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administering to a human or other animal a combination of a functional
somatostatin antagonist such as an alpha-2 adrenergic agonist and a compound
of formula 1. ’
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TREATMENT OF INSULIN RESISTANCE

BACKGROUND OF THE INVENTION
Growth hormone (GH), which is secreted from the pituitary 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;

Decreased rate of carbohydrate utilization in celis of the body; and
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. In adults, the consequences of acquired GH
deficiency inciude profound reduction in iean body mass and concomitant increase
in total body fat, parti~"arly in t~= 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 still a
very expensive product which must be given by injection or by a nasal spray.
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Most GH deficiencies re caused by defects in GH release, not primary
defects in pituitary synthesis of GH. Therefore, an alternative strategy for
normalizing serum GH levels is by stimulating its release from somatotrophs.
Increasing GH secretion can be achieved by stimulating or inhibiting various
neurotransmitter systems in lhe brain and hypothalamus. As a result, the
development of synthetic grovith hormone-releasing agents to stimulate pituitary
GH secretion are being pursued, and may have several advantages over
expensive and inconvenient Gi-| replacement therapy. By acting along physiologic
regulatory pathways, the most desirable agents wouid stimulate pulsatile GH
secretion, and excessive levals of GH that have been associated with the
undesirable side effects of exogenous GH administration would be avoided by
virtue of intact negative feedbaik loops.

Physiologic and phanmnacologic stimulators of GH secretion include
arginine, L-3,4-dihydroxyphenylalanine (L-DOPA), glucagon, vasopressin, and
insulin induced hypoglycemia, as well as activities such as sleep and exercise,
indirectly cause growth hormo-e to be released from the pituitary by acting in
some fashion on the hypothzlamus 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
hormiane 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.3. Patent 4,411,890. These peptides, while
considerably smaller than growth hormones are still susceptible to various
proteases. As with most peptidess, their potential for oral bioavailability is low. WO
94/13696 refers to certain spiropiperidines and homologues which promote
release of growth hormone.

The compounds of WO 84/11012 and WO 94/13696 are reported to be
useful in the treatment of osteog orosis 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 C2pendent Diabetes Mellitus (NIDDM) and reduced
glycemic control associated witt obesity 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 formula |, defined below, or a pharmaceutically acceptable salt
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, 1., 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 SR, 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 (1976); Binnerts et al., J Clin Endocrinol
Metab, 67:1312 (1988); Marcus, R., et al, J Clin Endocrinol Metab, 70:519
(1990)). Therefore, GH therapy is contra-indiceted f~- individuale with diabetes or
those atrisk for¢  tes.

Obesity is a major risk iactor for diabetes, and z !z 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 (1 994)) and elderly men (Rudman, D., et al, Horm Res
36 (Suppl 1):73 (1991)) has been shown to produce increases in lean body,
hepatic and muscle 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,
glucocorticoid 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
(1985)). In contrast, adminiswration 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, 7¢:943; (1994)). Single dose studies of GHRPs have
demonstrated the absence of an acute effect on circulating insulin or glucose
levels. insulin and glucose hzve generally not been monitored in chronic studies
except to document the abse:nce 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 pract ced preferentially in patients who have a functional
hypothalamic-pituitary axis cap:ble of GH secretory responses to GHRPs and who
are diabetics (Type | or Type il), or are insulin resistant, or who show impaired
glucose tolerance.

In another aspect, this irvention 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 i any order or as a combination a functional
somatostatin antagonist such as an alpha-2 adrenergic agonist, for example
clonidine, 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 loss due to chronic iliness in a
rn.ammal in need thereof, which comprises administering to said mammal
simultaneously, sequentially in any order or as a combination an alpha-2
adrenergic agonist, such as cloridine, xylazine or medetomidine and a compound
of formula |, defined below. (lonidine, 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 r1edetomidine, which is disclosed in US Patent No.
4,544,664 the disclosure of whic:n 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 Joumnal of Veterinary Research (1981),
42:6, 1073-1076; Valcavi et al., Clinical Endocrinology (1988), 29:309-316:
Morrison et al., American Journal of Veterinary Research (1980), 51:1, 65-70)),
and that the co-administration of an alpha-2 adrenergic agonist with growth
hormone-releasing factor restores defective growth hormone secretion in aged
dogs (Arce et al, Brain Research (1990), 537:359-362; Cella et al.,

Neuroendocrinology (1983), 57:432-438).
In yet another aspect, this invention provides a process for the synthesis of

a compound of the formula Z

Me
N

\N (o) o rPh
{ 0
T L]
“ P /lL NH. - Letartrate

R S : N
/N

I
O H

(3aR, 1R)
Z

where the process is described 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, 1996, 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.

AP/ 98701267
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SUMN ARY OF THE INVENTION

The compounds utilized in methods of this invention have the formula I,

X4
R’ I =

(CH?)e <CHz>n/\l/ ~ R R

| N
J\ (CHz)w R®

N\
|

R8
or the stereoisomeric mixture:, diastereomerically enriched, diastereomerically

7

O =0

pure, enantiomerically enriched or enantiomerically pure isomers, or the
pharmaceutically acceptable sa s and prodrugs thereof,
wherein
eisQor1;
n and w are each independently 0, 1 or 2;
provided that w and n cannot bath be 0 at the same time;
Y is oxygen or sulfur;
R" is hydrogen, -CN, <(CH)NG)CIOIX’, -(CHa)N)C(O) CHA'
~(CH2)qN(X*)SO(CHa)r-A", -(CH2)N(X®)SO,X, -(CH2)N(X®)C(O)N(XE)(CH,)-A",
~(CH)N(X*)COINCX®)(X?), ~(CHz)eCOINO)(XE), ~(CHz)eCOINGKEY(CHa)-A ",
=(CH2)eC(O)OX®, ~(CH2)qC(O)O(CH,)-A’, <(CH2),0XE, ~(CH2){0C(0)X",
~(CH2)q0C(O)(CH2)-A", ~(CH2)eC S(OIN(X®)(CH,)-A', -(CH2);0C(O)N(XH(X®),
~(CH2){C(O)X®, ~(CH2)qC(O)(CHz-A", ~(CH,){N(X})C(0)OX®,
~(CH2)gN(X*)SON(X)(X®), ~(CH2}aS(O)mX’, ~(CH2)¢S(O)m(CHa)-A",
-(C+-Cioalkyl, -(CHp)rA", -(CHz)q-(Ca-Cr)cycloalkyl, -(CHz)g-Y"-(Cs-Ce)alkyl,
~(CH2)q-Y'-(CHo)-A" or ~(CH,)e-Y -(CHo)~(Cs-Cr)eycloalkyl:
where the alkyl and cyclaalkyl groups in the definition of R are optionally
substituted with (C4+-Cy)alxyl, hydroxyt, (C+-Cq)alkoxy, carboxyl, -CONH,,
-S(O)m(C+-Ce)alkyl, -CO,(Cs-Co)alky! 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(O)-, -C(O)NXE-,
-C(0)O-, -OC(O)N(X%)- or -OC(O)-;

AFR/F198/701267
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qis0,1,2 3o0r4;

tis0,1,20r3;

said (CH)q group and (CHz), group may each be optionally substituted with
hydroxyl, (C4-Cg4)alkoxy, carboxyl, -CONH,, -S(0)m(C+-Cs)alkyl,
-CO2(C4-Cy)alkyl ester, 1H-tetrazol-5-yl, 1, 2 or 3 fluoro, or 1 or 2 (Cs-
Cq)alkyl;

R? is hydrogen, (C4-Cg)alkyl, ~(Co-Cs)alkyl-(Cs-Cs)cycloalkyl, -(Ci-Cy)alkyl-A' or A™:
where the alkyl groups and the cycloalky! groups in the definition of R2 are
optionally substituted with hydroxyl, -C(O)OX’, -C(O)N(X®)(X®), -N(X&)(X5),
-S(O)m(C1-Ce)alkyl, -C(O)A", -C(O)(X®), CFs, CN or 1, 2 or 3 halogen:

R®is A", (C+-Cro)alkyl, (C+-Co)alkyl-A’, -(C1-Ce)alkyl-(Cs-Cr)cycloalkyl,

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

—(C1-Cs)alkyI-X1-(C1-C5)aIkyl-(C3-C7)cycloaIkyl;
where the alkyl groups in the definition of R® are optionally substituted with
-S(0)m(C+-Ce)alkyl, -C(O)OX?, 1, 2, 3, 4 or 5 halogens, or 1, 2 or 3 OX*:

X'is O, &/, -NXH)C(O)-, -C(OIN(XD)-, -OC(O)-, -C(0)0-, -CX2=CX2-.
-N(X®)C(O)O-, -LCON(X)- of -C=C-;

R* is hydrogen, (C1-Cs)alkyl or (Cs-Cy)cyclcalkyl, or R* is taks~ tocather with R®

and the carbon atom to which they are attached and form (Cs-Cr)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 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 (C4-Cs)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 5a

1 x\ /x
_ Z\ _C ~ P

R%is a bond oris (CH2a  (CH2e ;

'EW98/01267
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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+-Cg)alky! in the definition of X° and X5
is optionally subs:ituted with a substituent selected from the group
consisting of 4! OX? -S(O)m(Ci-Coalkyl, -C(O)OX% (Cs
Cr)cycloalkyl,
-NX®)(X?) and -C()NX3)(X3):;
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, proviced that when one alkylene bridge is formed then
X® or X* but not both ma; 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 ritrogen atom:
or X° is taken togather vith X™ and the carbon atorm ‘o which they are
attached and form a partially saturated or fully saturated 3- to 7-membered
ring, or a partially saturated or fully szaturated 4- to-ve-r;';embered ring having
1 to 4 heteroatoms indesendently selected from the group consisting of
oxygen, suifur and nitroge:n;
or X° is taken together with X** and the carbon atom to which they are
attached and form a bicy:lic ring system consisting of a partially saturated
or fully saturated 5- or 6-membered ring, optionally having 1 or 2
heteroatoms independenily selected from the group consisting of nitrogen,
sulfur and oxygen, fusec to a partially saturated, fully saturated or fully
unsaturated 5- or 6-memuered ring, optionally having 1 to 4 heteroatoms
independently selected fiom the group consisting of nitrogen, sulfur and
oxygen;
Z'isa bond, O or N-X?, srovided that when a and b are both 0 then 2" is
not N-X? or O;

R’ and R® are independently hydiagen or optionally substituted (C+-Ce)alky:

where the optionally subs:tuted (C+-Ce)alky! in the definition of R” and R® is
optionally independently substituted with A', -C(O)O-(C4-Cg)alkyl,

AP/ /98701267
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-5(0)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 (C4-Cg)alkoxy; or
R’ and R® can be taken together to form -(CHz)-L-(CH,),~:
where L is C(X*)(X?), S(O)m or N(X?);
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 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 svstem, with Vuo to three
substituents, each substituent indepsndently sslected from the group
consisting of F, Cl, Br, I, OCF;, OCF;H, CFs, CHs, OCH,, -OXE -
CIOWXEXE, -C(O)OXS, oxo,
¢oo-w - Yhonitro, eyanc, L omavl, -3(O)m(Cr-Ce)alkyl, 1H-tetrazol- -5-yl,
phenyl, phenoxy, phenylalkyloxy, halophenyl, methylenedioxy, -N(X®)(X%),
NOCC(O)X),  -SONX(X®),  -NO)SOpphenyl,  -N(XHSOXE, -
CONX''X",
-SO:NX"X"™, -NX°SO,X"2, -NX]CONX"'X™2, -NX®SO,NX"'X"?, -NX?C(O)X"2,
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+-Cg)alkoxycarbonyl, -S(0)m(C+-Ce)alkyl, 1 to 5 halogens,
1 to 3 hydroxy, 1 to 3 (C4-Cyo)alkanoyloxy or 1 to 3 (C.-
Ce)alkoxy;

AP/~ 08/01267
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X' is hydrogen, (Ci-Cg)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, CH,, OCH,, OCF; and CF;;
or X' and X' ar«: taken together to form -(CH,),-L'-(CHa):-;
where L' 5 C(X*)(X?), O, S(O)n, or N(X);
r for each occurrence is indepei-dently 1, 2 or 3;
X? for each occurrence is inclependently hydrogen, optionally substituted (Cs-
Ce)alkyl, or optionally substitute:l (Cs-Cy)cycloalkyl, where the optionally substituted
(C+-Ce)alkyt and optionally substituted (Cs-Cy)cycloalkyl in the definition of X? are
optionally independently substituted with -S(0O)m(C1-Ce)alkyl, -C(O)OX3, 1 to 5
halogens or 1-3 OX>:
X? for each occurrence is indep::ndently hydrogen or (C+-Ce)alkyl;
X% s independently hydrogen, optionally substituted (Ci-Ce)alkyl, (Co-
Ce)halogenated alkyl, optionally  substituted (Cs-Cr)eycloalkyl,  (CsCy)-
halogenatedcycloalkyl, where optionally substituted (C+-Ce)alkyl and optionally
substituted by 1 or 2 (Cs-Cy)e kyl, hydroxyl, (C+-Ca)alkoxy, carboxy!, CONH,, -
S(O)m(C+-Ce)alkyl, carboxylate (31-Cq)alkyl ester, or 1H-tetrazol-5-yi; or
when there are two X° groups nn one atom and both X® are independenﬂy (Cs-

substituted (C;-C;)cycioalkyl in the definition of X° is optionally independently

Ce)alkyl, the two (Cs-Ce)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
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 it is attached to C(O) or SO, in the form
C(O)X®, C(O)X™?, SO,X° or SO>'% and
when R® is a bond then L is N(.*(z) and each r in the definition -(CH2)-L-(CHy)r 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
effective amount of a compcund of formula I, as defined above, or the

AP/P/ 887101267
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stereoisomeric 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 |l diabetes,
hyperglycemia, impaired glucose tolerance or an insulin resistant syndrome or
state.

Ancther 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

R® 0
N NH
N 2
H |
e H

or the stereoisomeric mixtures, diastereomerically enriched, diastereomerically

formula | is of the following formula

pure, enanticmerically enriched or enantiomerically pure isomers, or the
pharmace.ulically acceptable salts and prodrugs thereof where
R’ iz -CHz-phenyl, R? is methyl and R® is -(CH,)s-phenyl;
R'is -CH,-phenyl, R? is methyl and R® is 3-indolyl-CH,-:
R'is -CHz-phenyl, R? is ethyl and R® is 3-indolyl-CHy-:
R" is -CH,-4-fluoro-phenyl, R? is methyl and R® is 3-indolyl-CH-:
R is -CH,-phenyl, R? is methyl and R® is -CH,-O-CHa-phenyl:;
R is -CH,-phenyl, R? is ethyl and R® is -CH,-O-CHa-phenyl;
R is -CHz-phenyl, R? is -CH,CF; and R is -CH,-O-CH,-phenyl;
R is -CHz-4-fluoro-phenyl, R? is methyl and R® is -CHz-O-CH,-phenyi:
R'is -CH,-phenyl, R?is t-butyl and R® is -CH2-O-CH,-phenyl; or
R'is -CH,-phenyl, R? is methyl and R® is -CH2-0-CH2-3 4-di-flucro-phenyl.
Another prefered method of the foregoing method is where said
compound of formula | is of the formula

AP/B/cB/01267
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N 3
=T
>//'\/N\[H\N/“></NH2
e} '\A1 o) H I'I-l \

or the stereoisomeric mixtures;, diastereomerically enriched, diastereomerically
pure, enantiomerically enrichad or enantiomerically pure isomers, or the
pharmaceutically acceptable saits and prodrugs thereof where

R?is methyl; A’ is 2-pyridyl; and R® is -CH,-O-CH,-phenyt:

R?is CH,CF3; A' is 2-pyridyl; an:l R® is -CH,-O-CH,-3-chloro-phenyl;

R?is CH,CF3; A' is 2-pyridyl; and R® is -CH,-O-CH,-4-chloro-phenyl;

R?is CH,CF3; A' is 2-pyridyl; an: R® is -CH,-O-CH,-2,4-di-chloro-pheny!:

R?is CH,CF3; A' is 2-pyridyl; an: R® is -CH,-O-CH,-3-chloro-thiophene or

R?is CH,CFs; A is 2-pyridyl; an: R® is -CH,-O-CH,-2,4-di-fluoro-phenyl.

Yet another preferred nethod of the foregoing method is where said
compound of formula | or the st:recisomeric mixtures, diastereomerically enriched,
diastereomerically pure, enartiomerically enriched or enantiomerically pure
isomers or the pharmaceutically acceptable salts and prodrugs thereof is the
3a(R,S),1(R) diastereomeric mixture, the 2a(R),1(R) diastereomer or ‘hz
3a(8),1(R) diastereomer of a co'npound selected from the group consisting of
2-amino-N-[1-(3a-benzyl-2-methyl-3-ox0-2,3,3a,4,6,7-hexahydro-pyrazolo[4,3-
c]pyridine-5-carbonyl)-4-phenyi- hutyl]-isobutyramide,
2-amino-N-[2-(3a-benzyl-2-methyl-3-0x0-2,3,3a,4,6,7-hexahydro-pyrazolo-[4,3-
clpyridin-5-yl)-1-(1H-indol-3-ylmethyl)-2-oxo-ethyl]-isobutyramide,
2-amino-N-[2-(3a-benzyl-2-ethyl-3-ox0-2,3,3a,4,8,7-hexahydro-pyrazolo[4, 3-
clpyridin-5-yl)-1-(1H-indol-3-ylime:thyl)-2-oxo-ethyi}-isobutyramide,
2-amino—N-[2-[Sa-(4-ﬂuoro-benz,rl)-2-methyl-3-oxo-2,3,3a,4,6,7-hexahydro-
pyrazolo[4,3-c]pyridin-5-yl]-1-(1t--indol-3-yimethyl)-2-oxo-ethyl}-isobutyramide,
2-amino-N-{2-(3a-benzyl-2-methyl-3-0x0-2,3,3a,4,6,7-hexahydro-pyrazolo[4, 3-
clpyridin-5-yl)-1-benzyloxymethy'l-2-oxo-ethyl]-isobutyramide,
2-amino-N-[2-(3a-benzyl-2-ethyl-3-0x0-2,3,3a,4,6,7-hexahydro-pyrazolo[4, 3-
clpyridin-5-yl)-1-benzyloxymethyl-2-oxo-ethyl}-isobutyramide,
2-amino-N-{2-[3a-benzyl-3-0x0-i-(2,2,2-trifluoro-ethyl)-2,3,3a,4,6, 7-hexahydro-
pyrazolo[4,3-c]pyridin-5-yi]- 1-beizyloxymethyl-2-oxo-ethyl}-isobutyramide,
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2-amino-N-{1-benzyloxymethyl-2-[3a-(4-fluoro-benzyl)-2-methyl-3-ox0-2,3,32,4,6,7-
hexahydro-pyrazolo[4,3-c]pyridin-5-yl]-2-oxo-ethyl}-isobutyramide,
2-amino-N-[2-(3a-benzyl-2-tert-butyl-3-0x0-2,3,3a,4,8,7-hexahydro-pyrazolo[4,3-
clpyridin-5-yl)-1-benzyloxymethyl-2-oxo-ethyl}-isobutyramide and
2-amino—N-[2-(3a-benzyl-3-oxo-2,3,3a,4,6,7-hexahydro—pyrazolo[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)-benzyl-2-methyl-3-ox0-2,3,3a,4,6,7-
hexahydro-pyrazolo-[4,3-c]pyridin-5-yl)-1 -(R)-benzyloxymethyl-2-oxo-ethyl]-
isobutyramide L-tartaric acid salt.

Still another preferred method of the foregoing method is a method where
said compound of formula | or the stereocisomeric 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-(S),1-(R)
enantiomer of a compound selected from the group consisting of
2-amino-N-[1-benzyloxymethy!-z-(z-methyl-3-oxo—3a-pyridin-2-y|methy!—
2,3,33,4,6,7-hexahydro-pyrazolo[4,3-c]pyridin-5-yl)—2-oxo—ethyl]-z-methy!—
propionamide;
2-amino—N-{1~(3-chloro-benzyloxymethyl)—2-oxo-2-[3-oxo-3a-pyn'din-2-ylmethy|-2-
(2,2,2-trifluoro-ethyl)-2,3,3a,4,8,7-hexahydro-pyrazolo[4,3-¢ lpyridin-5-yl}-ethyi}-2-
methyl-propionamide;
2-amino-N-{1-(4-ch|oro-benzyloxymethyl)-2-oxo—2-[3-oxo-3a—pyridin-2-ylmethyl-2-
(2,2,2-trifluoro-ethyl)-2,3,3a,4,6,7-hexahydro-pyrazolo[4,3-c Ipyridin-5-yl}-ethyf}-2-
methyl-propionamide;
2-amino-N-{1-(2,4-dichloro-benzyloxymethyl)-2-0x0-2-[3-oxo-3a-pyridin-2-ylmethyl-
2-(2,2,2-trifluoro-ethyl)-2,3,3a,4,6,7—hexahydro-pyrazolo[4,3-c]pyridin-5-yl]-ethyl}-2-
methyl-propionamide;
2-amino-N-{1-(4-chloro-thiophen-2-ylmethoxymethyl)-2-oxo-2-[3-oxo-3a-pyridin-2-
ylmethyl-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
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2-amino-N-{1-(2,4-difluoro-benz;loxymethyl)-2-oxo-2-[3-cxo-3a-pyridin-2-ylmethyl-
2-(2,2,2-trifluoro-ethyl)-2,3,3a,4,5,7-hexahydro-pyrazolo[4, 3-c]pyridin-5-yl}-ethyi}-2-
methyi-propionamide.

Even still another prefer'ed method of the foregoing method additionally
comprises administering to a mammal in need thereof a growth hormone releasing
hormone or a functional analog “hereof, 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 cairier and an effective amount of a compound of
formula I, as shown above, o' the sterecisomeric mixtures, diastereomerically
enriched, diastereomerically pure, enantiomericaily enriched or enantiomerically
pure isomers, or the pharmaceu. cally 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 effe ctive amounts of a funciional somatostatin
antagonist and a compound of fcrmula |, as shown above, or the stereoisomeric
mixtures, diastereomerically enrizhed, diastereon.zrically pure, enantiomerically
enriched or enantiomerically pur:: isomers, or the phamaceutically acceptable
salts and prodrugs thereof.

In yet another aspect, “his invention provides methods of treating or
preventing congestive heart failure, obesity or frailty associated with aging, which
comprises administering to a n'ammal in need thereofbeffective amounts of a
functional somatostatin antagonist and a compound of formula |, as shown above,
or the stereoisomeric mixtures diastereomerically enriched, diastereomerically
pure, enantiomerically enriched or enantiomerically pure isomers, or the
pharmaceutically acceptable s:lts 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 medeto nidine. Preferred of the immediately foregoing

method is where said compour 4 of formula | is 2-amino-N-[2-(3a-(R)-benzyl-2-
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methyl-3-oxo-2,3,3a,4,6,7-hexahydro—pyrazolo-[4,3—c]pyridin-5-yl)-1-(R)-
benzyloxymethyl~2-oxo-ethyl]-isobutyramide L-tartaric acid salt.
This invention is also directed to pharmaceutical compositions which
comprise a pharmaceutically acceptable carrier, an amount of an alpha-2
5  adrenergic agonist and an amount of a compound of formula |, as defined above,
or the stereoisomeric 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
10 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.

15 A process for the preparation of the compound of formula k,
Me O Ph
N _=n 7
J Iy !
N\\é 0] o
NH-Prt
(@] H
(k) » which comprises reacting the compound of
Me
N—N
/ o
\
H
Free Base
formula g, @) » with the compound of formula j,

P
o~ Ph
0
Ho\([ &NH—PH
N
O H
@

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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solvent at a temperature betwee 1 about -78 °C to about -20 °C to yield the
compound of formula k.

Preferred of the foregoin(; process is where the peptide coupling reagent is
1-propane phosphonic acid cycli: anhydride and the compound of formula g has
the R-configuration, the compou:id of formula j has the R-configuration and the
compound of formula k has the 3a-(R),1-(R) configuration.

A process for the prepare tion of the compound of formula Z,

Me o] Ph
N
e [
Na X o) o
N SN J><NH; L-tartrate
!
o H
z

, which comprises reacting the

Free tlase
compound of formula g, )

_—Ph
o
o)
HOY[ ,U><NH—Prl
N
O H
)]

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

Me 0 Ph
N\
e
N X o] o
NH-Prt
N 'ﬁ&
O H
-20 °C to yield the compound of “ormula k, ®

deprotecting the compound of formula k to yield the compound of formula |,

, with the compound of formula j,

. in the presence of an organic base, a peptide coupling
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Me o) Ph
N
e
N\ . Oo
NH
N . IT‘/U>< 2
O H

® ; 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
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,

Free Base

@
Me

» which comprises reacting the compound of formula f;

L-Tartrate

10 ® , With a base in an inert solvent at a temperature of about

-50 to -10 °C wherein the chirality of the benzyi group is maintained, to yield the
compound of formula g.

AR/Pa8/01267



APG01145

-18-

A process for the prepaiation of the compound of formula ¢,
0 o]

i
[

t

O-alkyl

© , which comg rises reacting the compound of formula b,
O O
J O-alkyl
N
1
Prt
(b) , where Prt is an amine protecting group, with an inorganic or

organic base and benzyl bromicle in a reaction inert solvent to yield the compound
5 offormulac.

A process for the preparation of the compound of form:#ia f,

Me
s
N—N
/ o

LTJ
H
L-Tartrate

U] , which cc nprises reacting the compound of formula e,

Me
/s

N—N
/ o

(e) . with L-ta taric acid in a reaction inert organic solvent.
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-alkyl

Pr , where Prt is hydrogen or an amine protecting group.

DETAILED DESCRIPTION OF THE INVENTION
In general the compounds of formula | or the stereoisomeric mixtures,

diastereomerically enriched, diastereomerically pure, enantiomerically enriched or
enantiomerically pure isomers, or the pharmaceutically 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. Exempiary of such alkyl groups are
methyi, ethyl, prepyl, isopropyi, buty!, sec-but,, {eriary butyl, pzntyl, isopentyl,
hexyl, isohexyl, allyl, ethynyl, propenyl, butadienyl, hexeny! 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, allyloxy, 2-propynyloxy,
isobutenyloxy, hexenyloxy and the like.

The term "halogen" or "halo" is intended to include the halogen atoms
fluorine, 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 cycloalkyl” is intended to include a cycloalkyl group
substituted by one or more halogen atoms as defined hereinabovev.
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The term "aryl" is intended to include 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 ¢* nitrogen, sulfur or oxygen. Examples of such
heterocyclic aromatic rings are g yridine, thiophene (also known as thienyl), furan,
benzothiophene, tetrazole, indcole, N-methylindole, dihydroindole, indazole, N-
formylindole, benzimidazole, thia:ole, 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 physiological conditions (e.g., those containing
acetal or aminal linkages). Accor:lingly, 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 predrug on being brought to the physiological pH is
converted to the desired drug fo'm). Exemplery prodrugs upon cieavage release
the corresponding free acid, anc 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 '0),X® where X is hydrogen, or R? or A' contains
carboxylic acid) wherein the fize hydrogen is replaced by (Ci-Caalkyl, (Co-
Ciz)alkanoyloxymethyl, (C4Co)1-(alkanoyloxy)ethyl, 1-methyl-1-(alkanoyloxy)-ethyl
having from 5 to 10 carbon atorns, alkoxycarbonyl-oxymethyl having from 3 to 6
carbon atoms, 1-(alkoxycarbonyloxy)ethyl having from 4 to 7 carbon atoms, 1-
methyl-1-(alkoxycarbonyloxy)ethy! having from 5 to 8 carbon atoms, N-
(alkoxycarbonyl)aminomethyl hiving from 3 to 9 carbon atoms, 1-(N-
(alkoxycarbonyl)amino)ethyl having from 4 to 10 carbon atoms, 3-phthalidyl, 4-
crotonolactonyl, gamma-butyrol:cton-4-yl, di-N,N-(C+-C;)alkylamino(C,-Cs)alkyl
(such as p-dimethylaminoelhyl), carbamoyl-(C;-C,)alkyl, N,N-di(C4-C,)-
alkylcarbamoyl-(C;-C,)alky! and giperidino-, pyrrolidino- or morpholino(C;-Cs)alkyl.

Other exemplary prodrugs release an alcohol of formula | wherein the free
hydrogen of the hydroxyl substiuent (e.g., R' contains hydroxyl) is replaced by
(C+-Ce)alkanoyloxymethyl,  1-(((:1-Ce)alkanoyloxy)ethyl, 1-methyl-1-((C;-
Ce)alkanoyl-  oxy)ethyl,  (C: Cs)alkoxycarbonyloxymethyl, N-(C4-C¢)alkoxy-
carbonylamino-methyl,  succincyl,  (C4-Ce)alkanoylt, a-amino(C4-Cy)alkanoyl,

arylacetyl and a-aminoacyl, or a-aminoacyl-a-aminoacyl wherein said a-aminoacyl
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moieties are independently any of the naturally occurring L-amino acids found in
proteins, P(O)(OH);, -P(O)(O(Cs-Ce)alkyl), or glycosy! (the radical resulting from
detachment of the hydroxy! of the hemiacetal of a carbohydrate).

Prodrugs of compounds of formula | 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 alky! 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. Alternatively, 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 reflux, 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 removal 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 alcohol function has been
derivatized as an ether may be prepared by combining the alcohol with the
appropriate aliyl bromide or iodide in the presence of a base such as potassium
carbonate in =+ inert scivent 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. Alternatively, 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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BOC t-butyloxycarbonyl
BOP Benzotriazol-1-yloxytris(dimethylamino)
phosphonium hexafluorophosphate
cBz Benzyloxycarbonyl
CDI N,N'-Carbonyldiimidazole
CH.CI, Methyiene chloride
CHCI, Chloroform
DCC Dicyclohexylcarbodiimide
DMF Dimethylformamide
EDC 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride
EtOAc Ethyl acetate
FMOC S-Fluorenylmethoxycarbonyl
h hours
Hex Hexane
HOAT 1-Hydroxy-7-azabenzotriazole
HOBT Hydroxybenzotriazole hydrate
HPLC High pressure liquid chromatograchy
MHz Megahertz
MS Mass Spectrum
NMR Nuclear Magnetic Resonance
PTH Parathyroid hormone
TFA Trifluoroacetic acid
THF Tetrahydrofuran
TLC Thin layer chromatography
TRH Thyrotropin releasing hormone
TROC 2,2,2-Trichloroethoxycarbonyl

The compounds utilized 1 a method of the instant invention all have at
least one asymmetric center as noted by the asterisk in the structural formula l,
above. Additional asymmetric cei'ters may be present on the molecule depending
upon the nature of the varioLs substituents on the molecule. Each such
asymmetric center will produce tvo 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 absoiute
configuration also applies to formula I.

o) x4
U N
Ya_ (CHe (CHQ,;\‘/C\C/N\C/R\N/R
\r | §>R3 I \Rs
N = (CHw R o}
R2 N
(1A)

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 values of R®
and R* used in making R- or S-stereochemical assignments.

The compounds of formuia | utilized in methods of the instant invention are
ganerally isviated in the form of their pharmaceutically acceptabie acid addition
salts, such as the salts derived from using inorganic and organic acids. Examples
of such acids are hydrochiloric, nitric, sulfuric, phosphoric, formic, acetic,
trifluoroacetic, prop’:nic, 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 be 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 pharmaceutically 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
pharmaceutically acceptable carrier. Further, the present invention includes within

TR0 19 85
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its scope pharmaceutical compositions comprising, as an active ingredient, at least
one alpha-2 adrenergic agonist i:nd at least one of the compounds of formula | in
association with a phamaceutically acceptable carrier. Optionally, the
pharmaceutical compositions car* further comprise an anabolic agent in addition to
at least one of the compounds ¢~ formula | or another compound which exhibits a
different activity, e.g., an antibiot ¢ growth permittant or with other pharmaceutically
active materials wherein the co'nbination enhances efficacy and minimizes side
effects.

Assay for stimulation of GH relez:se 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 ‘Vistar rats. Following decapitation, the anterior
pituitary lobes are removed into zold, sterile Hank's balanced salt solution without
calcium or magnesium (HBSS). Tissues are finely minced, then subjected to two
cycles of mechanically assiste(l enzymatic dispersion using 10 U/mL bacterial
protease (EC 3.4.24.4, Sigma F-6141, St. Louis, Missouri) in HBSS. The tissue-
enzyme mixturz is stired in @ s¢ nner flask at 30 rpm in a 5% CO, a2imesphzre et
about 37 °C for about 30 min., with manual trituration after about 15 min. and
about 30 min. using a 10-mL pip2t. This mixture is centrifuged at 200 x g for about
5 min. Horse serum (35% fini:l concentration) is added to the supernatant to
neutralize excess protease. The pellet is resuspended in fresh protease (10 U/mL),
stired for about 30 min. mor: under the previous conditions, and manually
triturated, ultimately through a z 3-gauge needle. Again, horse serum (35% final
concentration) is added, then tF e cells from both digests are combined, pelleted
(200 x g for about 15 min.), resi.spended in culture medium (Dulbecco's Modified
Eagle Medium (D-MEM) supplenented with 4.5 g/L glucose, 10% horse serum,
2.5% fetal bovine serum, 1% noi'-essential amino acids, 100 U/mL nystatin and 50

mg/mL gentamycin sulfate, Gibi.o, Grand Island, New York) and counted. Cells

are plated at €5.0-6.5x104 cels per cm’ in 48-well Costar™ (Cambridge,
Massachusetts) dishes and cultt "ed 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 carried 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 supematants are determined by a standard radioimmunoassay 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. Pariow (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 pCi/ug by the chloramine T
method for use as tracer. Immune complexes are obtained by adding goat
antiserumn 1o monkey igG (iICi/Cappsl, Aurora, Or) pius pciyetnyiens giycol, Mvw
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 Hg rat growth hormone
per tube above basal levels.

Assay for Exogenously-Stimulated Growth Hormone Release in the Rat after

Intravenous Administration 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 to 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). vFourteen minutes after anesthetic administration, a biood sample is taken
by nicking the tip of the tail and allowing the blood to drip into a microcentrifuge
tube (baseline blood sample, approximately 100 pi). Fifteen minutes after
anesthetic administration, test compound is delivered by intravenous injection into
the tail vein, with a total injectiorn: volume of 1 mlL/kg 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 m nutes at 10°C). Serum is stored at -80 °C until
serum growth hormone determir ation by radioimmunoassay as described above.

Assessment of Exogenously-Stinulated Growth Hormone Release in the Dog after
Oral Administration ' '

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

Measuremant of Canine Growth Hormone

Canine growth hormone: concentrations are determined by a standard
radioimmunoassay protocol using canine growth hormone (antigen for iodination
and reference preparation AFF'-1983B) and canine growth hormone antiserum
raised in monkey (AFP-21452£78) obtained from Dr. A. Parlow (Harbor-UCLA
Medical Center, Torrence, CA). Tracer is produced by chloramine T-iodination of
canine growth hormone to a spe:cific activity of 20-40 uCi/ug. Immune complexes
are obtained by adding goat antiserum to monkey IgG (ICN/Cappel, Aurora, OH)
plus polyethylene glycol, 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 canine GH/tube.

Assessment of Canine Growth -Jormone and Insulin-Like Growth Factor-1 Levels

in the dog after chronic oral adm nistration

The dogs receive test compound daily for either 7 or 14 days. Each day of
dosing, the test compound is weiighed out for the appropriate dose and dissolved
in water. Doses are delivered al 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 ml) are obtained 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 effect 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, cholestero!l and triglycerides were assessed at the end

of treatment.

Virgin female Sprague-Dawley rats were obtained from Charles River
Laboratories (Wilmington, MA) and underwent bilateral ovariectomy (Ovx) or
sham-surzory (Sham) ot spprodmiely 12 w2z of age. Foo chum surgerieg,
ovaries were exteriorized and replaced into the abdominal cavity. Following
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 Prol.ab 3000, Agway Country Food, Inc., Syracuse, NY). The experiment
was conducted in accordance with NIH 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 ui)
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was collected from the tail vein. Test agent (growth hormone releasing agent or
vehicle) was then administera2d intravenously via the tail vein in 1 mL.
Approximately ten minutes after injection, a second 100 pl blood sample was
collected from the tail. Blood weis allowed to clot at about 4 °C, then centrifuged at
2000xg for about 10 minutes. ‘Serum was stored at about -70 °C. Serum growth
hormone concentrations were determined by radioimmunoassay as previously
described. Following this proce dure, 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 deterr ined by radioimmunoassay using a kit from Binax
Corp. (Portland, Maine). The interassay coefficient of variation is < 10%. Plasma
triglycerides, total cholesterol, 3lucose and lactate levels are measured using
Abbott VP™ and VP Super System® Autoanalyzer (Abbott Laboratories, Irving,
Texas), using the A-Gent™ Trilycerides, 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, parenteral (e.g., intramuscular, intraperitoneal, intravenous or
subcutaneous injection, or imp ant), 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 »ral administration include capsules, tablets, pills,
powders and granules. In such solid dosage forms, the active compound is
admixed with at least one inazrt 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 stezirate. 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 include pharmaceutically
acceptable emuisions, 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 parenteral administration
include sterile aqueous or non-aqueous solutions, suspensions, or emulsions.
Examples of non-aqueous solvents or vehicles are propylene glycol, polyethylene
glycol, vegetable oils, such as olive oil and com oil, gelatin, and injectable organic
esters such as ethyl oleate. Such dosage forms may also contain adjuvants such
as preserving, wetting, emulsifying, 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

.eating the compositions. They can also be manufactured in the form of sterile
Jlid compositions which can be dissolved in sterile water, or some other sterile
injectable medium immediately before us~

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.
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A preferred dosage rang: in animals other than humans is 0.01 to 10.0
mg/kg of body weight daily whict 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 mgrkg of body weight :aily which can be administered as a single dose
or divided into multiple doses.

The preparation of the ccmpounds of formula | utilized in a method of the
present invention can be carried nut 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, Z'® and Z*® are, for example, BOC, CBZ, benzyl,
ethoxycarbonyl groups, CF;C(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-carboxy! piperidines are commercially available,
and many other related pyrrolidines and 4-substituted piperidines are known in the
literature.

Many of the schemes illu:itrated below describe compounds which contain
protecting groups Prt, Z'® or Z°*. Benzyloxycarbenyl 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 sclvent such as methanol.
Preferred catalysts are palladiurt hydroxide on carbon or palladium on carbon.
Hydrogen pressures from 1-100( psi may be employed; pressures from 10 to 70
psi are preferred. Alternatively, Ihe benzyloxycarbonyl group can be removed by
transfer hydrogenation.

Removal of BOC protectiig groups can be carried out using a strong acid
such as trifluoroacetic acid or hy drochloric acid with or without the presence of a
cosolvent such as dichloromeinane, ethyl acetate, ether or methanol at a
temperature of about -30 to 70 °(;, 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 &5 methanol. Hydrogen pressures from 1-1000 psi
may be employed; pressures frcm 10 to 70 psi are preferred. 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 #mino acid derivatives 1 are in many cases
commercially available, where t1e protecting group Prt is, for example, BOC,
FMOC or CBZ groups. Other amino acids can be prepared by literature methods.

As illustrated in Scheme *, coupling of amines of formula 2 with protected
amino acids of formula 1, where “rt 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 salt, it is preferable to add one or
two equivalents of a suitable base such as triethylamine to the reaction mixture.
Altemnatively, the coupling can be effected with a coupling reagent such as BOP in
an inert solvent such as methanol. Such coupling 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 ll, 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
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SCHEME 2: Alternatively, conpounds 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 carvonate followed by an alkyl halide such as
iodomethane in a suitable sohant such as DMF. Deprotection of the amine
transforms 8 into 9. Alternatively, many amino acids of formula 9 are commercially
available. Intermediate 10 is geerated 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

addition, removal of a benzyl gro.ip 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°%.

SCHEME 3
COOR ?OOH
CH, (@) R® CH o) R®
R4 l N JI RL’L_ZZOO 4 l ? _U 5 l 00
C’IO X* (i;o x*

/N\ ,N\ HNX1
WO @R, T ey (cHy, ST
R’ R
= e
N\Rz N‘N\R2

6
13
"
;
o ;
= f K N _
Ry 28 iii-—Z:'O: C+4. © rT
c'o bS | R“-—}—N\——“—RL—N—H
N co X
«HL0)T T(CH,), N
R1 w(H2C) (CHz)n
\ o R
NsN\ 2 \ (0]
o N—NC
15 R

SCHEME 3: The esters of formula 6 can be converted to intermediate acids of
formula 13 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 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 intermediates of formula 14.

RIRE R AN LR B S

ey e



APCO1145
-36-

Transformation of 14 to 15 can be achieved by removal of the protecting group

Ve
SCHEME 4
o) R®
Rs—r\ll
| \2200 . .
HO-N <i:o R >l<
o) Re“i»\N——H
Hooc TR —9a ! OOH R >|<4 o Flia
. \Zzoo =: (o] 1 R3 (IL N ” RS N
17 ooH

SCHEME 4: Esters of formula *7 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 chioride 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

10  DMF in the presence of a base such as diisopropylethylamine produces 11.

SCHEME 5
o o8
0% 0%
(\/i —_— Prv'N 5
Prt'N o =
18 19 20

SCHEME &: As illustrated in Scheme 5, alkylation of the diphenyloxazinone of
formula 18 with cinnamyl bromide in the presence of sodium

15 bis(trimethylsilyl)amide generates 18 which is then converted to the desired (D)-2-
amino-5-phenylpentanoic acid 20 by removing the protecting group (Prt) and
hydrogenation over a PdCl2 cat:ilyst.
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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
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. Altematively, 23 can be treated with a salt of a hydrazine in the
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presence of sodium acetate in -efluxing ethanol to give 25. Deprotectioh of the
amine generates a compound of formula 28. Thioamides of formula 26 can be
formed by treating 25 with Lawi:sson's reagent in refluxing toluene or benzene.
Removal of the protecting group transforms 26 into 27.

SCHEME 7
RZ
|
0] N-——N
COMe o
2
RNHI'H, 1. Base
» ———e R D ————
24 2. RIX
N N/
2100 2100
21 29
i
: B
I~ — -
Z‘IOO
25 28

SCHEME 7: Treatment of a conpound of formula 21 with a hydrazine of formula
24 in a solvent such as refluxin; ethanol, followed by concentration and heating
the residue in toluene at tempe 'atures at or near reflux results in compounds of
formula 29. Alternatively, 21 can be treated with a salt of a hydrazine in the
presence of sodium acetate in refluxing ethanol to give 29. The amide of formula
29 can be treated with a base s.ich as sodium hydride in a solvent such as DMF
followed by an alkyl halide to ¢ive 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
alpha-methylbenzylamine with a suitable aldehyde such as formaldehyde, or
reaction of a vinyl ketoester of formula 31 with a chiral amine such as alpha-
methylbenzylamine with a suitable 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 z 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 practection of the nitrogen affords a compound of
formula 82. Protection of the alcohol affords 83. Saponification of the ester
affords a compound of formula 34. Reaction of 84 with thionyl chloride followed
by treatment with diazomethane: affords the homologated acid of formula 85.

Esterification of 85 affords a cornpound of formula 86, which is O-deprotected to
give 87. Oxidation of 87 afford: a ketone of formula 88. Reaction of 88 with a

hydrazine, followed by nitrogen c2protection affords a compound of formula 44.

SCHEME 10
O o)
1. Base ek COR
(HL) CH, 2. (RO),CO oML (CHI, __’JHzC)\ _(CHy),,
&’Dn é’“ A
. 36 37

SCHEME 10: Treatment of a compound of formula 35 with a bass such as
sodium hydride in a scivent sush as DMF followed by treziment with
diethylcarbonate generates the «thyl ester of compound 38. Deprotection of the
amine transforms 36 into 37.
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SCHEME 11: Treatment of a malonic ester of formula 38 with a base such as
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 methanoc! produces the ester of formuiz 3. Deprotecion ¢f the amine
generates compounds of formula 40.
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SCHEME 12
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SCHEME 12: Treatment of a keione of formula 41 with a secondary amine such
as piperidine in a suitable solver: 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 suitzible solvent such as benzene or THF using a
suitable base such as LDA or haN(SiMe;), affords a ketoester of formula 43.
Reaction with a hydrazine of fo'mula 24 affords the compound of formula 44.
Deprotection of the nitrogen afforids 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 xetoester of formula 37 with an oiefin such as
acrylonitriie generates a ketoest«r of formula 49. Reaction of 49 with a hydrazine

generates a compound of forraula 50. Deprotection of the nitrogen affords
compounds of formula 51.
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SCHEME 15: Treatment of a ke:toester of formula 37 with allyl bromide and a

suitable base such as sodium hytiride 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 1 a suitable solvent such as methylene chioride

followed by treatment with a recucing agent such as dimethylisulfide affords an

aldehyde of formula 54. Oxidation of 54 affords a carboxylic acid of formula 55.

Curtius rearrangement of 55, follc wed by hydrolysis of the intermediate isocyanate
affords a primary amine of formula 56. Treatment of a compound of formula 56

with an isocyanate or carbamate :ffords a urea of formula 57. Deprotection of the
10  nitrogen affords compounds of fo 'mula 58.
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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.

SCHEME 17
/R2 R2
N—N s
| o -
CHO — o
OH
N N
ze Lo
54 63
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)\220 /U / o ﬁ
: i \v,/’\\ﬁ, R ) .. o _ 13
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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 63. Reaction of 63 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
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SCHEME 18: Treatment of a cc mpound of formula 63 with a phosphine such as
triphenyl phosphine and an azo :ompound such as diethylazodicarboxylate and an

oxindole affords a compound of formula 66. Deprotection of the nitrogen affords
the compound of formula 67.
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SCHEME 19
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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
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 formula 69. Reaction of 69 with a hydrazine generates chiral
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compounds of formula 70. Deprotection of the nitrogen affords compounds of

formula 71.
SCHEME 20
t-BuO,C ~
0 v NH
CO-Et ; CO-Et 1. Base
T tBuoe” N X 2. RIX
o 3.H"

N
H

71

SCHEME 20: Treatment of a hetoester of formula 37 with a chiral amino acid
ester such as valine t-butyl ester affords a chiral enamine of formula 72. Alkylation
of 72 with an alky! halide in the ¢resence of a base such as LDA followed by acid-
catalyzed hydrolysis of the enzmine affords chiral ketoesters of formula 69.

Reaction of 69 with a hydrazir2 generates chiral compounds of formula 70.

10  Deprotection of the nitrogen affor'ds compounds of formula 71.
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SCHEME 21
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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

formula 73. Crystallization of the diastereomeric salts affords the acid salt of chiral
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compounds of formula 70. Decomposition of the salt 70 with base liberates chiral
compounds of formula 71.

SCHEME 22
R2 R?
/ Y,
N—N N—N
/ - . T
o :
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74

SCHEME 22: Alkylation of comj:ounds of formula 25 with an allylic acetate in the

presence of a suitable catalyst such as palladium tetrakis(triphenylphosphine)

affords compounds of formua 74. Deprotection of the nitrogen affords

compounds of formula 75, se: Tetrahedron (50) p. 515, 1994 for a detailed
discussion.
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SCHEME 23
R‘l
CO,Et
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3. CH3l, base
o CO.Et (R! = benzyl) o} CO_Me
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|
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SCHEME 23: Treatment of a ketodiester of formula 76 with an alky!l halide in the
presence of a base such as sodium hydride followed by acid-catalyzed hydrolysis
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. Reac:ion of a compound of formula 78 with a hydrazine
generates chiral compounds of formula 79. Deprotection of the nitrogen affords

compounds of formula 80.

SCHEME 24
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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 forrr ula 89 with a hydrazine generates compounds 6f

formula 6. Deprotection of the r trogen affords compounds of formula 7.
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SCHEME 25
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SCHEME 25: Treatment of a hydroxyacetoacetate ester of formula 90 with an
alkyl halide in the presence of a suitable base such as sodium hydride affords
compounds of formula 91. Reaction of 91 with a hydrazine generates compounds
of formula 82. 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

519 67

oL M

;-

O



ARV UT145

-58-

the nitrile 95. Reduction of 95 jives the primary amine 96 which is deprotected
and cyclized in the presence of {ormaldehyde to afford 28.

SCHEME 26
(o] @]
/\J\/COREt _COEt
Boc— N Boc—N
H H
97 98 R
2 2
[ -7 -
- N / N /
N N N—N
OH OH
I / | / / 0
—_— >
+ R1
R1 ' R!
NH hrg N
Boc
99 100 28

5 SCHEME 26: Treatment of a beta-keto-protected aminovalerate such as 97 with
an alkyl halide in the presence «f a suitable base such as sodium hydride affords
compounds of formula 98. Rea:tion of compounds of formula 98 with a hydrazine
generates compounds of formula 99. Deprotection of compounds of formula 99
affords primary amines of formuia 100. ' Cyclization of compounds of formula 100

10 in the presence of formaldehyde affords compounds of formula 28.
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SCHEME 27
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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 @ suitable solvent provides keto-esters of formula
23b. The keto-ester 23b can be treated with a salt of hydrazine in the presence of
sodium acetate in refluxing ethanol to give hydrazines of formula 23c.
Deprotection under suitable con:litions gives amines of formula 4. Coupling of
intermediates of formula 4 to amr no acids of formula 5 can be effected as

described above to give interme iliates of formula 6. Deprotection of amine 6
affords compounds of formula 7

SCHEME 28
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SCHEME 28: Prt represents ar 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 stould not be taken as limiting the scope of this
disclosure. Further, although the: scheme illustrates the synthesis of the compound
of formula m using particular iscmers, other isomers and/or isomeric mixtures are
also within the scope the instant disclosure.

Step A.

To a solution of 4-oxo-pi reridine-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 i1 cosolvent, preferably IPE and water, is added an
inorganic or organic base sucti as TEA, DMAP, an hydroxide or a carbonate,

preferably TEA, foliowed by an amine protecting group, preferably (Boc),O. The

mixture is stirred for about 1-24 hours, preferably overnight, preferably under
nitrogen. The organic phase is separated and worked-up according to standard
procedures known to those stilled 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-tert-butyl ester 3-
ethyl ester in an organic solverit 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 lithiur' carbonate, is added, followed by benzy! 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 solvent 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 compund.

Step C.

To a solution of 3-benzyl-4-oxo-piperidine-1,3-dicarboxylic acid 1-tert-butyl
ester 3-ethyl ester in an organic solvent such as an alcohol, THF or toluene is
added methylhydrazine, followe:i by an acid such as sulfuric acid, HCI, AcOH or
TsOH, preferably acetic acid a: about 0 °C to room temperature. The reaction
mixture is heated slowly to aboul 40-100 °C, preferably about 65 °C and stirred for

about 3-10 hours, preferably about 7.5 hours. After cooling to room temperature,

AP/ 98701267
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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 O °C, an acid such as MeSO;H,
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 chloride, IPE or THF is added, followed by a
base such as a hydroxide, a carbonate, preferably NHOH. The mixture is then
extracted with methylene chloride, IPE or THF and concentrated to yield the
desired compound.

Step E.

To a solution of Ba-benzyl-z-methyl-Z,3a,4,5,6,7—hexahydro-pyrazolo[4,3-
clpyridin-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 ovemight. 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).0 and an organic solvent such as THF, iPE or dioxane are mlxed together
and stired at room temperature ovemnight. 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 HCI. 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-tert-butoxycarbonylamino-2-
methyl-propionic acid 2,5-dioxo-pyrrolidin-1-yl ester in an organic solvent such as
THF. The mixture is stirred preferably ovemnight 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 mixt.re 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 accordin; to standard procedures known to those skilled in
the art and then concentrated to yield the desired compound.

Steps F and 1.

To a soluton 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- senzyloxy-2-(2-tert-butoxycarbonylamino-2-methyl-
propionylamino)-propionic acid «@ind 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-prop:ane phosphonic acid cyclic anhydride (PPAA) in
ethyl acetate. The mixture is stired 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
siowly raised to preferably abott 0 °C. The reaction mixture is poured into watar
and extracted with an organic solvent such as IPE and the organic layer is
separated and worked-up accorling to standard methods known to those skilled in
the art to yield the desired comgound.

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]pyridit'-5-yl)-1-(R)-benzyloxymethyl-2-oxo-
ethylcarbamoyl]-1-methyl-ethyl}- carbamic acid tert-butyl ester in an organic solvent
such as methylene chioride at about -10 to 10 °C, preferably about 0-5 °C. is
added TFA,F 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
to pH 9, preferably pH 8, wiin 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 tr 2 desired compound.

Step K.
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To a solution of 2-amino-N-[2~(3a-(R)-benzyl—2-methyl-3-oxo-2,3,3a,4,6,7-
hexahydro-pyrazolo[4,3-c]pyridin-5-yl)-1-(R)—benzyloxymethyl-2-oxo-ethyl]-2—
methyl-propionamide from step | in an alcohol such as methanol is added L-(+)-
tartaric acid and the mixture is stirred ovemight. The resulting solution is filtered
and concentrated. An organic solvent such as IPE or ethyl acetate is added and
the remaining alcohol is removed azeotropically. The solid that is isolated is
dissolved in ethyl acetate and the solution 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 pM, 60 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 trimethylsilane. Particle beam mass spectra were
obtained on 2 Hewiett-Packard 5989A spectrometer using ammonia zs th= source
of chemical ionizaticn. For initiai carple dissolution, chloreform or methano! was
employed. Liquid secondary ion mass spectra (LSIMS) were obtained on a Kratos
Concept-1S high resolution spectrometer using cesium ion bombardment on a
sample dissolved in a 1:5 mixture of dithioerythritol 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 silica
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-ethyicarbodiimide hydrochloride (EDC) and the mixture is

:gz1?67
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stired 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 mixtL "e is diluted with ethyl acetate or other solvent as
specified, and the resulting mixture washed twice with 1N NaOH, twice with 1N
MCI (if the product is not basc), once with brine, dried over Na2S04, and
concentrated giving the crude product which is purified as specified. The
carboxylic acid component can t:e used as the dicyclohexylamine salt in coupling
to the primary amine or hydrochioride of the latter; in this case no triethylamine is
employed.

Example 1
2-Amino-N-{1(R)-benzyloxymethvi-2-[3a-(R)-(4-fluoro-benzyl)-2-methyi-3-oxo-
2.3.3a,4.6.7-hexahydro-pyrazolo 4,3-c]pyridin-5-yl]-2-oxo-ethyl-isobutyramide
hydrochloride and
2-Amino-N-{1(R)-benzyloxymeth\il-2-[3a-(S)-(4-fluoro-benzyl)-2-methyl-3-oxo-

2.3.3a.4.6,7-hexahydro-pyrazolo 4, 3-clpvridin-5-vii-2-oxo-ethvi-iscbutvramide

hydrochloride
A. 4-Oxo-piperidine-1,3-dicarboxylic acid 1-tert-butyl ester 3-ethyl ester

A mixture of 8.00 g (38.5 mmol; of 4-oxo-piperidine-3-carboxylic acid ethyl ester
hydrochioride, 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 dissoived in ethyl
acetate and washed three times each with 10% aqueous HCI, saturated aqueous

sodium bicarbonate solution, ar d 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

ester 3-ethyl ester

To a solution of 2.00 g (7.4 mmr 2l) 1A in 10 mL of DMF was added 282 mg (7.4
mmol) of sodium hydride (60% il dispersion) and the mixture was stirred at room
temperature for about 15 min. A solution of 1.39 g (7.4 mmol) 4-fluorobenzyl
bromide in 7 mL of DMF was added to the stirring solution and the mixture was

stirred for about 72 h at room (emperature. The mixture was diluted with ethy!
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acetate and washed once with water and four times with brine, dried over MgSQy,

and concentrated to give 2.8 gof 1B. MS (Cl, NH3) 380 (MH™).

C. 3a-(R.S)-(4-Fluoro-benzyl)—2—methvl-3—oxo—2J3,3a,4,6,7-hexahydro—
pyrazolo[4.3-c]pyridine-5-carboxylic acid tert-buty! 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 wiv ethyl
acetate:hexane) to (75:25 v/v ethyl acetate:hexane) to give 1.0 g of 1C as a clear

colorless oil. MS (CI, NH3) 362 (MH™Y).

D. 3a—(R.S)-(4-Fluoro-benzyl)-z—methvl-z,3a,4,5,6‘7-hexahydro-pvrazolo[4.3—
clpyridin-3-one trifluoroacetate

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 cor centrated to give 1.0 g of 1D. MS (Cl, NH3) 263 (MHH).

E. @)-3—Benzvicxv-2-(2-tert-butc~>:vcarbonylam?n0-2-methvl-propionvtarnino)-

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

iodomethane. The mixture was stirred ovemnight 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-butoxycarbony!-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)-Z-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 180 g of (R)-3-benzyloxy-2-(2-tert-butoxycarbonylamino-z-methyl-

A e 0417267



10

20

25

30

BPGO1145

-68-

propionylamino)-propionic acid rnethy! 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 aidded to the solution and the mixture was stirred
overnight at room temperature. The mixture was concentrated and the residue
was diluted with ethyl acetate ard acidified with aqueous HCI and extracted three
times with ethyl acetate. The organic extracts were combined and washed once

with brine, dried over Na2S0O4 and concentrated to give 1.60 g of 1E as an oil

which solidified on standing. Tt NMR (CDCl3 300 MHz) § 7.30 (m, 5H), 7.10 (d,
1H), 5.07 (bs, 1H), 4.68 (m, 1H), 4.53 (q, 2H) 4.09 (m, 1H), 3.68 (m, 1H), 1.3-1.5
(m, 15H).

F. (1{1(R)-Benzyloxymethyl-2-[3a-(R,S)-(4-flucro-benzyl)-2-methyl-3-oxo-
2.3.3a.4.6.7-hexahydro-pyrazol¢{4,3-clpyridin-5-yl}-2-oxo-ethylcarbamoyi}-1-

methyi-ethyl)-carbamic acid tert-butyl ester

According to the method outiined in General Procedure A, 193 mg (0.51 mmol) of
iD and 196 mg (0.51 mmcl) of 1E were coupled to give & mixture of
diastereomers. The residus wiis purified by silica gel chromztography 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 ¢ind 100 mg of more polar 1F isomer 2. MS (Ci,
NH3) 624 (MHY) for both isomer's.

G. 2-Amino-N-{1(R)-benzylcxymethyl-2-[3a-(R)-{4-fluoro-benzyl)-2-methyi-3-
ox0-2.3,3a.4.6.7-hexahydro-pyr.izolof4,3-clpyridin-5-yll-2-oxo-

ethvi}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 mixti. e was stirred at room temperature for about 2 h.
The mixture was concentraled and the residue was precipitated from
ethanol/hexane to give 50 mg »f 1G isomer 1 as a white powder. MS (ClI, NHé)

524 (MH*). THNMR (CD30D): (partial) § 7.32 (m, 5 H), 7.12 (m, 2H),6.91(m, 2
H), 5.15 (m, 1 H), 4.54 (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)-benzyl:xymethyl-2-[3a-(S)-(4-fluoro-benzyl)-2-methyi-3-
ox0-2,3.3a.4,6.7-hexahydro-pyrizolo[4.3-clpyridin-5-yi]-2-0x0-
ethyi}-isobutyramide hydrochior de
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To 100 mg (0.16 mmol) of 1F isomer 2 in 10 mL of ethanol was added 4 mL of
concentrated HCI 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 60 mg of 1H isomer 2 as a white powder. MS (CI, NH3)
524 (MH*). THNMR (CD30D): (partial) 5 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-benzvl)-2-methyl-3—oxo—2.3,3a.416,7-hexahvdro-
pyrazolo[4,3-clpyridin-5-yl]-1(R)-(1 H-indol-3-yimethyl)-2-oxo-ethyll-isobutyramide
hydrochloride
A. (R)-2-Amino-3-[(1H-indol-3-y)-propionic acid methyl 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

ICTI 7 snane, and U8 YL L Ll . CES et e 2 e e G GniebpiliSe

of nitr. . ... 1 7e 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)-Z-tert-butoxycarbonylamino—3—(1 H-indol-3-yl)-
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 1N NaOH and extracted three times with ethyl
acetate. The combined organic extracts were washed with brine and dried over
NapS04 to give (R)—2-amino—3-(1H-indol-3-yl)-propionic acid methyl ester as an

orange oil in quantitative yield.

B (R)~2-(2-tert-Butoxycarbonvlamino~2-methyl-propionylamino)-3-( 1H-indol-3-

yl)-propionic acid methy! ester.

The crude product from 2A 1.55 g (7.1 mmol) was coupled to 1.44 g (7.1 mmol) of
N-t-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-

0" 7017267
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butoxycarbonylamino-2-methyl-p ‘opionylamino)-3-(1H-indol-3-yl)-propionic acid
methyl ester.
C. (R)-2-(2-tert-Butoxycarbor:ylamino-2-methyl-propionylamino)-3-(1H-indol-3-

yl)-propionic acid
To a solution of 1.03 g (2.64 mm i) of 2B in 10 mL of THF was added 381 mg (9.1
mmol) of lithium hydroxide hydrite in 2 mL of water and the mixture was stirred

ovemnight at room temperature. Excess THF was removed by evaporation, and
the basic aqueous mixture was «xtracted three times with ethyl acetate, and then
acidified to pH 4 with dilute acetit or hydrochloric acid. The product was extracted
with ethy! acetate and the comr dsined organic extracts were washed with brine,

dried over MgS0Q4 and evaporaed to give 1.03 g of 2C as an orange foam. MS
(Cl, NH3) 390 (MH*). TH NMR (CDClz 300 MHz) 8 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, 8H), 1.32 (s, 9H).

D. {1-[2-[3a-(R.S)-(4-Fluoro- yenzyl)-2-methyi-3-o0x0-2,3.3a.4.6 . 7-hexahydro-
pyrazolol4, 3-clpyridin-5-yi}-1-(R). [1H-indol-3-vimsthvD-2-cxo-ethvicarbamovil-1-

methvl-ethvi-carbamic acid ter-i utyl ester

According to the method outline:l in General Procedure A, 123 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 uiing an elution gradient of (1:1 v/v ethyl
acetate:hexane) to 100% ethy! iicetate to give 230 mg of 2D. MS (Cl, NH3) 633
(MHY).

E. 2-Amino-N-[2-[3a-(R,S)-(:{-fluoro-benzy-2-methyl-3-0x0-2.3.3a2.4 6.7-

hexahydro-pyrazolo[4. 3-clpyridir -5-yi}-1(R)-{1H-indol-3-yimethyl)-2-oxo-ethyll-
isobutyramide hydrochloride

To 230 mg (0.36 mmol) of 2D in 10 mL of ethanol was added 4 mL of
concentrated HCI and the mixtu e was stirred at room temperature for about 2 h.
The mixture was concentraied and the residue was precipitated from
ethanol/hexane to give 130 m(y of 2E as a white powder. MS (Cl, NH3) 533

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

7.19-6.77 (m, 7 H), 6.54 (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).

ADB/ICS T 01967
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Example 3
2-Amino-N-[2-(3a-( R,S)-@_;yl-z-methvl-&oxo-z,3,3a,4,6,7-hexahvdro—
pyrazolo[4.3-clpyridin-5-y})-1R-(1 H-indol-3-yimethyl)-2-oxo-ethyi]-isobutyramide
A. 4-Oxo-piperidine-1,3-dicarboxylic acid 1-tert-butyl ester 3-methyl ester

To a mixture of 7.00 g (36.2 mmol) of 4-oxo-piper1dine-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 warmed to room temperature and then stirred for about 17 h. The mixture
was concentrated and the residue was diluted with chloroform and washed three
times each with 10% aqueous HCI, saturated aqueous sodium bicarbonate
solution and brine, dried over MgSO4 and concentrated to give 9.18 g of a clear
yellow oil.

B. 3-( R.S)-Benzvl—4-oxo-piperidine-1.3-dicarboxvlic acid 1-tert-butyl ester 3-
methyl es*=-

Toasolutir- «f g~ - "oy oty oA in 10 mL of DMF was added 745 mg (7.4
mmol) of sodium hydride (60% oil dispersion) and the mixture was stirred at room
temperature for about 15 min. A solution of 3.32 g (19.4 mmol) benzyibromide in

15 mL of DMF was added to the stiming 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 MgSQOg4,

and concentrated to give 6.0 g of 3B as a yellow oil. MS (CI, NH3) 348 (MH*).

C. 3a-(R,S)-Benzyl-2-methvl-3-oxo-2,3,3a,4,6,7-hexahydro.pvrazolo[4.3-c]-
pyridine-5-carboxylic acid tert-butyl ester

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 viv ethyl acetate:hexane) to give 2.6 g of 3C as a clear

colorless oil. MS (CI, NH3) 344 (MH™).

pE 08701267
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D. 3a-(R.S)-Benzyi-2-methy -2.3a.4,5.6,7-hexahydro-pyrazolo[4,3-clpyridin-3-

one

To 2.60 g (7.6 mmol) of 3C was added 20 mL of trifluoroacetic acid at about 0 °C
and the mixture was stired for about 2.5 h. Ethyl acetate was added and the
solution was washed with 6N NiiOH, dried over MgSQO4 and concentrated to give

1.8 g of 3D. MS (CI, NH3) 244 (MH).
E. {1-[2-(3a-(R,S)-Benzyl-2- nethyl-3-oxo-2.3,3a 4.6 .7-hexahydro-
pyrazolo[4.3-clpyridin-5-yi)-1R-({* H-indoi-3-yimethyl}-2-oxo-ethylcarbamovl}-1-

methyl-ethyl}-carbamic acid tert- hutyl ester
According to the method outline:d in General Procedure A, 125 mg (4.6 mmol) of

3C and 1.75 g (0.51 mmol) of :2:C were coupled and the residue was purified by
silica gel chromatography using an elution gradient of (6:4 v/v ethyl
acetate:hexane) to 7% methanol in ethyl acetate to give 150 mg of 3E.

F. 2-Amino-N-[2-(3a-(R.S)-tenzyl-2-methyl-3-ox0-2.3.33,4.6.7-hexahvdro-
pyrazole’4 3-cipyridin-5-vi)-1R-(" H-indol-3-yimethy-2-oxo-ethyil-ischutyramids
hvgrochloride

To 150 mg (0.24 mmol) of JE in 15 mL of ethanol was added 5 mbL of
concentrated HCI and the mixture was stirred at room temperature for about 3 h.
The mixture was concentraied and the residue was crystallized from
ethanol/hexane to give 100 rig of 3F. MS (ClI, NH3) 515 (MH™Y). THNMR
(CD30D): 8 7.20 - 6.91 (m, 9 H) 6.56 (M, 1), 5.17 (m, 1 H), 4.05 (m, 1 H), 2.96 (s,
3H),262(m,1H),238(m,1F), 2.06(m,2H) 1.61(m, 8 H).

Example 4

2-Amino-N-[2-(3a-(R)-benzyl-2-r1ethyl-3-0x0-2.3,3a.4.6.7-hexahydro-pyrazolo[4,3-
clpyridin-5-v1)-1-(R)-benzyloxymathyl-2-oxo-ethyll-isobutyramide hydrochloride
and '

2-Amino-N-[2-(3a-(S)-benzyl-2-riethyl-3-0x0-2.3,3a,4.6.7-hexahydro-pyrazolo[4.3-
clpyridin-5-vi)-1-(R)-benzyloxymuathyl-2-oxo-ethyll-isobutyramide hydrochloride

A. {1-[2-(3a-(R,S)-Benzyl-2- methyl-3-0x0-2.3.3a,4 6. 7-hexahydro-

pyrazolo[4 3-c]pyridin-5-yI)-1-(R -benzyloxymethyl-2-oxo-ethylcarbamoyl]- 1-methyi-
ethyl}-carbamic acid teri-buty! ester

AP/PR/ 98701267
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According to the method outlined 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 v/v ethyl 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) 606 (MH™) for
both isomers.

B. 2-Amino-N-l2-(3a-(R)-benzyl-2-methyi—3-oxo-2.3.3a,4.6,7—hexahvdro-
mazolom.3-c]pvridin-5-vl)-1-(R)—benzyloxvmethyl-z-oxo-ethvl]-isobutvramide

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 (Cl,

NH3) 506 (MH*). THNMR (CD30D): § 7.33 (m, 5 H), 7.14 (m, 5 H), 5.22 (m, 1 H),
4.57 (m, 3 H), 3.80 (m, 2 H) 3.14 (m;, 1 H), 3.04 (5, 3H). 2.3 m. % 4} % - (m, 2

Y ) \:"chi, f iy

~

T:AMINO-N-[2-(33-(S)-: . I cathe %023 3a.4.7 . ..xahydro-

pyrazolo{4.3-clpyridin-5-yi)-1-( R)-benzvloxymethvl-z-oxo-ethvﬂ-isobutvramide

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 (C,

NH3) 506 (MH*). THNMR (CD30D): §7.31 (m, 5H), 7.13 (m, S H), 6.78 (m, 1 H),
5.28 (m, 1 H), 4.62 (m, 3 H), 3.81 (M, 2 H), 3.14 (m, 1 H), 2.62 (m, 3 H), 1.58 (m, 7
H).

D. 2-Amino-N-[2-(3a-( R)-benzvl-2-methvl-3-oxo-2,3,3a,4.6,7-hexahvdro-
gxrazoiom,3-c]pvridin-5-vl)-1-(R)-benzvloxvmethv|-2-oxo-ethyl]-isobutvramide
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 MgSO4 and concentrated. The residue was dissolved in ethyl acetate,

47019267
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cooled to about 0 °C and 0.43 m.. (6.6 mmol) of methane-sulfonic acid was added
and the mixture was stirred for zbout 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 crystaliine solid. MS (Cl, NH3) 506 (MH™).
Example §
2-Amino-N-[1-(3a-(R)-benzyl-2-meathyl-3-ox0-2 3,3a,4,6,7-hexahydro-pyrazolo[4,3-

clpyridine-5-carbonyl)-4-phenyi-(I)-butyl}-isobutyramide hydrochloride and
2-Amino-N-[1-(32a-(S)-benzyi-2-msthyl-3-0x0-2,3.3a,4,6,7-hexahydro-pyrazolo{4,3-
clpyridine-5-carbonyl)-4-phenyl-(i?)-butyl}-isobutyramide hydrochloride

A. 2-0Oxo-5,6-diphenyl-3-(3-¢ Kenyl-ally)-morpholine-4-carboxylic _acid t-butyl
ester

To an about -78°C solution of 12.8 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 carboxylate in
253 mbL ¢f anhydrous THF vas added 28 mb (28 mmol) of 14 scdium
bistrimethylsilylamice in TriF. T2 mixture was stirred at about -73°C for about <.5
h and then poured into 750 mL of ethy! acetate. The mixture was washed twice

with brine, dried over MgS04 arid concentrated to give a yeliow oil. The oil was
stirred in 150 mL of hexane overight and the precipitated solid was then collected
by filtration to give 3.2 g of 5A as a white solid.

B. 5(8).6(R)-Diphenyl-3(R)-( 3-phenyl-allyl)-morpholin-2-one

To 2.97 g (6.33 mmol) of 5A was added 20 mL of trifluoroacetic acid at about 0°C

and the mixture was stirred for anout 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 u:xtracted three times with ethyl acetate and the
combined organic extracts were washed with brine, dried over MgSO4 and
concentrated to give an orange «il which was purified by silica gel chromatography
(10:90 v/v ethyl acetate:hexane) to give 880 mg of 5B as a white solid.

C. 2-(R)-Amino-5-phenyl-per tanoic acid

A mixture of 440 mg (1.19 mmol of 5B and 120 mg of palladium chloride in 20 mL
of ethano! and 10 mL of THF was hydrogenated at 45 psi. for about 16 h. The

Ao 08 /7019267
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mixture was filtered through diatomaceous earth and concentrated, and the
residue was triturated with ether to give 240 mg of 5C as a white solid.

D. 2-tert-Butoxycarbonylamino-2-methyl-propionic acid 2.5-dioxo-pyrrolidin-1-
yl ester

To a slurry of 5.0 g (24.6 mmol) of N-t-BOC-a-methylalanine in 13.5 mL of
methylene chioride 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 MgSQ4
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-8utoxvcarbonvlamino-2-methvl-propionylamino)—5—phenvl-

pentanoic acid

A mixture of 203 mg (1.05 mmol) of SN, 278 mA (1 2R rmal ~F B~ and AL e
{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 HCI. The
aqueous 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 to give 127 mg of 5E.

F. ﬂ-ﬁ-(3a-(R,S)-Benzvl-2-methvl-3-oxo—2,3,3a.4,6,7-hexahvdro—

pyrazolo[4,3-clpyridine-5-carbonyl)-4-phenyi-( R)—butvlcarbamoyl]—1-methyl-ethyl}-
carbamic acid tert-butyl ester

According to the method outlined in General Procedure A, 130 mg (0.53 mmol) of
3C and 200 mg (0.53 mmol) of S5E 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 100% ethyl 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)—benzvl-2—methvl-3—oxo-2.3.3a,4,6,7—hexahvdro—

A 2701267
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pyrazolo[4.3-clpyridine-5-carbon1)-4-phenyl-(R)-butyll-isobutyramide

hydrochloride
To 40 mg (0.07 mmol) of SF isomer 1 in 10 mL of ethanol was added 4 mL of

concentrated HCI and the mixtur2 was stirred at room temperature for about 4 h.
The mixture was concentrated :nd the residue was precipitated from methylene
chioride/hexane and dried under vacuum to give 30 mg of 5G isomer 1. MS (CI,

NH3) 504 (MH*). THNMR (CD3()D): (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. 2-Amino-N-[1-(3a-(S)-ber zyl-2-methyl-3-ox0-2,3.3a,4.6,7-hexahydro-
pyrazolo[4, 3-c]pyridine-5-carbon y1)-4-phenyl-(R)-butyl}-isobutyramide

hydrochloride
To 40 mg (0.07 mmol) of 5F isomer 2 in 10 mL of ethanol was added 4 mL of

concentrated HCI and the mixtuie was stirred at room temperature for about 4 h.
The mixture was concentrated :ind the residue was precipitated from methylene
chloride/hexane and dried unde’ vacuum to give 30 mg of 5H isomer 2. MS (C],
NH3) 504 (MH*). THNMR (CD3()D): (partial) 7.25 (m, 9 H), 6.88 (m, 1 H), 3.04 (s,
3H), 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).

AP/P/98/01267
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Example 6
2—Amino-N-f2-(Ba-(R.S)-benzyl-z-methvl—s-oxo-Z,3.3a,4.6,7-hexahydro-
pyrazolo[4,3-clpyridin-5-yl)-1-( R)-benzyloxymethyl-2-oxo-ethyll-isobutyramide
hydrochloride
A. {1-[2-(3a~( R,S)-Benzvl-z-methvl—3-oxo-2.3.3a.4,6,7~hexahydro—
pyrazolo[4,3-clpyridin-5-yl)-1-( R)-benzyloxymethvl-z-oxo-ethvlcarbamoyﬂ-1-methvl-

ethyl}-carbamic acid tert-butyl ester

According to the method outlined in General Procédure 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/v 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-methvl-3-oxo-2,3‘3a,4,6,7-hexahvdro—
erazolor4,3-c]pvridin-5-yl)-1-(R)-benzyloxvmethvl-2-oxo-ethvl1—isobutyramide
hydrochlorids

Te 170 mg (.72 mmol) of 6A in 2C ~' -° ~thanol was added 5 mL of

concentrated HCI and the mixture was stirred at room temperature for abou: 2.5 h.

The mixture was concentrated and the residue was precipitated from
ethanol/hexane to give 70 mg of 6B. MS (Cl, NH3) 506 (MH*). THNMR (CD30D):
$7.32 (m, 5H); 7.16 (m, 5 H), 5.22 (m, 1 H), 467 (m,1H), 4.55 (m 2H),379m,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-r2-(Sa-bm-z-ethvl-&oxo-z.3.3a.4,6.7-he§§nydro-pyrazolor4‘3-
clpyridin-5-yl)-1-(1 H—indoI-3—vlmethvl)-2-oxo-ethyl]—isobutyramide hydrochloride

A. 3a-(R,S)-Benyl-Z-ethvl-&oxo-Z,3,3a,4,6,7—hexahydro-gyrazolo[4,3—

clpyridine-5-carboxylic acid tert-butyl ester

To 555 mg (1.60 mmol) 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 viv hexane:ethyl acetate) to

(3:7 viv hexane:ethyl acetate) to give 357 mg of 7A. MS (CI, NH3) 358 (MH*).
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B. 3a-(R.S)-Benzyl-2-ethyl-2,3a,4.5,6 7-hexahydro-pyrazolo[4, 3-c]pyridin-3-

one
To 350 mg (0.98 mmol) of 74 in 3 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 257 mg of 7B. MS (C!, NH3) 258 (MH™).
C. {1-[2-(32-(R,S)}-Benzyl-2-athyl-3-0x0-2,3,3a,4.6,7-hexahydro-pyrazolo[4.3-
clpyridin-5-yi)-1-(R)-(1H-indol-3-yimethyl)-2-oxo-ethylcarbamoyl]-1-methyl-ethyl}-

carbamic acid tert-butyi ester
According to the method outlined in General Procedure A, 82 mg (0.28 mmol) of

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

L. 2-Amino-N-[2-(Za-(R . 8)-banzvi-2-ethvl-3-0x0-2.3.3a.4 6,7-hexzhvdro-
pyrazolof4,3-clpyridin-5-y}-1-(R)-(1H-indol-3-yimethyl)-2-oxo-ethyll-isobutyramide
hydrochloride ‘

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 my of 7D as a colorless foam. MS (Cl, NH3) 529

(MH™).
Example 8
2-Amino-N-[2-(3a-(R)-benzyl-2-e hyl-3-ox0-2.3.33,4,6,7-hexahvdro-pyrazolol4.3-

clpyridin-5-yl)-1-(R)-benzyloxyme:thyl-2-oxo-ethvll-isobutyramide hydrochloride
and

2-Amino-N-[2-(3a-(S)-benzyl-2-ethyl-3-0x0-2.3,3a.4.6.7-hexahydro-pyrazolo[4 . 3-
clpyridin-5-yi)-1-(R)-benzyloxyms;thyl-2-oxo-ethylj-isobutyramide hydrochloride
A. {1-[2-(3a-Benzyl-2-ethyl-3-ox0-2,.3,.3a.4,6,7-hexahydro-pyrazolo[4, 3-
clpyridin-5-yh)-1-(R)-benzyloxym¢:thyl-2-oxo-ethylcarbamoyil-1-methyl-ethyl}-
carbamic acid tert-butyl ester

According to the method outline 3 in General Procedure A, 85 mg (0.29 mmol) of
7B and 100 mg (0.26 mmo) 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 chioride to 2% methanol in methylene chioride
to give 6 mg of less polar 8A isomer 1 and 11 mg of more polar 8A isomer 2. MS
(Cl, NH3) 620 (MH™) for both isomers.

B. 2-Amino—N-12-(3a-(R)-benzyl-z-ethvl-3-oxo-2‘3,3a‘4,6,7-hexahvdro-
pyrazolo[4,3-clpyridin-5-yl)-1-( R)-benzyloxymethyl-2-oxo-ethyll-isobutyramide
hydrochloride

To 5.7 mg (0.008 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 (Cl, NH3) 520

(MH*). THNMR (CD30D): (partial) § 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, 1H),2.61(m,3H), 1.39 (m, 9 H).

C. 2-Amino-N-[2-(3a-(S)-benzvl—2—ethyl—3-oxo-2,3.3a,4,6,7-hexahydro-
gyrazolo[4,3—clpvridin-5-vl)-1-(R)-benzvloxvmethyl-2—oxo-ethvl]-isobutyramide

hvglr~~='~ride

Te 10 mg (0.016 mmol) <f 8A isomer 2 in 1 mL of ethanol was added U.4 mL o
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

(MH*). THNMR (CD30DY: (partial) 5 7.43 - 7.00 (m, 10 H), 6.81 (m, 1 H), 5.32 (m,
1H), 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-[Z-(Z-benzvl-B—oxo-z.3,§gL4,6,7-hexahvdro-ovrazolor4.3-c]pvridin-5-vl)-
1-(R)-benzyloxymethyl-2-oxo-ethyll-isobutyramide hydrochloride
A. 2-Benzvl-3—hvdroxv-2,4,6.7-teLr§nydro-pvrazolo[4,3-c]pvridine-5-carboxvlic
acid tert-butyl ester
A mixture of 800 mg (3.11 mmol) of 3B and 495 mg (3.11 mmol) of
benzylhydrazine dihydrochloride and 423 mg (3.11 mmol) of sodium acetate
trihydrate in 15 mL of ethanol was heated at reflux for about 17 h. The mixture
was concentrated and the residue was dissolved 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 5% methanol in

"r01267
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methylene chioride to give 530 ing of 9A as a light brown solid. MS (Cl, NH3) 330

(MHY).
B. 2-Benzyi-4.5.6.7-tetrahyciro-2H-pyrazolo[4,3-clpyridin-3-ol
To 411 mg (1.24 mmol) of IE in 30 mL of ethanol was added 10 mL of

concentrated HCI and the mixti.re was stirred at room temperature for about 30
min. The mixture was concuntrated and the residue was crystallized from
methanol/ethyl acetate to give 353 mg of 9B. MS (Cl, NH3) 230 (MH*).

C. {1-[2-(2-Benzyl-3-hydrox-2,4.6.7-tetrahydro-pyrazolo[4,3-clpyridin-5-vi)- 1-
R-benzyloxymethyl-2-oxo-ethylcarbamoyll-1-methyl-ethyl}-carbamic acid tert-butyl

ester

According to the method outline 3 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 (85:5 v/v methanol:methylene chloride) to give 42 mg of
9C as a white solid. MS (CI, NF3) 582 (MH™).

D. 2-Amino-N-[2-(2-benzyl-1-0x0-2,3.32.4.6. 7-hexahydro-pyrazolol4.3-
clovridin-5-yD-1-(R)-benzyloxym ithyl-2-oxo-ethyll-isobutyramide hydrochloride

To 42 mg (0.07 mmol) of 8D in .0 mL of ethanol was added 6 mL of concentrated

HCI and the mixture was stim:d at room temperature for about 30 min. The
mixture was diluted with ethanul concentrated and the residue was precipitated

from methanol/ethyl acetate to yive 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).

Example 10
2-Amino-N-{2-[3a-(R)-benzyl-3-¢x0-2-(2,2 2-trifluoro-ethyl)-2.3,3a.4.6.7-hexahydro-
pyrazolo[4,3-clpyridin-5-vi]-1-(R’ -benzyloxymethyl-2-oxo-ethyl}-isobutyramide
hydrochioride and
2-Amino-N-{2-[3a-(S)-benzyl-3-¢x0-2-(2.2 2-trifluoro-ethyl)-2.3,3a,4,6,7-hexahydro-
pyrazolof4,3-clpyridin-5-yll-1-(R -benzyloxymethyl-2-oxo-ethyl}-isobutyramide
hydrochloride

A. 3a-(R.S)-Benzyl-3-ox0-2-(2,2 2-trifluoro-ethyl)-2,3.3a 4.6.7-hexahydro-
pyrazolo[4,3-clpyridine-5-carboxylic acid tert-butyl ester

ARP/I98/701267
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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 concentrated. 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/iv hexane:ethyl acetate) to

give 703 mg of 10A as a yellow oil. MS (Cl, NH3) 412 (MHH).

B. 3a—(R,S)-Benzvl—2-(2,2,2—triﬂuoro-ethyl)-z,3a,4,5,6,7—hexahvdro-
pyrazolo[4, 3-clpyridin-3-one

To 600 mg (1.46 mmol) of 10A at about 0 OC was added 3 mL of cold
trifluoroacetic acid and the mixture was stirred for about 3 h, allowing the solution
to reach room temperature as it did so. 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 (CI, NHz3) 312 (MH*).
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hexahydro-pyrazoloM.3-clpvridin-5-vl]-1-(R)—benzvloxymethvl-z-oxo-
ethylcarbamoyi}-1-methyl-ethyl)-carbamic acid tert-butyl 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 residue was purified by silica gel chromatography using an
elution gradient 100% rhethylene chloride to 5% methanol in methylene chloride 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)-benzvl-S-oxo-Z-(Z.2.2-tn’ﬂuoro-ethvl)-2.3,3a.4,6.7-
hexahydro-pvrazoloM.3-c]pvridin-5-yl]-1-(R)-bgn;yloxymethvl-2-oxo-ethvf}-
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 (CI, NH3) 574 (MH*). THNMR (CD30D): (partial) § 7.31 (m, 5 H),

"y N1067
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7.8 (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), 2.65 (m, 2 H), 1.63 (m, 6 H).

E. 2-Amino-N-{2-[3a-(S)-ben::yl-3-ox0-2-(2,2 2-trifluoro-ethyl}-2.3.3a.4.6.7-
hexahydro-pyrazolo[4,3-clpyridin- 5-yll-1-(R)-benzyioxymethyl-2-oxo-ethyl}-

isobutyramide hydrochloride
To 53 mg (0.079 mmol) of 10C isomer 2 in 3.5 mL of ethanol was added 1.5 mL

of concentrated HCI and the mixiure was stired 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 (ClI, NH3) 574 (MH*). THNMR (CD30D): (partial) 6 7.33 (m, 5 H), 7.15
(m, 4 H), 6.81 (m, 1 H), 5.30 (m, 1 H), 467 (m, 4 H), 415 (m, 2 H), 3.77 (m, 2 H),
3.09 (m, 3 H), 2.64 (m, 3 H), 1.58 (m, 6 H).

Exampie 11
2-Amino-N-[2-(3a-(R)-benzy!-2-tet-butyl-3-ox0-2,3,32.4.6,7-hexahydro-
pvrazolof4.3-clpyridin-5-v)-1-(R)-henzyloxymethyl-2-oxo-ethvll-isobutyramide
methanesulfonate and

2-Aminc-N-[2-(32-[S)-benzvi-2-te t-butyl-3-0x0-2.3.3a.4 8. 7-hexahvdro-

pyrazolof4 . 2-clovridin-5-yD-1-(R)-henzyloxymethvl-Z-oxo-ethyll-isobutyramide

methanesulfonaie

A. 3a-(R.S)-Benzyl-2-tert-buiyl-3-0x0-2,3.3a.4.6,7-hexahydro-pyrazolo[4,3-
clpyridine-5-carboxylic acid tert-tityl ester

To 2.07 g (5.95 mmol) 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 reflux for about 6 h. The mixture was

concentrated and the residue was purified by silica gel chromatography (9:1 viv
hexane:ethyl acetate) to give 1.7 g of 11A. MS (Cl, NH3) 386 (MH).

B. 3a-(R,S)-Benzyl-2-tert-bulyl-2.3a,4 5.6, 7-hexahydro-pyrazolo[4,3-clpyridin-
3-one

To 535 mg (1.39 mmol) of 11A i1 20 mL of methylene chioride was added 225 puL
of methanesulfonic acid and the mixture was stirred for about 1.5 h at room

temperature. The mixture was diluted with ethyl acetate and washed twice with 1N

AD/D/OB /01967
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NaOH and once with brine, dried over Na»S0O4 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-hexahydro-
pyrazolo[4,3-c]pyridin-5-yl)-1-(R)-benzyloxymethyl-2-oxo-ethyicarbamovil-1-methyl-

ethyl}-carbamic acid tert-butyl 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)-benzyl-2-tert-butyl-3-ox0-2.3,3a.4,6,7-hexahydro-

gﬂazolo[4.3—clpvﬁdin-5-yl)-1-(R)—benzyloxvmethvl-z-oxo-ethvﬂ-isobutvramide
methanesulfonate

To 210 mg (0.32 mmol) of 11C isomer 1 in 15 mL of methylene chloride at about 0

OC was added 28 puL (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 (CI, 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),
261 (s, 3 H), 1.62 (m, 6 H), 1.18 (s, 9 H).

E. 2-Amino—N-[2-(3a-(S)-benzvl-z-tert-bt":\.f!-3-oxo-2.3,3a,4,6,7-hexgm@ro-

pyrazolo[4,3-clpyridin-5-y})-1-(R)-benzyloxymethyl-2-oxo-ethyll-isobutyramide
methanesulfonate

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

OC was added 21 puL (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) & 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), 2.68 (s, 3 H), 1.57 (m, 6 H), 1.13 (s, 9 H).

1ot 701267
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Example 12
2-Amino-N-[1-(R)-(1H-indol-3-yl nethyl)-2-(2-methyl-3-0x0-3a-(R.S)-pyridin-2-
yimethyl-2 3.3a.4.6,7-hexahydr.-pyrazolo[4,3-clpyridin-5-yl)-2-oxo-ethyll-

isobutyramide dihydrochloride

A. 4-0Ox0-3-(R,S)-pyridin-2-vimethyl-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 (60% oil dispersion) at about 0 °C and the mixture was
stirred for about 30 min. A solulion of 762 mg (6.0 mmol) 2-picolyl chloride in 5 mL
of THF was added to the stiiving solution over about 5 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 residu: was purified by silica gel chrematography using
(6:4 v/v 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-Methvl-3-0x0-32-(R.S) pyridin-2-yvimethvl-2. 3.3z 4.€ . 7-hexahvdro-

pyrazolo[4,3-clpyridine-5-carbo::ylic acid tert-butyl ester
A mixture of 120 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 gef chromatography (65:35 v/v ethyl acetate:hexane) to give
450 mg of 12B. MS (Cl, NH3) %45 (MH").

C. 2-Methyl-3a-(R,S)-pyridii -2-yimethyl-2 3a.4.5.6.7-hexahydro-pyrazolo[4. 3-
clpyridin-3-one dihydrochloride

A mixture of 450 mg (1.30 mmc ) of 12B in 2 mL of 4M HCl/dioxane was stirred at

room temperature for about 4. h. The mixture was concentrated to give 450 mg

of 12C. MS (CI, NH3) 245 (MH™).

ADID/I Q8701267
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D. {1-[1-( 1-(R)-H-IndoI-3—ylmethvl)-2-(2-methyl-3-oxo—3a-(R,S)-Dvridin—Z-
xlmethvl-z‘s,3314,6,7-hexahydro-pyrazolo[4.3-c]pvn‘din-5-vl)-2-oxo-

ethyicarbamoyf}-1-methyl-ethyl}-carbamic acid tert-butyl 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 acetate:methanol) to give 118 mg of 12D. MS (Cl,
NH3) 616 (MH*).

E. 2-Amino-N-[1-(R)-(1H-indol-3-yimethy!)-2-(2-methyl-3-oxo-3a-(R.S)-pyridin-
2-vlmethvl-2,3.3a,4,6,7-hexahvdro—pvrazolo[4,3-c]pvn'din-5—vl)—2-oxo-ethvﬂ-

isobutyramide dihydrochioride

A mixture of 110 mg (0.18 mmol) of 12D in 1 mL of 4M HCl/dioxane was stirred at
room temperature for 17 h. The mixture was concentrated to give 51 mg of 12E.

MS (CI, NH3) 516 (MH*). THNMR (CD30Dy): (partial) & 8.91 - 8.52 (m, 2 H), 8.04
(m 2= 772750 (., R H), 6.82 (m, 1 H), 4.62 (m, 1H),3.36(s, L ), 1.63 (s, ¢
H).

Exampie 13
2-Aming-N-r1.r F%‘-~?=c.n,:x'z::xvmethv!-2—(2-methyl—3-oxo—3a-( R.S)-pyridin-2-yimethyi-

g@,3a,4,6.7-hexahydro-pvrazoloM,3—clpvridin-5—vl)-2—oxo-ethyﬂ-isobutvramide

dihydrochloride
A. {1-[1-( R)—Benzyloxymethyl—Z-(2-methvl-3-oxo-3a-(R.S)—Dvridin-z-vlmethv!-
213,3a.4.8,7-hexahydro—pyrazolor4,3—cIDVn'din-5-yl)-2-oxo-ethv!carbamoyn-‘l-

methyl-ethyl}-carbamic acid tert-butyl 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~r1-(R)-benzvloxvmethvl-2-(2-methvl—3-oxo—3a—(R.S)-pvridin-z-
mnethyl-z,&3a.4,6,7—hexahvdro-pvrazolo[4,3-c]pyridin-5-vl)-2-oxo-ethvﬂ-

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 (Cl, NH3) 507 (MH*). THNMR (CD30D): (partial) 5 8.78 (m, 1 H), 8.46

1T 0196y
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(m, 1H), 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-n1ethyl-3-0x0-2 3,3a,4.6.7-hexahydro-pyrazolo[4,3-
clpyridin-5-yI}-1-(R)-(benzyloxymethyl)-2-oxo-ethyl}-isobutyramide
A. 4-Oxo-piperidine-1,3-dic:rboxylic acid 1-tert-butyl 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) «f 4,4-dimethylaminopyridine in 1 L of methylene
chloride at about 0 °C was adiled a solution of 113.0 g (516.4 mmol) of di-tert-
butyldicarbonate in 100 mL of methylene chloride over about 90 min. The mixture
was slowly warmed to room temperature and then stirred for about 19 h. The
mixture was washed three time:: each with 10% aqueous HCI, saturated aqueous

sodium bicarbonate solution and brine, dried over MgSO4 and concentrated to
give 130.5 g of 14A as an amorphous solid. THNMR (CDCI3): § 4.03 (br, 2H); 3.74
(s, 3H), 3.56 (t, 2H), 2.36 (t, 2H), 1.42 (s, SH).

B. 3-(R)-Benzyl-4-oxo-piperidirie-1.3-dicarboxylic acid 1-tert-butyl ester 3-methvyl
ester

To a stirred suspension of 11.7 g (293 mmol) of sodium hydride (60% oil
dispersion washed twice with 110 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 mixture was stimed at room

temperature for about 45 min. The mixture was recooled to about 0 °C and 35.2
mbL (296 mmol) of benzylbromicie 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 aclded 550 mL of water and the mixture was stirred
for about 30 min. The mixture was extracted three times with ethyl acetate and
the combined organic extracts vrere washed five times with water, once with brine,
dried over MgSO4 and concer trated to give 98 g of a yellow oil. The oil was

crystallized from hexane to give: 71 g of 14B as a white solid. MS (Cl, NH3) 348
(MH*). THNMR (CDCl3): (partial) & 7.23 (m, 3 H), 7.13 (m, 2 H), 4.58 (br m, 1 H),
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4.18 (br, 1 H), 3.63 (s, 3 H), 3.28-2.96 (m, 4 H), 2.72 (m, 1 H), 2.43 (m, 1 H), 1.44
(s, S H).

C. 3a-(R)-Benzyl-2-methyl-3-oxo0-2,3.3a.4,6, 7-hexahydro-pyrazolo[4. 3-
clpyridine-5-carboxylic acid tert-butyl ester

A mixture of 47.0 g (135 mmol) of 14B, 38.9 g (270 mmol) of methylhydrazine
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 oil. 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 (CI, NH3) 344 (MH*). THNMR (CDCI3): (partial)s 7.19 (m, 3 H), 7.05 (m,

2 H), 461 (brm, 2 H), 3.24 (m, 1 H), 3.09 (s,3H),3.01 (m, 1H),262 (m, 4 H),
1.52 (s, 9 H).
D. 33—(R.S)-Benzv!—2~methv!-2.Ba.4.5.6.7-hexahvdro—pyrazo!o.’4.3-:’,pyr§d§n~ -

one hydrochloride

Anhydrous HCI was bubbled through a solution of 24.55 g (71.5 mmol) of 14C in

800 mL of diethvl 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 filtration and to give 19.2 g of 14D. MS (Cl, 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, 3H),2.81(m, 1H).
E. 2-tert-Butoxycarbonylamino-2-methyl-propionic  acid 2,5-dioxo-pyrrolidin-1-y!

ester

To a stirring solution of 100.0 g (492 mmol) of Boc-a-methylalanine and 94.0 g
(492 mmol) of EDC in 2 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 to room temperature. The mixture was stirred for about 24 h and washed
twice each with saturated aqueous sodium bicarbonate solution and brine, dried
over Na2S04 and concentrated to give 124.0 g of 14E as a white solid. THNMR
(CDCI3): & 4.96 (br, 1H), 2.82 (s, 4H), 1.66 (s, 6H), 1.48 (s, 9H).
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F. 3-(R)-Benzyloxy-2-(2-ter -butoxycarbonylamino-2-methyl-propionylaminoc)-
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 trizthylamine 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 NasSO4 and

concentrated to give 850 g of ‘|4F as a white solid. THNMR (CD30D): (partial) &
7.55 (d, 1H), 7.29 (m, S5 H), 4.52 (m, 1 H), 448 (s, 2 H), 3.84 (d of d, 1 H), 3.69 (d
of d, 1 H), 1.42 (s, 6 H), 1.38 (s, 9 H).

G. 3a-(R)-Benzyl-2-methyl-2,3:.4,5.6.7-hexahydro-pyrazolo[4,3-clpyridin-3-one L-
tartrate |

To a mixture of 5.00 g (20.6 mm.ol) of the free base of 14D and 3.09 g (20.6 mmol)
of L-tartaric acid in 8C mL of acetone and 3.2 mL of water was haated under
nitrogen at about 70 °C for atout 70 h, during which time the reaction mixture
became a thick suspension ancl an additional 20 mL of acetone was added. The
reaction mixture was cooled slawly to room temperature and then filtered. The
solid that was collected was wa:hed with acetone and dried under vacuum to give
7.03 g of 14G as a white solid.

H. 3a-(R)-Benzyl-2-methvyl-2! 3a.4,5 6.7-hexahydro-pyrazolo[4.3-cloyridin-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 niL (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. {1-[2-(3a-(R)-Benzyl-2-mathyl-3-oxo-2.3.3a.4.6.7-hexahydro-pyrazolo[4. 3-
clpyridin-5-yl)-1-(R)-(benzyloxyn)ethvl)-2-oxo-ethyicarbamoyl]- 1-methyl-ethyl-
carbamic acid tert-butyl 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 stired at about 0 °C under nitrogen
for about 1 h and then warmed to room temperature and stirred for about 16 h.

The mixture was filtered and lhe 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 14l as a white solid.

J. 2-Amino-N-[2-(3a-(R)-benzyl-2-methyl-3-0x0-2,3.3a.4,6.7-hexahydro-
pyrazolo[4,3-clpyridin-5-y})-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 chloroform 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-ox0-2,3,3a.4,6.7-hexahydro-

pyrazolo{4 3-clpyridin-5-yI)-2-oxo-ethyij-isobutyramide hydrochioride

A. 2-Methyl-3-cx~ 2 2 22 £ & 7. oy mbuden mumnaniath 2osie. —-~5-carbor.t
acid tert-butyl aster

A mixture of 3.00 g (11.63 mmol) of 3A and 537 mg (11.66 mmol) of

mathylhydrezine in 100 mL of sthanc! was heated at refis: 1ar about 47 . 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 chloride to give 2.28 g of 15A as a white
solid. THNMR (CD30D): § 4.20 (s, 2H), 3.67 (t, 2H), 3.43 (s, 3H), 2.58 (t, 2H), 1.48
(s, 9H). )

B. 2-Methyl-2.3a.4.5 6.7-hexahydro-pyrazolo[4,3-clpyridin-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 stirred 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 (CD30Dy):
6 4.27 (S, 2H), 3.71 (S, 3H), 3.56 (T, 2H), 3.05 (T, 2H).
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C. {1-[1-(R)-Benzyloxymethyl-2-(2-methyl-3-ox0-2.3,3a.4.6.7-hexahydro-
pyrazolo[4,3-clpyridin-5-yl)-2-0x »-ethylcarbamoyl]- 1-methyi-ethyl-carbamic  acid
tert-butyl ester

According to the method outline.d in General Procedure A, 100 mg (0.53 mmol) of

15B and 202 mg (0.53 mmol) ol 1E were coupled and the residue was purified by
silica gel chromatography (95:5 v/iv methyiene chioride:methanol) to give 54 mg of
15C as a white solid. MS (CI, NH3) 516 (MH™).

D. 2-Amino-N-[1-R-benzylo:iymethyl-2-(2-methyl-3-0x0-2.3.32,4.6.7-

hexahydro-pyrazolo[4.3-clpyridii-5-yl)-2-oxo-ethyll-isobutyramide hydrochloride
To 54 mg (0.10 mmol) of 1&C in 30 mL of ethanol was added 10 mL of

concentrated HCI and the mixture was stired at room temperature for about 40

min.. The mixture was concentrated and the residue was precipitated from
methanol/ethyl acetate to give 0 mg of 15D. MS (Cl, NH3) 416 (MH*). THNMR
(CD30D): (partial) 5 7.28 (m, 5 H), 5.18 (m 1 H), 4.63-4.38 (m, 4 H), 3.83 (m, 1 ),
3.73 (m, 2 H), 368 (s, 2 H), 36° (m, 1H), 267 (m, 1 H), ..57 (s, 6 H).

Example 16
2-Amino—N-fz-(z-benzv!«&cxo-z‘:3,33‘4.6.7-hexahydro-pvrazo¥c[4,3-c!s\fridin-5-y.!)-
1(R)-(1H-indol-3-yimethyl)-2-oxgc-ethyll-isobutyramide hydrochioride

A. 2-Benzyl-3-ox0-2,3,3a 4.5, 7-hexahydro-pyrazolo[4, 3-c]pyridine-5-carboxylic
acid tert-butyl ester

A mixture of 800 mg (3.11 mimol) of 3A and 495 mg (3.11 mmol) of benzyl-
hydrazine dihydrochloride in 15 'nL of ethanol was heated at reflux for about 17 h.
The mixture was concentrated and the residue was dissolved in 100 mL toluene
and heated at refiux for about <8 h. The mixture was diluted with ethyl acetate,
and washed twice with brine, dried over Na2SO4 and concentrated. The residue
was purified by silica gel chromitography 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 (CI, NH3) 330 (MH™).

B. 2-Benzyl-2.3a.4,5 6 7-he::ahydro-pyrazolo[4.3-clpyridin-3-one
hydrochloride

To 411 mg (1.24 mmol) of 16A in 30 mL of ethanol was added 10 mL of
concentrated HCl and the mixtL "e was stirred at room temperature for about 30

Aan/mp/ 08 /01267
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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 yellow solid. MS (Cl, NH3) 230
(MH*). THNMR (CD30D): & 7.26-7.40 (m, 5H), 5.22 (s, 2H), 4.12 (s, 2H), 3.53 (¢,

2H), 3.00 (t, 2H).
C. (B)-Z-(Z-tert—Butoxvcarbonvlamino—2-methvl-propionvlamino)-3-( 1H-indol-3-

[)-propionic acid

To a stirring solution of 30.6 g (0.15 mol) of D-tryptophan, 30.4 g (0.30 mol) of N-
methyimorpholine in 450 mL of (4:1) dioxane:water, was added 45.0 g (0.15 mol)
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.

n, {5-[2-(Z-Benzyl-3-0x0-2,3,52.4.6,7-i :xahydrc ~Ezniopd T-clpyridin-5-yi)-1-

(R)-(1H-indol-2-vimethyl)-2-oxo-ethylcarbamovil-1-m .yl-ethyl}-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/v methylene chloride:methanol) to give 45 mg of

16D as a white solid. MS (Cl, NH3) 601 (MH"’).
E. 2-Amino—N-\'2-(2-benzvl-3—oxo-2.3,3a,4,6,7-hexahydro—gxrazolo[4,3—

clpyridin-5-yi)-1-(R)-(1 H-indol-3-yimethyl)-2-oxo-ethylil-isobutyramide hydrochloride

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 min. The
mixture was concentrated and the residue was precipitated from methanol/ethyl

acetate to give 30 mg of 16E. THNMR (CD30D): (partial) & 7.40 (m, 4 H), 7.25 (m,
3 H), 7.11 (m, 2 H), 6.96 (m, 2 H), 6.81 (m, 1 H), 5.38 - 4.93 (m, 3 H), 4.46 (m, 1

H), 4.22 (m, 1H), 3.96 (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-benzyloxymethyl-2 (2, 3a-dimethyl-3-ox0-2.3,3a.4.6.7-hexahydro-

pyrazolo[4,3-clpyridin-5-yl)-2-0x0-ethyll-isobutyramide hydrochloride
A. 3-Methyl-4-oxo-piperidine-1.3-dicarboxylic acid 1-tert-butyl ester 3-(R.S)-methyl

ester

To a solution of 2.00 g (7.77 mmonl) 3A in 30 mL of DMF was added 308 mg (7.77
mmol) of sodium hydride (60% cil dispersion) and the mixture was stirred at room
temperature for about 25 min. ‘o 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 -liluted with ethyl acetate and washed once with
water and four times with brina, dried over MgSO4, and concentrated. The
residue was purified by silica gel chromatography (7:3 viv hexane:ethyl acetate) to

give 1.75 g of 17A as a clear oil. MS (CI, NH3) 272 (MH*).

B. 2.32-(R.8)-Dimsthyl-3-ox¢1-2,3,3a 4.6 7-hexahydro-pyrazolol4.3-clpyridine-
S-carboxylic acid tert-butv! ester

A mixture of 162 g (8.50 rimcl) ¢f 17A and 435 mg (3.50 mmol) of
methylhydrazine in 30 mL of ethanol was heated at reflux for about 4 h. The
mixture was concentrated and tie 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 Na2S0O4 and concentrated. The residue was
purified by silica gel chromatogre ohy (7:3 v/v hexane:ethyl acetate) to give 1.00 g
of 17B as a white solid. MS (Cl, [NH3) 268 (MH).

C. 2.32-(R,S)-Dimethyl-2 3a,4.5.6.7-hexahydro-pyrazolo[4,3-clpyridin-3-one
hvdrochloride
To 1.00 g (3.74 mmol) of 1713 in 40 mL of ethanol was added 8 mL of

concentrated HCI and the mixturs was stirred at room temperature for about 35
min. The mixture was conceitrated and the residue was crystallized from
methanol/ethyl acetate to give 820 mg of 17C as a white solid. MS (Cl, NH3) 168

(MH™).

AP/ 98701267
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D. {1-[1-(R)-Benzyloxymethyl-2-(2 3a-(R,S)-dimethyl-3-0x0-2.3.33.4.6 7-
hexahydro-pyrazolof4. 3-clpyridin-5-yl)-2-oxo-ethylcarbamoyl}- 1-methyl-ethyl-

carbamic acid tert-buty! 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)-benzyloxymethyl-2-(2 3a-(R,S)-dimethyl-3-oxo-

2.3.3a,4 6.7-hexahydro-pyrazolo[4,3-clpyridin-5-yl)-2-oxo-ethyll-isobutyramide

hydrochloride
To 173 mg (0.33 mmol) of 17B in 40 mL of ethanol was added 15 mL of

concentrated HCI 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
\azoug4 and the residue was purified by siliza gel chromatography using =n
whiicn gradient of 100% ethyl acetate to “0% diethylamine in ethyl acotate. Tha
residue was dissolved in ethz~c! and acidi:.« ¢ with aqueous HCI. The mixture was
concentrated and the residus «as crystallized from methanol/e:hyl acetate tc give
85 mg of 17E as a white solid. MS (CI, 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)-benzyl-3-ox0-2,3,3a.4.6,7-hexahydro-pyrazolo[4.3-

clpyridin-5-y1)-1-(R)-benzyloxymethyl-2-oxo-ethyll-isobutyramide hydrochloride
and

2-Amino-N-[2-(3a-(S)-benzvl-3—oxo-2.3,3a,4.6,7—hexahydro-pvrazolor4.3-

clpyridin-5-yl)-1-(R)-benzyloxymethyl-2-oxo-ethyl}-isobutyramide hydrochloride

A. 3-Benzyl-4-oxo-piperidine-3-carboxylic acid methyl ester

To 200 mg (0.58 mmol) of 3B at about 0 °C was added 5 mL of cold triflucroacetic
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 NaCH to make it basic and the mixture was extracted with chloroform.

AR/ 02791267
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The combined organic extracts 'were dried over MgSQ4 and concentrated to give
18A in quantitative yield.

B. 3-(R.S)-Benzyl-1-[3-benz loxy-2-(R)-(2-tert-butoxycarbonylamino-2-methyl-
propionylamino)-propionyl]-4-oxc -piperidine-3-carboxylic acid methyl ester
According to the method outline: 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 wais purified by silica gel chromatography (7:3 viv
hexane:ethyl acetate) to give 82() mg of less polar 18B isomer 1 and 1.14 g more
polar 18B isomer 2. MS (Cl, NH3) 611 (MHY) for both isomers.

C. {1-12-(3a-(R.S)-Benzyl-3-0:x0-2,3.3a.4 .6, 7-hexahydro-pyrazoio{4. 3-clpyridin-
>-yi)-1-(R)-benzyloxymethyl-2-ox:-ethyicarbamoyl]- 1-methyl-ethyl-carbamic  acid
tert-butyl ester

To a solution of 820 mg (1.32 rimol) of 188 isomer 1 in 13 mL of ethanol was

added 342 mg (2.63 mmol) of hydrazine sulfate and 431 mg (5.26 ramol) cf
sodium acetate and the mixture was heated at reflux for about 17 h. The n ixture
was concentrated and the residue was diluted with ethy! acetate and washed with
saturated agueous sodium bicarbonate and brine, dried over MgSO4 and
concentrated. The residue was purified by silica gel chromatography using an
elution gradient of 75% ethyl acelate 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 mL of ethanol was
added 485 mg (3.73 mmol) of hydrazine sulfate and 613 mg (7.48 mmol) of
sodium acetate and the mixture \vas heated at reflux for about 17 h. The mixture
was concentrated and the residu: was diluted with ethyl acetate and washed with
saturated aqueous sodium bicarbonate and brine, dried over MgSO4 and
concentrated. The residue was nurified 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)-ben::yl-3-0x0-2,3,3a.4 6 7-hexahydro-pyrazolo[4. 3-
clpyridin-5-yi)-1-(R)-benzyloxymet 1yl-2-oxo-ethyl}-isobutyramide hydrochloride

To 200 mg (0.34 mmol) of 18C issomer 1 in 12 mL of ethanol was added 6 mL of

concentrated HCl and the mixture was stirred at room temperature for about 2.5 h.
The mixture was concentrated ard co-evaporated three times with ethanol to give

AP/P/a8/01267
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20 mg of 18D isomer 1. MS (CI, NH3) 492 (MH™). THNMR (CD30D): (partial)s
8.42 (brd, 1 H), 7.35(m, 5 H), 7.18 (m, 5 H), 5.23 (m, 2 H), 4. 91 (m, 1 H), 4.54
(m, 4 H), 3.80 (m, 2 H), 3.63 (m, 1 H), 3.12 (m, 1 H), 3.07 (m, 3 H), 2.61 (m, 3 H),
1.62 (m, 6 H), 1.39 (m, 1 H).

E. 2-Amino-N-[2-(3a-(S)-benzyl-3-oxo-2.3,3a.4.6 7-hexahydro-pyrazolo[4.3-

clpyridin-5-y)-1-(R)-benzyloxymethyl-2-oxo-ethyll-isobutyramide hydrochioride

To 200 mg (0.34 mmol) of 18C isomer 2 in 20 mL of ethano!l 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 (CD30D): (partial) &
8.29 (brd, 1H), 7.30 (m, S 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), 2.66 (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)-benzyloxymathv' Z-'7- ~1othyl-3-0x0-3a-(R,S)-thiazol-4-yimethyl-

2.3.3a 4.2 7-hexahydro-pyrazolo[4. 3-c]pyridin-5-yl)-2-oxo-ethyll-isobutyramide
dihydro~hi. -ide

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 NapSO4 and concentrated and the residue was purified by silica gel

chromatography (7:3 viv hexane:ethyl acetate) to give 90 mg of the title
compound. MS (Cl, NH3) 648 (MH™).
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B. 2-Methyl-3-oxo-3a-(R,S)-thiazol-4-yimethyl-2, 3, 32.4.6.7-hexahydro-
pyrazolo[4, 3-c]pyridine-5-carboxylic acid tert-butyl ester

To 90 mg (0.24 mmol) of 19A ir 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 refiux for about 7 h. The mixture was concentrated and the residue
was dissolved in 3 mL of toluen«: and heated at reflux for about 17 h. The mixture
was concentrated and the resid .ie 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)-thiazoi.4-yimethyi-2.3a 4 5.6,7-hexahydro-pyrazolo[4.3-
clpyridin-3-one dihydrochioride

A mixture of 44 mg (0.10 mmol) »f 19B in 1 mL of 4M HCI in dioxane was stirred at
room temperature for about « h. The mixture was concentrated and co-
evaporated with methylene chiuride to give 40 mg of 19C. MS (Cl, NH2) 251
(MR™).

D. {1-H-(R)-Benzvloxymeths'!-2—(2-methv:-3-oxo—3a-(R.S)-thiazo!-4-vimemy§-
2.3.3a.4.6.7-hexahydro-pyrazolo|4.3-clpyridin-5-yl)-2-oxo-ethylcarbamoyl}-1-
methyl-ethyl}-carbamic acid tért-l;nugt ester

According to the method outiined in General Procedure A, 40 mg (0.12 mmol) of
19C and 39 mg (0.12 mmol) of “ 4F were coupled and the residue was purified by
silica gel chromatography (8:1 v/« ethyl acetate:hexane) to give 40 mg of 18D. MS
(Cl, NH3) 613 (MH™).
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E. 2-Amino-N-[1-(R)-benzyloxymethyl-2-(2-methyl-3-oxo-3a-(R.S)-thiazol-4-
yimethyl-2.3.3a,4,6,7-hexahydro-pyrazolo[4,3-c]pvridin-5-yl)-2-oxo-ethyil-

isobutyramide dihydrochioride

A mixture of 40 mg (0.06 mmol) of 18D 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 (CI, NH3) 513
(MH).

Example 20
2-Amino-N-[2-(3a-(R)-benzyl-2-methyl-3-oxo-2,3,3a,4.6.7-hexahvdro-pyrazolo[4 . 3-

clpyridin-5-yN)-1(R)-(benzyloxymethyl)-2-oxo-ethyll-isobutyramide L-tartaric acid
salt

To 4.6 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, stired for about 40 min. and
concentrated in vacuo. The residue was diluted with 220 mL of ethyl acetate,
noatet &t relux for about 1.5 h, then stirred at about 72° C for about 18 h. The
mixture was cooled to roor {empcrature, and filtered to give 5.78 g of the title
compound as a coloriess crystalline solid.
Example 21
3-Benzyl-3-methoxycarbonyimethyl-4-oxo-piperidine-1-carboxylic _acid _tert-butyl

ester

A. 3-Benzyl-4-oxo-piperidine-1-carboxylic acid tert-butyl 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-methoxycarbonylmethyl-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 ( 972 mg, 13 mmol) and p-toluenesulfonic acid (33 mg) in
benzene (30 mL) was refluxed {hrough 34 molecular sieves for about 17 h. The
reaction mixture was cooled to room temperature and concentrated in vacuo. The
residue was dissolved in benzee (10 mL) and cooled to about 0 °C.  Methyi
bromoacetate (1530 mg, 10 mrnol) was added dropwise. The reaction mixture
was slowly allowed to warm to room temperature and then was heated under
reflux for about 17 h at which point H,O (5 mL) was added. After refluxing for
about another 2 h, the reactioin mixture was cooled to room temperature and
extracted with EtOAc (3 x 100 m..). The combined organic extracts were dried and
concentrated in vacuo. The c'ude residue was chromatographed on SiO.-gel
using 15% ethyl acetate/ hexani:s to give 280 mg of product. 'H NMR (250 MHz,
CDCl): 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 F), 1.5 (s, 9 H); MS (APCI): 362 (M+1).
' Example 22

8-Oxo-1-phenyi-cyciohexane-1.3. dicarboxylic acid 3-tert-butvi ester 1-methvl ester

A solution of diphenylmer:ury (890 mg, 2.5 mmol) in CHCl; (4 mL) under N,
was heated to about 40 °C. Leal tetraacetate (1110 mg, 2.5 mmol) was added in

small portions and the greenist yellow solution was stired at about 40 °C for
about 0.5 h. The B-ketoester (£20 mg, 2.0 mmol) was then added, followed by
pyridine (0.2 mL, 2.5 mmol). Afier about 5 h at about 40 °C, the reaction mixture
was concentrated in vacuo and Ihe residue was dissolved in ether (100 mL) and
filtered. The filtrate was washe'l with 3N H,SO4 (3x), dried and concentrated to
give 616 mg of a yeliow solid. Flash chromatography over SiO2-gel using 25%
ethyl acetate/hexanes provided 368 mg of the desired product . '"H NMR (400
MHz, CDCly): d7.15 (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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Example 23

(D)-2-Amino-3-(2.4-dichloro-benzyloxy)-propionic acid hydrochloride

A. (D)-2-tert-Butoxycarbonylamino-3-(2.4-dichloro-benzyloxy)-propionic 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 stirred 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% HCl. The aqueous
solution was extracted with di-isopropyl ether (2x). The combined extracts 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,
CDCls): d 7.6-7.2 (m, 3 H), 5.4 (d, 1H), 46 (s, 2 H), 4.0 (d, 1 H), 3.8 (dd, 2 H), 1.1
(s, 9H); MS (APCI): 264,266 (M+1, M+2).
B. (D)-2--.mino-3-(2.4-dichloro-benzyloxy)-propionic acid hydrochioride

The product from step A of Example 23 above (14.7 g, 40 mmol) was
stired in 4 M HCl/dioxane (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

R3 N o
SR o)

o 1 N ?
R H |
(0} H
wherein R' is -CH-phenyl 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 S,R

diastereomers (* indicates the other stereoisomer center at the C-3 carbon of the

AEMNB 00N 1267
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above structure) were isolated. Mass spec. (M+1)= 520; MS method = particle
bombardment.
Eamples 25 and 26

Examples 25 and 26 having the “ormula shown below,
Ph

o .
N .
] N= /ﬁ o
R=—N .
R H |
O o H N

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 :nalogous manner to the procedures described in
Examples 3C to 3F using the tit e compound of Example 22 as starting material
followed by chromatographic separation of the two separate isomers. Mass spec.
of each example (M+1)= 4¢3, MS method= particle bombardment.
Eixamples 27- 159

Examples 27 to 159 listec in the table below, were prepared according to
the scheme iliustrated below by ¢.supling the appropriately substituted pyrazalone-
piperidine of formuia | (in the below scheme) with the (D)-OBnSer derivative Il (in
the below scheme) in an analogcus manner to the procedures described in
Examples 3E and 3F.

2

Ar Ar

N—N

R
/ ’/ r
/ o) o N o)
Q ? 1.EDC, HOAT , /== o)
+ HO NHBo¢ ————a RN N NH
N N 2. HCl % N 2

o} ¢ R '
© H

) ')

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

£

£

A/D o o
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in three steps analogously to the procedures described in Example 23A, Example

23B and Example 5F.

!5;1267

(Ar
o}
NH,
H |
O

Ex. #| Isomer | R* R'= -CHzA' Ar MS MS

A 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 phenyl 2,4-di-Cl-Ph 574.5 APCI
32 d1 Me phenyl 2,4-di-F-Ph 542 PB
33 d1 Me phenyl [2,3-O-CH--CPhenv); 5502 | ==
c4 ¢ M= phenyl Z-Crs-Ph 575 oF
25 d* | Ms phenvi 2-AM~-Ph 520 Fo
36 d1 Me phenyl Z-pyridyl 507 23
37 d1 Me phenyl 3,4-di-F-Ph 542 PB
38 | di1,2 Me phenyl 3,5-di-CFs-Ph 642 PB
39 d1 Me phenyl 3,5-di-Cl-Ph 576 APCI
40 d2 Mz oheny! 3-CFs-Ph 575 APCi
41 d1 Me phenyl 3-Cl-Ph 540 - APCI
42 d1 Me phenyl 3-Cl-thiophene 546, 548 APCI
43 d1 Me phenyl 3-F-4-CI-Ph 560 APCI
L4 41 Me phenyi 3-tle-Fh 520 rB
45 d1 Me phenyl 4-Cl-Ph 540 PB
46 d1 Me phenyl 4-pyridyl 507 PB
47 d1 Me phenyl 4-thiazolyl 513 PB
48 d1 Me phenyl S-thiazolyl 513 APCI
48 | d1,2 Me phenyi benzisoxazolyl 547 PB
50 d1 Me pheny! 4-pyrimidinyl 508 PB
51 d1,2 Me 4-Ph-Ph 4-thiazoly! 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-Cl-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 | di1,2 Me 4-F-Ph 2-pyridyl 525 APCI

AP/
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Ex. #| Isomer | R° R'=-CrH-A’ Ar MS MS
A Method
60 | d1,2 Me 4-F->h 2-CF3-Ph 592 APCI
61 d1 Me 4-CF.-Ph 4-Ci-Ph 609 APCI
62 | di>2 Me 4-CF.-Ph 4-Cl-Ph 609 APC!
63 d1,2 Me 3-pyridyl phenyl 508 PB
64 d1 Me pheriyl 3-pyridyl 508 PB
65 d1 Me 2-quinaolinyl pheny! 594 PB
66 d2 Me 2-quinoliny! phenyl 594 PB
67 a1 Me 2-pyridyl phenyl 5086 PB
68 d2 Me 2-pyridyl phenyl 508 PB
69 | d1,2 Me 2-pyridyl 3-F-4-CI-Ph 559, 561 APCI
70 d1 Me 2-pyridyl 3-Cl-thiophene 547, 549 APCI
71 d1 Me 2-pyridy! 3-CFs-Ph 575 PB
72 | di1.2 Me 2,4-di-*-Ph 3,4-di-F-Ph 579 APCI
73 | di1,2 Me 2,4-di-*-Ph 2-pyridyl 544 PB
74 d1 Me 4-thia:olyl phenyl 513 APCI
75 d2 Me 4-thia::olyl phenyl 513 PB
76 d1 Me 5-thia:olyl phenyl 513 PB
77 d1 Et 2-pyr dyl phenyl 521 PB
78 d1,2 Et phenyl 4-thiz:olyl 541 APCI
79 d1 Et phenyl 3,5-di-C=s-Ph 856 PB
80 | d1,2 Et phernyl 3,4-di-F-Ph 556 PB
&1 a1 £t 2,4-di-"-Ph 2,4-di-F-Ph 5383 APCI
&2 ¢2 Et 2,4-gi-"-pPh 2 &-di-F-Ph 5893 APCI
83 d1 Et 2,4-di-"-Fh 2-CF-Ph 525 APCI
84 d2 Et 2,4-gi-"-Ph 2-CFs-Ph 625 APCI
€5 d1 Et 2,4-di-i"-Ph 3,4-di-F-Ph 593 APCI
86 d2 Et 2,4-di-I’-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-CF5-Ph 2,4-di-F-Ph 625 APCI
90 d2 Et 4-CF3-Ph 2,4-di-F-Ph 625 APCI
91 d1 Et 4-CF;-Ph 3-Ci-Ph 623 APCI
92 d1 Et 4-CF3-Ph 4-Cl-Ph 623 APCI
893 d2 Et 4-CF;-Ph 4-Cl-Ph 623 APCI
94 d1 Et 4-CH3-Ph 3-Cl-Ph 568 APCI
85 d2 Et 4-CH;-Ph 3-CI-Ph 568 APCI
96 d1 Et 4-Cl-h 3,4-di-F-Ph 590 PB
97 d2 Et 4-Cl-°h 3,4-di-F-Ph 590 PB
98 d1 Et 4-Cl-”h 3-5-di-Cl-Ph 622 PB
99 d2 Et 4-Cl-I°h 3-5-di-Cl-Ph 622 PB
100 d1 Et 4-Cl-I°h 3-Cl-Ph 589 PB
101 d2 Et 4-Cl-Ph 3-Cl-Ph 589 PB
102 d1 Et 4-F-Fh 3,4-di-F-Ph 574 PB
103 d2 Et 4-F-Fh 3,4-di-F-Ph 574 PB
104 d1 Et 4-F-Fh 3-Cl-Ph 572 APCI

ADN 48 /01207
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Ex. #| Isomer | R® R'= -CHp-A’ Ar MS MS
A Method
105 d2 £t 4-F-Ph 3-Cl-Ph 572 APCI
106 | d1,2 Et 4-Me-Ph 2-CFs-Ph 602 APCI
107 di1,2 Et 4-Me-Ph 3,4-di-F-Ph 570 APCI
108 | d1,2 |CF.CH, phenyl 4-thiazolyl 595 APCI
109 d1 CFiCH, phenyl 3-CFs-Ph 642.3 APCI
110 d1 |CFsCH, phenyl 3,5-di-Cl-Ph 643 APCI
111 d2 |CFiCH, pheny! 3,5-di-CI-Ph 644 APCI
112 d1 |CFsCH, phenyl 3,4-di-F-Ph 610.2 APCI
113 d2 |CFs;CH, phenyl 3,4-di-F-Ph 610.2 APCI
114 d1 |CFiCH, pheny! 3,5-di-CI-Ph 643 APCI
115 d2 |CFiCH., phenyl 3,5-di-CI-Ph 644 APCI
116 d1 |CFsCH, phenyl 3-CF:-Ph 642.3 APCI
117 d1 |[CFsCH, phenyl 3,4-di-F-Ph 610.2 APCI
118 d2 |CFiCH, phenyl 3,4-di-F-Ph 610.2 APCI
119 d1,2 |CF;CH. phenyl 4-thiazolyl 505 APCI!
120 | d1,2 |CFsCH.| 2,4-di-CI-Ph 2-pyridyl 643 APCI
121 | d1,2 |CFsCH,| 2,4-di-CI-Ph 4-thiazolyl 649 APCI
122 d1 |CFiCH> 2,4-F-Ph 2-CF+-Ph 679 APCI
123 d2 |CFsCH, 2,4-F-Ph 2-CFs-Ph 679 APCI
124 d1l |CFCH-' 24.5.9h 3,4-di-F-Ph 647 APCI
125 <2 1CFCH:. 2. -=h 3,4-di-F-Ph 647 APCI
1261 d1,2 2F;CH- 2+ A 4-thiazolyl 617 PB
; 127 d1 CFaCHz 2-;.;;:': Sy oo ) AL
T d2 |CFiCH, 2-pyridyl 2,4-di-Cl-Ph 643 APCI
129 d1 |CFsCH- 2-pyridyl 2 ,4-di-F-Ph 611 PB
130 d2 |CFsCH, 2-pyridyl 2,4-di-F-Ph 611 PB
131 d1 ICF3CH, 2-pyridyli 2-CF>-4-F-Ph 551 APCi
132 d1 |CFiCH, 2-pyridyl 2-CFxPh 643 PB
133 d2 |CFiCH, 2-pyridyl 2-CF—Ph 843 PB
134 d1 |CFiCH, 2-pyridyl 3,4-di-F-Ph 611 PB
135 d2 |CFsCH, 2-pyridyl 3,4-di-F-Ph 611 PB
136 d1 |CFsCH- 2-pyridyl 3,5-di-Cl-Ph 643 APCI
137 d1 |CF3;CH, 2-pyridyl 3-CI-Ph 609 PB
138 d1 |CFsCH, 2-pyridyl 3-Cl-thiophene 615, 617 APCI
138 di1,2 [CFiCH, 2-pyridyl 3-F-4-Cl-Ph 627, 629 APCI
140 d1 |CFsCH, 2-pyridyl 3-OCFxPh 659 APCI
141 d1 |CFsCH, 2-pyridyl 4-CI-Ph 609 PB
142 d2 |CFiCH, 2-pyridyl 4-Cl-Ph 609 PB
143 | d1,2 |CFiCH, 3-pyridyl 2,4-di-F-Ph 612 APCI
144 | di1,2 |CFiCH, 3-pyridyl 2-CFs-Ph 644 APCI
145 | d1,2 |CFiCH, 3-pyridyl 4-Cl-Ph 610 APCI
146 d1 |CFsCH, 4-CHs-Ph 3-Cl-Ph 622 APCI
147 d2 |[CF3;CH, 4-CH;-Ph 3-Cl-Ph 622 APCI
148 d1 |CFsCH, 4-Cl-Ph 3,4-di-F-Ph 644 PB
149 d2 |CFi;CH, 4-Cl-Ph 3,4-di-F-Ph 644 PB
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Ex. #| Isomer| R R'= -CHy-A' Ar MS MS

A Method
150 | d1 |CF.CH» 4-Cl-Ph 3,5-di-CI-Ph 675 PB
151 | d2 |CF.CH, 4-Cl-i’h 3,5-di-CI-Ph 675 PB
152 | d2 [CF.CH, 4-Cl-i"h 3-Cl-Ph 642 PB
153 d1 [CFiCH, 4-Cl-i'h 3-CI-Ph 642 PB
154 | d1 [CFsCH, 4F-Fh 3,4-di-F-Ph 628 PB
155| d2 |[CF,CH, 4-F-Fh 3,4-di-F-Ph 628 PB
156 | d1 |CF.CH, 4-F-Fh 3-CI-Ph 626 PB
157 | d2 |[CF,CH, 4-F-Fh 3-CI-Ph 626 PB
158 | d1,2 |CFiCH.| 4-Me-?h 2-CFy-Ph 656 APCI
159 | d1,2 |[CFsCH,| 4-Me->h 3,4-di-F-Ph 624 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. /\bbreviations used in the table above are: Ph is
phenyl; PB is particle bombardm2nt; and APCI is atmospheric pressure chemical
ionization. The following are NMR data for the compounds of the above table as
indicated.

Exampie 37: 'H NMR (400 MHz, (14-MeOH): d 7.2 (m, SH), 5.2 (¢, ©H), 4.3 /m, 3H),
3.8(d, 2H), 3.1 (4, 1H), 3.0 (s, 3H), 2.6 (dd, 2H), 1.6 (s, 6H).

Examples 67 ¢ © 2 ‘5 NMR (300 'MHz, d4-MeOH): d 8.85 (s, 1H), 8.6 (t, 1H), 8.1
(d, 1H), 8.0 (t, 1H), 7.35 (s, 5H), £.15 (s, 1H), 4.6 (bs, 3H), 3.85 (m,2H), 3.65
(m,2H), 3.2 (s, 3H), 2.75 (m, 2H), 1.65 (s, 6H).

Example 128: 'H NMR (400 MHz, d4-MeOH):d 8.8 (s, 1H), 8.6 (s, 1H), 8.5 (t, 1H),
7.96 (t, 1H), 7.9 (d, 1H), 7.45 (d, 1H), 7.33 (d, 1H), 5.2 (s, 1H), 4.6 (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 (g, 1H), 6.90 (t, 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), 1.60 (s, 6H).
Example 137: 'H NMR (300 MHz, d4-MeOH): d 8.7 (1, 1H), 8.45 (1, 1 H), 7.9 (t, 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), 1.6 (s, 6 H).

Example 138: 'H NMR (400 MHz, 34-MeOH): d 8.8 (dd, 1H), 8.6 (s, 1H), 8.5 (t,

1H), 7.95 (t, 1H), 7.9 (s, 1H), 7.3 (5, 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, 1 H),
7.9(m, 2 H),7.3(s,2H),52(m, 1H),4.65(m, 1H), 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).
Exampies 160- 179

Examples 160 to 179 shown in the table below were prepared according to

the scheme illustrated below by coupling the appropriately substituted pyrazalone-

piperidine | (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.

R2
Y NH
N— _
/ o
\ . . 1.EDC, HOAT
RO+ wo N
A N 2. HCl
o

()

U]

HBo¢ ———

N
RN
N
s ®

NH
o
NH
N 2
Ho
O H

A2/ qf 012 6 s

NH
(@]
NH
TJX 2
o) H
Ex. # |lsomer] R R'= -C1H2-A1 MS MS Method
A

160 | d1 Me 4-CF5-Ph 584 APCI
161 | d1,2 Me 4-CF+-Ph 584 APCI
162 | a1 Me 4-F-Ph 533 PB
163 | d2 Me 4-F-Ph 533 PB
164 | d1 Me 4-Ph-Ph 591 APCI
165 | d1,2 Et 2,4-di-CI-Ph 597 APCI
166 | d1,2 Et 2,4-F-Ph 566 APCI
167 | d1 Et 4-CF5-Ph 598 APCI
168 | d1,2 Et 4-CFs-Ph 598 APCI
169 | d1 Et 4-CI-Ph 563 PB
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Ex. # |lsomer] R* R'= 'C1H2-A1 MS MS Method
A

170 d2 Et 4-1-Ph 563 PB
171 d1,2 Et 4---Ph 547 APCI
172 | d1,2 Et 4-}Me-Ph 543 APCI
173 | d1,2 | CF3CH, 2.4-(1i-Cl-Ph 651.5 APCI
174 | d1,2 | CFLCH, 2,4-li-F-Ph 620 APCI
175 d1 CFsCH, 4-01-Ph 617 PB
176 dz2 CF3CH, 4-i)-Ph 617 PB
177 d1 CFaCH, 4---Ph 601 APCI
178 d2 CFiCH, 4-F-Ph 601 APCI
179 | d1,2 | CF3sCH, 4-Me-Ph 597 APCI

Note: in the above table, the ismer 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.
Eamples 180 - 183

Examples 180 to 183 shown in the table below were prepared according to
the scheme illustrated below by :oupling the appropriately substituted pyrazalone-
piperidine | with the acid intermediate |V in--an analogous mannar ‘o the
procedures described in Examples 3E and 3F.

R2

/
N—N
| \_O Ar

" 2 1.EDC,HOAT _,

+ HO NHBoe ————
N N 2. HCl % 1 H,
: R
o

0] o)

The acid intermediate (V) was pi2pared by treating an amino acid with the product
from Example 5D using the estatilished procedure described in Example 5F.

Ex.# |lsomer | R® |R'=-CFy-A' Ar MS Method

ARG/ 0970192 67
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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 Phenyl 2-Naphthalenyl 527 APCI
183 [d1,2 [Me Phenyl CH,0-(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-F2-(3a-(R)-benzyl—2—methyl-3-oxo-2,3.3a14,6,7—hexahydro—pyrazolor4,3-
clpyridin-5-y)-1-( R)-benzyloxymethyl-2-oxo-ethyl]-2-methyl-propionamide. L-

tartrate

A. 4-Oxo-piperidine-1,3-dicarboxylic acid 1-tert-butyl ester 3-ethy! 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* “s'owed by ‘Boc),0 (115.7 g, 0.53 mol). The mixture was

stired overnight ur.~&" =i 2+~ 7= organic phas Tyt 2 z2nd washed

with water and dried cver Na,SQ,, and concenizicd i vaCUC w0 Zrorg the resias
.. z5 coiystals (142.9 g, yield 109%, - RS e

B, 3-Benzvl-4-ox: -niperidine-1,3-dica:, ..viic  =cig  -iar-burs ester ~-at

ester

To a solution of 4-oxo-piperidine-1,3-dicarboxylic acid 1-tert-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-hexahydro-pyrazolo[4.3-clpyridin-3-one

To a solution of 3-benzyl-4-oxo-piperidine-1,3-dicarboxylic acid 1-tert-butyl
ester 3-ethyl ester (193597 g, 5.36 mol) in toluene (9700 mL) was added
methylhydrazine (289.2 mL, 5.63 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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stimed for about 7.5 hours. After cooling to room temperature, the organic layer
was washed with 10% sodium bicarbonate, water and saturated NaCl solution and
concentrated in vacuc 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), choled to about 0 °C, HCI gas was introduced
repeatedly and stirred at room iemperature overnight until the deprotection was
complete. The mixture was cor centrated 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 chioride 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-hexahydro-pyrazolo[4.3-clpyridin-3-
one, L-tartrate

To a solution of Sa-ben::yl-Z-methyI-z,33,4,5,6,T»hexahydro-pyrazoio{t:,3—
clpyridin-3-one (100 g, 0.41 mo)) in a mixture of acetone/water (€73 mb/120 mbL)
was added L-tartaric acid (67.55 g, 0.45 mol). The mixture was heated to about
50 °C and stirred over rigi The reaction mixture was cooled to about 10-75 °C
and precipitates were filtered, washed with cold acetone/water and dried under
vacuum. The product was obtairied as a white solid (157.8 g, yield 97.83%, 99%
ee).

E. 2-tert-Butoxycarbonylamirio-2-methyl-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 overnight. The reaction mixture was diluted with ethyl 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 th: mother liquor.

F. 2-tert-Butoxycarbonylamir o-2-methyl-propionic acid 2,5-dioxo-pyrrolidin-1-
yl ester

AP/ 6B /01267
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To a solution of 2-tert-butoxycarbonylamino-2-methyl-propionic acid (100 g,
0.492 mol) and succinic anhydride (60.02 g, 0.522 mol) in methylene chloride
(1000 mL) was added EDC (100.09 g, 0.522 mol) while stirring under nitrogen.
The mixture was stirred under nitrogen ovemnight. 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 !ow 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)-Benzyloxy-2-(2-tert-butoxycarbonylamino-2-methyl-propionylamino)-
propionic acid

To a solution of 2-amino-3-benzyloxy-propionic 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 overnight 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
... ana saturated h«Cl solution and then concentrated in vac:

a thick oil. The crude oil was treated with IPE/ hexane (50/50) and cooled to zho::t

10 °C to afford a white solid product ( 42.3 g, yield 98.4%).

H. {1-[2-(3a-(R)-Benzyl-2-methyl-3-ox0-2,3.3a.4.6,7-hexahydro-pyrazoio[4.3-

clpyridin-5-y1)-1-(R)-benzviexymethyl-2-oxo-ethylcarbamoy!l-1-methyl-ethyi}-

carbamic acid tert-butyl ester

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 (10.81 g, 0.0275 mol) in ethyl acetate
(216.2 mL) at about -66 °C was added TEA (8.43 mL, 0.0605 mol). The mixture
was stirred for about 1.5 hours. After removal of the precipitated salt by filtratiAon,
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

appia8 /01267



10

20

25

30

reaction mixture was poured into water and extracted with IPE, washed with 7%
NaCl solution and concentratec 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%).
L 2-Amino-N-[2-(3a-(R)-bernzyl-2-methyl-3-oxo0-2.3 3a 4.6.7-hexahydro-
pyrazolo[4, 3-c]pyridin-5-y}-1-(R) . benzyloxymethyl-2-oxo-ethyl}-2-methyl-
propionamide

To a solution of {1-[2-(3a-(R)-benzyl-2-methyl-3-ox0-2,3,32,4,6,7-
hexahydro-pyrazolo[4,3-c]pyridir -5-yl)-1-(R)-benzyloxymethyl-2-oxo-
ethyicarbamoyl}-1-methyl-ethyl}-:arbamic acid tert-butyl ester (10.3 g, 0.017 mol)

in methylene chloride (68.6 mlL.) at about 0-5 °C was added TFA (35 mL) to

™~
maintain the temperature below about 5°C. The temperature was then raised to C::“
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 =2
about pH 8 with a saturated sodium bicarbonate solution, then washed with ; ,
seturated NaCl and concentrate:l in vacuo 1o a low volume. A whii2 solig product fon 23
was obtained after treating the mixture with IPA and then hexans (7.4 g, vield ::?;
86.1%). HPLC showed product :ontaining 0.2% diastereomer. 5:
J. 2-Amino-N-[2-(3a-(R)-ber zyl-2-methvl-3-0x0-2.3.3a.4 .6 7-haxahvdro- !

pyrazoio[4,3-c]pyridin-5-yl)-1-(R)- benzyloxymethyi-2-oxo-ethyll-2-methyl-
propionamide, | -tartrate

To a solution of 2-aminc-N-[2-(3a-(R)-benzyl-2-methyl-3-ox0-2,3,3a,4,6,7-
hexahydro-pyrazo!o[4,3-c]pyridin-5—yl)-1-(R)—benzyloxymethyi-z-oxo—ethyl]-z-
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 overnight.
The resulting hazy solution wis 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 wa:: removed azeotropically between about 63° and

72 °C. The solid that was isolate:d was dissolved in ethyl acetate and the solution
was refluxed for about 16 hours, then allowed to cool to room temperature

overnight. The product was colle:ted 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-oxo-2-[3-0x0-3a-pyridin-2-yimethyl-
2-(2.2 2-trifluoro-ethy!)-2.3.3a.4,6. 7-hexahydro-pyrazolo[4, 3-clpyridin-5-yi]-ethyD-2-
methyl-propionamide L-(+) tartrate
A. 4-Oxo-3-pyridin-2-ylmethyl-piperidine-1.3-dicarboxylic acid 1-tert-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 crystallized from hexanes to give a
white solid (8.19 g, yield 65%). 'H-NMR (CDCI3) § 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),
7.06 (brs, 1H), 7.17(d, 1H), 7.54 (m, 1H), 8.40 (s, 1H).
B. 3-Oxo-3a-pyridin-2-yimethyl-2-(2.2 2-trifluoro-ethyl)-2.3.3a.4.6.7-hexahydro-
pyrazolo[4, 3-c]pyridine-5-carboxylic acid tert-butyi ester

A 70% aqueous solution of CF3CH,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 temperature and diluted with
saturated aqueous NaHCQO; (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 (CDCly) § 1.50 (s, 9H), 2.53 (d, 1H),

riy 1 BT
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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), 7.06 (m, 2H), 7.51(m, 1H), 8.34 (m, 1H).

C. 3a-Pyridin-2-ylmethyl-2-(2. 2 2-trifluoroethy!)-2.3a 4.5 6. 7-hexahydro-
pyrazolo[4,3-c]pyridin-3-one

Methanesulfonic acid (1.6 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 v.as stirred for about 1 hour, then cooled to about 0
°C, and then triethylamine (18.€: mL, 133.1 mmol) was added through an addition
funnel. The mixture was allowe! to warm to room temperature over about 1 hour,
diluted with additional CH.Cl, und washed with saturated aqueous NaCl, dried
over Na,SO,, filtered and concentrated in vacuo to afford the product as a white
solid (7.2 g). 'H-NMR (CDCly) #: 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-trifluoroethyl)-2, 3a.4.5 .6 .7-hexahydro-
pyrazolof4.3-clpyridin-3-one (D). tartrate

In a dry and nitrogen jurged 5 L round bottomn 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) n acetone/water (9:1, 2430 mL) at about 17 °C.
The mixture was stirred at rocm temperature overnight, filtered, the solid was
collected and washed with colc acetone and dried under vacuum. The product
was obtained as a yellow solid (.:84 g, yield 78.8%).

E. 2-tert-Butoxycarbonylamino-3-(2.4-difluoro-benzyloxy)-propionic acid

To a soiution of N-Boc-(1))-serine (452 g, 2.2026 mol) in a mixture of THF
(7 L) and DMF (3 L) at about ) °C was added potassium fert-butoxide solution
(515.8 g, 4.5963 mol). The reac tion mixture was stirred at about 0 °C for about 30
min., then 2,4-difluorobenzyl 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 saparatt:d and the pH of the aqueous layer was adjusted
with 1 N HCl to about 3. The acueous 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 (CDCls) & 1.44 (s, OH),
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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

salt

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 methanesuifonic 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/IPE mixture
(1:1) to afford 939 mg of product (yield 80 %).
G. 2-(2-tert-Butoxycarbonylamino-2-methyl-propionylamino)-3-(2.4-diflucro-

benzyloxy)-propionic 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-butoxycarbonylamino-2-methyl-propionic acid-2,5-
dioxo-pyrrolidin-1-y! ester (438 mg, 1.46 mmol) and triethylamine (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;0D): 6 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-benzyloxymethvl)-2-oxo-2-[3-0x0-3a-pyridin-2-ylmethyl-
2-(2,2 2-trifluoro-ethyl)-2.3,3a.4.6.7-hexahydro-pyrazolo[4.3-c]pyridin-5-yl}-
ethyicarbamoyl}-1-methyl-ethyl)-carbamic acid ferf-butyl ester

(@) 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 was 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 90 min. at a temperature between about -50 °C and
about -40 °C, filtered 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

mwayel 0 F O 17 67
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(654 mL, 4.69 mol) and PPAA (0% in ethyl acetate, 916 mL, 1.53 mol). The
reaction mixture was stirred for ebout 1 hour, washed with water and saturated
aqueous NaCl, dried over Na,SO. and concentrated in vacuo to give the product
as an oil (636 g, yield: 87.8%).

l. 2-Amino-N-{1-(2 4-difluoro- senzyloxymethyl)-2-oxo-2-[3-0xo-3a-pyridin-2-
ylmethyl-2-(2.2 2-trifluoro-ethy)-2, 3.3a.4,6,7-hexahydro-pyrazolo[4,3-c]pyridin-5-

l]-ethy}-2-methyl-propionamide

Methanesulfonic acid (25¢.3 mL, 3.98 mol) was added dropwise at about
15 °C over about 55 minutes to ‘he product from step H (566 g, 0.796 mol) in
CH,Cl; (11,320 mL) in a dry and nitrogen purged 22 L round bottom flask
equipped with a mechanical stimer. The mixture was stirred for about 40 minutes
at about 20 °C, then saturated acjueous 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,SQ4, and concentrated in vacuo to afford
an oily product (388.8 g, yieid 80%).

J. 2-Amino-N-{1-(2 4-difluoro-henzvloxymethvl)-2-oxo-2-[3-0x0-2a-pvridin-2-

vim~thyl-2-(2,2 2-trifluoro-ethvl)-2.'3.33.4.6, 7-hexahydro-pvrazolol4. 3-cloyridin-5-
vi-ethyl}-2-methyi-propionamide L .(+) tartrate

To a solution of product from step | (370 g, 0.6 mol) in methanol (4,070
mL) in a 12 L round bottom flask e:quipped with a mechanical stirrer was added L-

(+) tartaric acid (90 g, 0.6 mol). T e reaction mixture was stirred for about 90 min.

at about 22 °C, filtered and concentrated. The crude residue was diluted with ethyl
acetate (4,560 mL), heated at about 70 °C and slowly aliowed 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 j, yield 76%). '"H NMR (MeOH, d4) &: 8.28 (d,
1H), 7.59 (t, 1H), 7.41-7.38 (m, 114), 7.18-7.13 (m, 1H), 6.82 (t, 1H), 5.2 (t, 1H),
4.56 (bs, 3H), 4.36 (s, 2H), 4.31-4.25 (m, 1H), 4.13-4.06 (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—oxo-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
salt.

Table 1

Mean Plasma Insulin and Metabolite Levels After Daily Dosing of a GHRP Mimetic

5 for Three Months
Non-fasting blood 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) (WU/mL) | (mg/di) (mg/dl) (mg/dl) (mg/dl)
Sham Vehicle 118.8 181.7 46 97.9 254.8
Sham 0.5 949 * 1427 3.7 95.4 219.6
Sham 5.0 95.7 *139.9 *3.2 *80.6 227.2
: T pupw— pa=
C. o LS e v Jsen e
Ovx 5.0 *84.1 177.2 3.1 102.2 158.4
10

15

Data in Table 1 show that this treatment is associated with dose-related lowering
of plasma glucose and/or insulin levels, which is consistent with an improvement in
glycemic control and ihsulin sensitivity by this treatment. The treatment was also
associated with trends for decreased plasma lactate, cholesterol and triglyceride
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.

701207

LR/



A‘g:}@(tﬂ&?&

-116-

What is claimed is:

! Use of a compound of ‘armula 1

n

o x*
I
NS T T \:f RSN ?
| f ’ I \\ 2
N - (CHzw R S "
v \\N// S

or the siersciscmeric mixiures, ciastereomerically enricned,

cure, enarnuomerically encched cor enantiomerically sure isomers. or e

'~ Znarmmaceutically acceptabis sziti and grodrugs mareof,
whers
N and w are each independanty ), 1 or 2;
provided that w and n cannot boty be 0 at the same time;
13 Y is oxygen or sulfur

R' is hydrogen, -CN, -(CH2)N(X")C(O)X®, ~{CH2)NXHC(O)(CH,) A
~(CHo)NXDSO(CH,)-A", ~(CH) NEXES0.XE, -(CH, Y NCC)CIOINCXE(CH,)-A,
(CH2)NEOCOINKE(XY, «(CH2 1 SO (X, ~(CH2)eCOIN(X)(CHy)-A"
-(CH2)qC(O)OX°, ~(CH2).C(O)O(C Ha)-A" JCHA-nxS ~(CH)OC(O)A”,
20 -{CH2)QC(O)(CH:)A", -(CH)OC (OINCXCHa)-A', (c:'—e_;q COINEKH XY,
~(CH2)C(O)X’, -{CH2)C(O)CHa)A, -(an)qN/X C(O)OXE,
~(CH2)NX)ISONXE(X®), ~(CH2),S(O)mX’, -(CH)eS(O)m(CHa)A',
(C-Cuo)alky!, -(CHa)-A", -(CHz)4-1 C5-Cr)eycloalkyl, -(CHa)e-Y -(C1-«V5,=.kyl
~(CH2)e-Y'-(CHa)rA ' or (CHa)e-Y ™ 'CHz)(C-Cr)eycloalkyl:
where the alkyl and cycicalky! giuczs in the defiriicn
substituted with (C,-Cy)alkyl,

R
(83}

of R" are crtionally
nycroxyl, (Cs-C.)alkexy, carboxyl, -CONH-,
-5(0)m(C+-Ce)alkyl, -CC4(2-Ca)alkyl ester, 1H-tetrazol- -5-yi or 1, 2 or 3
fluore;
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Y'is O, S(O)m, -C(O)NX’-, -CH=CH-, -C=C-, -N(X®)C(O})-, -C(O)NX®-,
-C(0)O-, -OC(O)N(X®)- or -OC(0)-;
qis0, 1,2, 3or4;

tis0,1,20r3;

said (CHg)q group and (CHz), group may each be optionally substituted with
hydroxyl, (C4-Cs)alkoxy, carboxyl, -CONH,, -S(0O)n(C4-Ce)alkyl,
-CO,(C+-Cy)alkyl ester, 1H-tetrazol-5-yl, 1, 2 or 3 fluoro, or 1 or 2 (C.-
Cyalkyl;

R? is hydrogen, (C+-Cs)alkyl, -(Co-Ca)alkyl-(C>-Cs)cycloalkyl, -(C1-Cy)alkyl-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)N(X)(X®), -N(X3(XD),
-S(0)m(C1-Ce)alkyl, -C(O)A", -C(O)(X®), CFs, CN or 1, 2 or 3 halogen;

R®is A', (C4-Cio)alky!, -(Cs-Ce)alkyl-A’, -(C+-Ce)alkyi-(C+-Cr)cycloalkyl,

-(C4-Cs)alkyl-X"-(C4-Cs)alkyl, -(C+-Cs)alkyl-X'-(Co-Cs)alkyl-A' or

-(C4-Cs)alkyl-X'-(C4-Cs)aikyl-(CCy)cycloalkyl;
where the alkyl groups in the definition of R* are optionally substituted with
-S(0)./C.-Coalkyl. -C(OYCX3, 1, 2. 3, 4 or 5 halogens, or 1, 2 or 3 OX*

X" is O, S{O)m, -NXH)C(O)-, -C(ON(X*)-, -OC(O)-, -C(O)O-, -CX*=CX>-,
-N(X3)C(O)O-, -OC(O)N(X?)- or -C=C-;

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

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

Cricycicaikenyl, 2 partially saturated or fully saturated 4- ‘o 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)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 fing;
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X X
\ /S

{C:"‘:"'a (CHz)b

“~

—Z

R®is a bond oris ;

where a and b are independently 0, 1, 2 or 3;
X® and X* are each inde:pendently selected from the group consisting of
hydrogen, triflucromethyl, A" and optionally substituted (C4-Cg)alky!:
the optionally substituted (C4-Ce)alkyl in the definition of X® and X
is optionaily substituted with a substituent selected from the group
consisting of £’ OX’, -S(0)u(Ci-Coalkyl, -C(O)OXE, (Cao-
Cr)cycloalkyl, -N(3)(X%) and -C(O)NX?)(X):;
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, provicied 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 beth
may be on ihe nitrogen ziom and further provided that when twe alkylene
bridges are formed then ;<° and X™ cannot be on the carbon atom and R’
and R® cannot be on the ritrogen atom:;
or X® is taken together v.ith X* and the carbon zom o which they zre
attached and form a parii:lly saturated or fully saturated 3- to 7-membered
ring, or a partially saturate d or fully saturated 4- to 8-membered ring having
1 to 4 hetercatoms independently selected r‘roﬁq 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 8-membered ring, optionally having 1 or 2
heteroatoms independent!y selected from the group consisting of nitrogen,
sulfur and oxygen, fused to a partially saturated, fully saturated or fully
unsaturated 5- or 8-meml.ered ring, optionally having 1 to 4 hetercatoms
independently selected from the group consisting of nitrogen, sulfur and
oxygen;
7' is a bond, O or N-X?, provided that when a and b are both 0 then 2 is
not N-X2 or O;
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R’ and R® are independently hydrogen or optionally substituted (C4-Cg)alkyl;
where the optionally substituted (C4-Ce)alkyl in the definition of R’ and R® is
optionally independently substituted with A*, -C(0)O~(C;-Ce)alky,
-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 (C4-Cs)alkoxy; or

R” and R® can be taken together to form ~(CHa)-L-(CH,)r;
where L is C(X*)(X?), S(O)m or N(X3);

A' for each occurrence is independently (Cs-C7)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, fuily 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
unsaiuraies 5 or 6-membered ring, optionally having 1 to 4 hetercatoms
independently selected from the group consisting of nitrogen, sulfur and oxygen;
A" for each occurrence is independently ovctionally substituted, in one or
optionally both rings if A' is a bicyclic ring system, with up to three
substituents, each substituent independently seleci=d from the group
consisting of F, Cl, Br, |, OCFa, OCF,H, CF3, CHs, OCHs, -OX°,
-C(O)N(X®)(X%), -C(OYOX®, oxo, (C+-Ce)alkyl, nitro, cyano, benzyl,
-S(O)m(C+-Ce)alkvl, 1H-tetrazol-5-yl, phenyl, phenoxy, phenylalkyloxy,
* halophenyl, methylenedioxy, -N(X*)(X®), -NO)C(O)(X), -SONCE)(XE),
-N(X®)SO,-phenyl, -N(X)S0:X°, -CONX'™X™2, -SO.NX"X™2, -NXSS0X?,
-NXPCONX"'X", -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)alky!:
the optionally substituted (C;-Ce)alkyl defined for X' is
optionally independently substituted with phenyl, phenoxy,
(C4-Ce)alkoxycarbonyl, -S(O)m(Cs-Ce)alkyl, 1 to 5 halogens,
1 to 3 hydroxy, 1 to 3 (C4+-Cyg)alkanoyloxy or 1 to 3 (Cs-
Ce)alkoxy;

AP/i"/9€/01267
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X' is hydrogen, (Ci-Ce)alkyl, phenyl, thiazolyl, imidazolyl, furyl or
thienyl, provided :hat when X™ is not hydrogen, X' is optionally
substituted with cne to three substituents independently selected
from the group cor sisting of Cl, F, CH;, OCHj;, OCF3; and CFa;
or X" and X' are taken together to form -(CHy)-L'~(CHy)e-:
where L' is C(X3)(X?), O, S(O)m or N(X?);
r for each occurrence is independently 1, 2 or 3;
X? for each occurrence is inde oendently hydrogen, optionally substituted (C;-
Ce)alkyl, or optionally substituted C;-C7)cycloalkyl, where the optionally substituted
(C+-Ce)alky! and optionally subst uted (Cs-C;)cycioalkyl in the definition of X2 are
optionally independently substituted with -S(O)n(C+-Ce)alkyl, -C(O)OX?, 1 to 5
halogens or 1-3 OX>:
X3 for each occurrence is indeperdently hydrogen or (C4-Ce)alkyl;
X% is independently hydrogen, optionally substituted (C,-Ce)alkyl, (Cor
Ce)halogenated  alkyl, optiorally substituted (Cs-Cy)eycloalkyl,  (Cs-Cy)-
halogenatedcycioalkyl, where ooutionally substituted (Ci-Ce)alkyl and optionally
substituted (Cs-Cy)cycloalkyl in the definition of X° is optionally independantly
substituted by 1 or 2 (Cs-Cyalkyl, hydroxyl, (C:-Cs)alkoxy, carboxyl, CONH,, -
S(O)m(C+-Ce)alkyl, carboxylate (C-Cy)alkyl ester, or 1H-tetrazol-5-yl; or
when there are two X® groups on one atom and both X° are independently (C-
Celalkyl, the two (C4-Cs)alkyl gro.ps may be optionally joined and, together with
the atom to which the two X® groups are attached, form a 4 to S- membered ring
optionally having oxygen, sulfur or NX;
X is hydrogen or (C4-Cs)a Kyl bpﬁona!ly substituted with hydroxyl: and
m for each occurrence is indepen:iently 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™, SO.X° or SO.X'; and
when R® is a bond then L is N(X') and each r in the definition -(CH2)L-(CHy)r is
independently 2 or 3, in the preparation of a medicament for the ‘reatment of

insulin resistance in a mammal comprising administration to the said mammal of
an effective amount of said medicament.
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2. Use according to Claim 1 wherein said cornpound is of the formula
/Nb/ﬁ R ©
R*—N ] }

: N . NH,

b | r’«/x

R’ H

© o H

or the stereoisomeric mixtures, diastereomerically enriched, diastereomerically
pure, enantiomerically enriched or enantiomerically pure isomers, or the

pharmaceutically acceptable salts and prodrugs thereof where

' R'is -CH,-phenyl, R? is methyl and R® is -(CH,)s-phenyl:

R'is -CH,-phenyl, R? is methyl and R? is 3-indolyl-CHj-;

R'is -CH,-phenyl, R? is ethyl and R® is 3-indoly-CHy-;

R'is -CH.-4-flucro-phenyl, RZis methyl and RYis 3-indolyl-CH,-:

R'is -CHo-phenyl, R? is methyl and R® is -CHz-O-CHx-gheny!:

R1 is -CHz-phenyl, R? is ethyl and R* is -CH,-O-CHzphenyl:

'is -CHz-phenyl, R? is -CH,CF; and R is -CH,-O-CH,-phenyl:

"5 - z——i.w . s-phenyl. R is methyl and R® is -CH,O-CH-phenyl:
R'is -CHz-phenyl, R?is t-butyl and R? is -CH,-O-CHz-pheny!: or

R" is -CHzphenyl, R? is methyl and R is -CH-O-CHz-3,4-di-fluoro-phenyl.

!i

-

3. Use according to claim 1 wherein said compound of formula |

/N~>m R? 0
2
RE—N
N NH
N
; H
© A O H

or the stereoisomeric mixtures, diastereomerically enriched, diastereomerically

is of the formula

pure, enantiomerically enriched or enantiomerically pure isomers or the
phannaceuﬁcally‘acéeptable saits and prodrugs thereof where

R? is methyl; A" is 2-pyridyl; and R® is -CH,-O-CHg-phenyi;

R*is CH,CF3; A" is 2-pyridyl; and R® is -CH,-O-CH,-3-chioro-pheny:

R?is CH,CF3; A" is 2-pyridyl; and R® is -CH-O-CHz4-chloro-phenyl:

R%is CHZCffg; Alis 2-pyridyl; and R%is -CHz0-CHz-2,4-di-chloro-phenyl;

R?is CH,CF3; A" is 2-pyridyl; and Ris -CH-O-CHz3-chloro-thiophene or

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

AP/P/ 9801267
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4, Use accordirg to claim 1 wherein said compound of formula |
or the stereocisomeric mixtures, diastereomerically enriched, diastereomerically
pure, enantiomerically enriched or enantiomedcaﬁy pure isomers or the
pharmaceutically acceptable szlts 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 seiected from the group consisting of
2-amino-N-{1-(3a-benzyl-2-methyl-3-0x0-2,3,3a,4,6,7-hexahydro-pyrazolo{4, 3-
clpyridine-5-carbonyl)-4-phenyl-b .utyl}-isobutyramide,
2-amino-N-{2-(3a-benzyl-2-methyl-3-oxo-2,3,3a,4,8,7-nexahydro-pyrazolo-[4,3-
clpynidin-5-yi)-1-(1H-indoi-3-ytmeinyl)-2-oxo-ethyl]-isobutyramide,
2-amino-N-{2-(3a-benzyl-2-ethyl-3-oxo-2,3,3a,4,6,7-hexahydro-pyrazoio[4, 3-
Clpynidin-5-yi)-1-(1H-indol-3-ylmetihyl)-2-oxo-ethyll-iscoutyramide,
2—amino~N—{2-{3a-(4—ﬂuoro-benzy%)-2-methyl-3~oxo—2,3,3a,4,6,7-hexahydro—
pyrazolo[4,3-c]pyridin-5-yl}-1-(1 H-i ndo!—3—ylmethyl)-z-cxo-ethyl]-isobutyramide,

z-amino-N-{Z-(2a-benzyl-2-methy -2-0x0-2,3,33,4,8,T-nexanydro-pyrazoici4, 2

~

cipyridin-3-yl)-1-benzyloxymethy'- Z-oxo-ethyl}-isobutyramide,
Z-amino-N-{Z-{Za-benzyl-2-ethyl-Z-0x0-2,3,32,4,8,7 -nexahydro-pyrazolo{4,3-
clpynidin-5-yi)-1-benzyloxymethyl- 2-oxo-ethyl}-isobutyramide,
2-amino-N—{2-[3a-benzyl-3—oxo-2-(j2,2,2—tn'ﬂuoro-ethyl)—2,3,3a,4,6,7—hexahydro—
pyrazolo[4,3-c]pyridin-5-yl]-1-ben:yloxymethyl-2-oxo-ethyi-isobutyramide,
2-amino-N-{1-benzyloxymethyl-2- 3a-(4-fluoro-benzyl)-2-methyi-3-oxc-2,3,32,4,6,7-
hexahydro-pyrazolo[4,3-c]pyridin- 5-yl]-2-oxo-ethyl}-isobutyramide,
2-amino—N-'2-(3a-benzyl-2-tert-buiyl-3—oxo—2,3,33,4,6,7-hexahydro-pyrazolo[4,3—
¢]pyridin-5-yl)-1-benzyloxymethyl-2-oxo-ethyl]-isobutyramide and
2-amino-N-{2-(3a-benzyl-3-oxc-2, 4,3a,4,6,7-hexahydro-pyrazolo[4,3-c]pyridin-5-yi)-
1-benzyloxymethyl-2-oxo-ethyl]-is sbutyramide.

5. Use : according to claim 4 wherein said compound is 2-aminc-
N-{Z—(Sa-(R)-benzy%—Z-methyl-S—ox0-2,3,3a,4,6,7-hexahydro-pyrazolo—[4,3—c]pyrfdin-
S-yl)-1-(R)-benzyloxymethyl-2-oxc-ethyl]-isobutyramide L-tartaric acid sait.

8. Use . accordin; to claim 1 wherein said compound of formula |
or the stereoisomeric mixtures, diastereomerically enriched, diastereomerically

pure, enantiomerically enrichec! or enantiomerically pure isomers or the

pharmaceutically acceptable sal's and prodrugs thereof is the 3a-(R,S),1-(R)

prrigr 01267
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diastereomeric mixture, the 3a-(R),1-(R) enantiomer or 3a-(S),1-(R) enantiomer of
a compound selected frem the group consisting of
2-amino-N-{1-benzyloxymethyl-2-(2-methyl-3-0x0-3a-pyridin-2-yimethyl-
2,3,3a,4,8,7-hexahydro-pyrazoio[4,3-c}pyrdin-5-yl)-2-oxo-ethyl]-2-methyl-
propiocnamide;
2-amino-N-{1-(3-chloro-benzyloxymethyl)-2-0x0-2-[3-0x0-3a-pyridin-2-yimethyl-2-
(2,2, 2-trifluoro-ethyl)-2,3,3a,4,8,7-hexahydro-pyrazolo(4, 3-c ]pyridin-5-yi]-ethyl}-2-
methyl-propionamide;
2-amino-N-{1-(4-chloro-benzyloxymethyl)-2-oxo-2-[3-0x0-3a-pyridin-2-yimethyl-2-
(2,2,2-trifluoro-ethyl)-2,3,3a,4,6,7-hexahydro-pyrazolo[4, 3-¢ pyridin-5-yl]-ethyi}-2-
methyl-propicnamide;
2-amino-N-{1-(2,4-dichloro-benzyloxymethyl)-2-oxo-2-[3-oxo-3a-pyridin-2-yimethyi-
2-(2,2,2-trifluoro-ethyl)-2,3,3a,4,5,7-hexahydro-pyrazolo[4,3-c]pyridin-5-yi]-ethy}-2-
methyl-propionamide;
2-amino-N-{1-(4-chloro-thiophen-2-vimethoxymethyl)-2-oxo-2-[3-oxo-3a-pyridin-2-
yimethyl-2-(2,2, 2-triflucro-ethyl)-2,3,32a,4,5,7-hexahydro-pyrazolc{3,4-c]pyridin-6-
yl]-ethyl}2-methyl-propionamide; and
2-amino-N-<1-(2 4-diflucro-benzylexymathy-2-ox2-2-[3-cx~-3a-pyridin-2-yimethyl-
2-(2,2,2-trifluoro-ethyl)-2,3,3a,4,8,7-hexahydro-pyrazolo[4, 3-c]pyridin-5-yi]-ethyl}-2-
methyl-propionamide.
7. Use for treating insulin resistance in a mammal according to

claim 1 which additionally comprises administering to a mammal in need thereof a

growth hormone releasing hormone or a functional 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 formula |

X4
I I
ﬁﬂ <°Hvan/C\T/~\ﬁ/R\N<R
Re
N (CHo)y R* 0
2/ \N/

R
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or the stereoisomeric mixtures, diastereomerically enriched, diastereomerically
pure, enantiomerically enriched or enantiomerically pure isomers or the
pharmaceutically acceptable sait: and prodrugs therect,

wherein

eisOori;

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

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

Y is oxygen or sulfur;

R' is hydrogen, -CN, -(CHz){N(X"YC(O)X®, ~(CH2){N(X?)C(O)(CHa)-A",
~(CH2)gN(X%)SO(CHa)rA", -(CH2) N(X)SO2X’, -(CH)N(X)CO)N(XP)(CH)A,
-(CH2)eNOX)TIOINER)(XY), -(CH21gCOINCXT)(X), ~(CH2)CIOIN(XP)CH)-A",
~(CH2)qC(O)OX®, ~(CH3)qC(O)O(C 3)-A", ~(CH2)gOX°, -(CH,)OC(O)X°,

-(CH2)qOC(O)(CHz)rA", ~(CH2){OC{OIN(X*)(CH)rA", -(CH2){OC(O)N(X%)(X3),

~(CH2)¢C(C)X°, ~(CH2)eC(O)(CHa)rA", «(CH2)N(X)C(Q)OX’,

“(CH2)NX)SONEC)Y(XY), «(CH2) S(O)mX, -(CH2JeS(O)m(CH2)-A',

-(C4-Cro)alkyl, -(CHz)-A', -(CHa)q- C3-Cr)cycloalkyl, -(CHa)e-Y'-(C+-Ce)alkyl,

~(CH2e Y -(CHap-2" o7 < 200N DH-{C+ Cr v cloalky':
where the zikyl and cyclczikyl groups in the definition of R are optionally
substituted with (Cs-Cy)alkyl, hydroxyl, (C+-Cs)alkexy, carboxyl, -CONH;,
-S(O)m(C+-Ce)alkyl, -CO:(21-Ci)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(XC(O)-, -C(O)NXE-,
-C(0)O-, -OC(O)N(X®)- or -OC(O)-;

qis0, 1,2, 3 or4;!

tis0,1,20r3;

said (CHz)q group and (CFlz) group may each be optionally substituted with
hydroxyl, (C+-C4)alkoxy, carboxyl, -CONHj, -S(O)m(C+-Ce)alky!,
-CO2(C+-Cyalkyl ester, 1li-tetrazcl-5-y!, 1, 2 or 3 fluoro, or 1 or 2 (Cs-
Caalkyl;

R? is hydrogen, (C+-C)alkyl, -(Co- 3a)alkyl-(Cs-Cs)cycloalkyl, -(C-Co)alkyl-A' or A':
where the alkyl groups an: the cyclcalkyl groups in the definition of R? are
optionally substituted with nydroxyl, -C(O)OX’, -C(OINGKH)(X®), -N(X&)(x5),
-S(0)m(C+-Ce)alky!, -C(O)A", -C(Q)(X®), CF3, CN or 1, 2 or 3 halogen;

AP/ 101267
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R%is A", (Cs-Cro)alkyl, -(Cs-Ce)alkyl-A', -(Cs-Ce)alkyl-(CCr)cycloalkyl,
-(C4-Cs)alkyl-X'-(C1-Cs)alkyl, -(C+-Cs)alkyl-X'-(Co-Cs)alkyl-A" or
-(C+-Cs)alkyl-X'-(Cs-Cs)alkyl-(Cs-Cr)cycloalky!; ‘
where the alkyl groups in the definition of R® are optionally substituted with
-S(O)m(C1-Ce)alkyl, -C(O)OX>, 1,2, 3,4 or 5 halogens, or 1, 2 or 3 OX3;
X'is O, $(O)m, -NX*)C(O)-, -C(O)N(X?)-, -OC(O)-, -C(Q)O-, -CX?=CX%-.
-NOG)C(O)O-, -OC(O)N(X?)- or -C=C-;
R* is hydrogen, (Cy-Cg)alky! or (Cs-Cr)cycloalkyl, or R* is taken together with R®
and the carbon atom to which they are attached and form (Cs-C;)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 6-membered ring, fused to a partially saturated,
fully unsaturated or fully saturated 5- or 6-membered ring, optionally having 1 to 4
hetercatoms independently selected from the group consisting of nitrogen, sulfur
and oxygen;
X*is hydrogen or (Cs-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;

x3 x5
LN
Z\ Pt ~
(CH2)a  (CH2p

—
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 (Cs-Ce)alkyl;
the optionally substituted (Cs-Cg)alkyl in the definition 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)OX?, (Cs
Cr)cycloalkyl, -N(X*)(X’) and -C(OINO)(X;
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’ cr R® but not both

AP/P/ 98012867
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may be on the nitrogen aivm 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 w:h X® and the carbon atom to which they are
attached and form a partia'ly saturated or fully saturated 3- to 7-membered
ring, or a partially saturate« or fully saturated 4- to 8-membered ring having
1 to 4 heteroatoms indepzndently selected from the group consisting of
oxygen, sulfur and nitroger:;

or X° is taken together witn X* and the carbon atom to which they are
attached and form a bicyc: ¢ ring system consisting of a partially saturated
or fully saturated 5- or 6-membered ring, optionally having 1 or 2
hetercatoms independently seiected from the group consisting of nitrogen,
sulfur and oxygen, fused (o a partially saturated, fully saturated or fuily
unsaturated 5- or 6-membered ring, optionaily having 1 to 4 heteroatoms
independently selected frcm the group consisting of nitrogen, sulfur and
oxygen;

4
-

Z' is a bond, O or N-X?, provided that when a and b are both 0 then Z' is
not N-X? or O;
R’ and R® are independently hydragen or optionally substituted (C+-Cg)alkyl:
where the optionally substi uted (C-Cg)alky! in the definition of R” and R® is
-optionally independently st ostituted with A*, -C(O)O-(Cy-Ce)alkyl,
-S(O)m(C1-Cejalkyl, 1 to 5 halogens, 1 to 3 hydroxy, 1 to 3 -O-C(O)(Cs-
Cao)alkyl or 1 to 3 (C4-Cg)allioxy; or
R’ and R® can be taken together to form -(CHy)-L-(CH2)~;
where L is C(X3)(X?), S(O)m or N(X3);
A’ for sach occurrence is indeperidently (Cs-Cr)cycloalkenyl, phenyl or a partially
saturated, fully saturated or fully unsaturated 4- to 8-membered ring optionally
having 1 to 4 heteroatoms indep 2ndently selected from the group consisting of
oxygen, sulfur and nitrogen, a oicyclic ring system consisting of a partially
saturated, fully unsaturated or fuly saturated 5 or 6-membered ring, optionally
having 1 to 4 heteroatoms indepzndently selected from the group consisting of

nitrogen, sulfur and oxygen, fused to a partially saturated, fully saturated or fully

Ap/P 9001267
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unsaturated 5- or 6-membered ring, optionally having 1 to 4 heteroatoms
independently selected from the group consisting of nitrogen, suifur 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 incependently selected from the group
consisting of F, Cl, Br, I, OCF3, OCF;H, CF;, CH;, OCH;, -OX5,
-C(OIN(X®)(X®), -C(O)OX®, oxo, (C+-Cs)alkyl, nitro, cyano, benzyl,
-S(O)m(C+-Ce)alkyl, 1H-tetrazol-5-yl, phenyl, phenoxy, phenylalkyloxy,
halophenyl, methylenedioxy, -N(X)(X®), -N(X5C(O)(X%), -SON(XH)(X®),
-N(X%)SO:-phenyl, -N(X)SO,X®, -CONX"'X? -SC,NX"'X"?, -NX8S0,X "2,
-NXPCONX'X™, -NX®SO,NX'"X"?, -NX°C(0)X™?, imidazolyl, thiazolyl and
tetrazolyl, provided that if A" is optionally substituted with methyienedioxy
then it can only be substituted with one methylenedioxy;
where X' is hydrogen or optionally substituted (C;-Cg)alkyl;
the optionally substituted (C:-Csalkyl defined for X'' is
optionally independently substituted with phenyl, phenoxy,
(Ce-Cejatkoxycarbony;, -3{0)m(Ci-Cs)alkyl, 1 tc 3 ralogens,
1 to 3 hydroxy, 1 tc . (Cy-C-p)alkanoyloxy cr © . 2 Z.-
Ce)alkoxy;
X7 is hydrogen, (C+-Ce)alkyl, phenyl, thiazolyl, imidazolyi, 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;, OCHa, OCF3 and CFj;
or X™ and X™ are taken together to form ~(CHa)-L'<(CHy)-:
where L' is C(X%)(X?), O, S(O)m or N(X2);
r for each occurrence is independently 1, 2 or 3;
X? for each occurrence is independently hydrogen, optionally substituted (C.-
Ce)alkyl, or optionally substituted (C+-C5)cycloalkyl, where the optionally substituted
(C+-Ce)alkyl and optionally substituted (Cs-Cs)cycloalkyl in the definition of X* are
optionally independently substituted with -S(O)m(C+-Ce)alkyl, -C(O)OX?, 1 to 5
halogens of 1-3 OX%;

X3 for each occurrence is independently hydrogen or (Cy-Ce)alkyl:
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X® is independently hydrogen, optionally substituted (Ci-Ce)alkyl, (Co
Ce)nalogenated  alkyl, optionally substituted (CsC;)cycloalkyl, (Cs-Cy)-
halogenatedcycloalkyl, where oj:itionally substituted inCs)alkyl and optionally
substituted (Cs-Cy)cycloalkyl in “he definition of X°® is optionally independently
substituted by 1 or 2 (C4-Cs)alkyi, hydroxyl, (Cs-Cy)alkoxy, carboxyl, CONH,, -
S(O)m{(C4-Cs)alkyl, carboxylate (C -Cy)alky! ester, or 1H-tetrazol-5-yi; or
when there are two X° groups on one atom and both X° are independently (Cy-
Cs)alkyl, the two (C4-Cg)alkyl gro.ups 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 NXT:

X'is hydrogen or (Cs-Cs)a kyi optionailly substituted with hydroxy!; 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(C) or SO, in the form
C(O)X®, C(O)X"?, SOX°® or SO.X'*; and
when R® is 2 bond then L is N(X*) and each r in the definition -(CHp)-L-(CH,) is
independentiy 2 or 3.

e Use 0f a wedicament formulated rrom

effective amounts of a functional somatostatin antagonist and a compound of

formula |
X4
c s [
Yﬁf(%ﬂe (s::sznN/c\(L/N\C/R\N/R,
N (CHy) zla‘* clal \Ra
N / - w
R2 N '

|
or the stereocisomeric mixtures, diastereomerically enriched, diastereomerically
pure, enantiomerically enriched or enantiomerically pure isomers or the

pharmaceutically acceptable salts and prodrugs thereof,
wherein

eisQor1;
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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 tirr?e;
Y is oxygen or sulfur; '
R" is hydrogen, -CN, ~(CHz)qN(X®)C(O)X®, -(CHZ)sN(X)C(O)(CH,)-A",
~(CH)N(X)SO2(CH2)-A", -(CH2)N(X)SO,XC, -(CH)eN(X)C(OIN(X®)(CH )A,
~(CH)NCXC(OIN(XE)(X®), ~(CH2)eC(OIN(X)(X), «(CH2)eC(O)N(X*)(CHz)-A',
~(CH2){C(O)OX®, ~(CH,)qC(O)O(CHz)-A", -(CH2)qOX?, -(CHZ)OC(O)X’,
~(CH2)qOC(O)(CHz)rA", -(CH2)QOC(OIN(X’)(CHz)rA", -(CHZ)qOC(OIN(X®)(X®),
-(CH2)aC(O)X°, ~(CH2)eC(O)(CH2)A”, ~(CH2)gN(X*)C(Q)OX",
~(CH2)aNX)SON(X®)(X%), ~(CH2)eS(O)mX’, -(CH2)qS(O)m(CHz)A",
~{C1-Cae)alkyl, -(CHa)A", <(CHy)e~(Cs-Cr)cycloalkyl, -(CHz)e-Y'-(C-Ce)alkyl,
«(CH2)q-Y'-(CH2)rrA' or -(CHz)e-Y"'-(CHz)r-(Cs-Cr)cycloalkyl;

where the alkyl and cycloalky! groups in the definition of R are optionally

subsituted with (Cy-Cyaikyl, hydroxyl, (C+-Cu)alkexy, carboxyl, ~CONH,,
-S(O)m(C4-Ce)alkyl, -CO,(C4-Cs)alkyl ester, 1H-tetrazol-5-yl or 1, 2 or 3
fluoro;

Y'is O, S(O), -CLOINX-, -CH=CH-, -C=C-, -N/X®C(2)-, -C(O)NXE
-C(0)0-, -OC(O)N(X%)- or -OC(O)-;

qis0, 1,2, 3or4,

tis, 1, 20r3;

said (CHy)q group and (CH,), group may each be optionally substituted with
hydroxyl, (C4-Cg)alkoxy, carboxyl, -CONHz, -S(O)n(C4-Ce)alkyl,
-CO5(Cy-Cy)alkyl ester, 1H-tetrazoli5-yl, 1, 2 or 3 fluoro, or 1 or 2 (Cs-
Ca4)alkyl;

R? is hydrogen, (C+-Cs)alkyl, -(Co-Ca)alkyl-(Ca-Cs)cycloalkyl, -(C-CJ)alkyl-A' or A";
where the alkyl groups and the cycloalkyl groups in the definition of R? are
optionally substituted with hydroxyl, -C(O)OX®, -C(ONQC)(X®), -NEBCK®,
-S(0)m(C1-Cs)alkyl, -C(O)A", -C(O)(X¥), CFs, CN or 1, 2 or 3 halogen:

Ris A", (Cy-Cyo)alkyl, (C+-Ce)alkyl-A', -(C4-Cs)alkyl-(Cs-Cr)cycloalkyl,

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

-(C+-Cs)alkyl-X'-(C+-Cs)alkyl-(C-Cr)cycloalkyl;
where the alkyl groups in the definition of R® are optionally substituted with
-S{O)m(C+-Ce)alkyl, -C(O)OX3, 1,2,3,4o0r5halogens,or1,20r3 ox:

]
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X'is O, S(O)m, -NXHC(C'-, -COIN(X?)-, -OC(O)-, -C(O)O-, -CX?=CXZ-,

-NXA)C(0)C-, -OC{OIN(X - or -C=C-;
R® is hydrogen, (Cs-Cgalky! or 1C=Cr)cycloalkyl, or R"‘ is taken together with R?
and the carbon atom to which tivey 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
oxygen, sulfur and nitrogen, or is a bicyciic ring system consisting of a partially
saturated or fully saturated 5- or 6-membered ring, fused to a partially saturated,
fully unsaturated or fully saturate 4 5- or 6-membered ring, optionally having 1 to 4
heteroatoms independently sele:tec from the group consisting of nitrogen, suifur
and oxygen;
X*is hydrogen or (Cs-Ce)alkyl or < 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;

Za

X

v
AN

\ /(h

1 ‘,/
/Z\ C.\ P

(CH2a  (CH

(&

R%is a bond oris
where a and b are independently 0, 1, 2 or 3;
X® and X* are each indenendently selected from the group consisting of
hydrogen, trifluoromethyl, A" and optionally substituted (C,-Ce)alky!:
the optionally substituted (C4-Ce)alky! in the definition of X* and x>
is optionally subst uted with a substituent selected from the group
consisting of A, OX) -S(O)m(Ci-Cealkyl, -C(O)OX: (Ca
Cr)eycloalkyl, -N(X)(X?) and -C(O)N(XH)(X3):
or the carbon bearing X° ar X™ forms one or two alkylene bridges with the
nitrogen atom bearing R’ and R® wherein each alkylene bridge contains 1
to S 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 a:om and further provided that when two alkylene
bridges are formed then »* 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 particilly 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, suifur 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, sulfur and
oxygen;
Z' is a bond, O or N-X?, provided that when a and b are both O then Z' is
not N-X? or O;
R’ and R® are independently hydrogen or optionally substituted (C4-Ce)alky!;
where the optionally substituted (C-Csg)alkyl in the definition of R’ and R% is
optionally independently substituted with A', -C(0)C-~(C+-Ce)alkyl,
-S(O)m(C+-Ce)alkyl, 1 to & naiwgans, 1 w0 & nydroxy, 1 to 2 -C- . O)(Cy-
Cagialkylor 1 to 3 "=.-CC
R’ and R® ¢ 1 be taken togemnar s form «(Cig)-L-(CRa)e:
where L is C(X3)(X?), S(O)m or N(XA):;
A’ for each occurrence is independently (Cs-Cr)cycloalkenyl, pheny! or a partially
sawrated, fuily saturated or fully unsaturated 4- to 8-membered ring opticnally
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 fuily
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, OCF3, OCF;H, CF3, CH,, OCH;, -OX°,
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-COIN(X®)(X®), -C(O)OX® oxo, (C+-Ce)alkyl, nitro, cyano, benzyl,
-S(O)m(Cs-Ce)alkyl, 1H-tetrazoi-5-yl, phenyl, phenoxy, phenylalkyloxy,
halophenyl, methylenedioxy, -N(X*)(X%), -N(X?)C(O)(X®), -SON(X®)(X®),
N(X®)SOzphenyl, -N(X5)S0,X¢, -CONX'X"?, -SO,NXTX™ -NXPSO,X "2,
-NXPCONX''X™, -NX®SO.NX'""X"?, -NX®C(O)X"™, imidazolyl, thiazolyl and
tetrazolyl, provided that it A’ is optionally substituted with methylenedioxy
then it can only be substit.ited with one methylenedioxy;
where X' is hydrojen or optionally substituted (C;-Cs)alkyl;
the optionally substituted (Cy-Ce)alkyl defined for X' is
optionally independently substituted with phenyl, phenoxy,
(C+-Ce)alkoxycarbonyl, -S(O)m(C+-Cs)alkyl, 1 to 5 halogens,
1 to 3 hycroxy, 1 to 3 (C4-Cyo)aikanoyloxy or 1 to 3 (Cy-
Ce)alkexy;
X is hydrogen, (Cs-Ce)alkyl, phenyl, thiazolyl, imidazolyl, furyl or
thienyl, provided that when X™ is not hydrogen, X™ is optionally
sutstituted with o01e to three substituents independently selected
from the greup cor sisting of CI, F, CHs, OCHa, OCF; and CF;;
or X' and X" are " aken together to form -(CHy)-L'-(CHy),-;
where L' is S(X*)(X?), O, S(O)m or N(X?);
r for each occurrence is indepencznily 1, 2 or 3;
X? for each occurrence is independently hydrogen, optionally substituted (Cs-
Ce)alkyl, or optionally substituted (C3-C;)cycloalkyl, where the optionally substituted
(C1-C§)alkyl and optionally substiluted (Cs-Cr)cycloalkyl in the definition of X* are
optionally independently substittted with -S(O)m(C+-Ce)alkyl, -C(O)OX®, 1 to 5
halogens or 1-3 OX3;
x3 fbr each occurrence is indeperidently hydrogen or (Cs-Ce)alkyl:
X® is independently hydrogen, optionally substituted (Ci-Ce)alkyl, (Cr
Ce)halogenated  alkyl, optionally —substituted (Cs-Cy)cycloalkyl, (C+Cy)-
halogenatedcycloalkyl, where oj:tionally substituted (C4-Ce)alkyl and cptionally
substituted (Cs-Cy)cycloalkyl in "ne definition of X° is optionally independently
substituted by 1 or 2 (Cs-Cy)alkyl, hydroxyl, (Cs-Ca)alkoxy, carboxyl, CONH,, -
S(O)m(C+-Ce)alkyl, carboxylate (C- -Cy)alky! ester, or 1H-tetrazol-5-yl; or

198/01267
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when there are two X® groups on one atom and both X° are independently (C-
Cs)alkyl, the two (C4-Ce)alkyl groups may be optionally joined and, together with
the atom to which the two X° groups are atiached, form a 4- to 8- membered ring
optjonélly having oxygen, sulfur or NXT;

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 tc C(QO) or SO; in the form
C(O)X°, C(O)X™, SO.X° or SO,X'%; and
when R®is a bond then L is N(X? and each r in the definition - -(CH2)L-(CH3 ),»- is

10. Use of a medicament formulated from
" effective amounts of a functicnal somatostatin antagonist and a

compound of formuia |

C
R' |§
C

v (CH)e (CH)n | RS ;
ﬁ/ N/ c e \C pd \N/

or the stereocisomeric mixtures, diastereomerically enriched, diastereomerically
pdre, 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 0 at the same time;

Y is oxygen or suifur;

R is hydrogen, -CN, -(CHz)NOGIC(O)X®, -(CH2)eNEC)IC(O)(CHR)A',
-(CHZ)aNCX)SO2(CHz)rA", (CHZ)NCX)SO2X", {CH2)NX)CIOIN)(CHz)-A,
-(CH2)NCICOINEX) (X, -(CH2)COINXNXY), -(CH2)COIN)(CHo)A',
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~{CH)C(O)YOX, ~(CH2)C(O)O(ClHz)eA ", «(CH2)0X’, -(CH).CC(O)X",

~(CH2)OC(O)(CHa)A", ~(CH2)eOC(OIN(X)(CHz)-A, -(CH2)eOC(OIN(X)(X®),

~{CH2)eC(O)XE, ~(CH,)C(O)(CH)r A", -(CH2)aN(XEC(O)OX’,
~(CH2)N(XHSONKEX®), ~(CH2)e 3(0)mX®, ~(CH2)qS(O)m(CHaj-A',

-(C+-Cro)alkyl, -(CHa)-A", -(CH2)q-(C5-Cr)cycloalkyl, -(CHz)e-Y -(C-Ce)alkyl,

~(CH2)-Y '~(CHa)rrA" or -(CH2)q-Y -{CH2)~(C5Cy)cycloalkyt;
where the alkyl and cycloalkyl groups in the definiticn of R are optionally
substituted with (C4-Cs)alkyl, hydroxyl, (C+-Cs)alkoxy, carboxyl, -CONHs,
-S(O)m(C+-Ce)alkyl, -CO4(t>4-Cu)alkyl ester, 1H-tetrazol-5-yl or 1, 2 or 3
fluoro;

Y'is O, S(Q)m, -C(CINX>-, -CH=CH-, -C=C-, -N(X?)C(O)-, -C(OINXE-,
-C(0)0-, -OC(OIN(X®)- cr -OC(O)-;

gis G, 1,2, 3or4;

tis0,1,20r3;

said {CHa)q group and (CHiz)y group may each be optionally substituted with
hydroxyl, (C4-Cy4)alkoxy, czarboxyl, -CONHz, -S(O)m(C+-Ce)alkyl,
-CO(Cy-Cy)alkyl ester, 1hi-tetrazoi-5-yl, 1, 2 or 3 fluoro, or 1 or 2 (Cy-
Cayalkyl;

R*is hydrogen, (C1-Cs)alkyl, -(Co- 2a)alkyl-(C+Cs)cycloalkyl, -(Ci-Caalkyl-AT or A™:
where the alkyl groups ani the cycioalkyl groups in the definition of R? are
optionally substituted with 1ydroxyl, -C(O)OX°®, -C(OIN{XE)(X®), -N(X®)(X®),
-S(0)m(C+-Ce)alkyl, -C(O)A ", -C(0)(X®), CF3, CN or 1, 2 or 3 halogen:

R%is A", (C1-Cro)alkyl, -(Cr-Ce)alkyl-A', <(C1-Ce)aliyl-(Cs-Cy)cycloalkyl, «

~(C+-Cs)alkyl-X'-(C4-Cs)alkyl, -(Cs~2s)alkyl-X'-(Co-Cs)alkyl-A" or

-(C4-Cs)alkyl-X'-(C1-Cs)alkyl-(C+-C-)cycloalky!:
where the alkyl groups in the definition of R® are optionally substituted with
-S(0)m(C+-Ce)alkyl, -C(OYCX3, 1,2, 3,4 0r5 halogens, or 1, 2 or 3 OX>;
X'is O, S(O)m, -NXI)C(O)-, -C(OIN(X?)-, -OC(O)-, -C(0)O-, -CX*=CX2-,
-NEX)C(Q)O-, -OC(OIN(X)- or -C=C-;

R* is hydrogen, (C:-Ce)alkyl or (©5-Cq)cycloalkyl, or R* is taken together with R®

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

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

having 1 to 4 heteroatoms inder:endently 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 8-membered rihg, optionally having 1 to 4
heteroatoms independently selected from the group consisting of nitrogen, sulfur
and oxygen,
X* is hydrogen cor (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 tc seven nﬁembered ring;
5 5
NS
A A N
R®is a bond oris (CHYa  (CHIy :
where a and b are independently 0, 1, 2 or 3;
X® and X* are each independently selected from the group consisting of
mvdrogen, triflucromethyl, A' and optionally substituted (C4-Cs)alkyl;
e Spuonaly SULSulLES (wi-ce)day: 0 the definiien of X® and X°
is optionally substituted with a substituent selected from the group
consisting of A', OX% -S(O)m(C+Ceakyl, -C(O)OX!, (Cs
Cr)eycioalkyl, -NOA)(X?) and -CON(X*)(X?);
or the carbon bearing X5 or X* forms one or two zlkylzne bridges with the
nitrogen atoem bearir{g R7 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

/98,01267
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heteroatoms independently selected from the group consisting of nitrogen,
sulfur and oxygen, fuse: to a partially saturated, fully saturated or fully
unsaturated 5- or 6-merm sered ring, opﬁonallyrhaving 1 to 4 heteroatoms
independently selected from the group consisting of nitrogen, sulfur and
oxygen;
Z" is a bond, O or N-X?, srovidec that when a and b are both 0 then Z' is
not N-XZ or O:

R” and R® are independently hydrogen or optionally substituted (C4-Ce)alky!;
where the optionally subsiituted (C4-Ce)alky! in the definition of R’ and R%is
optionally independently substituted with A’ -C(O)O-(C4-Ce)alkyl,
-S(O)m(C+-Ce)alkyl, 1 to i halogens, 1 to 3 hydroxy, 1 to 3 -O-C(O)(Cs-
Cao)alkyl or 1 to 3 (C4-Cs)alkoxy; or

R’ and R® can be taken together ‘0 form -(CHz)-L-(CHa)~
where L is C(X})(X9), S(O' » or NOXA);

A' for each occurrence is indepe:ndently (Cs-Cr)cycloalkenyl, phenyl or a partially

saturated, fully saturated or fullv unsaturated 4- to 8-memberad ring cptionally

having 1 to 4 hetercatoms indenendently selectec from the group consisiing of

Oxygen, sulfur and nitrcgen, = bicyclic ring system consisting of a panially
saturaied, fully unsaturated or f.lly saturated 5- or 68-membered ring, optionally
having 1 to 4 heteroatoms indesendently selected from the group consisting of
nitrogen, suifur and oxygen, fused to a partially saturated, fully saturated or fully
unsaturated 5- or 6-memberec ring, optionally having 1 to 4 hetercatoms
independently selected from the roup consisting of nitrogen, sulfur and oxygen;
A' for each occurrence is independently optionally substituted, in one or
optionally both rings if /' is a bicyclic ring system, with up to three
substituents, each subsiituent independently selected from the group
consisting of F, Cl, Br, I, (ICF3, OCFH, CF, CHa, OCHj, -OX°.
-COINCX)(X), -C(O)OX’, ox0, (C1-Cg)alkyl, nitro, cyano, benzyl,
-S(O)m(C1-Ce)alkyl, 1H-te trazol-5-yl, phenyl, phenoxy, phenylalkyioxy,
halophenyl, methylenedioxy, -N(X%)(X?), -N(X%C(Q)(X®), -SONOE) <),
-N(X%)SOrphenyl, -N(X)S12X", -CONX"X™?, -50,NX"'X"?, -NX*SOX"2

48,0167
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NXSCONXMX™ -NXBSO,NX'X2, -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 methyieredicxy;
where X' is hydrogen or optionally substituted (C,-Cq)alkyl:
the optionally substituted (Ci-Ce)alkyl defined for X' is
optionally independently substituted with phenyl, phenoxy,
(C+-Ce)alkoxycarbonyl, -S(O)m(C+-Ce)alkyl, 1 to 5 halogens,
1 to 3 hydroxy, 1 to 3 (C+-Cyo)alkanoyloxy or 1 to- 3 (Cs-
Cs)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 substituents independently selected
from the group consisting of Ci, F, CHs, OCHs, OCF; and CF3;
or X' and X' are taken together to form -(CHy)-L'-(CHy)e;
whars Uis OO O SIOV, or NIXA):;
r for each occurrence is indepencenty 1, 2 or 3;
X? for each occumer.: is incepercs ., nycragsn, cpucnaiy substituted (Cs-
Cs)alkyl, or optionally substituted (C;-C7)cycloalkyl, where the optionally s.. . .*"2ad
(C4-Ce)alkyl and optionally substituted (Cs-Cr)cycloalkyl in the definition of X? are
optionally independently substituted with -S(O)m(C+-Ce)alkyl, -C(O)OX3, 1t 5
halogens or 1-3 OX3;
X3 for each occurrence is independently hydrogen or (Cs-Cg)alkyl;
X% s independently hydrogen, optionally substituted (Cs-Cealkyl, (Co
Ce)halogenated alkyl, optionally substituted (C3-Cy)cycldalkyl, (C+Cq)-
halogenatedcycloalkyl, where optionally substituted (C+-Ce)alkyl and optionally
substituted (C+Cy)cycloalkyl in the definition of X® is opticnally independently
substituted by 1 or 2 (C+-Cyalkyl, hydroxyl, (C+-Cy)alkoxy, carboxyl, CONH_, -
S(0)m(C+-Cs)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-
Ce)alkyl, the two (C4-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 NXT;
X7 is hydrogen or (C4+-Ce)alky! optionally substituted with hydroxyl; and
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“znz X7 cannot be hvdrogen wnzn it is smacher o C(O) ¢r 3C: in the fomm
SO SIOM™. 80X a7 SOX ™ ane
when R°is 2 bond then L is N(X?) and eac:, 7in the definition ~(CH:r-L-CHa)r is
ndevencantlt 2 oor 3

B S~ Use  z2IIorcit o ciaim 40 whersim fa318 functonz
FTTRTISEUD antagonist i an aipia-2 sarensargic agoris

-z ~ US€  accordirg i cizim T wnerein said aipna-2 acrenergic
2gcnistis ssiectad from tns grour consisting of cloniging, xylazins anc
TeCsitmidine.

13 A use &ccording io claim 12 wherein said compound of formuia |
is Z-amino-N-[z-(aa-(R)—benzyL-2—methyl-3—oxo-2,3,3a,4,6,7—hexanydro—3 razclo-
[4,3-clpyridin-5-yh-1-{R)-benzvicx: smethyi-Z-oxc-gthylj-isobutyramics L-ter
salt

14 A pharmaceutical ¢ ompesition which comnrisés a pharmacsutically
accepiable camier, an amount of =n alpha-2 adrenergic agoenist and an amount of
a compound of formuia |

o) x4
: R | = | :
NS NN A A
i ; { ! , I \98
! 1 4 ~
~7/N\r\f/\./(wriz)w R G
R2
j
Or e siersciscmeric mixiures, diastereomeﬁca.‘iy enriched, Ciasterscmerically
pure, enantomerically enrichec or enantiomerically pure isomers or the
phafmaceuﬁcaliy acceptatle salts and predrugs therect, '
wherein
eisOor1;

nand 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;
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R' is hydrogen, -CN, (CHz)qN(X")C(O)

X, -(CH2){NCXP)C(O)(CHa)-A",
~(CH2)oN(X®)SO,(CH)-A"

, «(CH2)N(X)SO2X®, <(CH2)gN(XD)C(OIN(X®)(CH)-A',

H(CH2) N COIN(XE)(X®), (CHo)COINCXI(XT), ~(CHJeCO)N(X®)(CH,)-A

«(CH2)oC(O)OXE, «(CH2)eC(O)O(CHz)rA", «(CH2)0X?, (CH2);0C(O)X’,

5 ~(CH2)qOC(O)(CHa)-A", -(CH2)OC(OIN(X*)(CHz)-A", -(CH2)OC(OIN(X*)(X?),
~(CH2)qC(O)X, ~(CH2)C(O)CH)rA', -(CH2)eN(X)C(O)OX",
~(CH2)eN(XH)SONXR)(XY), ~(CH2)eS(O)mX’, -(CH2)eS(O)m(CH2)A',

(C+-Cro)alkyl, -(CHy)rA", -(CHa)q-(Cs-Crcycloalkyl, -(CHz)g-Y'-(C4-Cq)alkyl
~(CH2)q-Y'~(CHa)-A" or ~(CHa)e-Y -(CH2)-(Cs-Cr)cycloalkyl;

10 where the alkyl and cycloalkyl groups in the definition of R' are optionally
substituted with (C4-Cy)alkyl, hydroxy!, (C+-Cs)alkoxy, carboxyl, -CONH,,
-S(O)m(C+-Ce)alkyl, -COz(Cs-Cq)alky! ester, 1H-tetrazol-5-yl or 1, 2 or 3
fluoro;

is O, S(O)m, -CIOINX?-, -CH=CH-, -C=C-, -NOG)C(O)-, -CONXE-,
15 -C(OYC -, -OCOIN(X®)- or -CC(O)-;
gis0, . 2.7
tisT * Deorl
said (CHa)q group and (CHz) group may each be optionally substituted with
hydroxyl, (C+-Cs)alkoxy, carboxyl, -CONHa, -S(O)m(C+-Ce)alkyl,
20

-CO,(C+-Cy)alkyl ester, 1H-tetrazol-5-yl, 1, 2 or 3 fluoro, or 1 or 2 (Cs-
Caalkyl;

R* is hydrogen, (C+-Cg)alkyl, -(C¢-Ca)alkyl-(Cs-Cs)cycloalkyl, -(C:1-C4)alkyl-A1 orA
where the alkyl groups and the cycloalkyl groups in the definition of R? are
optionally substituted with hydroxyl, -C(O)OX®, -C(O)N(X?)(X®), -N(X*)(X?),

25 -S(0)m(C+-Ce)alkyl, -C(O)A", -C(O)(X%), CF3, CN or 1, 2 or 3 halogen;
R®is A', (C1-Cyo)alkyl, -(C1-Ce)alkyl-A’, -(C4-Ce)alky-(Ca-Cr)cycloalkyl,
~(C+-Cs)alkyl-X'-(Cs-Cs)alkyl, -(C+-Cs)alkyl-X'-(Co-Cs)alkyl-A or
-(C+-Cs)alkyl-X'-(C4-Cs)alkyl-(Cs-Cr)cycloalkyl;

where the alkyl groups in the definition of R® are opnonally substituted with
30

-S(0)m(C+-Co)alkyl, -C(O)OX?, 1, 2, 3, 4 or 5 halogens, or 1, 2 or 3 OX’,
X'i$ O, S(O)m -NOXAC(O)-, -CLON(XA)-, -OC(O)-, -C(O)0-, -CX*=CX*,
“NEAC(0)O-, -OC(O)NEX)- or -C=C-;
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R*is hydrogen, (Ci-Cs)alkyl or /Cs-Cr)cycloalkyl, or R* is taken together with R®
and the carbon atom to which tiey are attached and form (Cs-Crjcycloalkyl, (Cs-
Cs)cycloalkenyl, a partially saturated or fully saturatéd 4- to 8-membered ring
having 1 to 4 heteroatoms indenendently 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 saturate 4 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)aikyl or :<* 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;

X2 x=
NN ./
- Z‘\ /C AN e
R®is a bond oris (CH2a  (CHIb

'

where a and b are independently 0, 1, 2 or 3;

or
X® and X® are each inc exendently sslectzd from the group consisting of
hydrogen, trifluoromethyl, A’ and optionally substituted (C4-Ce)alkyt;
the optionally subs tituted (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)m(Cr-Cealkyl, -CO)OX?, (Cs
Cr)cycloalkyl, -N(OX)(X?) and -C(O)NA)(X?):;
or the carbon bearing X° «r )25° forms one or two alkylene bridges with the
nitrogen atom bearing R’ and R® wherein each alkylene bridge contains 1
to S carbon atoms, providad 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 a:om and further provided that when two alkylene
bridges are formed then > and X® cannct 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 partiz ly saturated or fully saturated 3- to 7-membered

ring, or a partially saturate 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, 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-X* or O;
R’ and R® are independently hydrogen or optionally substituted (C,-Ce)alkyl;
where the optionally substituted (C+-Ce)alkyl in the definition of R”and R®is
ontonally independently substituted with A’, -C(O)0O-(C+-Cg)alkyl,
-S(0O)m{C+-Ceialkyl, 1 to 5 halogens, 1 to 3 hydroxy, 1 to 3 -O-C(O)(Cs-
Cug)alkyl or 1 to 3 (C4-Cs)alkoxy; or
R’ and R® can be taken together to form -(CHy)-L-(CHz)r;
where L is COX3)(X?), S(O)m or NOX%);
A' for each -occurrence is independently (Cs-C7)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, suifur 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, OCF3, OCFzH, CF3, CHs, OCHj, -OX’,
-CONOBKE), -C(0)OX’, oxo, (C+-Ce)alkyl, nitro, cyano, benzyl,

AP/P/ 98101267



10

20

25

30

“if‘ Nj‘; * 1 .! é,' 5
-142-

-S(O)m(C+-Cs)alkyl, 1H-tatrazol-5-yl, phenyl, phenoxy, phenylalkyloxy,
halophenyl, methylenedicxy, -N(X%(X®), -N(X})C(O)(X®), -SON(X%(X9),
-N(X®)SO.-phenyl, -NXE)E0.XE, -CONXX", -SO,NX X2, -NXPSO,X ™,
ANXECONX'X™, -NX®SO.NX'X2, -NXSC(0)X™, imicazolyl, thiazolyl and
tetrazolyl, provided that i* A" is optionally substituted with methylenedioxy
then it can only be substituted with one methylenedioxy;
where X'" is hydrcgen or optionally substituted (C,-Cg)alkyl;
the optionally substituted (Ci-Ce)alkyl defined for X'' is
cptionally ndependently substituted with phenyl, phenoxy,
(C+-Ce)alkexycarbonyl, -S(O)n(C1-Cs)alkyl, 1 to 5 halogens,
1 to 3 hydroxy, 1 to 3 (Cs-Cig)alkanoyioxy or 1 to 3 (Cs-
Ce)alkoxy;
X% is hydrogen, Ci-Ce)alkyl, phenyi, thiazolyl, imidazolyi, furyl or
thienyl, provided “hat when X™ is not hydrogen, X* is optionally
substituted with cne to three substituents independently selected

rem the group corisisting of Cl, 7, CH;, OCH,;, OCF, and CF4;
or X" and X'? are ‘aken together to form -{CH;)-L'-(LH
1. 2\ /v o~ N2,

where L' is C(X°)(X"), C, S(O)m or N(X*};

r for each occurrence is indepencently 1, 2 or 3;

X? for each occurrence is inde:pendently hydrogen, optionally substituted (C:-
Ce)alkyl, or optionally substituted (Cs-C;)cycioalkyl, where the optionally substituted
(C+-Ce)alkyl and optionally substituted (Cs-Cs)cycloalky! in the definition of X? are
optionally independently substit.ted with -S(O)m(C+-Ce)alkyl, -C(O)OX3, 1 to 5
halogens or 1-3 OX3;

X? for each occurrence is independently hydrogen or (C+-Cg)alkyl;

X s independently hydrog:n, optionally substituted (Cs-Ce)ailkyl, (Co
Ce)halogenated alkyl, optionally substituted (C+-Cr)eycloalkyl, (CsCr)-
halogenatedcycloalkyl, where optionally substituted (C+-Ce)alkyl and opticnaily
substituted (C3-C;)cycloalkyl in “he definition of X° is optionally independently
substituted by 1 or 2 (Cs-Cyaliyl, hydroxyl, (Cs-C.)alkoxy, carboxyl, CONH,, -
S(O)m(C1-Cs)alkyl, carpoxylate (C.-Cq)alky! ester, or 1H-tetrazol-5-yl; or

when there are two X° groups ¢n one atom and both X°® are independently (C:-

Ce)alkyl, the two (C+-Ce)alkyl grciups may be optionally joined and, together with

1267
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the atom to which the two X° groups are atached, form a 4- tc 3- membered ring
cotionally having exygen, sulfur or NX';

X" is hydrogen or (C4-Ce)alkyl optionally substituted with nydrexyl; and
m for each occurrence is independantly 0, 7 or Z;
with the proviso that:
X% and X™ cannot be hydrogen when it is attached to C(O) or SO, in the form
CO)X8, C(O)X'2, SOX° or SOX'; and

is a bond then L is N(X%) and eazn rin the definition -/Chz-L-(CHy)- is

15, A wse according to claim 1 wherein tha condiion associated
with insulin resistance is type | ciabetes, type Il diabetes, hypergiycemia, impaired
glucese tolerance or an insulin resistant syndrome or siate.

18. A us2 according to claim 1 wherain the condition associated

with insulin resistance is associated with obesity or oid age.

~J

(K) . whicn comprises reacting tne compound cf

Free Base

Al . . P i .
foermuia g, ©; with the compeund of formuta j,




—Ph
JFe
©9
HO oy, L__NH-Pr ‘
-
o 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 betweer: about -78 °C to about -20 °C to yield the
compound of formula k.

5 18. A process according to claim 18 where the peptide coupling reagent

is 1-propane phosphonic acid cyclic anhydride and the compound of formula g h
the R-configuration, the compournid of formula j has the R-configuration and the
compound of formuia k has the 3a-(R),1-(R) configuraticn.

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

_w/
O
~\
O
O

| } .
» NH2 L-tartrate

o H
Z , which comprises reacting the

Free Biase

compound of formula g, @

. with the compound of formula j,
_—FPh

. in the presence of an organic base, a peptide coupling

reagent, and a reaction inert solve:nt at a temperature between about -78 °Cto
about

AP/P/98 /01267



(61

‘s

‘e R-conficursiion, ©

~f the or =

AP001145

-145-

-20 °C to yield the compound of formula K,

deprotecting the compound of formula k to yield the compound of formula |,
Me o)
N— _ph

S

U

: reacting the compound of formula | with L-

tartaric acid in an alcoholic solvent to yield the compound of formula Z.
21.

“
1=

A orocess according to claim 20 where the peptide cousling reagent
promnne of tgnmenis Ecid ovin g THonIE TUTITE UM N

i

d of formula g has
mula j - 25 .ne R-configuration and each
~= ~% farmula X, L and Z has the 3a-(R), 1-(R) configuration.

ot 1981012 ¢
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10

@ , which con’prises reacting the compound of formula ¢,

, with a bas2 in an inert solvent at a temperature of z-out
-50 to -10 °C wherein the chirality of the benzyl group is maintained, to yield the

compound of fermula g.

23. A process for the t reparation of the compound of formuia c,

. which comprisies reacting the compound of formula b,

Prt
(®)

, 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
of formuia c.

24, A process for the rreparation of the compound cf formula f,

AP/P/ 9801267
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v , which comprises reacting the compound of formula e,
Me
7/
N—N
/I 0
)
H
O , 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

, where Prt is hydrogen or an amine protecting group.

26. Use of-aimedicament formulated- from an

compound of formula |

1

Hae |Gy |
hbe >

(CHz)w R

effective amount of a
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or the stereoisomeric mixtures diastereomerically enriched, ciastereomerically

pure, enantiomerically enriched or enantiomerically pure isomers, or the

pharmacedtically acceptable salis and prodrugs thereof,
wherein

eisQor1;
n and w are each independently J, 1 or 2;
provided that w and n cannot bo:h be 0 at the same time:
Y is oxygen or sulfur;
R' is hydrogen, -CN, ~(CHz)qN(X)C(O)X®, ~(CH2)eN(X)C(O)(CHy)-A',
~(CH2)N(X)SO2(CH)-A", (CH)N(X)SOX’, -(CH)eN(XOIC(OIN(X) (CHo)-A"
(CH2)N(X)COINX)X®), «(CH: 4COINX)EXE), «(CHa)eC(OINOE) (CHg-A"
~(CH2)qC(O)OX, -(CH2)eC(O)YO(CiHz)-A", <(CH2)qOX’, ~(CH2)OC(O)XE,
~(CH2)eOC(0)(CHe)-A", -(CH2)gOO)N(X)(CHz)-A", «(CH2)qOC(OINGXE) (XS,
~(CH2)eC(O)X®, ~(CH2)4C(O)CHa) A", (CHo)N(XH)C(0)OXE,
~(CH2)IN(X%)SON(X®)(X®), ~(CH2).S(O)mX?, ~(CH2)eS(O)m(CHo) A",
-(C+-Cio)alkyl, -(CHy)-A", ~(CHa)qCa-Cr)cycloalkyl, -(CH2)q-Y'-(C-Ce)alkyl,
~(CHz)e-Y '~(CH2)-A" or «(CHy)e-Y" (CH2)(C+Cr)cycloalky!:
where the alkyl and cycicalky! groups in the definition of R are opticnally
substituted with (C4-Cy)alkyl, hydroxyl, (C+-Cy)alkoxy, carboxyl, -CONH;,
-S(O)m(C-Ce)alkyl, -COy(21-Ca)alkyl ester, TH-tetrazol-5-yl or 1, 2 or 3
fluoro;
Y'is O, S(O)m, -C(O)NX?-, -CH=CH-, -C=C-. - N(XS)C(O)- -C(O)NXE-,
-C(O)O-, -OC(O)N(X®)- or -OC(0)-;
qis0, 1,2 30r4:;
tis0,1,20r3;

T

said (CHy)q group and (Ck.), group may each be optionally substituted with
hydroxyl, (C+-C.)alkoxy, carboxyl, -CONHs, -S(O)m(C1-Ce)alkyl,
-CO,(Cs-Cy)alkyl ester, 1H-tetrazol-5-yl, 1, 2 or 3 fluoro, or 1 or 2 (Cs-
Coalkyl:

R? is hydrogen, (C,-Ce)alkyl, ~(Co-C. 3)alky-(Cs-Cs)cycloalkyl, ~(C-Ca)alky-A" or A
where the alkyl groups and the cycloalkyl groupsin the definition of R? are
optionally substituted with I'ydroxyl, -C(O)OX®, -COINCXE)(X), -NEBS),
-S(O)m(C1-Ce)alkyl, -C(O)A’ -C(O)(X9), CF;,CNor1,20r3 halogen;
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R¥is A", (Ci-Cio)alkyl, -(C-Ce)alkyl-A’, -(C4-Ce)alkyl-(Cs-Cr)cycloalkyl,
-(C+-Cs)alkyl-X'~(Cs-Cs)alkyl, -(C+-Cs)alkyl-X'-(Co-Cs)alkyl-A" or
~(C4-Cs)alkyl-X'-(C4-Cs)alkyl-(C5-C7)cycloalky; ‘
where the alkyl groups in the definition of R* are optionally substituted with
-S(0)m(C+-Ce)alkyl, -C(O)OX3, 1, 2, 3, 4 or 5 halogens, or 1, 2 or 3 OX3;
X'is O, S(O)m, -NAT(O)-, -C(OIN(X?)-, -OC(O)-, -C(0)0-, -CX*=CX%-,
-N(X3)C(O)O-, -OC(O)N(X?)- or -C=C~;
R* is hydrogen, (Ci-Cg)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-
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 8-membered ring, optionally having 1 to 4
heteroatoms independently selected from the group consisting of nitrogen, sulfur
and cxygen;
X* is hydrogen or (C+-Cs)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 Sa
| x\ /x
/Z\ /C\ 7~

R®is a bond oris (CHa  (CH2p

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)alkyl in the definition 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)OX?, (Csx
Cr)cycloalkyl, -NO)(X?) and -COINE)X);
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

X5 or X3 but not both may be on the carbon atom and R’ or R® but not both

AP/P 98012067
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may be on the nitrogen atom and further provided that when two alkylene
bricges 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 part ally saturated or fully saturated 3- to 7-membered
rning, or a partially saturatad or fully saturated 4- to 8-memberad 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- o 6-membered ring, optionally having 1 or 2
heteroatoms independen: y 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

ndependently seiected from the group consisting of nitrogen, sulfur and
oxygen;
Z' is a bond, O or N-X?, brovided that when a and b are both 0 then Z'is
not N-X* or O;
R”and R® are independently hydiogen or optionally substituted (Cy-Ce)alky!;
where the optionally subs: tuted (C+-Ce)alkyl in the definition of R” and R® is
optionally independently substituted with A, -C(O)O-(C4-Cq)alkyl,
-S(O)m(C+-Ce)alkyl, 1 to £ halogens, 1 to 3 hydroxy, 1 to 3 -O-C{0)(C:-
Cio)alkyl or 1 to 3 (Cs-Ce)alkoxy; or
R”and R® can be taken together 1o form ~(CH2)-L-(CHy),:
where L is CO)0<?), S(O)., or NOA);
A' for each occurrence is independently (Cs-Cr)cycloalkenyl, pheny! 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 rnng system consisting of a partially
saturated, fully unsaturated or fuly saturated 5- or 6-membered ring, optionally
having 1 to'4 heteroatoms independently selected from the group consisting of

nitrogen, sulfur and oxygen, fuse 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 indepencently selected from the group
consisting of F, Cl, Br, I, OCF3, OCFzH, CF3, CHj, OCHs, -OX°,
-COINEE(XE), -C(O)OX®, oxo, (C+-Cs)alkyl, nitro, cyano, benzyl,
-S(0)m(C+-Co)alkyl, 1H-tetrazol-5-yl, phenyl, phenoxy, phenylalkyloxy,
halephenyl, methylenedioxy, -N(X%)(X®), -N(X?)C(O)(X9), -SO;N(X%(X9),
-N(X%)SO-pheny!, -NXHSOX®, -CONX"X™ -SO,NX"'X", -NX8S0,X"?,
-NXCCONX'X™, -NXESO,NX'X™, -NX*C(0)X™, imidazolyl, thiazolyl and
tetrazolyl, provided that if Al is optionally substituted with methylenedioxy
then it can only be substituted with one methylenedioxy;
where X' is hydrogen cr optionally substituted (C-Ce)alkyl:
the optionally substituted (C,-Cejzi! d@zfined for X' is
cpiionally indecendently substituted with ohenyi, --z-oxy,
(C+-Ce)alkoxycarbonyl, -S(O)m(C+-Ce)alkyl, 1 to 5 halogens,
1 to 3 hydroxy, 1 to 3 (Cs+-Cig)alkanoyloxy or 1 t¢ 3 (Cs-
Cs)alkoxy;
X™ is hydrogen, (C+-Cs)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, CH;, OCHs, OCF; and CF;3;
or X' and X' are taken togetﬁer to form -(CHa)r-L'-(CH2)r:
where L' is CO3)(X3), O, S(O)m or NEX3);
r for each occurrence is independently 1, 2 or 3;
X? for each occurrence is independently hydrogen, optionally substituted (Cs-
Ce)alkyl, or optionally substituted (C+-C-)cycloalkyl, where the optionally substituted
(C+-Ce)alkyl and optionally substituted (Cs-Cr)cycloalkyl in the definition of X? are
optionally independently substituted with -S(O)m(C+-Ce)alkyl, -C(O)OXs, 1to 5
halogens or 1-3 OX>;
X3 for each occurrence is independently hydrogen or (C+-Cs)alkyt;
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X% s independently hydrojjen, optionally substituted (Ci-Ce)alkyl, (C,
Ce)halogenated  alkyl, opticnally  substituted (Cs-Cy)eycloalkyi, (C5-Cy)-
halogenatedcycloalkyl, where optionally Substitutedv"(CrCs)alkyl and optionally
substituted (Cs-Cr)cycloalkyl in the definition of X° is optionally independently
substituted by 1 or 2 (C4-Cu)e Ikyl, hydroxyl, (C,-Cg)alkoxy, carboxyl, CONH,, -
S(O)m(C+-Ce)alkyl, carboxylate (©>4-Cs)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 (C1—C5)élkyl 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':

X' is hydrogen or (C,4-Cg) alky! optionally substituted with hydroxyl; and
m for each occurmrence is indepedently 0, 1 or 2;
with the proviso that:
X® and X cannot be hydroger when it is attached to C(O) or SO, in the form
C(O)X®, CLO)X™, SCX® or SC,X 2 and
when R® is a bond then L is N(‘) and each r in ‘hs definition ~(CH)-L~(CHy)r- is

independently 2or3, in the treatment of sleep disorders in a
mammal suffering such disorders.
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