scale .
twice. The concentrated product solutions from the three reactions were combined
and mixed with IPE (50 L), cooled to about 0 °C, HCl gas was introduced
repeatedly and stirred at room temperature ovemight until the deprotection was
complete. The mixture was concentrated in vacuo to about half of the original

.volume, methylene chioride (24 L) was added, followed by NHOH (22 L). The

mixture was then extracted with methylene chloride and concentrated to a low
volume (6 to 7 L). Hexane (20 L) was added and the mixture was cooled to about
15-20 °C. The free base product was collected as crystals and dried under vacuum
(2985 g total, yield 84.8%).

D. 3a-(R)-Benzyl-2-methyl-2.3a. 4.5 6.7- hydro-pyrazolo[4 3-clpyridin-3-
one, L-tartrate _

To a solution of 3a-benzyl-2-methyl-2,3a,4,5,6,7-hexahydro-pyrazolo[4,3-
clpyridin-3-one (100 g, 0.41 mol) in a mixture of acetone/water (970 mL/120 mL)
was added L-tartaric acid (67.55 g, 0.45 mol). The mixture was heated to about
50 °C and stirred over night. The reaction mixture was cooled to about 10-15 °C
and precipitates were filtered, washed with cold acetone/water and dried under
vacuum. The product was obtained as a white solid (157.8 g, yield 97.83%, 98%
ee).

E. 2-tert-Butoxycarbonylamino-2-methyi-propionic acid

2-Aminoisobutyric acid (140g, 1.36 mol), 1 N NaOH (1620 mL, 1.63 mol),
(Boc),0 (375 mL, 1.63 mol) and THF 420 mL were mixed together and stirred at
room temperature ovemight The reaction mixture was diluted with ethy! acetate
(700 mL) and adjusted to about pH 3.0 by adding 6 N HCI. The organic phase
separated was washed with saturated NaCl solution and concentrated to
approximately 1/4 of the original volume. After treatment with hexane a white solid
product was isolated and collected (125.8 g, yield 45.44 % ). An additional 7.8 g
of product was recovered from the mother liquor.

F.  2-fert-Butoxycarbonylamino-2-methyl-propionic acid_2,5-dioxo-pyrrolidin-1-

yl ester
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To a solution of 2-ted-butoxycarbonylamino-z-niethyl-proplonic acid (100 g,
0.492 mol) and succinic anhydride (60.02 g, 0.522 mol) in methylene chioride
(1000 mL) was added EDC (100.08 g, 0.522 mol) while stirring under nitrogen.
The mixture was stirred under nitrogen ovemight. The reaction mixture was then
diluted with ethyl acetate (1 L), washed with saturated sodium bicarbonate solution
and water, then concentrated in vacuo to a low volume. White crystals
precipitated out of solution and were collected by filtration and dried under vacuum
to afford the product (104.9 g + 27.3 g, yield 89.5%).

G. 3-(R 2-(2-fort-butoxycarbonylamino-2-methyl-propionylamino
propionic acid :

To a solution of 2-amino-3-benzyloxy-bropionic acid (26.2 g, 0.113 mol) in
water (101.8 mL) and TEA (2853 g, 0.282 mol) was added 2-tert-
butoxycarbonylamino-2-methyl-propionic acid 2,5-dioxo-pyrrolidin-1-yl  ester
(33.94g, 0.113 mol) in THF (407 mL). The mixture was stirred ovemight at room
temperature under nitrogen. A 10% citric acid solution (500 mL) was added to the
mixture. The mixture was stirred for another 10 min., then diluted with ethyl
acetate (500 mL). The organic phase was separated from the mixture and
washed with water and saturated NaCl solution and then concentrated in vacuo to
a thick oil. The crude cil was treated with IPE/ hexane (50/50) and cooled to about
10 °C to afford a white solid product { 42.3 g, yield 98.4%).

H. 1-[2- R}-Benzyl-2-methyl-3- 3.3a,4,8.7-hexahydro-pyrazolo[4,3-
c.‘in-s--- ethyl-2-oxo-ethylcarbamoyl]-1-methyl-e!
carbamic acid ferf-butyl ester

To a solution of 3a-(R)-benzyl-2-methyl-2,3a,4,5,6,7-hexahydro-
pyrazoio[4,3-c]pyridin-3-one, L-tartrate (10.81 g, 0.0275 mol) in ethyl acetate
(216.2 mL) at about -86 °C was added TEA (8.43 mL., 0.0605 mol). The mixture
was stired for about 1.5 hours. After removal of the precipitated salt by filtration,
3-benzyloxy-2-(2-tert-butoxycarbonylamino-2-methyl-propionylamino)-propionic
acid (8.7 g, 0.0229 mol) and TEA (19.15 mL, 0.1374 mol) were added at about -35
°C, followed by the dropwise addition of 50% PPAA in ethyl acetate (27.5 mL,
0.0458 mol). The mixture was stirred for about 2 hours at about -20 °C to about -
27 °C, then 1.5 hours while the temperature was slowly raised to about 0 °C. The
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reaction mixture was poured into water and extracted with IPE, washed with 7%
NaCl solution and concentrated in vacuo. The crude oil that was obtained was
treated with IPE/hexane (50/50) to allow crystallization. The product was obtained
as a white solid (10.3 g, yield 74.3%).

I 2-Amino-N-[2-(3a-(R)-benzyl-2-methyl-3-0x0-2 3.3a,4.6 7-hexahydro-
razolo[4.3-c]pvridin-5-vi)-1-(R)-benzylo l-2-oxo-ethyil-2-meth
propionamide

To a solution of {1-[2-(3a-(R)-benzyl-2-methyl-3-0x0-2,3,3a,4,8,7-
hexahydro-pyrazolo[4,3-c]pyridin-5-yl)-1-(R)-benzyloxymethyl-2-oxo-
ethyicarbamoyl}-1-methyl-ethyf}-carbamic acid fert-butyl ester (10.3 g, 0.017 mol)
in methylene chloride (68.6 mL) at about 0-5 °C was added TFA (35 mL) to

- maintain the temperature below about §°C. The temperature was then raised to

room temperature. The mixture was stirred for about 3 hours. Methylene chloride
was replaced with ethyl acetate as a solvent. The mixture was then adjusted to
about pH 8 with a saturated sodium bicarbonate solution, then washed with
saturated NaCl and concentrated in vacuo to a low volume. A white solid product
was obtained after treating the mixture with IPA and then hexane (7.4 g, yield
86.1%). HPLC showed product containing 0.2% diastereomer.
J. 2-Amino-N-[2-(3a-(R)-benzyl-2-methyl-3-0x0-2,3,3a,4.8.7-hexahydro-
razolof4,3-clpyridin-5-vi)-1-{R)-benzyloxymethyl-2-oxc-¢ 2-methyi-

propionamide, L-tartrate

To a solution of 2-amino-N-[2-(3a-(R)-benzy}-2-methy}-3-0x0-2,3,32,4,6,7-
hexahydro-pyrazolof4,3-c]pyridin-5-yl)-1-(R)-benzyloxymethyl-2-oxo-ethyi}-2-
methyl-propionamide from step | (385 g, 0.761 mol) in methanol (4000 mL) was
added L-(+)-tartaric acid (114.5g, 0.761 mol) and the mixture was stirred ovemight.
The resulting hazy solution was filtered yielding a clear solution which was
concentrated to remove most of the solvent. Ethyl acetate (total 12 L) was added
and the remaining methanol was removed azeotropically between about 63° and
72 °C. The solid that was isolated was dissolved in ethyl acetate and the solution
was refluxed for about 18 hours, then allowed to cool to room temperature
ovemight. The product was collected as a white solid (482.3 g, yield 96.8%), M.P.
174-176 °C.
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Example 185
2-Amino-N-{1-(2 4-difluoro-benzyloxymethyl)-2-0x0-2-[3-ox0-3a-pyridin-2-yimethyl-
2-(2,2 2-trifluoro-ethyl)-2,3.3a.4 6. 7-hexahydro-pyrazolo[4.3-clpyridin-5-yil-ethyl}-2-
methyl-propionamide L-(+) tartrate
A.  4-Oxo-3-pyridin-2-vimethyl-piperidine-1.3-dicarboxvlic acid 1-fert-butyl ester
3-ethyl ester '

To a solution of 4-oxo-piperidine-1,3-dicarboxylic acid 1-terf-butyl ester 3-
ethyl ester (10.34 g, 38.2 mmol) in DMF (40 mL) at about 0 °C was added picolyl
chioride hydrochioride (5.7 g, 34.7 mmol), potassium carbonate (14.4 g, 104.1
mmol) and potassium iodide (5.76 g, 34.7 mmol). After stirring at about 0 °C for
about 2 hours, the ice bath was removed and DABCO (973 mg, 8.68 mmol) was
added. The reaction mixture was stirred for about 30 min. and poured into a
mixture of water and IPE. The organic layer was separated and washed with
saturated aqueous NaHCO; and saturated aqueous NaCl, dried over Na;SO, and
concentrated in vacuo. The crude residue was crystailized from hexanes to give a
white solid (8.19 g, yield 85%). 'H-NMR (CDCly) & 1.17 (t, 3H), 1.48 ( s, 9H), 1.55
(s, 2H), 2.61 (m, 1H), 2.71 (m, 1H), 3.31-3.50 (m, 3H), 4.11 (d, 2H), 4.49 (d, 1H),
7.086 (brs, 1H), 7.17(d, 1H), 7.54 (m, 1H), 8.40 (s, 1H).

B. 3-Ox0-3a-pyridin-2-yimethyl-2-(2,2 2-trifluoro-ethyl)-2,3.3a. 4.6, 7-hexahydro-
olof4,3-clpyridine-5-carboxylic acid terf-butyl ester

A 70% aqueous solution of CF,CH,NHNH, (325 mL, 1.986 mol) (obtained
from Aldrich) was extracted with toluene (3 x 1200 mL). To a solution of the
product from step A (600 g, 1.655 mol) in toluene (900 mL) was first added the
combined toluene extracts containing the anhydrous 2,2,2-trifluoroethyl hydrazine,
followed by acetic acid (121.4 g, 1.986 mol). The reaction mixture was heated at
about 70 °C for about 2 hours, then another toluene extraction of 70% aqueous
2,2,2-trifluoroethyl hydrazine (50 g) was added. The reaction mixture was heated
at about 80 °C for about 3.5 hours, cooled to room temperafure and diluted with
saturated aqueous NaHCOs (2 L). The toluene layer was separated and washed
with saturated aqueous NaCl, dried over Na.SO, and concentrated in vacuo to
give an oil (754.8 g). Crystallization from methanol/water afforded the desired
product as a white solid (609.5 g). 'H-NMR (CDCl) & 1.50 (s, 8H), 2.53 (d, 1H),
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2.70 (br s, 2H), 2.88 (br s, 1H), 3.31 (m, 2H), 3.97 (m, 1H), 4.19 (m, 1H), 4.46 (br
s, 1H), 4.63 (br s, 1H), 7.08 (m, 2H), 7.51(m, 1H), 8.34 (m, 1H).
C. 3a-Pyridin-2- -2-(2 2 2-triflucroethyl)-2.3a.4.5.6,7-hexahydro-
pyrazoio[4,.3-clpyridin-3-one_

Methanesulfonic acid (11.6 g, 121 mmol) was added dropwise to a solution
of the product from step B (10 g, 24.2 mmol) in CH,Cl> (100 mL) over about 30
minutes. The reaction mixture was stirred for about 1 hour, then cooled to about 0
°C, and then triethylamine (18.6 mL, 133.1 mmol) was added through an addition
funnel. The mixture was allowed to warm to room temperature over about 1 hour,
diluted with additional CH.Cl; and washed with saturated aqueous NaCl, dried
over Na,SQ,, filtered and concentrated in vacuo to afford the product as a white
solid (7.2 g). 'H-NMR (CDCh) 5: 2.51-2.72 (m, 4H), 3.35 (m, 2H), 3.49 (m, 2H),
4.03 (m, 1H), 4.25 (m, 1H), 7.08 (d, 2H), 7.51 (t, 1H), 8.37 (d, 1H).
D. 3a-Pyridin-2-yimethyl-2-(2 2 2-trifluoroethvl)-2,3a,4,5.6,7-hexahydro-
pyrazolo[4 3-clpyridin-3-one (D)-tartrate

In a dry and nitrogen purged 5 L round bottom flask equipped with a
mechanical stirrer, D-(-) tartaric acid (129 g, 0.86 mol) was added to the product
from step C (243 g, 0.78 mol) in acetone/water (9:1, 2430 mL) at about 17 °C.
The mixture was stired at room temperature ovemight, filtered, the solid was
coliected and washed with coid acetone and dried under vacuum. The product
was obtained as a yellow solid (284 g, yield 78.8%).
E. 2-tert-Butoxycarbonylamino-3-(2 4-difluoro-benzyloxy)-propionic acid

To a solution of N-Boc-(D)-serine (452 g, 2.2026 mol) in a mixture of THF
(7 L) and DMF (3 L) at about 0 °C was added potassium ferf-butoxide solution
(515.8 g, 4.5963 mol). The reaction mixture was stirred at about 0 °C for about 30
min., then 2,4-diflucrobenzyl bromide (456.5 g, 2.2051 mol) was added. After
warming to room temperature, the reaction mixture was concentrated in vacuo to
remove the THF. The reaction mixture was partitioned between 4.5 L H,O and 4.5
L IPE. The layers were saparated and the pH of the aqueous layer was adjusted
with 1 N HCI to about 3. The aqueous layer was extracted twice with 4 L each of
IPE. The organic solution was dried over Na,SO,, and concentrated in vacuo to
yield a yellow waxy solid (518.0 g, yield: 70.9 %). "H-NMR (CDCl) & 1.44 (s, 9H),
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3.73 (m, 1H), 3.94 (d, 1H), 4.44 (br s, 1H), 4.54 (s, 2H), 5.34 (m, 1H), 6.78 (m, 1H),
6.84 (m, 1H), 7.30 (m, 1H).

F. 2-Amino-3-(2 4-difluoro-benzyloxy)-propionic _acid, methanesulfonic acid
It

To a solution of the product from step E (1.19 g, 3.59 mmol) in CH,Cl:/ IPE
(1:1, 12 mL) was added methanesulfonic acid (1.72 g, 17.95 mmol) through a
syringe over about 10 minutes. A solid immediately precipitated out of solution.
After about 1 hour, the solid was filtered and washed with a CH,CL/APE mixture
(1:1) to afford 939 mg of product (yield 80 %).
G.  2-{2-tert-Butoxycarbonyiamino-2-methyl-propionviamino)-3-(2,4-difiuoro-
benzylo ropionic acid _

To a solution of the product from step F (520 mg, 1.46 mmol) in THF/water
(4:1, 10 mL) was added 2-tert-butoxymrbony|amino-z-mgmykpmpionic acid-2,5-
dioxo-pyrrolidin-1-yl ester (438 mg, 1.46 mmol) and trieth)'vlamine (369 mg, 3.65
mmol). The reaction mixture was stirred at room temperature for about 1 hour and
quenched with a 10% aqueous citric acid solution (10 mL). After about 15 min.,
ethyl acetate (50 mL) was added and the organic layer was separated and washed
with saturated aqueous NaCl, dried over Na,SO, and concentrated in vacuo to
give a foam (534.1 mg, yield 88 %). 'H-NMR (CD;OD): & 1.38 (br s, 15H), 3.77 (d,
1H), 3.92 (d, 1H), 4.52 (m, 3H), 6.92 (m, 1H), 7.41 (m, 1H), 7.58 (d, 1H).

H. 1-{1-(2,4-Difluoro-benzyloxymethyl)-2-oxo-2-[3-0x0-3a-pyridin-2-vimethyl-
2-(2.2 2-trifluo 2,.3.33,4.6 7-he; rO- o[4,3-c]pyridin-5-
ethylcarbamo [ e rbamic acid ferf-b ester

(a) The product from step D (517 g, 1.12 mol) was added at about -6 °C to
ethyl acetate (5170 mL) in a dry and nitrogen purged 12 L round bottom flask
equipped with a mechanical stirrer. The solution wés cooled to about -40 °C, then
triethylamine (398 mL, 2.86 mol) was added over about 45 minutes. The reaction
mixture was stirred for about 80 min. at a temperature between about -50 °C and
about -40 °C, fiitered into a 22 L round bottom flask purged with nitrogen and
washed with ethyl acetate (2068 mL, pre-cooled to about -50 °C) to give the free
base as a white solid.

(b) The product from step G (425 g, 1.02 mol ) was added at about -30 °C
to an ethyl acetate solution containing the product from step H(a), triethylamine
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(654 mL, 4.69 mol) and PPAA (50% in ethyl acetate, 916 mL, 1.53 mol). The
reaction mixture was stirred for about 1 hour, washed with ‘water and saturated
aqueous NaCl, dried over Na;SO4 and concentrated in vacuo to give the product
as an oil (636 g, vield: 87.8%).
I 2-Amino-N-{1-(2 4-difiuoro- oxymethyl)-2-oxo-2-[3-0x0-3a-pyridin-2-
imethyl-2-(2,2, 2-trifluoro-ethyf)-2,3,3a,.4.6,7-hexahvd razolo[4,3-clpyridin-5-

yll-ethyl}-2-methyl-propionamide

Methanesulfonic acid (258.3 mL., 3.98 mol) was added dropwise at about
15 °C over about 55 minutes to the product from step H (566 g, 0.796 mol) in
CHCl; (11,320 mL) in a dry and nitrogen purged 22 L round bottom flask
equipped with a mechanical stirer. The mixture was stirred for about 40 minutqs
at about 20 °C, then saturated aqueous NaHCO; (8,490 mL) was added until the
pH was about 7.8. The organic layer was separated, washed with water and
saturated aqueous NaCl, dried over Na,SO,, and concentrated in vacuo to afford
an oily product (388.8 g, yield 80%).
J. 2-Amino-N-{1-(2 4-diflucro-benzyioxymethyi)-2-oxo-2-[3-0x0-3 idin-2-

methyl-2-(2,2 2-trifluorc-ethyi)-2.3.3a.4.6, 7-hexahvd razolof4,3-clpyridin-5-
thyl}-2-methyl-propionamide L-(+) tarirate

To a solution of product from step | (370 g, | 0.6 mol) in methanol! (4,070
mL) in 2 12 L round bottom flask equipped with a mechanical stirrer was added L-
(+) tartaric acid (90 g, 0.6 mol). The reaction mixture was stirred for about 80 min.
at about 22 °C, filtered and concentrated. The crude residue was diluted with ethyt
acetate (4,560 mL), heated at about 70 °C and slowly allowed to cool to room
temperature over about 17 hours. The solid was filtered and dried to give white
crystals, mp 188-189 °C (348.46 g, yield 76%). '"H NMR (MeOH, d4) 5: 8.28 (d,
1H), 7.59 (t, 1H), 7.41-7.39 (m, 1H), 7.18-7.13 (m, 1H), 6.92 (t, 1H), 5.2 (t, 1H),
4.58 (bs, 3H), 4.36 (s, 2H), 4.31-4.25 (m, 1H), 4.13-4.068 (m, 1H), 3.78 (d, 2H),
3.21 (t, 1H), 3.18-2.96 (m, 2H), 2.65-2.55 (m, 2H), 1.57 (d, 6H). MS: MH+ 611.
[a]™ +22.03 (c=11.9, MeOH).

Example A

The following are the results of the “Female Rat Study® described
hereinabove wherein the rats were administered the GH secretagogue compound
2-amino-N-[2-(3a-(R)-benzyl-2-methyl-3-ox0-2,3,3a,4,6,7-hexahydro-pyrazolo[4,3-
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clpyridin-5-yl)-1-(R)-(benzyloxymethyl)-2-oxo-ethyl}-isobutyramide L- tartaric acid
sait.

Table 1
Mean Plasma Insulin and Metabolite Levels After Daily Dosing of 8 GHRP Mimetic

5 for Three Months
Non-fasting biood samples were collected from rats at sacrifice. An asterisk (*)
indicates a value significantly different from 'the corresponding vehicle-treated
group
(p < 0.05).
Dose Insulin Glucose Lactate | Cholesterol | Triglyceride
Surgery | (mg/kg) | (uU/imL) | (mg/dl) (mg/dl) | (mg/di) (mg/di)
Sham Vehicle 118.8 181.7 4.6 87.9 2548
Sham 0.5 84.9 * 1427 3.7 85.4 2196
Sham 5.0 95.7 *139.9 *3.2 * 80.6 227.2
Ovx Vehicle 1128 194.0 3.9 108.8 1827
Owx 0.5 *78.7 179.7 36 925 181.9
Owvx 50 *84.1 177.2 3.1 102.2 158.4
10
Data in Table 1 show that this treatment is associated with dose-related iowering
of plasma glucose and_lor insulin Ievels., which is consistent with an improvement in
glycemic control and insulin sensitivity by this treatment. The treatment was also
associated with trends for decreased plasma lactate, cholesterol and triglyceride
15

levels, which is also consistent with an improvement in lipid profile and metabolic
control as a result of improved insulin sensitivity incurred by this treatment.
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PRODUCT CLAIMS
What is claimed is: '

1. A method for treating insulin resistance.in a mammal, which

comprises administering to said mammal an effective amount of a compound of
formula |

o x4
Rl [ = | ,
Yau_ (CHIe (cnq..N/c\l.,N\c /RS\N _R
g T .
N # CHyw R o

Rz N

|
or the stereoisomeric mixtures, diastereomerically enriched, diastereomerically
pure, enantiomerically enriched or enantiomerically pure isomers, or the
pharmaceutically acceptable salts and prodrugs thereof,
wherein
eisOor1;
n and w are each independentiy O, 1 or 2;
provided that w and n cannot both be 0 at the same time;
Y is oxygen or sulfur;
R! is hydrogen, ~CN, ~(CHz){NOX®)C(0)X’, -(CH2){NCC)C(ONCH:)-AY,
~(CHa)eNOK)SOz(CHa)-A", -(CH2)NOX)SO02X’, -(CH2)NOX)C(OINGK®) (CH)-A',
~(CH2)N(X)COINEK®)EXY), -(CH2)CIOINGCIX®), -(CHZ)COINGC)H(CH)-A',
~(CH2){C(0)OX’, «(CH2)4C(O)O(CHa)rA", «(CH2){0X®, (CH2){0C(0)X",
~(CH2){0C(O)(CHa)-A", ~(CH2) OC(OINGCNCHoIA', (CH2)OC(OINGOC),
~(CH2){C(O)X’, ~(CH2)CIONCHa)-A', -(CH2)N(XC(O)OX’,
~(CHNEXISONQX)C?), (CH2)S(O)nX", -{CH2)S({O)m{CHaI-A',
~(CrCroalkyl, (CH2)rA", -(CHz)-(Ca-Cricycloalkyl, ~(CHz)e-Y'-(Cr-Ce)aliyl,
~(CH)r Y'-(CHa)rA" or -(CHa) Y'-(CHa)r-(Co-Cr)cycloalkyl;
where the alkyl and cycloalkyl groups in the definition of R are optionally
substituted with (C+-Cy)alkyl, hydroxyi, (C1-C.)alkoxy, carboxyl, <CONHz,
-S(O)m(C1-Ce)alkyl, -CO.(C+-Cy)alkyl ester, 1H-tetrazol-5-yl or 1, 2 or 3
fluoro;
\

A g gy
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Y' is O, S(O)m, -C{O)NX®-, -CH=CH-, -C=C-, -NPE)C(0)-, -C(OINX-,
-C(0)0-, -OC(O)N(X®- or -OC(0)-;

qis0,1,2,30r4;

tis0,1,20r3; _

said (CHz)4 group and (CHz), group may each be optionally substituted with
hydroxyl, (C+-C4)alkoxy, carboxyl, -CONHz, -S(0)n(C1-Ce)alkyl,
-CO(C-Cy)alkyl ester, 1H-tetrazol-5-yl, 1, 2 or 3 fluoro, or 1 or 2 (Cy-
CJalkyl; )

R? is hydrogen, (Cy-Ca)alky!, -(Co-Ca)alkyHCs-Ca)cycloalkyl, -(C-Ca)alkyt-A' or A';
where the alkyl groups and the cycloalkyl groups in the definition of R? are
optionally substituted with hydroxyl, -C(Q)OX®, -C(OINOCHX®), -NCX®H0<P),
-S(O)m(C1-Ca)alkyl, -C(O)A, -C(O)(X®), CF3, CN or 1, 2 or 3 halogen;

R®is A', (Cr-Cioalkyl, (Cs-Ce)alkyl-A’, (Cr-Calky-{Cs-Cricycioalkyl,

-(C+-Ce)alkyl-X'<(C-Ce)aliyl, ~(C1-Ce)alkyl-X'-(Co-Cejalkyl-A' or

~(C+-Cs)alkyl-X'{(C+-Cs)alkyl-(C5-Cr)cycloalkyl;
where the alkyl groups in the definition of R are optionally substituted with
-S(O)(C1-Ca)alkyl, -C(O)YOX?, 1, 2, 3, 4 or 5 halogens, or 1, 2 or 3 OX3;

X' is O, S(O)m, ~-NXAC(O)-, -C{OINO)-, -OC(0)-, ~C(0)O-, -CX2=CX2-,
-NG3)C(0)0-, -OC(ONCP)- or -C=C-;

R* is hydrogen, (C+-Ce)alkyl or (Ca-C;)cycloalkyl, or R* is taken together with R®

and the carbon atom to which they are attached and form (Cs-Cy)cycloalkyt, (Cs-

Cricycloalkenyl, a partially saturated or fully saturated 4- to 8-membered ring

having 1 to 4 heteroatoms independently selected from the group consisting of

oxygen, sulfur and nitrogen, or is a bicyclic ring system consisting of a partially
saturated or fully saturated 5- or 6-membered ring, fused to a partially saturated,

fully unsaturated or fully saturated 5- or 6-membered ring, optionally having 1 to 4

heteroatoms independently selected from the group consisting of nitrogen, sulfur

and axygen;

X*is hydrogen or (C+-Ce)alkyl or X* is taken together with R* and the nitrogen atom

to which X* is attached and the carbon atom to which R* is attached and form a
five to seven membered ring;

_
Iy T
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5 S5a
X
2 )\c/
. VN v

(CHda (CH2b

-

R®is a bond oris :

where a and b are independently 0, 1, 2 or 3;
X® and X* are each independently selected from the group consisting of
hydrogen, trifluoromethyl, A' and optionally substituted (C+~Ce)alkyl;
the optionally substituted (C-Ceg)alkyl in the definitibn of X° and X*
" is optionally substituted with a substituent selected from the group
consisting of A', OX? -S(O)m(Ci-Cealkyl, -C(O)OX2, (Cs
Cr)eycloalkyl, -NO®)(X®) and -COINOK)OK);
or the carbon bearing X° or X* forms one or two alkylene bridges with the
nitrogen atom bearing R? and R® wherein each alkylene bridge contains 1
to 5 carbon atoms, provided that when one alkylene bridge is formed then
X® or X* but not both may be on the carbon atom and R? or R® but not both
may be on the nitrogen atom and further provided that when two alkylene
bridges are formed then X® and X* cannot be on the carbon atom and R’
and R® cannot be on the nitrogen atom;
or X is taken together with X* and the carbon atom to which they are
attached and form a partially saturated or fully saturated 3- to 7-membered
ring, or a partially saturated or fully saturated 4- to 8-membered ring having
1 to 4 heteroatoms independently selected from the group consisting of
oxygen, sulfur and nitrogen;
or X° is taken together with X and the carbon atom to which they are
attached and form a bicyclic ring system consisting of a partially saturated
or fully saturated -5- or 6-membered ring, optionally having 1 or 2
heteroatoms independently selected from the group oonsfsting of nitrogen,
sulfur and oxygen, fused to a partially saturated, fully saturated or fully
unsaturated 5- or 6-membered ring, optionally having 1 to 4 heteroatoms
independently selected from the group consisting of nitrogen, sulfur and
oxygen;
2' is a bond, O or N-X2, provided that when a and b are both 0 then Z' is
not N-X2 or O;

-

T
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R’ and R® are independently hydrogen or optionally substituted (C-Ce)alkyl;
where the optionally substituted (C+-Cg)alkyl in the definition of R” and R® is
optionally independently substituted with A’, -C(0)O-(C+-Cg)alkyl,
-S(O)m(C1-Ce)alkyl, 1 to 5 halogens, 1 to 3 hydroxy, 1 to 3 -O-C(O)}(Cy-
Cio)alkyl or 1 to 3 (C-Ce)alkoxy; or
R7 and R® can be taken together to form -(CHz)-L-(CHz),~;
where L is COG)(X), S(O)m or NOX;
A’ for each occurrence is independently (Cs-Cr)cycloalkenyl, phenyi or a partially
saturated, fully saturated or fully unsaturated 4- to 8-membered ring optionally
having 1 to 4 heteroatoms independently selected from the group consisting of
oxygen, sulfur and nitrogen, a bicyclic ring system consisting of a partially
saturated, fully unsaturated or fully saturated 5- or 6-membered ring, optionally
having 1 to 4 heteroatoms independently selected from the group consisting of
nitrogen, sulfur and oxygen, fused to a partially saturated, fully saturated or fully
unsaturated 5- or 6-membered ring, optionally having 1 to 4 heteroatoms
independently selected from the group consisting of nitrogen, sulfur and oxygen;
A’ for each occurrence is independently optionally substituted, in one or
optionally both rings if A' is a bicyclic ring system, with up to three
substituents, each substituent independently selected from the group
consisting of F, Cl, Br, I, OCF,, OCFzH, CF3, CHs, OCH;, -OX5,
-C{OINPH(X®), -C(O)YOX, oxo, (C+-Ce)alkyl, nitro, cyano, benzyl,
-S(O)m(Ci-Ce)alkyl, 1H-tetrazol-5-yl, phenyl, phenoxy, phenylalkyloxy,
halophenyl, methylenedioxy, -N<%)0<®), -NOXHC(0)(X®), -SONCEC),
-N(X®)SOzphenyl, -NXHS0,X®, -CONX"X"2, -SONX'IX'2, -NX®SO. X1,
-NX’CONX'X2, -NX*SO,NX"'X"?, -NX°C(0)X™, imidazolyl, thiazolyl and
tetrazolyl, provided that if A' is optionally substituted with methylenedioxy
then it can only be substituted with one methylenedioxy;
where X" is hydrogen or optionally substituted (C,-Ce)alkyl;
the optionally substituted (Ci-Cg)alkyl defined for X" is
optionally independently substituted with phenyl, phenoxy,
(C1-Cs)alkoxycarbonyl, -S(O)m(C+-Cs)alkyl, 1 to 5 halogens,
1 to 3 hydroxy, 1 to 3 (C+-Co)alkanoyloxy or 1 to 3 (Cs-
Ce)alkoxy;

O R D
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X" is hydrogen, (C-Ce)alkyl, phenyl, thiazolyl, imidazolyl, furyl or
thienyl, provided that when X" is not hydrogen, X' is optionally
substituted with one to three substituents independently selected
from the group consisting of Cl, F, CHs, OCHs, OCF, and CF3;
or X" and X* are taken together to form -(CHy)-L'-(CHa):~;
where L' is COA)(), O, S(O)m or NOA);
r for each occurrence is independently 1, 2 or 3;
X2 for each occurrence is independently hydrogen, optionally substituted (Cs-
Ce)alkyl, or optionally substituted (C5-Cr)cycloalkyl, where the optionally substituted
(C+Ce)alkyl and optionally substituted (Cs-Cr)cycloalkyl in the definition of Xt are
optionally independently substituted with -S(O)m(Cs-Cealkyl, -C(O)OX°, 1 to 5
halogens or 1-3 OX%;
X3 for each occurrence is independently hydrogen or (Cy-Ce)alkyl;
X® is independently hydrogen, optionally substituted (Ci-Cglalkyl, (Cr
Cohalogenated alkyl, opfionally substituted (Cs-Cr)cycloalkyl, (Ca-Cr)-
halogenatedcycioalkyl, where optionally substituted (Ci-Ce)alkyl and optionally
substituted (Cs-Cy)cycloalkyl in the definition of X® is optionally independently
substituted by 1 or 2 (C~Cgalkyl, hydroxyl, (Ci-Cs)alkoxy, carboxyl, CONH;, -
S(0)m(C1-Ce)alkyl, carboxylate (C+-Cy)alkyl ester, or 1H-tetrazol-5-yi; or
when there are two X° groups on one atom and both X® are independently (Cy-
Cealkyl, the two (Cy-Ce)alkyl groups may be optionally joined and, together with
the atom to which the two X® groups are attached, form a 4- to 8- membered ring
optionally having oxygen, sulfur or NX’;
| X is hydrogen or (Cs-Ce)alkyl optionally substituted with hydroxyl; and
m for each occurrence is independently 0, 1 or 2;
with the proviso that: :
X® and X™ cannot be hydrogen when 1t is attached to C(O) or SO; in the form
C(O), C(O)X™, SO.X° or SOX™; and
when R® is a bond then L is N(X) and each r in the definition <(CHz)~L-(CHa)- is
independently 2 or 3.

2. * A method according to claim 1 wherein said compound of formula |
is of the following formula

* [4 L L] N *
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R’——N/;:D ¥ o2 '
N NH,
R R
o K 6" P!I
or the stereoisomeric mixtures, diastereomerically enriched, diastereomerically
 pure, enantiomerically enriched or enantiomerically pure isomers, or the
pharmaceutically acceptable salts and prodrugs thereof where
5 R'is-CHy-phenyl, R? is methyl and R® is -(CHz)s-pheny!;
R is -CH,-phenyl, R? is methyl and R® is 3-indolyl-CHz-;
R is -CHz-phenyl, R? is ethyl and R® is 3-indolyl-CHz-;
R! is -CHx-4-fluoro-phenyl, R? is methyt and R® is 3-indolyl-CHz-;
R' is -CHz-phenyl, R? is methyl and R® is -CHz-O-CH-phenyt;
10  R'is -CHy-phenyl, R?is ethyl and R® is -CH-O-CH-phenyl;
R is -CHc-phenyl, R? is -CH,CF; and R® is -CH,-O-CHz-phenyl;
R' is -CHz-4-fluoro-phenyl, R? is methyl and R® is -CHz-O-CHg-phenyl;
R! is -CH.-phenyl, R? is t-butyl and R? is -CHz-O-CHz-phenyi; or
R' is -CHy-phenyl, R? is methy! and R? is -CH-O-CH,-3,4-di-fluoro-phenyl.
15 3. A method according to claim 1 wherein said compound of formula |

is of the formula
2 MN — R3 0
R.—
N N
\g/l\'il/u>< H,
o A H

or the stereoisomeric mixtures, diastereomerically enriched, diastereomerically

pure, enantiomerically enriched or enantiomerically pure isomers or the
20 pharmaceutically acceptable salts and prodrugs thereof where

R? is methyl; A" is 2-pyridyl; and R? is -CH-O-CH.-phenyl;

R?is CH.CFs; A' is 2-pyridyl; and R® is -CH,-O-CHy-3-chioro-phenyl;

R? is CH,CFs; A' is 2-pyridyl; and R? is -CH,-O-CHz-4-chloro-phenyt;

Ris CH,crf;; Al is 2-pyridyl; and R® is -CH,~O-CHz-2,4-di-chioro-phenyl;
25 R%is CH.CF,; A'is 2-pyridyl; and R® is -CH,-O-CH,-3-chioro-thiophene or

R? is CH,CF3; Al is 2-pyridyl; and R® is -CHz-O-CHz-2,4~di-fluoro-phenyl.

* c L M H *
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4. A method according to claim 1 wherein said compound of formula i
or the stereoisomeric mixtures, diastereomerically enriched, diastereomerically
pure, enantiomerically enriched or _enantiomerically pure isomers or the
pharmaceutically acceptable salts and prodrugs thereof is the 3a(R,S),1(R)
diastereomeric mixture, the 3a(R),1(R) diastereomer or the 3a(S),1(R)
diastereomer of a compound selected from the group consisting of
2-amino-N-[1-(3a-benzyl-2-methyl-3-oxo-2,3.3a.4,6.7-hexahydro-pyrazolo[4,3—
c]pyridine-5-carbonyl)—4-phenyl—butyl]—isobutyramide.
2-amino-N-[2-(3a-benzyl-2-metl1y|—3-oxo—2.3.3a.4,6.7—hexahydro-pyrazolo-[4,3—
c]pyﬁdin-5-y|)-1-(1H-indol-s-ylmethyl)-z-oxo-ethyll-isobutyramide,
2-amino-N-[2-(3a-benzyL2-eﬁ1yl-3-cxo—2.3,3a,4.6,7-hexahydro—pyrazolo[4.3-
cJpyridin-5-yi)-1-(1 H-indol-3-yimethyl)-2-oxo-ethyl}-isobutyramide,
2-amino-N-{2-[3a-(4-ﬂuoro-benzyl)—2~methyl—3-oxo—2.3,3a.4.6,7—hexahydro—
pyrazolo[4,3-c]pyﬁdin-5—yl]—1-(1H-indol-3-y|methy|)—2—oxo-eth§l]-isobutyramide,
2-amino-N-[2-(3a-benzyl-2-methyl-3-oxo-2,3,3a,4,6,7-hexahydro-pyrazolo[4,3-
c]pyﬁdin-s-yl)-1-benzyloxymamyl-z-oxo-eﬂnyl]-isobutyramide,
2-amino-N-[2-(3a-benzyl-2-ethyi-3-oxo-2,3,3a,4,6,7-hexahydro-pyrazolof4,3-
cJpyridin-5-yl)-1-benzyloxymethyl-2-oxo-ethyl}-isobutyramide,
2-amino-N-{2-[3a-benzyl-3-0x0-2-(2,2,2-trifluoro-ethyl)-2,3,32,4,8,7-hexahydro-
pyrazolo[4,3-c]pyridin-5-yl]-1-benzyloxymemyl-z-oxo-ethyl}-isobutyramide,
2-amino-N-{1-benzyloxymethyl-2-[33—(4-ﬂuoro-benzyl)-z-memyl-s-oxo-z.3,3a.4,6,7-
hexahydro-pyrazolof4,3-clpyridin-5-yi]-2-oxo-ethyi}-iscbutyramide,
2-amino-N-[Z-(Sa-benzyl-Z-ten-butyl-a-oxo-z,3,3a,4.6,7-hexahydro-pyrazolo[4,3-

" clpyridin-5-yi)}-1-benzyloxymethyl-2-oxo-ethyl]-isobutyramide and

2-amino-N-[2-(3a-benzyl-3-0x0-2,3,3a,4,6,7-hexahydro-pyrazolof4,3-c]pyridin-5-yl)-
1-benzyloxymethyl-2-oxo-ethyll-isobutyramide.

5. A method according to claim 4 wherein said compound is 2-amino-
N-[2-(3a-(R)-benzyl-2-methyl-3-ox0-2,3,3a,4,8,7-hexahydro-pyrazolo-[4,3-c]pyridin-
5-y1)-1-(R)-benzyloxymethyl-2-oxo-ethyll-sobutyramide L-tartaric acid sait.

6. A method according to claim 1 wherein said compound of formula |
or the stefeoisomeric mixtures, diastereomerically enriched, diastereomerically
pure, enantiomerically enriched or enantiomerically pure isomers or the
pharmaceutically acceptable salts and prodrugs thereof is the 3a-(R,S),1-(R)
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diastereomeric mixture, the 3a-(R),1-(R) enantiomer or 3a-(S),1-(R) enantiomer of
a compound selected from the group consisting of
2-amino-N-{1-benzyloxymethyl-2-(2-methyl-3-oxo-3a-pyridin-2-yimethyl-
2,3,3a,4,6,7-hexahydro-pyrazolof4,3-clpyridin-5-yl)-2-oxo-ethyl}-2-methyl-
propionamide;
2-amino-N-{1-(3-chloro-benzyloxymethyl)-2-oxo-2-[3-ox0-3a-pyridin-2-yimethyl-2-

-(2,2,2-trifluoro-ethyi)-2,3,3a,4,6,7-hexahydro-pyrazolo[4,3-¢ Jpyridin-5-yi]-ethyl}-2-

methyl-propionamide;
2-amino-N-{1-(4-chloro-benzyloxymethyl)-2-oxo-2-[3-oxo-3a-pyridin-2-yimethyl-2-
(2.2,2-trifluoro-ethyl)-2,3,3a,4,6,7-hexahydro-pyrazolo[4,3-c Jpyridin-5-yi}-ethyl}-2-
methyl-propionamide;
2-amino-N-{1-(2,4-dichloro-benzyloxymethyl)-2-oxo-2-{3-oxo-3a-pyridin-2-yimethyl-
2-(2,2,2-triflucro-ethyl)-2,3,3a,4,6,7-hexahydro-pyrazolof4,3-c]pyridin-5-yi}-ethyl}-2-
methyl-propionamide;
2-amino-N-{1-(4-chicro-thiophen-2-yimethoxymethyl)-2-oxo-2-[3-oxo-3a-pyridin-2-
yimethyl-2-(2,2,2-trifluoro-ethyl)-2,3,3a,4,5, 7-hexahydro-pyrazolo[3,4-c}pyridin-6-
yl}-ethyl}-2-methyl-propionamide; and '
2-amino-N-{1-(2,4-difluoro-benzyloxymethyl)-2-oxo-2-[3-oxo-3a-pyridin-2-yimethyl-
2-(2,2,2-triflucro-ethyl)-2,3,3a,4,6,7-hexahydro-pyrazolof4,3-clpyridin-5-yij-ethyl}-2-
methyl-propionamide.

7. A method for treating insulin resistance in a mammal according to
claim 1 which additionally comprises administering to 28 mammal in need thereof a
growth hormone releasing hormone or a functionai analog thereof.

8. A pharmaceutical composition useful for treating insulin resistance
in a mammal which comprises a pharmaceutically acceptable carrier and an
effective amount of a compound of formuia |
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or the stereoisomeric mixtures, diastereomerically enriched, diastereomerically

pure, enantiomerically enriched or enantiomerically pure isomers or .the

pharmaceutically acceptable salts and prodrugs thereof,

wherein

eisOor1;

n and w are each independently 0, 1 or 2;

provided that w and n cannot both be O at the same time;

Y is oxygen or sulfur, :

R' is hydrogen, -CN, ~(CHz)NOPIC(O)X®, ~(CH)NOC)C(O)(CHa)-A',

{CH2)NOG)SOACH)rA", ~(CHa) NSO, «(CH)NCKICIOINGCHCH)-A",

-(CHNCEICIOING X, «(CHLCIOINC(K), <(CHCOINGSHCHA',

(CH2)C(OYOX®, -{CH2)¢C(O)O(CHaIrA", -(CH2){0X, -{CH2)OC(O)X’,

~(CHZ){OC(O)(CHa)rA', <CHz)OCIOINOX*)CHa)rA", ~(CH2OC{OINX)OX),

~(CH2){C(O)X®, ~(CH2)C(ONCHa)A', -(CH2):N(X)C(O)OX",
~(CH2)NEXHSONOBX?), ~(CH2)eS(O)nX, ~(CH2)eS(O)m(CH)A",

~(C1-Cro)alkyl, {(CHz)rA", -(CHa)q-(Cx-Cr)cycloalkyl, -(CHz)e-Y'-(Cr-Calalkyl,

~(CH2)¢Y'-(CH2)rA' or (CHa)Y -(CHo)r{Ca-Cr)cycloalkyl;
where the alkyl and cycloalkyl groups in the definition of R' are optionally
substituted with (C1-Cy)alkyl, hydroxyl, (Cs+-C.)alkoxy, carboxyl, -CONH,
-S(O)m(C1-Ce)alkyl, -COx(Cs-Cq)alkyl ester, 1H-tetrazol-5-yl or 1, 2 or 3
fluoro;

Y'is O, S(O)m: -C{ONX’-, -CH=CH-, -C=C-, -NO)C(O)-, -C(O)NX"-,
-C(0)O-, -OC(O)N(X%)- or -OC(O)-;

qis0,1,2 30r4;

tis0,1,20r3;

said (CH,), group and (CHa) group may each be optionally substituted with
hydroxyl, (C1-Cs)alkoxy, carboxyl, -CONHz, -S(O)n(C+-Ce)alkyl,
-CO,(C+-Cyalkyt ester, 1H-tetrazol-5-yl, 1, 2 or 3 fluoro, or 1 or 2 (Cs-
Cyalkyl; _

R? is hydrogen, (Ci-Ca)alkyl, -(Co-Ca)alkyl-(Cs-Cg)cycloalkyl, -(C+-CJ)alkyl-A! or A';
where the alkyi groups and the cycloalkyl groups in the definition of R? are
optionally substituted with hydraxyl, -C(O)OX?, ~C(OINOG(XH), -NOXBOC),
-S(O)m(C1-Ca)alkyl, -C(O)A!, -C(0)(C), CFs, CN or 1, 2 or 3 halogen;
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R*is A', (C+-Cio)alkyl, -(C+-Ce)alkyl-A', (C+-Cg)alkyl-(Cs-Cr)cycloalkyl,
~(C+-Cs)alkyl-X'-(Cr-Cs)alkyl, (C+-Cs)alkyl-X'-(Co-Cs)alkyl-A' or
~(C+-Cs)aliyl-X'-(C+-Cs)alkyl-(Cs-C)cycloalkyt;
where the alkyl groups in the definition of R® are optionally substituted with
-S(O)m{C1-Ce)alkyl, -C(O)OX3, 1, 2, 3, 4 or 5 halogens, or 1, 2 or 3 OX;
X' is O, S(O)m, -NO)C(O)-, ~C(OINGKE)-, ~OC(O)-, -C(O)O-, -CX2=CX%-,
-NOG)C(O)O-, ~OC(OING)- or -C=C-;
R* is hydrogen, (C-Ce)alkyl or (Cs-Crcycloalkyl, or R* is taken together with R®
and the carbon atom to which they are attached and form (Cs-C;)cycloalkyl, (Cs-
Cr)cycioalkenyl, a partially saturated or fully saturated 4- to 8-membered ring
having 1 to 4 heteroatoms independenﬂy selected from the group consisting of
oxygen, sulfur and nitrogen, or is a bicyclic ring system consisting of a partially
saturated or fully saturated 5- or 6-membered ring, fused to a partially saturated,
fully unsaturated or fully saturated 5- or 8-membered ring, optionally having 1 to 4
heteroatoms independently selected from the group consisting of nitrogen, sutfur
and oxygen;
X*is hydrogen or (Ci-Ce)alkyl or X* is taken together with R* and the nitrogen atom
to which X! is attached and the carbon atom to which R* Is attached and form a
five to seven membered ring;

5
xSa
~Z )\/°< P

R®is a bond or is (CHza (CHp

where a and b are independently 0, 1, 2 or 3;
X® and X™ are each independently selected from the group consisting of
hydrogen, trifluoromethyl, A* and optionally substituted (C,-Ca)alky!;
the optionally substituted (C1-Cs)alkyl in the definition of X° and X
is optionally substituted with a substituent selected from the group
consising of A', OX%, -S(O)m(Ci-Cealkyl, -C(O)OXZ (Cs
Cr)cycioalkyl, -N(<*)(<%) and -COINA)OR);
or the carbon bearing X° or X* forms cne or two alkylene bridges with the
nitrogen atom bearing R” and R® wherein each élkylene bridge contains 1
to 5 carbon atoms, provided that when one alkylene bridge is formed then
X5 or X* but not both may be on the carbon atom and R or R® but not both
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may be on the nitrogen atom and further provided that when two alkyiene
bridges are formed then X® and X™ cannot be on the carbon atom and R’
and R® cannot be on the nitrogen atom;
or X° is taken together with X™ and the carbon atom to which they are
attached and form a partially saturated or fully saturated 3- to 7-membered
ring, or a partially saturated or fully saturated 4- to 8-membered ring having
1 to 4 heteroatoms independently selected from the group consisting of
oxygen, sulfur and nifrogen; .
or X5 is taken together with X® and the carbon atom to which they are
attached and form a bicyclic ring system consisting of a partially saturated
or fully saturated 5- or 6-membered ring, optionally having 1 or 2
hetercatoms independently selected from the group consisting of nitrogen,
sulfur and oxygen, fused to a partially saturated, fully saturated or fully
unsaturated 5- or 6-membered ring, optionally having 1 to 4 heteroatoms
independently selected from the group consisting of nitrogen, sulfur and
oxygen;
Z' is a bond, O or N-X?, provided that when a and b are both 0 then Z' is
not N-X2 or O; '
R’ and R® are independently hydrogen or optionally substituted (C-Ce)alkyl;
where the optionally substituted (C1-Cg)alky! in the definition of R” and R®is
optionally independently substituted with A’, -C(O)O-(C+-Cg)alkyl,
-S(O)m(Cs-Ce)alkyl, 1 to 5 halogens, 1 to 3 hydroxy, 1 to 3 -O-C(O)(Cs-
Cao)alkyl or 1 to 3 (C,-Cg)alkoxy; or
R’ and R® can be taken together to form -{CHz)-L-(CHa)r;
where L is COG)(3), S(O)m or NOBY;
A for each occurrence is independently (Cs-C;)cycloalkenyl, phenyl or a partially
saturated, fully saturated or fully unsaturated 4- to 8-membered ring optionally
having 1 to 4 heteroatoms independently selected from the group consisting of
oxygen, sulfur and nifrogen, a bicyclic ring system consisting of a partially
saturated, fully unsaturated or fully saturated 5- or 6-membered ring, optionally
having 1 t6 4 heteroatoms independently selected from the group consisting of
nitrogen, sulfur and oxygen, fused to a partially saturated, fully saturated or fully

\
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unsaturated 5- or 6-membered ring, optionally having 1 to 4 heteroatoms
independently selected from the group consisting of nitrogen, sulfur and oxygen;
A! for each occurrence is independently optionally substituted, in one or
optionally both rings if A' is a bicyclic ring system, with up to three
substituents, each substituent independently selected from the group
consisting of F, Cl, Br, I, OCF,, OCFzH, CF3, CHs, OCHj, -OX°,
-C(O)NQXH(C®), -C(O)OX®, oxo, (C+-Cs)alkyl, nitro, cyano, benzyl,
-S(O)m(Ci-Ce)alkyl, 1H-tetrazol-5-yl, phenyi, phenoxy, phenylalkyloxy,
halophenyl, methylenedioxy, -N(<®)(X®), -NXOC(0)(XS), -SONKEHO),
-N(X%)SO-phenyl, -N(XSOX?, -CONX"'X", -80,NX"X™; -NX°SO,X",
-NXPCONX"XY, -NX®SO,NX"'X™, -NX®C(0)X", imidazolyl, thiazolyl and
tetrazolyl, provided that if A’ is optionally substituted with methylenedioxy
then it can only be substituted with one methylenedioxy;
where X' is hydrogen or optionally substituted (C,-Ce)alkyl;
the optionally substituted (Ci-Ce)alkyl defined for X" Is
optionally independently substituted with phenyl, phenoxy,
(C+-Ce)alkoxycarbonyl, -S(O)n(C+-Ce)alkyl, 1 to 5 halogens,
1 to 3 hydroxy, 1 to 3 (Ci-Cio)alkanoyloxy or 1 to 3 (Cy-
Ce)alkoxy;
X% is hydrogen, (Ci-Cealkyl, phenyl, thiazolyi, imidazolyl, furyl or
thienyl, provided that when X™ is not hydrogen, X™ is optionally
substituted with one to three substituents independently selected
from the group consisting of Cl, F, CH;, OCH;, OCF3 and CF3;
or X" and X* are taken together to form (CHaz)-L'-(CHa),~;
“where L' is C(x3)(X?), O, S(O)m or NOO);
r for each occurrence is independently 1, 2 or 3;
X? for each occurrence is independently hydrogen, optionally substituted (Cq-
Ce)alkyl, or optionally substituted (Cs-C7)cycloalkyl, where the optionally substituted
(C+-Ce)alkyl and optionally substituted (Cs-Cy)cycloalkyt in the definition of X2 are
optionally independently substituted with -S(O)m(C+-Ce)alkyl, -C(O)OX>, 1 to 5
halogens of 1-3 OX*;
X? for each occurrence is independently hydrogen or (C+-Co)alkyl;
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X® is independently hydrogen, optionally substituted (Cs-Ce)alkyl, (Co-
Cehalogenated alkyl, optionally substituted (Cs-Cy)cycloalkyl, (Ca-Cr)-
halogenatedcycloalkyl, where optionally substituted (C4+-Cg)alkyl and optionally
substituted (Cs-Cy)cycioalky! in the definition of X° is optionally independently
5 substituted by 1 or 2 (Ci-Cyalkyl, hydroxyl, (Cs-Cs)alkoxy, carboxyl, CONH;, -
S(O)m(C1-Ce)alkyl, carboxylate (Cs-Cy)alkyl ester, or 1H-tetrazol-5-yl; or
when there are two X° groups on one atom and both X are independently (Ci-
Ce)alkyl, the two (Ci-Ce)alkyl groups may be optionally joined and, together with
the atom to which the two X° groups are attached, form a 4- o 9- membered ring
10 optionally having oxygen, sulfur or NX;
X' is hydrogen or (C+-Ce)alkyl optionally substituted with hydroxyl; and
m for each occurrence is independently 0, 1 or 2;
with the proviso that:
X® and X'? cannot be hydrogen when it is attached to C(O) or SO, in the form
15  CO, C(O)X™, S0 or SOX'*; and
when R® is a bond then L is NO<) and each r in the definition -(CHy)-L-(CH.).- is
independently 2 or 3.
9. A method for increasing levels of endogenous growth hormone,
which comprises administering to a human or other animal in need therecf
20 effective amounts of a functional somatostatin antagonist and a compound of

formula |
o) x4
R | = ‘ " 7
Yﬁ/(mﬂ. (CH‘%'N/C\CL/ N\c/ NN :
I
/N ~ P (CHoy,

R2 N
I
or the stereoisomeric mixtures, diastereomerically enriched, diastereomerically

25 pure, enantiomerically enriched or enantiomerically pure isomers or the

pharmaceutically acceptable salts and prodrugs thereof,
wherein

eisOor1;

ey
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n and w are each independently 0, 1 or 2;
provided that w and n cannot both be 0 at the same time;
Y is oxygen or sulfur;
R' is hydrogen, -CN, -(CH2){N(X})C(O)X®, -(CH2)N(X*)C(OXCH2)r-A',
~(CH2)eN(®)SOCH,)A", ~(CH2)qN(XH)SO02XE, -(CH2)qNOC)CIOINOC)(CHR)-A',
~(CH2)N(XA)C(OINEGC)(X®), (CH2)COINGCX?), (CH2CIOINX®)(CH)A',
~(CH2){C(O)OXE, (CH2)qC(O)O(CHR)-A', -(CH2),OXF, -(CH2),O0C(O)X®,
«(CH2)0C(0)(CH2)rA", -(CH2){OC{OIN(X)CHo)A', -(CH2){OC(OINOK) (XY,
~(CH2){C(O)X", «(CH2)4C(O)(CHa)r-A", {CH)N(X")C(0)OX,
~(CH2){NOXISONCC)(X®), ~(CH)GS(O)mX’, (CH2)eS(O)m(CH2)rA',
~(Cr-Cro)alkyl, -(CHa)rA", (CH2)(Cs-Cr)cycloalkyl, -(CHz)e-Y'-(Cr-Cealkyl,
“(CH2)eY'-(CH2)rA" or -(CHa)e-Y'-(CH.)(Ca-Cr)cycloalky;
where the alkyl and cycloalkyl groups in the definition of R are optionally
substituted with (C-C.)alkyl, hydroxyl, (C+-C)alkoxy, carboxyl, -CONH,
-S(O)m(Cr-Ce)alkyl, -CO(C+-Cq)alkyl ester, 1H-tetrazol-S5-yl or 1, 2 or 3
fluoro;
Y' is O, S(O)m, -C(OINX®-, -CH=CH-, -C=C-, -N(X)C(O)-, -C(O)NX®-,
-C(0)O-, -OC(O)N(X®)- or -OC(0)-;
qis0,1,2,30r4;
tis0,1,20r3;
said (CHz)q group and {CHa.); group may each be optionally substituted with
hydroxyl, (C4-C.)alkoxy, carboxyl, <CONH;, -S(O)m{C+-Cs)alkyl,
-CO,(Ct-Cyalkyl ester, 1H-tetrazol-6-yl, 1, 2 or 3 fluoro, or 1 or 2 (Cr
CJalkyl;
R? is hydrogen, (Ci-Cy)alkyl, -(Co-Ca)alky-{Cx-Ce)cycioalkyl, -(Cr-Caalkyl-A' or A™;
~ where the alkyl groups and the cycloalky! groups in the definition of R? are
optionally substituted with hydroxyl, -C(O)OX®, -C(ONCES), -NOGY OB,
-S(O)m{C1-Ce)alkyl, -C(Q)A, -C(0)(%), CFs, CN or 1, 2 or 3 halogen;
R*is A', (Cr-Croalkyl, -(C+-Ce)alkyl-A', -{Cr-Ce)alkyl-({Cs-Cr)cycioalkyl,

30 ~{C+Cs)alkyl-X'-(Cs-Cs)alkyl, -(Ci-Cs)alkyl-X'-(Co-Cs)alkyl-A' or
~(C+-Cs)alkyl-X'-(C+-Cs)aliyHCs-C)cycloalkyl;
where the alkyl groups in the definition of R® are optionally substituted with
-S(0)m(C1-Co)alkyl, -C(O)OX3, 1,2, 3,4 or 5 halogens, or 1, 2 or 3 OX3;
\
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X' is O, S(O)m -NCAC(O)-, “CLONK?)-, -OC(0)-, -C(O)O-, -CX2=CX*,

-NOA)C(0)O-, -OC(O)NGK?)- or -C=C-;
R* is-hydrogen, (C:-Ce)alkyl or (Cs-Cy)cycloalkyl, or R* is taken together with R®
and the carbon atom to which they are attached and form (Cs-C7)cycloalkyl, (Cs-
Cr)cycloalkenyl, a partially saturated or fully saturated 4- to 8-membered ring
having 1 to 4 heteroatoms independently selected from the group consisting of
oxygen, sulfur and nitrogen, or is a bicyclic ring system consisting of a partially
saturated or fully saturated 5- or 8-membered ring, fused to a partially saturated,
fully unsaturated or fully saturated 5- or 6-membered ring, optionally having 1 to 4
heteroatoms independently selected from the group consisting of nitrogen, sulfur
and oxygen;
X* is hydrogen or (C+-Ce)alky! or X! is taken together with R* and the nitrogen atom
to which X* is attached and the carbon atom to which R* is attached and form a
five to seven membered ring;

S 5a
X
N
z. C 7

~
(CHa (CHp .

*

-
R®is abond oris
where a and b are independently 0, 1, 2 or 3;
X5 and X* are each independently selected from the group consisting of
hydrogen, trifiluoromethyl, A’ and optionally substituted (C+-Ce)alkyt;
the optionally substituted (C+-Ce)alky! in the definition of X° and X*
is optionally substituted with a substituent selected from the group
consisting of A', 0OX), -S(O)m(Ci-Cealkyl, -C(O)OX% (Cs
Cr)cycloalkyl, -NOC)(X?) and -COIN(X?)OC;
or the carbon bearing X* or X™ forms one or two alkylene bridges with the
nitrogen atom bearing R” and R® wherein each alkyiene bridge contains 1
to 5§ carbon atoms, provided that when one alkylene bridge is formed then
X® or X* but not both may be on the carbon atom and R’ or R® but not both
may be on the nitrogen atom and further provided that when two alkylene
bridges are formed then X® and X* cannot be on the carbon atom and R’
and R® cannot be on the nitrogen atom; ’
or X° is taken together with X* and the carbon atom to which they are
attached and form a partially saturated or fully saturated 3- to 7-membered
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ring, or a partially saturated or fully saturated 4- to 8-membered ring having
1 to 4 heteroatoms independently selected from the group consisting of
oxygen, sulfur and nitrogen;

or X° is taken together with X* and the carbon atom to which they are
attached and form a bicyclic ring system consisting of a partially saturated
or fully saturated 5- or 6-membered ring, optionally having 1 or 2
heteroatoms independently selected from the group consisting of nitrogen,
sulfur and oxygen, fused to a partially saturated, fully saturated or fully
unsaturated 5- or 6-membered ring, opiionally having 1 to 4 heteroatoms
independently selected from the group consisting of nitrogen, sulfur and
oxygen,

Z' is a bond, O or N-X?, provided that when a and b are both 0 then 2" is
not N-X2 or O;

R’ and R® are independently hydrogen or optionally substituted (C4-Cg)alkyl;

where the optionally substituted (C,-Cq)alkyl in the definition of R and R®is
optionally independently substituted with A', -C(0)O-(C+-Cg)alkyl,
-S(O)m(C1-Calaliyl, 1 to 5 halogens, 1 to 3 hydroxy, 1 to 3 -O-C(O)(Cy-
Cio)alkyi or 1 to 3 (C4-Cg)alkoxy; or

R’ and R® can be taken together to form (CHz)~L-(CHz)r;

where L is CO3) (<), S(O)m or NOO);

A' for each occurrence is independently (Cs-C;)cycioalkenyl, phenyl or a partially
saturated, fully saturated or fully unsaturated 4- to 8-membered ring optionally
having 1 to 4 heteroatoms independently selected from the group consisting of
oxygen, sulfur and nitrogen, a bicyclic ring system consisting of a partially
saturated, fully unsaturated or fully saturated 5- or 6-membered ring, optionally
having 1 to 4 heteroatoms independently selected from the group consisting of
nitrogen, sulfur and oxygen, fused to a partially saturated, fully saturated or fully
unsaturated 5- or 8-membered ring, optionally having 1 to 4 heteroatoms
independently selected from the group consisting of nitrogen, sulfur and oxygen;

A’ for each occurrence is independently optionally substituted, in one or
optiénally both rings if A’ is a bicyclic ring system, with up to three
substituents, each substituent independently selected from the group
consisting of F, Cl, Br, I, OCF3, OCFzH, CF3, CHs, OCHa, -OX°,
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-C(ON(O(KY), -C(O)YOXP, oxo, (Cr-Ce)alkyl, nitro, cyano, benzyl,
-S(O)m(Ci-Ceg)alkyl, 1H-tetrazol-5-yl, phenyl, phenoxy, phenylalkyloxy,
halophenyt, methylenedioxy, -NPC)XE), -NPCC(0)(XE), -SO NG,
-N(X®)SO-phenyl, -N(X%)SOXE, -CONX'X™, -S0,NX"X", -NX®S0,X",
-NXPCONX"'X", -NX*SONX"'X", -NX°C(0)X", imidazolyl, thiazolyl and
tetrazolyl, provided that if A' is optionally substituted with methylenedioxy
then it can only be substituted with one methylenedioxy;
where X" is hydrogen or optionally substituted (C1-Ce)alky;
the optionally substituted (C,-Ce)alkyl defined for X" is
optionally independently substituted with phenyl, phenoxy,
(C-Ce)alkoxycarbonyl, -S(O)n(C1-Ce)alkyl, 1 to 5 halogens,
1 to 3 hydroxy, 1 to 3 (Cs-Cro)alkanoyloxy or 1 to 3 (Cr-
Ce)alkoxy;
X'? is hydrogen, (Cr-Ce)alkyl, phenyl, thiazolyl, imidazolyl, furyl or
thienyl, provided that when X" is not hydrogen, X'? is optionaily
substituted with one to three substituents independently selected
from the group consisting of Cl, F, CHs, OCHa, OCF; and CF;
or X' and X" are taken together to form -(CHz),-L'-(CH2)r;
where L' is COG)(X?), O, S(O)m or NOS);
r for each occurrence is independently_ t,20r3;
X? for each occurrence is independently hydrogen, optionally substituted (Cs-
Cs)alkyl, or optionally substituted (Ca-C7)cycloalkyl, where the optionally substituted
(C1-Ce)alkyl and optionally substituted (C»-Cy)cycloalkyt in the definition of X? are
optionally independently substituted with -S(O)n(Cs+-Ce)alkyl, -C(O)OX®, 1 to §
halogens or 1-3 OX>;
X2 for each occurrence is independently hydrogen or (Cs-Cs)alkyl;
X is independently hydrogen, optionally subsfituted (Cy-Cealkyl, (Cz-
Ce)halogenated alkyl, optionally substituted (Cs-Cycycloalkyl, (Cs-Cy)-
halogenatedcycioalkyl, where optionally substituted (C+-Cg)alkyl and optionally
substituted (Ca-Cy)cycloatkyl in the definition of X® is optionally independently
substituted 'by 1 or 2 (C+-Cs)alkyl, hydroxyl, (C+-Cs)alkoxy, carboxyl, CONH,, -
S(O)m(C+-Ce)alkyl, carboxylate (C+-C.)alkyl ester, or 1H-tetrazol-5-yi; or

_
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when there are two X° groups on one atom and both X® are independently (Cq-
Cealkyl, the two (C+-Cg)alkyl groups may be optionally joined and, together with
the atom to which the two X° groups are attached, form a 4- to ©- membered ring
optionélly having oxygen, sulfur or NX7;
5 Xis hydrogen or (Cy-Cg)alkyl optionally substituted with hydroxyl; and

m for each occurrence is independently 0, 1 or 2;
with the proviso that:
X% and X' cannot be hydrogen when it is attached to C(O) or SO, in the form
COX’, C(O)X™, SOX° or SOX'% and

10 when R®is a bond then L is N(X?) and each rin the definition -(CHy)-L-(CHy),- is
independently 2 or 3.

10. A method of treating or preventing congestive heart failure, obesity

or frailty associated with aging, which comprises administering to a mammal in
need thereof effective amounts of a functional somatostatin antagonist and a

15 compound of formula |

x4

ﬁ/(cm). (CHn / \ ./N\ /RG\N/R.’

N\
R B

|
or the stereocisomeric mixtures, diastereomerically enriched, diastereomerically
pure, enantiomerically enﬁched or enanﬂoméﬁcally pure jsomers or the
20 pharmaceutically acceptabie salts and prodrugs thereof,
wherein
eisQor1;
n and w are each independently 0, 1 or 2;
provided that w and n cannot both be 0 at the same time;
25 Y is oxygen or suifur;
R' is hydrogen, -CN, ~(CH2){NOCIC(O)X®, -(CHo)eNOGIC(ONCHa)A',
~(CHRN(XISO{CH)-A', (CH2)NEISOLX’, ~(CH2NXICONOGCHA,
~(CHNEICOINEKY(X), ~(CH)CIOINOHOC), (CH2ICIOINOEHCHIAA',

\
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~(CH2){C(O)OX®, <(CH2)oC(O)O(CH2)-A', {CH2)50X, -(CH2),OC(OIX’,

«(CH2)OC(O)(CHa)rA", (CH2)OC{OING)CHI-A', (CH2);0C(OIN(X)(X),

«(CH2)CO)X’, ~(CH2)C(O)NCHa)rA', (CH2)NCX)C(OYOX’,

~(CH2NOGSONOEHX), {CHo)eS(OMmX’, ~(CH2)S(OIm(CH2I-A',

~(C1-Cio)alkyl, «(CHa)rA", (CHa)e-(Cx-Cr)cycloalkyl, -(CHz)¢- Y ~(Cr-Celalieyl,

~(CHa)q"Y'~(CHz)rA® or «(CHy)-Y'-(CH2)r-{Ca-Cr)cycloalkyl;
where the alkyt and cycloalkyl groups in the definition of R' are optionally
substituted with (C1-C,)alkyl, hydroxyl, (Cy-Ce)alkoxy, carboxyl, -CONHz,
-S(O)m(C1-Celalkyl, -CO2(Ci-Cs)alkyl ester, 1H-tetrazol-5-yl or 1, 2 or 3
fluoro;

Y' is O, S(O)m, -C(O)NX®-, -CH=CH-, -C=C-, -N(X})C(0)-, -C(O)NX*-,
-C(0)O-, -OC(O)N(X%- or -OC(O)-;

qis0,1,2,30r4;

tis0,1,20r3;

said (CHa), group and (CHz), group may each be optionally substituted with
hydroxyl, (Cs-C4)alkoxy, carboxyl, -CONH,, -S(O)m(C+-Ce)alkyl,
“CO.(Cs-Co)alkyl ester, 1H-tetrazol-5-yl, 1, 2 or 3 fluoro, or 1 or 2 (Cs-
CJalkyl;

R? is hydrogen, (C+-Ca)alkyl, -(Co-Ca)alkyl-(Cs-Cs)cycioalkyl, {Cs-Cyalkyl-A' or A';
where the alkyl groups and the cycloalkyl groups in the definition of R? are
optionally substituted with hydroxyl, -C(O)OXS, ~-C(OINCX®CP), -NOBCH),
-S(O)m(C1-Ca)alkyl, -C(O)A!, -C(0)(<®), CF3, CN or 1, 2 or 3 halogen;

R*is A', (C-Cioalkyl, -(Cr-Cealkyl-A', -(Cr-Ce)alkyl-(Ca-Cr)cycloalkyl,

~(C1+-Co)alky-X'-(C-Cs)alkyl, <(C+-Ca)alkyt-X'<(Co-Cs)alkyl-A' or

~(CrCa)alkyl-X'-(Cr-Cs)alky-(Cs-C7)cycloalkyl;
where the alkyl groups in the definition of R® are optionally substituted with
-S(0)m(Cs-Ce)alkyl, -C{O)OX3, 1, 2, 3, 4 or 5 halogens, or 1, 2 or 3 OX3;
X' is O, S{O)m, -NEAC(O)-, -CIONEPD)-, -OC(O)-, -C(O)O-, -CX2=CX%-,
-NOG)C(0)O-, -OC(O)NOX)- or -CeC-;

R* is hydrogen, (Cy-Ce)alkyl or (Cs-Cr)cycloalkyl, or R* is taken together with R®

and the carbon atom to which they are attached and form (Cs-Cy)cycloalkyl, (Cs-

Cr)cycloalkenyl, a partially saturated or fully saturated 4- to 8-membered ring

having 1 to 4 heteroatoms independently selected from the group consisting of

-
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oxygen, sulfur and nitrogen, or is a bicyclic ring system consisting of a partially
saturated or fully saturated 5- or 6-membered ring, fused to a partially saturated,
fully unsaturated or fully saturated 5- or 6-membered ring, optionally having 1 to 4
heteroatoms independently selected from the group consisting of nitrogen, sulfur
and oxygen; |

X*is hydrogen or {C+-Cg)alkyl or X* is taken together with R* and the nitrogen atom
to which X* is attached and the carbon atom to which R* is attached and form a
five to seven membered ring;

xs XSa
V4
2 e

R®is a bond oris (CHJa (CHap

where a and b are independently 0, 1, 2 or 3;
X% and X* are each independently selected from the group consisting of
hydrogen, trifluoromethyl, A’ and optionally substituted (Ci-Ce)alkyl; °
the optionally substituted (C:-Ce)alkyl in the definition of X° and X*
is optionally substituted with a substituent selected from the group
consisting of A', OX%, -S(O)u(Ci-Coalkyl, -C(O)OXZ, (Ca»
Cr)cycloalkyl, -NOC)(X®) and -C(OINOA)OC);
or the carbon bearing X° or X* forms one or two alkylene bridges with the
nitrogen atom bearing R’ and R® wherein each alkylene bridge contains 1
to 5 carbon atoms, provided that when one alkylene bridge is formed then
X® or X® but not both may be on the carbon atom and R or R® but not both
" may be on the nitrogen atom and further provided that when two alkylene
bridges are formed then X® and X* cannot be on the carbon atom and R’
and R® cannot be on the nitrogen atom;
or X% is taken together with X* and the carbon atom to which they are
attached and form a partially saturated or fully saturated 3- to 7-membered
ring, or a partially saturated or fully saturated 4- to 8-membered ring having
1 to 4 heteroatoms independently selected from the group consisting of
oxygen, suffur and nitrogen;
or X® is taken together with X® and the carbon atom to which they are
attached and form a bicyclic ring system consisting of a partially saturated
or fully saturated 5- or 6-membered ring, optionally having 1 or 2

_
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heteroatoms independently selected from the group consisting of nitrogen,
sulfur ahd oxygen, fused to a partially saturated, fully saturated or fully
unsaturated 5- or 6-membered ring, optionally having 1 to 4 heteroatoms
independently selected from the group consisting of nitrogen, sulfur and
oxygen,
Z' is a bond, O or N-X?, provided that when a and b are both 0 then Z' is
not N-XC or O; '
R’ and R® are independently hydrogen or optionally substituted (C-Ce)alkyl;
where the optionally substituted (C,-Cs)alkyl! in the definition of R” and R® is
optionally independently substituted with A*, -C(O)O-(C+-Ce)alkyl,
-S(O)m(C+Ce)alkyl, 1 to 5 halogens, 1 to 3 hydroxy, 1 to 3 -O-C{O)}(Cs-
Cio)alkyl or 1 to 3 (C¢-Cg)alkoxy; or
R’ and R® can be taken together to form -(CHz)~L-(CHz)r;
where L is COP)), S(O)m or NO);
A' for each occurrence is independentiy (Cs-Cr)cycioalkenyl, phenyl or a partially
saturated, fully saturated or fully unsaturated 4- to 8-membered ring optionally
having 1 to 4 heteroatoms independentily selected from the group consisting of
oxygen, sulfur and nitrogen, a bicyclic ring system consisting of a partially
saturated, fully unsaturated or fully saturated 5- or 6-membered ring, optionally
having 1 to 4 heteroatoms independently selected from the group consisting of
nitrogen, sulfur and oxygen, fused to a partially saturated, fully saturated or fully
unsaturated 5- or 68-membered ring, optionally having 1 to 4 heteroatoms
independently selected from the group consisting of nitrogen, sulfur and oxygen;
A' for edch occurrence is independently optionally substituted, in one or
optionally both rings if A' is a bicyclic ring system, with up to three
substituents, each substituent independently selected from the group
consisting of F, C, Br, |, OCF3, OCF;H, CFa, CH3, OCHa, -OX°,
-COIN(XHXH), -C(O)OXE, oxo, (C1-Cealkyl, nitro, cyano, benzyl,
-S(O)m(C+-Ce)alkyl, 1H-tetrazol-5-y, phenyl, phenoxy, phenylalkyloxy,
halopheny!, methylenedioxy, -NO&)E®), -NOEHC(0)0), -SONKH ),
-NEX)SO-phenyl, -NC)SO,X5, -CONXYX™, -S0,NX"X"2, -NX*S0,X"2,

-

A



10

15

20

25

30

WO 98/58949 ' PCT/IB98/00876

-137-

NXCONX'X®, -NX'SO,NX''X'2, -NX°C(O)X", imidazolyl, thiazolyl and
tetrazolyl, provided that if A’ is optionally substituted with methylenedioxy
then it can only be substituted with one methylenedioxy;
where X' is hydrogen or optionally substituted (C+-Cs)aikyl;
the optionally substituted (Ci-Cealkyl defined for X" is
optionally independently substituted with phenyl, phenoxy,
(C+-Ce)alkoxycarbonyl, -S(O)m(C+-Cg)alkyl, 1 to 5 halogens,
1 to 3 hydroxy, 1 to 3 (C+-Cyo)alkanoyloxy or 1 to'3 (Cs-
Ce)alkoxy;
X% is hydrogen, (Cy-Ce)alkyl, phenyl, thiazolyl, imidazoiyl, furyl or
thienyl, provided that when X' is not hydrogen, X' is optionally
substituted with one to three substituents independently seiected
from the group consisting of Cl, F, CHi, OCHs, OCF; and CF3;
or X' and X are taken together to form ~(CHz)-L'-(CHo),~;
where L' is C(X3)(%3), O, S(O)m or NOY;
r for each occurrence is independently 1, 2 or 3;
X2 for each occurrence is independently hydrogen, optionally substituted (C,-
Ce)alkyl, or optionally substituted (Cs-C;)cycloalkyl, where the optionally substituted
(C+-Ce)alkyl and optionally substituted (Cs-Cr)cycloalkyl in the definition of X2 are
optionally independently substituted with -S(O)n(C1-Ce)alkyl, -C(O)OX%, 1 to 5
halogens or 1-3 OX°; '
X2 for each occurrence is independently hydrogen or (Ci-Ce)alicyl;
X s independently hydrogen, optionally substituted (Ci-Ce)alkyl, (Cr-
Ce)halogenated alkyl, optionally substituted (Cy-Crcycloalkyl, (Cs-Cy)-
halogenatedcycloalkyl, where optionally substituted (C:-Cg)alkyl and optionally
substituted (Cy-Cr)cycloalkyt in the definition of X° is optionally independently
substituted by 1 or 2 (C+-Cialkyl, hydroxyl, (C+-Cs)alkoxy, carboxyl, CONH,, -
S(O)m(C1-Ce)alkyl, carboxylate (C;-C)alkyl ester, or 1H-tetrazol-5-yl; or
when there are two X* groups on one atom and both X® are independently (C,-
Ce)alkyl, the two (C-Cg)alkyt groups may be optionally joined and, together with
the atom to which the two X groups are attached, form a 4- to 9- membered ring
optionally having oxygen, sulfur or NX":
Xis hydrogen or (C-Cg)alkyl optionally substituted with hydroxyl; and

A
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m for each occurrence is independentiy 0, 1 or 2;
with the proviso that:
X® and X* cannot be hydrogen when it is attached to C(O) or SO; in the form
C(O)X’, C(O)X*2, SO.X° or SO.X'%; and

5 when R®is a bond then L is N0 and each r in the definition -{CHa)-L-(CHz)r is
independently 2 or 3.

11. A method according to claim 10 wherein said functional
somatostatin antagonist is an alpha-2 adrenergic agonist.

12. A method according to ciaim 11 wherein said alpha-2 adrenergic

10 agonist is selected from the group consisting of clonidine, xylazine and
. medetomidine.

13. A method according to claim 12 wherein said compound'of formula i
is 2-amino-N-[2-(3a-(R)-benzyl-2-methyl-3-0x0-2,3,3a,4,6,7-hexahydro-pyrazolo--
[4.3-c]pyridin-5-yl)-1-(R)-benzyloxymethyl-2-oxo-ethyl}-isobutyramide L-tartaric acid

15 salt
14. A pharmmacautical composition which comprises a pharmaceutically

acceptable carrier, an amount of an aipha-2 adrenergic agonist and an amount of
a compound of formuia |

X4
R
(CHz>e (CH)n / \l./N\C/Rs\N/R-’
\r T e
(CHz)w o
20 ]
or the stereocisomeric mixtures, aiastereomeﬁcally enriched, diastereomerically
pure, enantiomerically enriched or enantiomerically pure isomers or the
pharmaceutically acceptable saits and prodrugs thereof,
_ wherein
25 eisOort;

n and w are each independently 0, 1 or 2;
provided that w and n cannot both be 0 at the same time;
Y is oxygen or sulfur;

* [ L M S *
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R' is hydrogen, -CN, CH2z)NOG)C(O)X?, ~(CH2)N()C(OXCHa)rA',
~(CHz)NG)ISOACHa)-A', <(CHNX)SOX’, ~(CH2)NOCICIOINGX)(CHa)-A',
-(CH2)NOCICIOINOSEXS), «(CH2)CIOINOX®), ~(CH2)CIOINCNCHaIAA',
~(CH2),C(O)OXE, ~(CH2)C(O)O(CHz)rA", (CH2)q0XE, -(CH2){OC(ONC,
~(CH2)OC(O)CHa)rA', <(CH2)OC(O)NPEHCH2)-A', -(CHZ)0C(OINO)(X?),
-(CH2){C{O)X®, -(CH2)C(O)(CHa)rA, -(CH2):NCX)C(O)OX,
~(CH)NXHSONEPK), -(CHa)S(O)nX", -(CH2)S(O)m(CHIrA,

~(Cr-Cro)alkyl, ~(CHa)rA", ~(CH2)¢-(Ca-Cricycloalkyl, «(CHa)e-Y -(C+-Co)alkyl,

~(CH2)q"Y'-(CH2)rA" or (CHz)e-Y '-(CH2)-(Cs-Cr)cycloalkyl;
where the alkyl and cycloalkyl groups in the definition of R'! are optionally
substituted with (C+-Caalkyl, hydroxyl, (C+-Ca)alkoxy, carboxyl, -CONH,
-S(O)m(C+-Ce)alkyl, -COx(C+-Cs)alkyl ester, 1H-tetrazol-5-yt or 1, 2 or 3
fluoro;

Y' is O, S(O)m, -C(O)NX’-, -CH=CH-, -C=C-, -N(X*)C(O}-, -C(O)NX"-,
-C(0)0-, -OC(OIN(X®)- or -OC(O)-;

qis0,1,2,30r4,

tis0,1,20r3;

said (CHz)q group and (CH,): group may each be optionally substituted with
hydroxyl, (C-Coalkoxy, carboxyl, -CONHa, -S(O)m{C1-Ce)alkyl,
-CO,(Cy-Cyalkyl ester, 1H-tetrazol-5-yl, 1, 2 or 3 fluoro, or 1 or 2 (Cs-
CJalkyt;

R? is hydrogen, (C+-Co)alkyl, -(Co-Cs)alkvl-(Cs-Ca)éycloalkv!. ~(Cr-Coalkyt-A' or A';
where the alkyl groups and the cycloalky! groups in the definition of R? are
optionally substituted with hydroxyl, -C(O)OX®, -C(O)NO ), -NOCHEK),
-S(O)m(Cs-Ce)alkyi, -C{O)A’, -C(0)(X®), CFa, CN or 1, 2 or 3 halogen;

R*is A", (C+-Cio)alkyl, -(Cr-Celalkyl-A', -(C+-Ce)alkyl-(C5-Cr)cycloalkyl,

-(C+-Cs)alkyl-X'-(C+-Cs)alkyl, -(C+-Cs)alkyt-X'-(Co-Cs)alkyl-A' or

~(Cr-Cs)alkyt-X'-(C+-Cs)alkyl-(Cs-Cr)cycloalkyt;

where the alkyl groups in the definition of R® are optionally substituted with
-S(O)(C1-Cajaliyl, -C(O)OXS, 1, 2, 3, 4 or 5 halogens, or 1, 2 or 3 OX;

X! i§ O, S(O)m, -NEBA)C(O)-, -CIOINO)-, -OC(O)-, -C(0)O-, -CX3=CX-,
-NOB)C(0)O-, -OC(O)NP®)- or -C=C-;

_—
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R* is hydrogen, (C+-Ce)alkyl or (Cs-C)cycloalkyl, or R* is taken together with R
and the carbon atom to which they are attached and form (Cs-Cr)cycloalkyl, (Cs-
Cy)cycloalkenyl, a partially saturated or fully saturated 4- to 8-membered fing
having 1 to 4 heteroatoms independehtly selected from the group consisting of
oxygen, sulfur and nitrogen, or is a bicyclic ring system consisting of a partially
saturated or fully saturated 5- or 6-membered ring, fused to a partially saturated,
fully unsaturated or fully saturated 5- or 6-membered ring, optionally having 1 to 4
heteroatoms independently selected from the group consisting of nitrogen, sulfur
and oxygen;

X* is hydrogen or (C1-Ce)alkyl or X* is taken together with R* and the nitrogen atom
to which X* is attached and the carbon atom to which R* is attached and form a
five to seven membered ring;

Xs\ x®
1 /
YAy PN '

R%is abond oris (CH2a  (CH2v .

1

where a and b are independently 0, 1, 2 or 3;
X® and X* are each independently selected from the group consisting of
hydrogen, triflucromethyl, A! and optionally substituted (C1-Cg)alkyl;
the optionally substituted (Cs-Ce)alkyl in the definition of X° and X*
is optionally substituted with a substituent selected from the gr'r-)up
consisting of A', OX?, -S(O)m(Ci-Cealkyl, -C(O)OX?, (Ca
Cr)cycloalkyl, -N(X*)(X%) and -COING)(X);
or the carbon bearing X or X forms cne or two alkylene bridges with the
nitrogen atom bearing R’ and R® wherein each alkylene bridge contains 1
to 5 carbon atoms, provided that when one alkylene bridge is formed then
X5 or X* but not both may be on the carbon atom and R’ or R® but not both
may be on the nitrogen atom and further provided that when two alkylene
bridges are formed then X® and X™ cannot be on the carbon atom and R’
and R® cannot be on the nitrogen atom;
or X° is taken together with X* and the carbon atom to which they are
attached and form a partially saturated or fully saturated 3- to 7-membered
ring, or a partially saturated or fully saturated 4- to 8-membered ring having
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1 to 4 heteroatoms independently selected from the group consisting of
oxygen, sulfur and nitrogen;
or X® is taken together with X* and the carbon atom to which they are
attached and form a bicyclic ring system consisting of a partially saturated
or fully saturated 5- or 6-membered ring, optionally having 1 or 2
heteroatoms independently selected from the group consisting of nitrogen,
sulfur and oxygen, fused to a partially saturated, fully saturated or fully
unsaturated 5- or 6-membered ring, optionally having 1 to 4 heteroatoms
| independently selected from the group consisting of nitrogen, suifur and
oxygen; ' .
Z' is a bond, O or N-X2, provided that when a and b are both 0 then Z* is
not N-X¢ or O; :
R’ and R® are independently hydrogen or optionally substituted (Cs-Ce)alkyl;
where the optionally substituted (C+-Ce)alkyl In the definition of R” and R®is
optionally independently substituted with A', -C(0)O-(Cs-Cg)alkyl,
-S(O)m(C1-Ce)alkyl, 1 to § halogens, 1 to 3 hydroxy, 1 to 3 -O-C(O)(C:-
Cio)alkyl or 1 to 3 (Cs-Ce)alkoxy; or
R’ and R® can be taken together to form -(CHz)-L-(CH2)r;
where L is C03)(<%), S(O)m or NOG);
A' for each -occurrence is independently (Cs-C;)cycloalkenyl, phenyl! or a partially
saturated, fully saturated or fully unsaturated 4- to 8-membered ring optionally
having 1 to 4 heteroatoms independently selected from the group consisting of
oxygen, sulfur and nitrogen, a bicyclic ring system consisting of a partially
saturated, fully unsaturated or fully saturated 5- or 8-membered ring, optionally
having 1 to 4 heteroatoms independently selected from the group consisting of
nitrogen, sulfur and oxygen, fused to a partially saturated, fully saturated or fully
unsaturated 5- or 8-membered ring, optionally having 1 to 4 heteroatoms
independently selected from the group consisting of nitrogen, sulfur and oxygen;
~ Al for each occurrence is independently optionally snbstituted, in one or
optionally both rings if A' is a bicyclic ring system, with up to three
substituents, each substituent independently selected from the group
consisting of F, Cl, Br, |, OCFs, OCF;H, CF3, CHs, OCHj, -OX°,
-COINPBPC), -C(OYOXE, oxo, (Ci-Cealkyl, nitro, cyano, benzyl,

_—
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-S(O)m(C1-Ce)alkyl, 1H-tetrazol-5-yl, phenyl, phenoxy, phenylalkyloxy,
halophenyl, methylenedioxy, -NO)EK), -NOC(0)}0XY), -SONCCE)EX),
-N(<®)SO--phenyl, -N(XES0.X5, -CONX'X", -SONX"X™, -NX°SO.X",
-NXPCONX''X™, -NX*SO,NX'X", -NX’C(O)X™, imidazolyl, thiazolyl and
5 tetrazolyl, provided that if A' is optionally substituted with methylenedioxy
then it can only be substituted with one methylenedioxy;
where X' is hydrogen or optionally substituted (Cy-Ce)alkyl;
the optionally substituted (Ci-Coalkyl defined for X" is
optionally independently substituted with phenyl, phenoxy,
10 (C4-Ce)alkoxycarbonyl, ~-S(O)m(C1-Cs)alkyl, 1 to 5 halogens,
1 to 3 hydroxy, 1 to 3 (Ci-Cio)alkanoyloxy or 1 to 3 (Cy-
Ce)alkoxy;
X™ is hydrogen, (Ci-Ce)alkyl, phenyl, thiazolyl, imidazolyt, furyl or
thienyl, provided that when X' is not hydrogen, X* is optionally
15 substituted with one to three substituents independently selected
from the group consisting of Cl, F, CHs, OCH,, OCF; and CF3;
or X' and X™ are taken together to form -(CHa)~-L'-(CH2)r~;
where L' is C%®)(X?), O, S(O)m or NOO);
r for each occurrence is independently 1, 2 or 3;

20 X2 for each occurrence is independently hydrogen, optionally substituted (C,-
Ce)alkyi, or optionally substituted (C2-C;)cycloalkyl, where the optionally substituted
(C-Ce)alkyl and optionally substituted (Cs~-Cr)cycloalkyl in the definition of X2 are
optionally independently substituted with -S(O)m(Cs-Ce)alkyl, -C(O)OX3, 1 to §
halogens or 1-3 OX3;

25 X for each occurrence is independently hydrogen or (C+-Ce)alkyl;

X® is independently hydrogen, optionally substituted (C+-Cslalkyl, (C-
Ce)halogenated alkyl, opfionally substituted (C:-Ci)cycioalkyl, (Cs-Cy)-
halogenatedcycloalkyl, where optionally substituted (C4-Cg)alkyl and optionally
substituted (Cx-Cy)cycloalkyl in the definition of X° is optionally independently

30 substituted by 1 or 2 (C+-Cyalkyl, hydroxyl, (Cy-Cs)alkoxy, carboxyl, CONH,, -
S(O)m(Cs-Ce)alkyl, carboxylate (C+-C.)alky! ester, or 1H-tetrazol-5-yi; or
when there are two X° groups on one atom and both X® are independently (C:-
Ce)alkyl, the two (C+-Ce)alkyl groups may be optionally joined and, together with

TN U
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the atom to which the two X® groups are attached, form a 4- to 9- membered ring
optionally having oxygen, sulfur or NXT;
X' is hydrogen or (C+-Cq)alkyl optionally substituted with hydroxyl; and
m for each occurrence is independently 0, 1 or 2;
5 with the proviso that:
X® and X" cannot be hydrogen when it is attached to C(O) or SO; in the form
COX, CLO)X™, SOX° or SO.X'; and
when R® is a bond then L is N(X?) and each r in the definition ~{CH2)~L-(CH2)r is
independently 2 or 3.

10 15. A method according to claim 1 wherein the condition associated
with insulin resistance is type | diabetes, type [l diabetes, hypergiycemia, impaired
glucose tolerance or an insulin resistant syndrome or state.

16. A method according to claim 1 wherein the condition associated
with insulin resistance is associated with obesity or old age.

15 17. A method of treating insulin resistance in a mammal which
comprises administering to a mammal in need therecf an effective amount of a
growth hormone releasing peptide or a growth hormone releasing peptide mimetic
ora pharmaceutically acceptable salt thereof.

A process for the preparation of the compound of formula k,

R

20 , which comprises reacting the compound of

Free Base
formulag, @ , with the compound of formula j,

e
0 A M
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mi jx”
"N
H

, where Prt is an amine protecting group, in the
presence of an organic base, a peptide coupling reagent, and a reaction inert
solvent at a temperature between about -78 °C to about -20 °C to yield the
compound of formula k.

5 19. A process according to claim 18 where the peptide coupling reagent
is 1-propane phosphonic acid cyclic anhydride and the compound of formuia g has
the R-configuration, the compound of formula j has the R-configuration and the
compound of formula k has the 3a-(R),1-(R) configuration.

200 A process for the preparation of the compound of formula Z,

KA { G-

10 , which comprises reacting the
Me
N—N
[ o
N
M
Free Base
compound of formulag, (@ , with the compound of formula j,

o ~——Ph
HO\H/'EN &NI‘I—PIT
|
0 H

. in the presence of an organic base, a pepfide coupling
reagent, and a reaction inert solvent at a temperature between about -78 °C to
about

-
e

L
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Me, 0O Ph

Ph g
N\')/.[N&NH-Prt
& b
®

-20 °C to yield the compound of formuia k,

deprotecting the compound of formula k to yield the compound of formuia |,
Me, o© Ph

Ph (f _,
o
. N\'("[l;l&m.”
o) H
0 ; reacting the compound of formula | with L-

tartaric acid in an alcoholic scivent to yield the compound of formula Z.

5 21. A process according to claim 20 where the peptide coupling reagent
is 1-propane phosphonic acid cyclic anhydride and the compound of formula g has
the R-configuration, the compound of formula j has the R-configuration and each
of the compounds of formula k, 1 and Z has the 3a-(R),1«(R) configuration.

—_—

N g



WO 98/58949 PCT/IB98/00876
-146- '

22, A process for the preparation of the compound of formula g,
Ve
N—-—
/ o

N
)
Free Base .

@ , which comprises reacting the compound of formuia f,

L-Tartrate
® , with a base in an inert solvent at a temperature of about
-50 to -10 °C wherein the chirality of the benzyl group is maintained, to yield the
5 compound of formula g.

23. _A procass for the preparation of the compound of formuia ¢,
(o] O

O-alkyl
N
P

(©) , which comprises reacting the compound of formula b,

O-alkyl

R—Z

®) , where Prt is an amine protecting group, with an inorganic or
organic base and benzyl bromide in a reaction inert solvent to yield the compound
10 offormulac.
24. A process for the preparation of the compound of formula f,

\

L
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® . which comprises reacting the compound of formula e,

® . with L-tartaric acid in a reaction inert organic solvent.

25. The R,S-enantiomeric mixture, the R-enantiomer or the S-

enantiomer of the compound of formula
o]

O-alkyl

N
|
Prt , where Prt is hydrogen or an amine protecting group.

26. A method of treating sleep disorders in a mammal suffering from

sleep disorders compnsing administering to said mammal an effective amount of a

compound of formula |
. | o x4
R | =
(CHYe (CH2n /c\(l;./ ~.7 \ /
N
L0 e
/N\ / {CH)w °
R? N

R/

10
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or the sterecisomeric mixtures, diastereomerically enriched, diastereomerically
pure, enantiomerically enriched or enantiomerically pure isomers, or the
pharmaceutically acceptable salts and prodrugs thereof, '

wherein |

eisOor1;

n and w are each independently O, 1 or 2,

provided that w and n cannot both be 0 at the same time;

Y is oxygen or sulfur;

R' is hydrogen, -CN, -(CH2)sNOSIC(0)X?, (CHNEGIC(O)(CHa)A",
~(CH2)NOG)SOLCH,)A', «(CH2)eNX)S0XE, -(CHa)NOIC(OINOG)(CH)-A',
~(CH)NCXCIOINOKIK), ~(CHo)CIOINCKIX), (CH)CIOINOCHCH)A',
~(CH2)C(O)OXE, -(CH2)C(O)O(CH2)A", (CH2)0X’, {CH2){OC(O)X’,
~(CH2),OC(O)(CH2)r-A", -(CH2)OCOIN(X)CHorA', ~(CH2){OCOINOIX),
~(CH2){C(O)IX’, ~(CH2)C{ONCHa)-A', (CH)NOAICIO)OXE,
~(CH2)NOISONE) (X, (CH)GS(O)nX", ~(CH2)S(O)m(CH2)A",

~(C+-Cin)alkyl, -(CHa)rA’, -(CHa)¢(Cs-Cr)cycioalkyl, (CHz)gY'{(Cr-Calalkyl,

~(CH2)e-Y'<(CHZ)rA" or -(CH2)¢Y'-(CH2)r(Co-Crcycloalkyl;
where the alkyl and cycloalkyl groups in the definition of R' are optionaily
substituted with (Cy-Cu)alkyl, hydroxyl, (C-C.)alkoxy, carboxyl, -<CONH,
-S(O)m(C1-Ce)alkyl, -COx(C-Coalkyl ester, 1H-tetrazol-5-yl or 1, 2 or 3
fluoro;

Y' is O, S(O)m -C(OYNX-, -CH=CH-, -C=C-, -NO)C(O}-, ~C(O)NX®-,
-C(0)O-, “OC(O)NOK*- or -OC(0)-;

qis0,1,2,30r4;

tis0,1,20r3; , :

said (CHz), group and (CH,) group may each be optionally substituted with
hydroxyl, (Cy-C4)alkoxy, carboxyl, -CONH;z, -S(0)m(C1-Ce)alkyl,
-COx(Cy-Cr)alkyl ester, 1H-tetrazol-5-yl, 1, 2 or 3 fluoro, or 1 or 2 (C;-
Ca)alkyl; _

R? is hydrogen, (Cy-Ca)alkyl, {Co-Ca)alkyl-(Cs-Cs)cycloalkyl, (C+-CJalkyl-A' or A;
where the alkyl groups and the cycioalky! groups in the definition of R? are
optionally substituted with hydroxyl, -C(Q)OX®, -CIO)NG®H (XS, -NEC)EKE),
-S{0)m(C1-Ce)alkyl, -C(O)A!, -C(0)(X®), CFa, CN or 1, 2 or 3 halogen;
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R’is A", (C-Cro)alkyl, -(C+-Ce)alkyl-A’, -(Cs-Ce)alkyl-(Ca-Cy)cycloalkyl,
~(Cr-Caalkyl-X'-(C+-Cs)alkyl, ~(C+-Cs)alkyl-X'<(Co-Cs)alkyl-A' or
~(C-Cs)alkyl-X'-(C1-Cs)alky-(Cs-Cr)cycloalkyl;
where the alky! groups in the definition of R are optionally substituted with
-S(0)m(C1-Co)alkyl, -C{O)OX, 1, 2, 3, 4 or § halogens, or 1, 2 or 3 OX%;
X' is O, S(O)m. -NOAC(O)-, -COINCAR)-, -OC(O)-, -C(0)0-, ~CX3=Cx-,
-NGA)C(0)0-, -OC(O)N(X?)- or -C=C-;

R* is hydrogen, (C+-Celalkyl or (Cs-Cricycioalkyl, or R* is taken together with R®

and the carbon atom to which they are attached and form (Cs-Cy)cycloalkyl, (Cs-
Cicycloalkenyl, a partially saturated or fully saturated 4- to 8-membered ring
having 1 to 4 heteroatoms independently selected from the group consisting of
oxygen, sulfur and nitrogen, or is a bicyclic ring system consisting of a partially
saturated or fully saturated 5- or 6-membered ring, fused to a partially saturated,
fully unsaturated or fully saturated 5- or 6-membered ring, optionally having 1 to 4
heteroatoms independently selected from the group consisting of nitrogen, sulfur

- and oxygen;

X* is hydrogen or (C-Ce)alkyt or X* is taken together with R* and the nitrogen atom
to which X* is attached and the carbon atom to which R* is attached and form a
five to seven membered ring;

Xs\ x=
s /
~Z N 7

R® is a bond or is (CHDa (CHDp .

. where a and b are independently O, 1, 2 or 3;
X and X* are each independently selected from the group consisting of
hydrogen, triflucromethyl, A' and optionally substituted (C-Cg)alkyl;
the optionally substituted (C;-Ce)alky! in the definition of X* and X**
is optionally substituted with a substituent selected from the group
consisting of A', OX%, -S(O)u(CrCealkyl, -C(O)OX?, (Cs
Cr)cycloalkyl, -NQK*)(<%) and -COINCA)OC);
or the carbon bearing X° or X™ forms one or two alkylene bridges with the
nitrogen atom bearing R? and R® wherein each alkylene bridge contains 1
to § carbon atoms, provided that when one alkylene bridge is formed then
X5 or X5 but not both may be on the carbon atom and R” or R® but not both

—_—
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may be on the nitrogen atom and further provided that when two alkylene
bridges are formed then X° and X* cannot be on the carbon atom and R’
and R® cannot be on the nitrogen atom;
or X3 is taken together with X* and the carbon atom to which they are
5 attached and form a partially saturated or fully saturated 3- to 7-membered.
| ring, or a partially saturated or fully saturated 4- to 8-membered ring having
1 to 4 heteroatoms independently selected from the group consisting of
oxygen, sulfur and nitrogen;
or X° is taken together with X™ and the carbon atom to which they are

10 attached and form a bicyclic ring system consisting of a partially saturated
or fully saturated 5- or 6-membered ring, optionally having 1 or 2
heteroatoms independently selected from the group consisting of nitrogen,
sulfur and oxygen, fused to a partially saturated, fully saturated or fully
unsaturated 5- or 8-membered ring, optionally having 1 to 4 heteroatoms

15 independently selected from the group consisting of nitrogen, sulfur and
oxygen,

Z' is a bond, O or N-X?, provided that when a and b are both 0 then 2' is
not N-X2 or O; '
R’ and R® are independently hydrogen or optionally substituted (C,-Ce)alkyl;

20 where the optionally substituted (Cs-Ce)alkyl in the definition of R” and R® is
optionally independently substituted with A', -C(O)O-(C+-Co)alkyl,
-S(O)m(C1-Ce)alkyl, 1 to 5 halogens, 1 to 3 hydroxy, 1 to 3 -O-C(O)(Cs-
Cio)alkyl or 1 to 3 (C+-Ce)alkoxy; or

R’ and R® can be taken together to form ~{CHa)-L~(CHa)r;
25 where L is C)03), S(O)m or NOO);
A’ for each occurrence is independently (Cs-Cr)cycloalkenyl, phenyl or a partially
saturated, fully saturated or fully unsaturated 4- to 8-membered ring optionally
having 1 to 4 heteroatoms independently selected from the group consisting of
oxygen, sulfur and nitrogen, a bicyclic ring system consisting of a partially
30 saturated, fully unsaturated or fully saturated 5- or 6-membered ring, optionally
having 1 to' 4 heteroatoms independently selected from the group consisting of
nitrogen, sulfur and oxygen, fused to a partially saturated, fully saturated or fully

—
/{Il/l!/l//l//lll////l/l///ll/
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‘unsaturated 5- or 6-membered ring, optionally having 1 to 4 heteroatoms
independently selected from the group consisting of nitrogen, sulfur and oxygen;

10

15

20

25

A' for each occurrence is independently optionally substituted, in one or
optionally both rings if A’ is a bicyclic ring system, with up to three
substituents, each substituent independently selected from the group
consisting of F, Cl, Br, |, OCF3, OCFzH, CF3, CHj, OCH,, -OX5,
-C(OINOB(XP), -C(O)OXE, axo, (Cr-Ce)alkyl, nitro, cyano, benzyl,
-S(O)m(Cr-Ce)alkyl, 1H-tetrazol-5-yl, phenyl, phenoxy, phenylalkyioxy,
halophenyl, methylenedioxy, -NCEC®), -NGEC(0)0C), -SONEEES),
-NO)SO-phenyl, -NPE)S0X3, -CONX'IX', -SONX"X?, -NX®SO,X"2,
NXCCONX"X™, NXESONX"XY, -NX*C(0)X™, imidazolyl, thiazolyl and
tetrazolyl, provided that if A' is optionally substituted with methylenedioxy
then it can only be substituted with one methylenedioxy;
where X! is hydrogen or optionally substituted (C,-Cg)alkyl;
| the optionally substituted (CiCe)alkyl defined for X' is
optionally independently substituted with phenyl, phenoxy,
(Cs-Co)alkoxycarbonyl, -S(O)n(Ci-Ce)aliyl, 1 to 5 halogens,
1 to 3 hydroxy, 1 to 3 (Ci-Co)alkanoyloxy or 1 to 3 (Cq-
Ce)alkoxy,
X' is hydrogen, (C+Ce)alkyl, phenyl, thiazolyl, imidazolyl, furyl or
thienyl, provided that when X' is not hydrogen, X' is optionally
substituted with one to three subsfituents independently selected
from the group consisting of Cl, F, CH,, OCH,, OCF; and CF3;
or X' and X'? are taken together to form -(CHa)-L*{CHz)r;
where L' is COA0A), O, S(O). or NOG);

r for each occurrence is independently 1,2 0r 3;

X2 for each occurrence is independenty hydrogen, optionally substituted (Cq-

Ce)alkyl, or optionally substituted (Cs-C;)cycloalkyl, where the optionally substituted

(C+Cq)alkyl and optionally substituted (Cs~Cy)cycloalky! in the definition of X2 are
30 optionally independently substituted with -S{O)n(Ci-Colalkyl, -C(O)OX?, 1 to 5

halogens or'1-3 OX;

X3 for each occumence is independently hydrogen or (C-Ce)alicyl;

—_—
R 0 /]

s *

<
L oy

———



WO 98/58949 PCT/IB98/00876
-152-

X® is independently hydrogen, optionally substituted (Cy-Coalkyl, (Cr-

Cehalogenated alkyl, optionally substituted (Cz-Cycycloalkyl, (Cs-Cr)-

halogenatedcycloalkyl, where optionally substituted (Ci-Cealiyl and optionally

substituted (Cs-C;)cycloalkyl in the definition of X® is optionally independently

5 substituted by 1 or 2 {C,-CJalkyl, hydroxyl, (Ci-Calkoxy, carboxyl, CONH;,, -

S(O)m(C+-Ce)alkyl, carboxylate (C,-Cy)alkyl ester, or 1H-tetrazol-5-yi; or _

when there are two X groups on one atom and both X® are independently (Cs-

Cealkyl, the two (C+-Cg)alkyl groups may be optionally joined and, together with

the atom to which the two X® groups are attached, form a 4- to 9- membered ring
10 optionally having oxygen, sulfur or NX'; _

X' is hydrogen or (C1-Ce)alky! optionally substituted with hydroxyl; and

m for each occurmrence is independently 0, 1 or 2;

with the proviso that:

X® and X' cannot be hydrogen when It is attached to C(O) or SO; in the form
15 CO)X?, C(0)X™, SO,X° or SO.X™; and

when R® is a bond then L is NO) and each r in the definition -(CHa)L-(CHz)~ is

independently 2 or 3.

¢ L
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