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'GROWTH-HORMONE SECRETAGOGU~S 

This invention relates to dipeptide compounds which are growth hormone 

secretagogues and ~re useful for the treatment and p~vention of osteoporosis. 

BaQkground of the lnvenjjon'. 

Growth hormone (GH), which is secreted from the pituitary gland, stimulates 

10 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 process of the 

body: 

15 

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

body; 

2. 

3. 

Decreased rate of carbohydrate utilization in cells of the body; 

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 

20 include profound reduction in lean body mass and concomitant increase in total body 

fat, particularly in the truncal region. Decreased skeletal and cardiac muscle mass 

and muscle strength lead to a significant reduction in exercise capacity. Bone 

density is also reduced. Administration of exogenous growth hormone bas been 

shown to reverse many of the metabolic changes. Additional benefits of therapy 

25 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 

30 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 

35 no tonger carrying any risk of disease transmission, is still a very expensive product 

which must be given by injection or by a nasal spray. 

Most GH deficiencies are caused by defects in GH release, not primary 

defects in pituitary synthesis of GH. Therefore, an alternative strategy for 
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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 the brain and hypothalamus. As a result, the 

development of synthetic growth hormone-releasing. agents to stimulate pituitary GH 

5 secretion are being pursued, and may have several advantages over expensive and 

inconvenient GH replacement therapy. By acting along· physiologic regulatory 

pathways, the most desirable agents would stimulate pulsatite GH secretion, and 

excessive levels of GH that have been associated with the undesirable side effects 

of exogenous GH _administration would be avoided by virtue of intact negat~ve 

10 feedback loops. 

Physiologic and pharmacologic stimulators of GH secretion include arginine, 

l-3,4-dihydroxyphenylalanine (l-DOPA), gtucagon, vasopressin, and insulin induced 

hypoglycemia, as well as activities such as sleep and exercise, indirectly cause 

growth hormone to be released from the pituitary by acting in some fashion on the 

15 hypothalamus perhaps either to decrease somatostatin secretion or to increase the 

secretion of the known secretagogue growth hormone releasing factor (GHRF) or an 

unknown endogenous growth hormone-releasing hormone or all of these. 

Other compounds have been developed which stimulate the release of 

endogenous growth hormone such as analogous peptidyl compounds related to GRF 

20 or the peptides of U.S. Patent 4,411,890. These peptides, while considerably 

smaller than growth hormones are still susceptible to various proteases. As with 

most peptides, their potential for oral bioavailability is low. WO 94/13696 refers to 

certain spiropiperidines and homologues which promote release of growth hormone. 

Preferred compounds are of the general structure shown below. 

25 



W097/24369 . ·pcT/IB96/01353 

5 

10 

-3-

WO 94/11012 refers to certain dipeptides that promote release of growth 

hormone. These dipeptides have the general structure 

·R1s 

. I 
. (><)n 

R1a . . I 
R28 I 0 (CH ) 0 . 4 )(D- II I 

2
p II /R c j (L)w(C~q+rc-cH-N-C-A-N\ 

R3a ~ 114 16 Rs 
R R 

where Lis 
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The compounds of WO 94/11012 and WO 94/1$96 are reported to be useful 

in the treatment of osteoporosis in combination with parathyroid ·hormone or a 

bisphosphonate. 

Symmacy of the lnyentjon 

5 This invention provides compounds of the formula: 

o x4 

R1 II R3 I 
(CH7!_1/C"-+·'N'-.~/R~N(:.

7 

(CH2lw R4 0 

(I) 

the racemic-diastereomeric mixtures and optical isomers of said compounds and the 

pharmaceutically-accej>table salts and prodrugs thereof, 

10 wherein 

eis0or1; 

n and w are each independently 0, 1 or 2, provided that w and n cannot both be 0 at 

the same time; 

Y is oxygen or sulfur; 

15 R1 is hydrogen, -CN, -(CH2)qN(x8)C(O)X6, -(CH2)qN(X6)C(O)(CH2).-A 1, 

-(CH2)qN(x8)S~(CH2).-A 1, ~(CH2)qN(x8)SQzx8, -(CH2)qN(X6)C(O)N(x6)(CH2).-A 1, 

-(CH2)qN(X6)C(O)N(X6)(X6
), -{CH2)qC(O)N(X6)(X6

), -(CH2)qC(O)N(X6)(CH2)rA 1, 
6 1 6 . 6 

-(CH2)qC(O)OX I -(CH2)qC(O)O(CH2).-A I -(CH2)qOX I -(CH2)qOC(O)X I 

-(CH2)q0C(O)(CH:l).-A 1, -(CH2)q0C(O)N(X6)(CH2).-A 1, -(CH2)q0C(O)N(X6)(X6
), 

20 -(CH2)qC(O)X6
, -(CH2)qC(O)(CH2).-A 1, -(CH2)qN(X6)C(O)OX6

, 

· -(CH2)qN(X6)S02N(X6)(x6), -(CH2)qS(O)mX6
, -(CH2)qS(O)m(CH2).-A 1, 

-(C1-C10)alkyl, -(CH2)rA 1, -(CH2)q-(C3-C1 )cycloalkyl, -(CH2)q-Y1-(C1-Ce)alkyl, 

-(CH2)q· Y1-(CH2).-A 1 or -(CH2)q-Y1-(CH2).-{C,-C1)cycloalkyl; 

where the alkyl and cycloalkyl groups in the definition of R 1 are optionally 

25 substituted with (C1-C4)alkyl, hydroxyl, (C1-C4)alkoxy, carboxyl, -CONH2, 

-S(O)m(C1-C6)alkyl, -C02(C1-C4)alkyl ester, 1H-tetrazol-5-yl or 1, 2 or 3 fluoro; 

Y1 is0, S(O)m. -C(O)NX6
-, -CH=CH-, -C==C-, -N(X6)C(O)-, -C(O)Nx8-, 

-C(O)O-, -OC(O)N(X6
)- or -OC(O)-; 
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said (CH2)q group and (CH2), ,grQup may each be '.Optionally substituted with 

hydroxyl, (C1-C .. )alkoxy, carboxyl, -CONH2, -S(O)m(C1-C6)alkyl, 

5 -C02(C1-C4)alkyl ester, 1 H-tetrazol-5-yl, 1, 2 or 3 flµoro, or 1 or 2 (C1-

C4)alkyl; 

R2 is hydrogen, (C,-C8)alkyl, -(C0-C3)alkyl-(C3-C8)cycloalkyl, -(CrC4)alkyl-A 1 or A 1; 

where the alkyl groups and the cycloalkyl groups in the definition of R2 are optionally 

substituted with hydroxyl, -C(O)OX8
, -C(O)N(X8)(X8

), -N(X6)(X8), 

10 -S(O)m(C1-C8)alkyl, -C(O)A 1, -C(O)(X6), CF3, CN or 1, 2 or 3 halogen; 

R3 is A 1, (C,-C10)alkyl, -(C1-C6)alkyl-A 1, -(C1-C6)alkyl-(C3-C7)cycloalkyl, 

-(C1-Cs)alkyl-X1-{C1-Cs)alkyl, -(C1-C5)alkyl-X1-(C0-C5)alkyl-A 1 or 

-(C1-C5}alkyl-X1-(C1-Cs)alkyl-(C3-C1 )cycloalkyl; 

where the alkyl groups in the definition of R3 are optionally substituted with, -

15 S(O)m(C1-Cs)alkyl, -C(O)OX3
, 1, 2, 3, 4 or 5 halogens, or 1, 2 or 3 OX3

; 

X1 is 0, S(O)m. -N(X2)C(O)-, -C(O)N(X2
)-, -OC(O)-, -C(O)O-, -CX2=CX2

-, 

-N(X2)C(O)O-, -OC(O)N{X2
)- or -C=C-; 

R4 is hydrogen, (C1-C6)alkyl or (C3-C7)cycloalkyl, or R4 is taken together with R3 and 

the carbon atom to which they are attached and form (Cs-C7)cycloalkyl, (C5-

20 C7)cycloalkenyt, 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 

25 independently selected from the group consisting of nttrogen, sulfur and oxygen; 

x4 is hydrogen or (C1-C6)alkyl or X4 is taken together with R4 and the nitrogen atom 

to which x4 is attached and the carbon atom to which R4 is attached and form a five 

to seven membered ring; 

~ x5a 

1 "/ ....... z, .,....c, / 
R6 is a bond or is (CH2>• (CH2)b 

30 where a and b are independently 0, 1, 2 or 3; 
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X5 and x5• are each independently selected 'from the group consisting of 

hydrogen, trifluoromethyl, A 1 and optionally substitUted (C1-C6)alkyl; 

the optionally substituted (C1-C6)alkyl in the defi~ition of X5 and X58 is 

optionally substituted with a subStituent ·· selected from the group 

consisting of A 1, OX2
, -S(O)m(CrC6)alkyl~ ;.c(O)OX2

, 

(C3-C7)cycloalkyl, -N(X2)(X2
) and -C(O)N(X2)(X2

); 

or the carbon bearing X5 or X58 forms one or tWo alkylene bridges with the 

nitrogen·atom bearing R7.and R8 wherein each alkylene bridge contains 1 to 

5 carbon atoms, provided that when one alkylene • t>ridge· is formed then X5 or 
' ' 

10 X58 but not both may be on the carbon atom and R7 or RB but not both may 

be on the nitrogen atom and further provided that·when two alkylene bridges 

are formed then X5 and X58 cannot be on the carbon atom and R 7 and R8 

cannot be on the nitrogen atom; 

or X5 is taken together with X58 
· and the carbon atom to which they are 

' ' 

15 attached and form a partially saturated or fully saturated 3- to 7-membered 

ring, or a partially saturated or fully saturated 4- to a-membered ring having 1 

to 4 heteroatoms independently seiected frorri · the group consisting of 

oxygen, sulfur and nitrogen; 

or X5 is taken together with X58 and the carbon atoni to which: they are 

20 · 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 sefeCted 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 

25 selected from the group consisting of nitrogen, sulfur and oxygen; 

Z1 is a bond, O or N-X2
, provided that when a and b are both O then Z1 is not 

N-X2 orO; 

R7 and RB are independently hydrogen or optionally substituted (C1-C6)alkyl; 

where the optionally substituted (C1-C6)alkyl in the definition of R7 and R8 is 

30 optionally independently substituted with A 1, -C(O)O-(C1-C6)alkyl, 

-S(O)m(C1-C6}alkyl, 1 to 5 halogens, 1 to 3 hydroxy, 1 to 3 -O-C(O)(C1-

C10)alkyl or 1to3 (C1-C&)atkoxy; or 

R7 and RB can be taken together to form -(CH2)r-L-(CH2),-; 
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where L is C(X2)(X2), S(O)m or N(X2); 

A1 for ea.ch occurrence is independently (C5.;..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 

. 5 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 selec:ted 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 

1 O the group consisting of nitrogen, sulfur and oxygen; 

A 1 for each occurrence is independently optionally substituted, in one or 

optionally both rings if A 1 is a bicyclic ring system, with up to three 

substituents, each substituent independently selected- from the group 

consisting of F, Cl, Br, I, OCF3, OCF2H, CF3, CH3, OCH3, -OX6
, 

15 -C(O)N(X6)(X6), -C(O)OX8
, oxo, (C1-C6)alkyl, nitro, cyano, benzyl, 

-S(O)m(C1-C6)alkyl, 1 H-tetrazol-5-yl, . phenyl, phenoxy, phenylalkyloxy, 

halophenyl, methylenedioxy, -N(X6)(X6
), -N(X6)C(O)(x6), -S02N(x6)(X6

), 

-N(X6)SOrphenyl, -N(x6)S02X6
, .;CQNX11X12, -S~NX11X12, -NX6S02X12, 

-NX6CONX11X12
, -NX6S02NX11X12, -NX6C(O)X12, imidazolyl, thiazolyl or 

20 tetrazolyl, provided that if A 1 is optionally substituted with methylenedioxy 

then it can only be substituted with one methylenedioxy; 

25 

30 

where X11 is hydrogen or optionally substituted (C1-C6)alkyl; 

the optionally substituted (C1-Cs)alkyl defined for X11 is 

optionally independently substituted with phenyl, phenoxy, (C,­

C6)alkoxycarbonyl, -S(O)m(C1-C6)a1kyl 1 to 5 halogens, 1 to 3 

hydroxy, 1 to 3 (C1-C10)alkanoyloxy or 1 to 3 (C1-Ca)alkoxy; 

X12 is hydrogen, (C1-C6)alkyl, phenyl, thiazolyl, imidazolyl, furyl or 

thienyl, provided that when X12 is not hydrogen, X12 is optionally 

substituted with one to three substituents independently selected from 

the group consisting of Cl, F, CH3, OCH3, OCF3 and CF3; 

or X11 and X12 are taken together to form -(CH2)r-L 1-(CH2)r-; 

L 1 is C(X2)(X2
), 0, S(O)m or N{X2

); 

r for each occurrence is independently 1, 2 or 3; 
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X2 for each occurrence is independently hydrogen, optionally substituted (C1-

C8)alkyl, or optionally substituted (C3-C7)cycloaJkyl·, where the optionally substituted 

(C1-C8)alkyl and optionally substituted (C3-C7)cycJoalkyl in th-' definition of X2 are 

optionally independently substituted with -S(O)m(CrC8)alkyl, -C(O)OX3, 1 to 5 

5 halogens or 1 to 3 OX3
; 

X3 for each occurrence is independently hydrogen or (C1-C8)alkyl; · 

X8 is independently hydrogen, optionally substituted· (C1~Ca)alkyl, (C2-C6)halogenated 

alkyl, optionally substituted (C3-C1 )cycloalkyl; · (C3-~ )-tialogenatedcycloalkyl, where 

optionally substituted (CrCe)alkyl and optionally substituted (C3-C7)cycloalkyl in the 

10 definition of X6 is optionally independently substituted by 1 or 2 (C1-C4)alkyl; 

hydroxyl, (C1-C4)alkoxy, carboxyl, CONH2, -S(O)m(CrCe)alkyl, carboxylate (C1-

C4)alkyl ester; or 1 H-tetrazol-5-yl; or 

when there are two 'X!i groups on one atom and both "1!' are independently (C1-

C6)alkyl, the two (C1-C8)alkyl groups may be optionally joined and, together with the 

15 atom to which the two X6 groups are attached, form a 4- to ~ membered ring 

optionally having oxygen, sulfur or NX7
: 

X7 is hydrogen or (C1-C8)alkyl optionally substituted with hydroxyl: and 

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

with the proviso that: 

20 X6 and X12 cannot be hydrogen when it is attached to C(O) or S02 in the form 

C(O)X8
, C(O)X12

, soz><6 or S0~12; and 

when R6 is a bond then Lis N(X2
) and each r in the definition -(CH2),-L-(CH2),- is 

independently 2 or 3. 

A preferred group of compounds, designated the "A Group", contains those 

25 compounds having the formula I as shown hereinabove wherein X:- is hydrogen; R4 

is hydrogen or methyl; R7 is hydrogen or (C1-C3)alkyl: R8 is hydrogen or (C1-C3)alkyl 

optionally substituted with one or two hydroxyl groups; 

~ x5• 
1 " / .-z, ,,c, / 

R6 is (CH2)a (CH2)b where Z1 is a bond and a is 0 or 1; 

X5 and X58 are each independently hydrogen, trifluoromethyl, phenyl, optionally 

30 substituted (C1-C6)alkyl; 
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where the optionally substituted . (C1-C6)alkyl is optionally substituted with 

OX2
, imidazolyl, phenyl, indolyl, p-hydroxyphenyl, (C5-C7)cycloalkyl, 

-S(O)m(C1-Ce)alkyl, -N(X2)(X2
) or -C(O)N(X2)(X2); 

or X5 and R 7 are taken together to form a (C1-C5)alkylene bridge, and the other 

5 substituents not defined for the "A ·Group" compounds are as defined for formula (I) 

hereinabove. 

A group of compounds, which is preferred .among the uA Group" of 

compounds, designated the ·a Group", contains those compounds of the •A Group", 

having the formula I as shown hereinabove, wherein b is O; X5 and X58 are each 

1 O independently hydrogen, (C1-C3)alkyl or hydroxy(C1-C3}alkyl; R3 is selected from the 

group consisting of 1-indolyl-CH2-, 2-indolyl-CH2-, 3-indolyl-CH2-, 1-naphthyl-CH2-, 2-

naphthyl-CH2-, 1-benzimidazolyl-CH2-, 2-benzimidazolyl-CH2-, phenyl-(C1-C4}alkyl-, 

2-pyridyl-(C1-C4)alkyl-, 3-pyridyl-(C1-C4)alkyl-, 4-pyridyl-(C1-C4)alkyl-, phenyl-CH2-S­

CH2-. thienyl-(C1-C4)alkyl-, phenyl-(Co-C3)alkyl-O-CH2-, phenyl-CH2-0-phenyl-CH2-, 

15 and 3-benzothienyl-CH2-; 

where the aryl portion(s) of the groups defined for R3 are optionally 

substituted with one t() three substituents, each substituent being 

independently selected from the group consisting of methylenedioxy, F, Cl, 

CH3, OCH3, OCF3, OCF2H and CF3. 

20 A group of compounds, which is preferred among the ·e Group" of 

compounds, designated the ·c Group", contain those compounds of the ·a Group", 

having the formula I as shown hereinabove, wherein R4 is hydrogen; a is O; n is 1 or 

2; w is 0 or 1; X5 and X5i are each independently, hydrogen, methyl or 

hydroxymethyl, provided that when X5 is hydrogen then X58 is not hydrogen; 

25 R7 and R8 are each hydrogen; and 

R3 is phenyl-CHrO-CH2-, phenyl-CH2-S-CHr. 1-naphthyl-CHr. 2-naphthyl-CH2-, 

phenyl-(CH2)3- or 3-indolyl-CHr; 

where the aryl portion of the groups defined for R3 is optionally substituted 

with one to three substituents, each substituent being independently selected 

30 from the group consisting of fluoro, chloro, methyl, OCH3, OCF2H, OCF3 and 

Cf3. 
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A group of compounds, which is preferred among the ... C Group" of 

compounds, designatect the ·o Group", contains those 90mpounds of the "C Group", 

having the formula I as shown hereinabove, wherein R1 is ·-(CH2)rA 1, 

-(CH2)q-(CTC7)cycloalkyl or (C1-C10)alkyl; . 

5 where A 1 in the definition of R 1 is optionally substituted with one to three 

substituents, each substituent being independently selected from the group 

consisting of fluoro, chloro, methyl, OCH3, OCF2H, OCF3 and CF3: 

the cycloalkyl and alkyl groups in the definition of R 1 are optionally substituted 

with (C1-C4)alkyl, hydroxyl, (CrC4)alkoxy, carb<>xyl, CONH2, 

· 1 O -S(O)m(C1-Ce)alkyl, -C02(CrC4)alkyl ester, 1 H.:.tetrazol-5-yl or 1 to 3 fluoro; 

V is O; R2 is hydrogen, -(C0-C3)alkyl-(C3-C8)cycloalkyl, phenyl or (C1-C8)alkyl where 
. . 

the (C1-Ca)alkyl group is optionally substituted with hydroxyl, -CF3 or 1 to 3 halogen. 

A group of compounds, which is preferred among the "D Group" of 

compounds, designated the "E Group", contains those compounds of the "D Group" 

15 wherein w is 0 and n is 1. 

Another group of compounds,· which is preferred among the "D Group" of 

compounds, designated the "F Group", are those compounds of the "D Group", 

having the formula I as shown hereinabove, wherein e is O; n a~d w are ·each 1; •· 

R1 is -(CHvrA1
; 

20 where A 1 in the definition of R 1 is phenyl, tfiienyl, thiazolyl, pyridyl or pyrimidyl 

which is optionally substituted with one to three substltuents, eacii'substituent 
. ~ ' 

being independently selected from the group consisting of F, Cl, Me, OMe, 

CF3, OCF3 and OCF2H; 

tis 0, 1or2; 

25 and R3 is phenyl-CH2-0-CH2-, phenyl-(CH2)3- or 3-indolyl-CHr. where the aryl 

portion is optionally substituted with one to three substituents, each substituent being 

independently selected from the group consisting of F, Cl, Me, OMe, CF3, OCF3 or 

OCF2H. 

A group of compounds, which is preferred among the "F Group" of 

30 compounds, designated the "G Group•, contains those compounds of the "F Group", 

having the formula I as shown hereinabove, wherein X5 and X58 are each methyl; R 1 

is -CH2-phenyl, -CHr4-fluoro-phenyl, -CHrpyridyl or -CH2-thiazolyl and R2 is 

hydrogen, methyl, ethyl, t-butyl or -CH2CFa. 

·'· ... 
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A group of compounds, which is preferred among the "G 'Group" of 

compounds, designated the •G 1 G~up", contains those compound$ -of the "G 

Group", and have the formula 

Rz-tf;})-..;;. tt+R3 ~,o 
N NH2 . N 

R1 . H I 
O 0 H 

5 the racemic-diastereomeric mixtures and optical isomers of said compounds wherein 

R 1 is -CH2-phenyl, R2 is methyl and; R3 is -(CH2)3-phenyl; 

R1 is-CH2-phenyl, R2 is methyl and R3 is 3-indolyl-CHr; 

R1 is-CH2-phenyl, R2 is ethyl and R3 is 3-indolyl-CH2-; 

R1 is -CHr4-fluoro-phenyl, R2 is methyl and R3 is 3-indolyl-CH2-; 

10 R1 is -CHrphenyl, R2 is methyl and R3 is -CH2-0-CHrphenyl; 

R 1 is -CH2-phenyl, R2 is ethyl and R3 is -CHrO-CHrphenyl; 

R1 is -CHrphenyl, R2 is-CHrCF3 and R3 is-CH2-0-CH2-phenyl; 

R 1 is -CH:z-4-fluoro-phenyl, R2 is methyl and R3 is -CHrO-CH2-phenyl; 

R1 is -CH2-phenyl, R2 is t-butyl and R3 is.-CH2-0-CHrphenyl; or. 

15 R 1 is -CH2-phenyl, R2 is methyl and R3
_ is -CHrO-CHr3,4-di-fluoro-phenyl. 

The diastereomeric mixture of 2-amino-:N-[2-(3a-(R,S)-benzyl-2-methyf:..3-

oxo-2,3,3a,4,6,7-hexahydro-pyrazolo[4;3-c]pyridin-5-yl)-1-(R)-(3,4-difluoro-benzyl­

oxymethyl)-2-oxo-ethyl}-2-methyl-propionamide is preferred among the "G1 Group• of 

compounds and the separated 3a-(R) and 3a-(S) isomers are preferred of the 

20 diastereomeric mixture. 

A group of compounds, which is preferred among· the "G Group" of 

compounds, designated the "H Group", contains those compounds of the •G Group•, 

having the formula I as shown hereinabove, wherein R1 is -CHrphenyt and R3 is 

phenyl-(CH2)3-. 

25 The diastereomeric mixture of 2-amino-N-[1-(3a-(R,S)-benzyl-2-methyl-3-

oxo-2,3,3a,4,6,7-hexahydro-pyrazolo[4,3-c]pyridine-5-carbonyl)-4-phenyl-(R)-butyl]­

isobutyramide is preferred among the "H Group" of compounds and the separated 

3a-(R) and 3a-(S) isomers are preferred of the diastereomeric mixture. 
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A group of compounds, which is preferred among · the · "G Group• of 

compounds, desig.nated the "I Group", contains those compounds of the "G Group" 

wherein R 1 is -CH2-phenyl or -CH2-4-fluoro-phenyl and R3 is 3-indolyl-CH2.:.. 

The diastereomeric mixture of 2-amino-N-[2-(3a-(R,S)-benzyl-2-methyl-3-

. 5 oxo-2,3,3a,4,6, 7-hexahydro-pyrazolo-(4,3-c]pyridin-5-yf)-1-(R)-(1 H-indol-3-ylmethyl)-

2-oxo-ethyl]-isobutyramide is preferred among the "I Group• of compounds and the 

separated 3a-(R) and 3a-(S) isomers are preferred of the diastereomeric mixture. 

The diastereomeric mixture of 2-amino-N,;.[2-(~a-(R,S)-benzyl-2-ethyl-3-oxo-

2,3,3a,4,6, 7-hexahydro-pyrazolo[4,3-c]pyridin-5-yl),;.1-(R)-(1 H-indol-3-ytmethyl)-2-

10 oxo-ethyl]-isobutyramide is also preferred among the "I Group·· of compounds and 

the separated 3a-(R) and 3a-(S) isomers are preferred ofthe diastereomeric mixture. 

The diastereomeric mixture of 2'-amino-N-[2-(3a-(R,S)-(4-fluoro-benzyl)-2-

methyl-3-oxo-2,3,3a,4,6, 7-hexahydro-pyraZ:olo[4,3-c]pyridin-5-yl]-1-(R)-( 1 H-indol-3-

ylmethyl)-2-oxo-ethyl]-isobutyramide is also preferred among the "I Group• of 

15 compounds and the separated 3a-(R) and 3a-(S) ·isomers are preferred of the 

diastereomeric mixture. 

A group of compounds which is preferred arriong the •G Group• of. . 

compounds, designated the "J Group", contains those compounds of the "G Group" 

wherein R1 is-CH2-phenyl or-CHr4-fluor~phenyl and R3 is phenyl-CH2-0-CHz-. 

20 The diastereomeric mixture of 2-amino-N-[2-(3a-(R~S)-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]-isobutyramide is preferred among the "J Group" of compounds, the 

separated 3a-(R) and 3a-(S) isomers are preferred of the diastereomeric mixture,· the 

3a-(R) isomer is preferred over the 3a-(S) isomer, and the L-tartaric acid salt of the 

25 3a-(R) isomer is a preferred salt. 

The diaste~omeric mixture of 2-amino-N;.[2-(3a-(R,S)-benzyl-2-ethyJ-3-oxo-

2,3,3a,4,6, 7-hexahydro-pyrazolo[4,3-c)pyridin-5-yl)-1-(R)-benzyloxymethyl-2-oxo­

ethyl)-isobutyramide ·is also preferred among the •J Group• of compounds and the 

separated 3a-(R) and 3a-(S) isomers are preferred of the diastereomeric mixture. 

30 The diastereomeric ·mixture of 2-amino-N-{2•[3a-(R,S)-benzyl-3-oxo-2-(2,2,2-

trifluoro-ethyl)-2,3,3a,4,6, 7-hexahydro-pyrazolo[4,3•c]pyridin-~yl]-1-(R)­

benzyloxymethyl-2-oxo-ethyl}-isobutyramide is also preferred among the u J Group" 
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of compounds, the separated 3a-(R) and 3a-($) isomers ,are .preferred of the 

.diastereomeric mixture and the 3a-(R) isomer is preferred over:the 3a-(S) isomer. 

The diastereomeric mixture of 2-amino-N-{1-(R)-benzyloxymethyl-2-[3a­

(R,S)-(4-fluoro-benzyl)-2-methyl-3-oxo-2,3,3a,4,6,7-hexahydro-;pyrazolo[4,3-

5 c)pyridin-5-yt]-2-oxo-ethyl}-isobutyramide is also preferred among the • J Group" of 

compounds and the separated 3a-(R) and 3a-(S) isomers are preferred of the 

diastereomeric mixture. 

The diastereomeric· mixture of 2-amino-N-[2-(3a-(R,S)-benzyt-2;..tert-butyt-3-

oxo-2,3,3a,4,6, 7-h!9xahydro-pyrazoto[4,3-c)pyridin-5-yl)-1-(R)-benzyloxymethyl-2-

10 oxo-ethyl]-isobutyramide is also preferred among the "J Group" of compounds. and 

the separated 3a-(R) and 3a-(S) isomers are preferred of the diastereomeric mixture. 

A group of compounds which is preferred among the •o Group" of 

compounds, designated the "K Group", contains those compounds of the "D Group" 

wherein e is 1; n is 1; w is 1; R1 is -(CH2)rA1
; 

15 where A1 in the definition of R1 is phenyl, thienyl, thiazolyl, pyridyl or pyrimidyl 

which is optionally substituted with one to three substituents, each substituent 

being independently selected from the group consisting of F, Cl, Me, OMe, 

CF3, .QCF3.and OCF21'.:1:. 

tis 0, 1or2; 

20 and R3 is phenyt-CHrO-CH2-, phenyl-(CH2)a- or 3-indolyl-CH2-, where the aryl 

portion is optionally substituted with one to three substituents, each substituent being 

independently selected from the group consisting of F, Cl, Me, OMe, CF3, '0CF3 or 

OCF2H. 

A group of compounds which is preferred among the "K Group" of 

25 compounds, designated the "L Group", are those compounds of the "K Group" 

wherein X5 and X58 are each methyl; R1 is-CH2-phenyl, -CH2-4-fluoro-phenyt, -CHr 

pyridyl or -CH2-thiazolyl and R2 is hydrogen, methyl, ethyl, t-butyl or -CH2CF3. 

A group of compounds which is preferred among the "L Group", designated 

the "L 1 Group", are those compounds of the "L Group• wherein R 1 is -CH2-phenyl; R2 

30 is hydrogen or methyl and R3 is -CH2-0-CH2-phenyl. 

The diastereomeric mixture of 2-amino-N-[2-(3a-(R, S)-benzyl-3-oxo-

2,3,3a,4,6, 7-hexahydro-pyrazolo[4,3-cJpyridin-5-yl)-1-(R}-benzyloxymethyl-2-oxo­

ethyl]-isobutyramide is preferred among the "J Group", the separated 3a-(R) and 3a-
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(S) isomers are preferred of the diastereomeric miXture and the 3a-(R) isomer is 

preferred over the 3a-(S) isomer. 

Another group of ·compounds, which is preferted ·amC>ng the ·A Groupn of 

compounds, designated the •M Groupn, contains those compounds of the· "A Group", 

5 having the formula I as she>Wn hereinabove, wherein b is O; X5 and x5• are each 

independently hydrogen; (C1-C3)alkyl or hydroxy(C1-C3)alkYI; 

R3 is selected from the group consisting of 1-indolyl-CHr. 2-indolyl-CH2-, 3-indolyl­

CH2-, 1-naphthyl-CH2-, 2-naphthyl-CH2-, 1-benzimid•olyl-CHr. 2-benzimidazolyl­

CH2-, phenyl-(C1-C4)alkyl-, 2-pyridyl-(C1-C4)alkyl~ •. · 3-pyridyl-(C1-C4)alkyl-, 4-pyridyl-

10 (C,-C4)alkyl-, phenyl-CH2-S-CHr. thienyl-(C1-C4)alkyl-,· phenyl-(C0-C3)alkyl-O-CHr. 

phenyl-CH2-0-phenyl-CH2-, 3-benzothienyl-CHr. thienyl-CHrO-CHr. thiazolyl-

CHrO-CHr. pyridyl-CHrO-CH2-, pyrimidyl.:.CH2-0-CH2- and phenyl-O-CH:rCH2; 

where the aryl portion(s) of the groups defined for R3 are optionally 

substituted with one to three substitUenm, each substituent being 

15 independently selected from the group consisting of methylenedioxy, F. Cl, 

CH3, OCH3, OCF3, OCF2H and CF3. 

A group of compounds, which is preferred among the "M Group" of 

compounds, designated the "M1 Group", contains those compounds :.:of the "M 

Group", having the formula I as shown hereinabove, wherein R4 is hydrOgen; a is O; . 

20 n is 1; w is 1; e is O; X5 and X58 are each independently, hydrogen, methyl or 

hydroxymethyt, provided that when X5 is hydrogen then X58 is iiot hydrogen; R7 and 

R8 are each hydrogen; Y is oxygen; R2 is hydrogen, methyl, ethyl, propyl, i-propyl, t­
butyl, -CH2CF3, CF3 or -CHreyclopropyl; R1 is CHrA1; whereA1 in the definition of 

R 1 is phenyl, thienyl, thiazolyl, pyridyl or pyrimidyl ·which is optionally substituted with 

25 one to three substituents, each substituent being independently selected from the 

group consisting of F, Cl, Me, OMe, CF3, OCF3 and OCF2H; ·and R3 is phenyl-CH2-

0-CH2-, phenyl-(CH2h-. 3-indolyl-CH2-, thienyl-CHrO-CH2-, thiazolyl-CH2-0-CH2-, 

pyridyl-CH2-0-CH2- • pyrimidyl-CH2-0-CH2- or phenyl-O-CH2-CH2, where the aryl 

portion is optionally substituted with one to three substituents, each substituent being 

30 indepenclenUy selected from the group consisting of F, Cl, Me, OMe, CF3, OCF3 and 

OCF2H. 

A group of compounds, which is preferred among the "M1 Group" of 

compounds, designated the •N Group", contains those compounds of the "M1 
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Group0
, having the formula I as shown hereinabove, twherein X5 and X51 are each 

methyl; R2 is methyl, ethyl, or ..:CH2CF3; A 1 is phenyl option•lly substituted with ~one 

to three substituents, each substituent being. independently selected from the group 

consisting of F, :Cl, Me, OMe, CF3, OCF3 and OCF2H; R3 is phenyl-CHrO-CHr. 

5 phenyl-(CH2)3- or thienyl-CH2-0-CH2- where the aryl portion is optionally substituted 

with one to three substituents, each . substituent being independently selected from 

the group consisting of F, Cl, Me, :QMe, ·CF3, OCF3 and OCF2H. 

Another group of compounds, which is preferred among. the "M1 Group• of 

compounds, designated the "Q: . Group", contains those cornpounds of the "M1 

1 O Group", having the formula I as shown hereinabove, wherein X5 and· X51 are each 

methyl; R2 is methyl, ethyl, or CH2CF3; A 1 is 2-pyridyl or 3-pyridyl optionally 

substituted with one to two substituents, each substituent being independently 

selected from the group consisting of F, Cl, Me, OMe, CF3, OCF3 and OCF2H; R3 is 

phenyl-CH2-0-CH2-, phenyl-(CH2)3- or thienyl-CH2-0-CH2- where the aryl portion is 

15 optionally substituted with one to three substituents, each substituent being 

independently selected from the group consisting of F, Cl, Me, OMe, CF3, OCF3 and 

OCF2H. 

Anoth~r group of. compollnds, which is pre1Etrred .among the "M1 Group" of 

compounds, design_ated the "P Group", contains those compounds of the "M1 

20 Group" I having the formula I as shown hereinabove, wherein X5 ·and X58 are each 

methyl; R2 is methyl, ethyl, or CH2CF3; A 1 is phenyl optionally substituted with one to 

three substituents, each substituent being independently selected from the group 

consisting of F, Cl, Me, OMe, CF3, OCF3 and OCF2H; R3 is 2-pyridyl-CH2-0-CH2-, or 

3-pyridyl-CH2-0-CHr where the aryl portion is optionally substituted with one to two 

25 substituents, each substituent being independently selected from the group 

consisting of F, Cl, Me, OMe, CF3, OCF3 and OCF2H. 

30 

A group of compounds, which is preferred among the ·o Group" of 

compounds, designated the "Q Group", contains those compounds of the "O Group", 

having the formula 
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the racemic-diastereomeric mixtures and optical isomer&'of~aid. compounds wherein 

R2 is methyl; A 1 is 2.:.pyridyl; and R3 is -CHx-O-CH2-phenyl; 

R2 is CH2CF3; A 1 is 2-pyridyl; and R3 is -CHrO-CH2.:~chloro-phenyl; 
R2 is CH2CF3; A 1 is 2-pyridyl; and R3 is -CH2-0-CH2-4-chloro-phenyl; 

5 R2 is CH2CF3; A 1 is 2-pyridyl; and R3 is -CHrO-CH2-2,4-di-chloro-phenyl; 

R2 is CH2CF3; A 1 is 2-pyridyl; and R3 is -CHrO-CHr3.:.chloro-thiophene; or 

R2 is CH2CF3~ A1 is 2-pyridyl; and R3 is -CH2-0-CH2-2,4-di-fluoro-phenyl. 

The diastereomeric mixture of 2.:.amino-N""[1-(R)-benzyloxymethyl-2-(2-

methyl-3-oxo-3a-(R,S)-pyridin-2-ylmethyl-2,3,3a,4,6, 7~hexahydro-pyrazolo[4.~ 
10 cJpyridin-5-yl)-2-oxO-ethylJ-2-methyl-propionamide 'is preferred among the ·a Group" 

of compounds and the separated 3a-(R) and 3a-(S) isomers are preferred of the 

diastereomeric mixture. 

The diastereomeric mixture of 2-amino-N-{1-(R)-(3-chloro-benzyloxy-methyl)-
.. , . . 

2-oxo-2-[3-oxo-3a-(R,S)~pyridin-2-ylmethyl-2-(2,2,2~trifluoro-ethyl)-2,3,3a,4,6, 7-

15 hexahydro-pyrazolo[4.~c]pyridin-5-yl)-ethyl)-2-methyl-propionamide is preferred 

among the ·a Group" of compounds and the separated 3a-(R) and 3a-(S) isomers 

are preferred of the diastereomeric mixture. 

The diastereomeric mixture of 2-amino-N-{1-(R)-(4-chloro-benzyloxy-methyl)- ··. 

2-oxo-2-[3-oxo-3a-(R,S)-pyridin-2-ylmethy~2-(2,2,2-trifluo~thyi}~2.3,3a.~(6,7-
20 hexahydro-pyl'8Zolo[4,3-c ]pyrldin-5-yl]-ethyl}-2-methyl-propionamide is preferred 

among the "Q Group" of compounds and the separated 3a-(R) and 3a-(S) isomers 

are preferred of the diastereomeric mixture. 

The diastereomeric mixture of 2-amino-N-{1-(R)-(2,4-dichloro;,. 

benzyloxymethyl)-2-oxo-2-[3-oxo-3a-(R,S)-pyridin-2-ylmethyl-2;.(2,2,2-trifluoro-ethyl)-

25 2,3,3a,4,6, 7-hexahydro-pyrazolo[4,3-c]pyridin-5-yt]-ethyl)-2.;methyl-propionamide is 

preferred among the UQ Group• of compounds and the separated 3a-(R) and 3a-(S) 
. . 

isomers are preferred of the diastereomeric mixture. 

The diastereomeric mixture of 2-amino-N-{1-(R)-(4-chloro-thiophen-2-

ylmethoxymethyl)-2-oxo-2-(3-oxo-3a-(R,S)-pyridin-2-ylmethyl-2-(2,2,2-trifluoro-ethyl)-

30 2,3,3a,4,5, 7-hexahydro-pyrazolo[3,4-c]pyridin.;6-yl]-ethyl}-2-methyl-propionamide is 

preferred among the "Q Group• of compounds and the separated 3a-(R) and 3a-(S) 

isomers are p~ferred of the diastereomeric mixture. 

.• 
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The cliastereomeric :mixture of 2-amino-N-{1-(R)-(2,4-difluoro-benzyloxy­

methyl)-2-oxo-2-[3-oxo-3a-(R,S)-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 is 

preferred among the "Q Group• of compound~, and the separated 3a-(R) and 3a-(S) 

5 isomers are preferred of the,diastereomeric mixture. 

A group of compounds which contains intermediates useful ,in synthesizing 

the compounds of formula (I) are of the formula 

R1 

(II) 

(CH:Vn 
'NH 

I 
(CH2lw 

10 the racemic-diastereomeric mixtures and optical isomers of said compounds and the 

pharmaceutically-acceptable salts thereof, wherein e is O or 1; n and w are each 

independently 0, 1 or 2, provided that w and n cannot both be 0 at the same time; 

R1 is hydrogen, -CN, -(CH2)qN(X6)C(O)X6
, -(CH2)qN(X6)C(O)(CH2)rA

1
, 

-(CH2)qN(X6)S02(CH2)r:A 1,. -(Ct"!z)qN(X~)S02X6 1 :-{CH2)qN(X6)C{O)N{x6)(CH2)rA 1, 

15 -{CH2)qN(X6)C{O)N(X6)(X6
), -(CH2)qC(O)N(X6}(X6

), -(CH2)qC(O)N(X6)(CH2)rA 1, 

· -(CH2)qC(O)OX6
, -(CH2)qC(O)O(CH2)rA 1, -(CH,2}q0X6

, -(CH2)qOC(O)x6. 

-{CH2)qOC(O)(CH2)rA 1, -(CH2)qOC(O)N(X6)(CH2)rA 1, -(CH2)qOC(O)N(X6)(X6
), 

-(Ct-l2)qC(O)X6
, -(C ... 2)qC(O)(CH2)rA1, -(CH2)qtll(X6)C(O)OX6

, 

-(CH2)qN(X6)S02N(X6)(X6
), -(CH2)qS(O)mX6

, -(CH2)qS(O)m(CH2)rA 1, 

20 -(C1-C1o)alkyl, -(CH2)rA 1, -(CH2)q·(C3-C7)cycloalkyl, -(CH2)q-Y1-(C1-C6)alkyl, 

-(CH2)q-Y1-(CH2)rA 1 or -(CH2)q-Y1-(CH.2)r(C3-C1 )cycloalkyl; 

where the alkyl and cycloalkyl groups in the definition of R1 are optionally 

substituted with (C1-C4)alkyl, hydroxyl, (C1-C4)alkoxy, carboxyl, CONH2, 

-S(O}m(C1-Ca)alkyl, -C02{C1-C4)alkyl, 1 H-tetrazol-5-yl or 1 to 3 fluoro: Y1 is 0, 

25 S(O)m. -C(O)Nx6, -CH=CH-, -C=C-, -N(x6)C(O)-, -C(O)NX6
-, -C(O)O-, 

-OC(O)N(X6)- or -OC(O)-; q is 0, 1, 2, 3 or 4; t is 0, 1, 2 or 3; 

said (CHvq group and (CH2), group may each be optionally substituted with 1 

to 3 fluoro, 1 or 2 (CrC4)alkyl, hydroxyl, (C1-C4)alkoxy, carboxyl, -CONH2, 



W097/24369 PCT/IB96/0l353. 

-18-

-S(O)m(CrCa)alkyl, -C02(C1-C4)alkyl ester, ot 1 H,;.tettazol~5-yl; 

R2 is hydrogen, (C1-C8)alkyl, -(C0-C3)alkyl-(C3-Ca)cycloalkyl, ~cc1-C4)alkyl-A 1 or A 1; 

where the alkyl groups and the cycloalkyl groups 'il'1 the definition of R2 are optionally 

substituted by hydroxyl, ~C(O)OX6, -C(O)N(X8)(X6), -N(X6)(X8), 

5 -S(O)m(C1-C6)alkyl, -C(O)A 1, -C(O)(X6), CF3, · CN or 1 to 3 halogen; 

A 1 for each occurrence is independently (C5-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 nitrQgen, or a bicyclic ring system consisting of a partially 

1 O 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 oxyge·n, fused to a partially saturated, fully saturated or fully 

15 

unsaturated 5- or 6-membered ring, optionally having . 1 · to 4 heteroatoms 

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

A 1 for each occurrence is Independently optionally substituted, in one or 

optionally both rings if A 1 is a bicyclic ring system, with up to three 

substituents, eacti substituent independently selected from the group 

consisting of F, Cl, Br, I, OCF3, OCF2H, CF3, CH3; OCH3, -OX8;-- _..::;, 

-C(O)N(x6)(x6), -C(O)Ox6, oxo, (C1-C6)alkyl, nltro, cyano, benzyl, .;:, 

20 -S(O)m(C1-C6)alkyl, 1H-tetrazol-5-yl, phenyl; ' phenoxy, . phenylalkyloxy, 

halophenyl, methylenedioxy, -N(X6)(X6
), -N(X6)C(O)(X6), -S02N(x6)(x6). . 

-N(X6)S02-phenyl, -N(X6)S02X6
, -CONX11X12, -~02NX.11X12, -Nx6S02X12, 

-Nx6CONX11X12, -NX.6S02NX11X12, -NX6C(O)X12, imidazolyl; thiazolyl and 

tetrazolyl, provided that if A 1 is optionally substituted with methytenedioxy 

25 then it can only be substituted by one ·methylenectioxy: 

30 

where X11 is hydrogen or optionally substit~tecl (C1-C6)alkyl: 

the optionally substituted (CrC6)alkyl defined for X11 is 

optionally independently substituted with phenyl, phenoxy, {C1-

C6)alkoxycarbonyl, -S{O)m(C1-C6)alkyl, 1 to 5 halogens, 1 to 3 

hydroxy, 1 to 3 (C1-C10)alkanoyloxy or 1 to 3 (C1-C8)alkoxy; 

X12 is hydrogen, (C1-Ce)alkyl, phenyl, thiazolyl, imidazolyl, furyl or 

thienyl, provided that when X12 is not hydrogen, X12 is optionally 

·'; 
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substituted with one to three substituents1independently selected from 

the group consisting of Cl, ·F, -CH3, Q~H3, tQCF3 and CF3; 

or X11 and X12 are taken together to form -CCH2)rl 1-(CH2)..-; 

L 1 is C(X2)(X2
), 0, S(O)m or N(X2

); 

5 r for each oc::currence is inde~ndently 1, 2 or 3; 

X2 for each occurrence is independently hydrogen, optionally subl$tituted (C1-

Ca)alkyl, or optionally substituted (C3-C7)cycloalkyl, where the optionally substituted 

{C1-C6)alkyl and optionally substituted (C3-Ci)cycloalkyl in the definition of X2 are 

optionally independently substituted with -S(O)m(C1-C6)alkyl, -C(O)OX3
, 1 to 5 

10 halogens or 1to3 OX3
; 

X3 for each occurrence is independently hydrogen or (C1-C6)alkyl; 

X6 for each occurrence is independently hydrogen, optionally substituted (C1-

Ca)alkyl, (CrC6)halogenated alkyl, optionally substituted (~-C7)cycloalkyl, (C:rCi)­

halogenatedcycloalkyl, where optionally substituted (C1-C6)alkyl and optionally 

15 substituted (~-Ci)cycloalkyl in the definition of X6 is optionally independently 

substituted by, hydroxyl, (C1-C4)alkoxy, carboxyl, CONH2, -S(O)m(C1-C6)alkyl, 

-C02(CrC4)alkyl, 1 H-tetrazol-5-yl or 1 or 2 (C1-C4)alkyl; or 

where there are two X6 groups on one atom and both X6 are (C1-C6)alkyl, the two 

(C1-C6)alkyl groups may be optionally joined and, together with the atom to which the 

20 two x6 groups are attached, form a 4- to 9- membered ring optionally having oxygen, 

sulfur or NX7
; 

X7 is hydrogen or (C1-C6)alkyl optionally substituted with hydroxyl; and 

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

with the proviso that: 

25 X6 and X12 cannot be hydrogen when it is attached to C(O) or 802 in the form 

C(O)X6
, C(O)X12

, S02X6 or S~X12; and 

when R2 is hydrogen then R 1 is not -CH=CH-phenyl. 

A group of intermediate compounds preferred among the foregoing group of 

formula (II), designated "Group AA•, contains those compounds wherein w is 0 or 1; 

30 n is 1; R1 is hydrogen, -(CH:z)q-(C3-~)cycloalkyt, -(CH2)t-A
1 or (C1-C10)alkyl where 

the (C1-C10)alkyl and (Ca-C?)cycloalkyl groups are optionally substituted with 1 to 3 

fluoro and A1 in the definition of R1 is optionally substituted with 1 to 3 substituents 

independently selected from the group consisting of F, Cl, Me, methoxy, CF3, OCF3 
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and OCF2H; R2 is hydrogen. (C1-C8)alkyl, (Co-C3)alky1:.cc3.;.C,)cycloalkyl, phenyl, or 

(C1-C3)alkyl-phenyl where the alkyl and phenyl groups are· optionally substituted with 

1 to 3 substituentS independently selected from the group consisting of F, CF3, OH 

and methoxy. 

5 A group of compounds preferred among the "AA Group• compounds, 

designated "BB Group". contains those compounds of "AA Group".wherein w is 1; e 

is O; R1 is -CHz-pyridyl, -CH2;.thiazolyl, or-CH2-phenyl Qptionally substituted with 1 to 

3 substituents independently selected from the group consisting of fluoro and chloro; 

and R2 is hydrogen, (C1-C4)alkyl or phenyl where the (C1-C4)alkyl or phenyl groups in 
1 o the definition of R2 is optionally substituted with 1 to 3 substituents independently 

selected from the group consisting offluoro, hydroxy or methoxy. 

Compounds· which are preferred among the "BB Group" compounds is the 

diastereomeric mixture of a compound wherein R1 is -CHz-phenyl and R2 is methyl or 

hydrogen; and the separated 3a-(R) and aa:.(s) isomers are preferred of the 

15 diastereomeric mixture. 

Another group of intermediate compounds which are useful in the synthesis 

of the compounds of formula (I) have the formula 
:;~j_~; .. :.· 

(Ill} 

20 the racemic-diastereomeric mixtures and optical isomers of said compounds wherein 

z100 is methyl. BOC, CBZ, CF3C(O)-, FMOC, TROC, trityl, . tosyl, CH3C(O}- or 

optionally substituted benzyl which optionally substituted with methoxy, dimethoxy or 
nitro; e is 0 or 1: n and w are each independently 0, 1 or 2, provided that w and n 

cannot both be 0 at the same time; 

25 R1 is .hydrogen, -CN, -(CH2)qN(X6)C(O)x6, -(CH2)qN(XiC(O)(C~),-A1 , 
-(CHz)qN(X6)S02.(CH2>t-A 1, -(CH2)qN(x6)S02X8, -(CH2)qN(X6)C{O)N(X6)(CH2)rA 1, 

-(CH2)qN(x6)C(O)N(x6}(X6
}, -(CH2)qC(O)N(X6)(X6

), -(CH2)qC(O)N(X6)(CH2)rA 1, 

-(CH2)qC(O)OX6
, -(CH2)qC(O)O(CH2)t-A 1, -(CH2)qOX6

, -(CH2)qOC(O)X6
, 

... : 
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·{CH2)qOC(O)(CH2)rA 1, -(CH2)qOC(O)N(X6)(~H2)rA 1, -(C~)q0C(O)N(X6)(X6), 

-(CH2)qC(O)X6
, -(CH2)qC(O)(CH2)1·A 1,. -(CH2)qN(X6}C(O)OX6

, 

-(CH2)qN(x6)S02N(x6)(X6), -(CH2)qS(O)mX6
, -(CH2)qS(O)m(CH:zlrA 1, 

-(C1-Ci0)alkyl, -(CH2)a-A 1, -(CH2)q·(Ca-C? )cycloalkyl, -(CH2)q-Y1-(CrCa)alkyl, 

5 -(CH2)q-Y1-(CH2)1-A
1 or -(CH2)q· Y1 ~(CH2)t-(C3-C1 )cycloalkyl; 

where the alkyl and cyctoalkyl groups in the dfitfinition of · R 1 are optionally 

substituted with (C1-C4)alkyt, ·hydroxyl, (C1-C4)alkoxy, carboxyl, ·CONH2, 

-S(O)m(C1-C6)alkyl, -C02(C1-C4)alkyl, 1 H-tetrazol-5-yl or 1 to 3 fluoro; 

Y1 is 0, S(O)m. -C(O)NX6
, -CH=CH-, :.C=C-, -N(X6)C(O), -C{O)NX6

, 

10 -C{O)O, -0.C(O)N(X6
) or-OC(O}; 

q is 0, 1, 2, 3 or 4; 

t is o, 1, 2 or 3; 

said (CH2)q group and (CH2)t group may each be optionally substituted with 

hydroxyl, (C1-C4)alkoxy, carboxyl, -CONH2, -S(O)m(C1-C6)alkyl, 

15 -C02(C1-C4)alkyl, 1H-tetrazol-5-yl, 1to3 fluoro or 1or2 (C1-C4)alkyl; 

R2 is hydrogen, (C1-C8)alkyl, -(C0-C3)alkyl~(C3-C8)cycloalkyl, -(C1~C4)alkyl-A1 or A1
; 

where the alkyl groups and the cycloalkyl groups in the definition of R2 are optionally 

substituted with hydroxyl, .-C(O)OX6, .~C(O)N{X6)(X6), -N(X6)(X6), 

-S(O)m(CrC6)alkyl, -C{O)A1
, -C{O)(X6

), CF3, CN or 1 to 3 halogen; 

20 A 1 for each occurrence is independently (C5-C7)cycloalkenyl, phenyl or a partialiy 

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, or a bicyclic ring system consisting of a partially 

saturated, fully unsaturated or fully saturated 5- or 6-membered ring, optionally 

25 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 1 for each occurrence is independently optionally substituted, in one or 

30 optionally both rings if A 1 
.. is a bicyclic ring system, with up to three 

substituents, each substituent independently selected from the group 

consisting of F, Cl, Br, I, OCF3, OCF2H, CF3, CH3, OCH3, -OX6
, 

-C(O)N(X6)(X6
), -C(O)OX6

, oxo, (C1-C6)alkyl, nitro, cyano, benzyl, 
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-S(O)m(C1~Ce)alkyl, · 1H-tetrazol-5-yl. phenyl, · phenoxy, phenylalkyfoxy, 

halophenyl, methylenedioxy, -N(X6)(X6), -N(XEl)C(O)(X6
), .:.so2N(X6)(X6

), 

-N(X6)SO;_phenyl; -N(X6)S02X6
, -CONX11X12, ~S02NX11X12; -NX6S02X12, 

-Nx6CONX11X12, -Nx6S02NX11X12, -NX6C(O)X1
·
2, imidazolyl, thiazolyl and 

5 tetrazolyl, provided that if A 1 is optionally substituted with methylenedioxy 

then itcan only be substituted with one methylenedioxy; 

10 

15 

where'x11 is hydrogen or optionally substituted (C,-C6)alkyl; 

ttie optionally substituted (C1~C6)alkyl defined for X11 is 

optionally independently substituted with phenyl, phenoxy, (C1-. . . 

C8)alkoxycarbonyl, -S(O)m(C1~C8)alkyl, 1 to 5 halogens, 1 to 3 

hydroxy, 1to3 (C1-C10)alkanoyioxy or 1to3 (C1-C8)alkoxy; 

X12 is hydrogen, (C1-C8)alkyl, phenyl, .thiazolyl, imidazolyl, furyl or 

thienyl, provided that when X12 'is not hydrogen, X12 is optionally 

substituted with one to three substituents independently selected from 

the group consisting of Cl, F, CH3, OCH3, OCF3 and CF3; 

or X11 and X12 are taken together to form. -(CH2)r-L 1-(CH2),.-; 

L 1 is C(X2)(X2
), 0, S(O)m or N(X2

); . · 

r for each occurrenee is independently 1, 2 or 3; . : ';~~;. 

X2 for each occurrence is independently hydrogen, optionally substituted (C1-

20 C6)alkyl, or optionally substituted (C3-C7 )cycloalkyl, where the optionally substituted 

(C,-C8)alkyl and optionally substituted (C3-C7)cycloalkyl in the definition of X2 are 

optionally independently substituted with -S(O)m(C1~C6)alkyl, -C(O)OX3
, 1 to 5 

halogens or 1 to 3 OX3
; 

X3 for each occurrence is independently hydrogen or (C1-C6)alkyl; 

25 X6 for each occurrence is independently hydroge11~ optionally substituted (C1-

C6)alkyl, (C2-C6)halogenated alkyl, optionally substitUted (C3-C7)cycloalkyl, (C3-C1)­

halogenatedcycloatkyl, where optionally substituted (C1-C6)alkyl and optionally 

substituted (C:rC7)cycloalkyl in the definition of X6 is optionally independently 

substituted with hydroxyl, (C1-C4)alkoxy, carboxyl, CON~2. -S(O)m(C1-Ca)alkyl, 

30 -C02(C1-C4)alkyl, 1 H-tetrazo1:..s-yl or 1 or 2 (CrC4)alkyli or 

where there are two X6 groups on one atom and· both X6 are (C1-C6)alkyl, the two 

(C1-C6)alkyl groups may be optionally joined and, together with the atom to which the 
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' . THiS ~HEET HA$ BEEN 1 
. REPLACED 

two X6 groups are attached, form a 4- to 9- -membered ring optionally having oxygen, 

sulfur or NX7
; 

X7 is hydrogen or (C1-C8)alkyl optionally substituted with hydroxyl; and 

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

5 with the proviso that: 

X6 and X12 cannot be hydrogen when it is attached to -G(O) or S02 i.in the form 

C(O)X6
, C(O)X12, S02X

6 or S02X
12; 

when R2 is hydrogen then R 1 is not -CH=CH-phenyl; 

when R2 is Hand R1 is -CH2-CH=CH-Ph, then z100 is not BOC; 

1 o when R2 is H and R 1 is then z100 is not BOC; 

when R2 is H and R 1 is -CH2-C(CH3)=CH2, then z100 is not BOC; and 

when R2 is phenyl and R 1 is -CH3, then ztoo is not CH3C(O)-. 

A group of compounds preferred among the foregoing group of compounds 

of formula (Ill), designated "CC Group", are those compounds wherein w is 0 or 1; n 

15 is 1; 

z100 is BOC, methyl, benzyl or CBZ; 
1 1 . . 

R is hydrogen, -(CH2)q·(C3-C7)cycloalkyl, -(CH2)t-A or (C1-C10)alkyl where the (Cr 

C10)alkyl and (C3-C7)cycloalkyl groups are optionally substituted with 1 to 3 fluoro 

and A1 in the. definition of R1 is optionally substituted with 1 to 3 substituents 

20 independently selected from the group consisting of F, Cl, Me, OMe, CF3, OCF3 and 

OCF2H; 

R2 is hydrogen, (C1-C8)alkyl, -(C0-C3)alkyl-(C3-C7)cycloalkyl, phenyl, or -(C1-C3)alkyl­

phenyl where the alkyl and phenyl groups are optionally substituted with 1 to 3 

substituents independently selected from the group consisting of .F. CF3 , OH and 

25 OMe. 

A group of compounds preferred among the "CC Group" compounds, 

designated ·co Group", contains those compounds ~f "CC Group" wherein z100 is 

BOC; w is 1; e is O; R1 is -CH2"'.'pyridyl, -CHrthiazolyl, or -CH2-phenyl optionally 

substituted with 1 to 3 substituents independently selected from the group consisting 

30 of fluoro and chloro; and R2 is hydrogen, (CrC4)alkyl or phenyl where the (C1-

C4)alkyl or phenyl groups in the definition of R2 is optionally substituted with 1 to 3 

substituents independently seleded from the group consisting of fluoro, hydroxy and 

methoxy. 
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Compounds whicli. are preferred among thet ·oo Group" c0mpounds is the 

diastereomeric mixture of a compound wherein· R1 is·-CH2-pheriyl and R2 is methyl or 

hydrogen; and the separated 3a-(R) and 3a-(Sj i~ortiers . are . preferred of the 

diastereomeric mixture. 

5 Yet another group of compounds which are useful in the synthesis of the 
. . 

compounds of formula {I) contains those cornpounds of the formula 

(IV) 

the racemic-diastereomeric mixtures and optical isomers of said compounds wherein 

10 Z200 is t-BOC, CBZ, CF3C(O)-, FMOC, TROC, trityl, tosyt or optionally substituted 

benzyl which is optionally substituted with methoxy, dimethoxy or nitro: 

eis0or1; 
'·.. ·. 

n and w are each independently 0, 1 or 2, provided that w and n canncit '60th be 0 at 

the same time: 
>:\'. 

·15 Y is oxygen or sulfur: 

R1 is hydrogen, -CN, -(CH2)qN(x6)C(O)x6, -(CH2)qN(X6)C(O)(CH2).-A1
, 

-(CH2)qN(x6)S02(CH2)rA 1, -(CH2)qN(X6)S02X6
, -(CH2)qN(X6)C{O)N(x6)(CH2)1-A 1, 

-(CH2)qN(x6)C(O)N{X6){X6
), .:ccH2)qC(O)N{X6)(X6), -{CH2)qC(O)N(X6){CH2)rA 1' 

-(CH2)qC(O)OX6
, -(CH2)qC(O)O(CH2h·A 1, -(CH2)qOX8

, -{CH2)qOC(O)X6
, 

20 -(CH2)qOC(O)(CH2).-A 1, -(CH2)qOC(O)N(X6)(CH2)rA 1, -(CH2)q0C(O)N(X6)(X6
), 

-(CH2)qC(O)X6
, -(CH2)qC(O)(CH2lt-A 1, -(CHz)qN(X8)C(O)Ox6, 

·(CH2)qN(X6)S02N(X6)(X6), -(CH2)qS(O)rnX6,. -(CHz)qS(O)m(CH2)t-A 1, 
1 . .· . 1 

-(CrC10)alkyl, -(CH2)rA , -(CH2)q-(C3-C1)cycloalkyl, -(CH2)q·Y -(C1-Ce)alkyl, 

-(CH2)q-Y1-(CH2).-A 1 or -(CH2)q-Y1 -(CH2)t-(C3-C7 )cycloalkyl; 

25 where the alkyl and cycloalkyl groups in the definition of R1 are optionally 

substituted with (C1-C4)alkyl, hydroxyl, (C1-C4)alkoxy, carboxyl, CONH2. 

-S(O)m(C1-C6)alkyl, -C02(C1-C4)alkyl ester, 1 H-tetrazol-5-yl or 1 to 3 fluorc; 
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Y1 is 0, S(O)m. -C(O)NX6
, -CH=CH-, -C=C-, -N(X6)C~O), -C(O)NX6

, 

-C(O)O, -0C(O)N(X6
) or -OC(O); 

q is:.o, 1, 2, 3 or4; 

t is 0, 1, 2 or 3; 

5 said (CH2)q ·group and (CH:zlt :group may each be optionally substituted with 

hydroxyl, (C1-C4)alkoxy, carpoxyl, -CONH2, -S(O)m(C1-Ca)alkyl, 

-C02(C1-C4)alkyl, 1 H-tetrazol-5-yl, 1 to 3 fluoro or 1 or 2 (C1-C4)alkyl; 

R2 is hydrogen, (C,-C8)alkyl, -(C0..:C3)alkyl-(C3-C8)cycloalkyl, -(C1-C4)alkyl-A 1 or A 1; 

where the alkyl groups and the cyclo~lkyl groups in the definition of R2 are optionally 

10 substituted with hydroxyl, -C(O)OX6
, -C(O)N(X6)(X6

), -N(X6)(X6
), -S(O)m(C,-C6)alkyl, 

-C(O)A 1, -C(O){X6
), CF3, CN or 1 to 3 halogen; 

R3 isA1
, (C1-C10)alkyl, -(C1-C6)alkyl-A 1, -(C1-C6)alkyl-(C3-C1)cycloalkyl, 

-(C1-Cs)alkyl-X1 -(C1-Cs)alkyl, -(C1-C5)alkyl-X1-(C0-C5)alkyl-A 1 or 

-(C1-C5)alkyl-X1 -(C1-C5)alkyl-(C3-~)cycloalkyl; 
15 where the alkyl groups in the definition of R3 is optionally substituted with 

-S(O)m(C1-C6)alkyl, -C(O)OX3
, 1to5 halogens or 1to3 OX3

; 

X1 is 0, S(O)m. -N{X2)C(O)-, -C(O)N(X2
)-, -OC(O)-, -C(O)O-, -CX2=CX2

-, 

-N(X2)C(O)O-, -OC(O)N(~2)- or -C=C-; . ; 

R4 is hydrogen: (C1-C6)alkyl or (C3~C7)cycloalkyl, or R4 is taken together with R3 and 

20 the carbon atom to which they are attached and form (C5-C7)cycloalkyl, (C5-

C7)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 

25 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; 

~ is hydrogen or (C1-C8)alkyl or X4 is taken together with R4 and the nitrogen atom 

to which ~ is attached and the carbon atom to which R4 is attached and form a five 

to seven membered ring; 

~ xs• 
1 " / ,_,z, .,.....c, / 

30 R6 is a bond or is (CH2}a (CH2)b 
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where a and b are independently 0, 1, 2 or 3; 

X5 and X58 are each independentiy selected from the group consisting of 

hydrogen, trifluoromethyl, A 1 and optionally substituted {C1;.Cfs)alkyl; 

the optionally substituted {C1-Ce)alkyl in the definition of X5 and X58 is 

optionally substituted with a substituent selected from the group 

consisting of A1
, -OX2

, -S{O)m(C1-C6)alkyl, -C(O)OX2
, 

(C3-C7)cycloalkyl, -N(X2)(X2
) and-C{O)N(X2)(X2

); 

or the carbon bearing X5 and x5
• forms an alkylene bridge with the nitrogen 

atom bearing T-00 'and R8 where the alkylene bridge contains 1 to 5 carbon 

10 atoms provided that X5 or X58 but not both may ·be on the carbon atom and 

Z200 or R8 but not both may be on the nitrogen atom; 

or X5 is taken together with X58 and the cart>on 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-memb8red ring having 1 
15 to 4 heteroatoms independently selected' 'from the group consisting of 

oxygen, sulfur and nitrogen; 

or Y!' is taken together with ~ 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 

20 independently selected from the group consisting of nitn>gen, 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, su~fur and oxygen; 

Z1 is a bond,· 0 or N-X2
, provided that when a and b are both O then Z1 is not 

25 N-X2 orO; 

R8 is hydrogen or optionally substituted {C1-C6)alkyl; 

where the optionally substituted (C1-C6)alkyl in the definition of R8 is 

optionally independently substituted with A 1, -C(0)0-{C1-Ca)alkyl, 

-S(O)m(C1-C6)alkyl, 1 to 5 halogens, 1 to 3 hydroxy, 1 to 3 -0-C(O)(C1-

30 C10)alkyl or 1to3 (C1-C6)alkoxy; or 

A 1 for each occurrence is independently {C5-C7)cycloalkenyl, phenyl or a partiaUy 

saturated, fully saturated or fully unsaturated 4- to 8-membered ring optionally 

having 1 to 4 heteroatoms independently selected from the group consisting of 
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oxygen, sulfur and nitrogen, or 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. 

5 unsaturated 5- or 6-membered ring, optionally having 1 to 4 ·heteroatoms 

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

A 1 for each occurrence is independently optionaHy substituted, in one or 

optionally both rings if A 1 is a bicyclic ring . system, with up to three 

substituents, each substituent independel"!tly sel~cted from the group 

10 consisting of F, Cl, Br, I, O~F3, OCF2H, CF3, CH3, OCH3, -OX6
, 

-C(O)N(x6)(X6
), -C(O)Ox6, oxo. (C1-C6)alkyl, nitro, cyano, benzyl, 

-S(O)m(CrC6)alkyl, 1 H-tetrazol-5-yl, phenyl, phenoxy, phenylalkyloxy, 

halophenyl, methylenedioxy, -N(X6)(X6
), -N(X6)C(O)(X6

), -S02N(X6)(X6
), 

-N(X6)SOz-phenyl, -N(X6)S02X6, -CONX11X12, -S02NX11X12, -NX6S02X12, 

15 -NX6CONX11X12, -NX6S02NX11X12, -NX6C(O)X12, imidazolyl, thiazolyl and 

tetrazolyl, provided that if A 1 is optionally substituted with methylenedioxy 

then it can only be substituted with one methylenedioxy; 

20 

25 

\;\'here X11 is hydrogEm,or opti~na~ly substituted (C1~C6)alkyl; 

the optionally substituted (C1-C6)alkyl defined for X11 is 

optionally independently substituted with phenyl, phenoxy, (C1-

C6)alkoxycarbonyl, -S(O)m(C1-C6)alkyl, 1 to 5 halogens, 1 to 3 

hydroxy, 1to3 (C1-C10)alkanoyloxy or 1 to 3 (C1-C6)alkoxy; 

X12 is hydrogen, (C1-C6)alkyl, phenyl, thiazolyl, imidazolyl, furyl or 

thienyl, provided that when X12 is not hydrogen, X12 is optionally 

substituted with one to three substituents independently selected from 

the group consisting of Cl, F, CH3, OCH3, OCF3 and CF3; 

or X11 and X12 are taken together to form -(CH2)r""L 1-(CH2)r""; 

L 1 is C(X2)(X2), 0, S(O)m or N(X2); 

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

30 X2 for each occurrence is independently hydrogen, optionally substituted (C1-

C6)alkyt, or optionally substituted (C3'"°7)cycloalkyl, where the optionally substituted 

(C1-C6)alkyl and optionally substituted (C3-C7)cycloalkyl in the definition of X2 are 
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optionally independently substituted with -S(O)m(C1~C&)alkyi, -C(O)OX3
·, . 1 to 5 

halogens or 1 to 3 -OX3
; 

· X3 for each occurrence is independently hydrogen or (C1.;C8)alkyl; 

X6 for each occurrence is independently hydrogen, optionaliy substituted (C1-
. ' 

5 C6)alkyl. (C2-C8)halogenated · alkyl, optionally substih.!ted (C3-C7 )cycloalkyl, (C3-C7 )-

halogenatedcycloalkyl, where optionally substituted (C1-C8)alkyl and optionally 

· substituted (C3-C7)cycloalkyl in the definition of X6 is optionally independently 

substituted with hydroxyl, (C1·C4)alkoxy, carboxy( CONH2, -S(O)m(C1-C6)alkyl, 

-C02(C1-C4)alkyl, 1 H-tetrazol-5-yl or 1 or 2 (CrC4)alkyl; or 

1 O when there are two X6 groups on one atom and both X6 are (C1-C8)alkyl, the two (Cr 

C6)alkyl groups may be optionally joined and, together;with the atom to which the two 

X6 groups are attached, form a 4- to 9- niembered ring optionally having oxygen, 

sulfur or NX7
; 

X7 is hydrogen or (C1-C6)alkyl optionally substit~ed by hydroxyl; and 

15 m for each occurrence is independently 0, 1 or 2; 

with the proviso that: 

X6 and X12 cannot be hydrogen when it is attache~ to C(O) or S02 in the form 

C(O)X6, C(O)X12, S02:x6 or S02X12; and .. :E;;:· 

when R6 is a bond then Lis N(X2
) and each r in the definition -(CH2lr-L-(CR2)r- is·2 or 

·20 3. 

Compounds which are preferred of the foregoing compounds of formula (IV) 

is the compound wherein e is O; Y is O; R 1 is -CH2.;ph~nyl; R2 is methyl or hydrogen; 

n is 1; w is 1; R3 is -CH2-0-CH2-phenyl; R4 is hydrogen; X4 is hydrogen; R6 is 

-C(CH3)2-; z200 is BOC and R8 is hydrogen. 

25 This invention also provides: 

a method for increasing levels of endogenous growth hormone in a human or 

other animal which comprises administering to sue~ human or other animal an 

effective amount of a compound of Formula I; 

a pharmaceutical composition useful for increasing the endogenous 

30 production or release of growth hormone in a human or other animal which 

comprises an inert carrier arid an effective amount of a compound of Formula I; 

a pharmaceutical composition useful for increasing the endogenous 

production or release of growth hormone in a human or other animal which 
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comprises an inert carrier, an effective amount of a compound of Formula I and 

another growth hormone secretagogue such as, GHRP-6, Hexarelin, GHRP-1, l~F-

1, IGF-2, B-HT920 or growth hormone releasing factor (GRF). or an analog thereof; 

a method for the treatment or prevention of osteoporosis which comprises 

5 administering to a human or other animal in nees-1 of such treatment or p~vention an 

amount of a compound of Formula I which is ·effective in treating or preventing 

osteoporosis; 

a method for the treatment or prevention of osteoporosis which comprises 

administering to a human or other animal with osteoporosis a combination of a 

1 o bisphosphonate compound such as· alendronate, and especially pref~rred is the 

bisphosphonate compound ibandronate, and a compound of Formula I; 

a method for the treatment or prevention of osteoporosis which comprises 

administering to a human or other animal with osteoporosis a combination of 

estrogen or Premarin® and a compound of Formula I and optionally progesterone; 

15 a method to increase IGF-1 levels in IGF-1 deficient humans or other animals 

which comprises administering to a human or other animal with .IGF-1 deficiency a 

compound of Formula I; 

a method for the treatment of osteoporosis which comprises administering to 

a human or other animal with osteoporosis a combination of an estrogen agonist or 

20 antagonist such as tamoxifen, droloxifene, raloxifene and idoxifene and a compound 

of Formula I; 

a particularly preferred method for the treatment of osteoporosis comprises 

administering to a human or other animal with osteoporosis a combination of an 

estrogen agonist or antagonist such as Cis-6-(4-fluoro-phenyl)-5-(4-(2-piperidin-1-yl-

25 ethoxy)-phenyl]-5,6, 7 ,8-tetrahydro-naphthalene-2-ol; . 

(-)-cis-6-phenyl-5-(4-(2-pyrrotidin-1-yl-ethoxy)-phenyl]-5,6, 7 ,8-tetrahydro­

naphthalene-2-ol; 

cis-6-phenyl-5-[4-{2-pyrrolidin-1-yl-ethoxy)-phenyl]-5,6, 7 ,8-tetrahydro­

naphthalene-2-ol; 

30 ci~ 1-[6'-pyrrolodinoethoxy-3'-pyridyl]-2-phenyl-6-hydroxy-1,2,3,4-tetrahydro-

naphthalene; 

1-(4'-pyrrolidinoethoxyphenyl)-2-(4"-fluorophenyl)-6-hydroxy-1,2,3,4-

tetrahydroisoquinoline; 
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. cis-&-(4~hydroxyphenylr5-[4-(2-piperidin-1-yl~hoxy)~phenyl]-5,6, 7,8-

tetrahydro-naphthalene-2-ol; or 

1-(4'-pym>lidinol8thoxyphenyl)-2-phenyl-6~hydmX}'~ 1 ~2.·3,4-tetrahydro­

isoquinoline and a compound of Formula I; 

5 a method for the treatment of osteopomsis which comprises administering to 

a human or other animal with osteoporosis a combination of calcitonin and a 

compound of Formula I; 

a method for increasing muscle mass, ·which· method comprises administering 

to a human or other animal in need of such treatment an amount of a compound of 

10 Formula I which is effective in promoting release of endogenous growth hormone; 

and 

a method for promOting growth in growth hormone deficient children· which 

comprises administering to a growth hormone deficient child a compound of Formula 

I which is effective in promoting release of endogenous growth hormone. 

15 This invention further pmvides a method for treating or preventing diseases 

or conditions which may be treated or prevented ··by growth hormone which 

comprises administering to a tiuman or other animal in need of such treatment or 

prevention an amount of a compound of Formula I which is effective lri~promoting 

release of endogenous growth hormone. · · · 

20 In another aspect, this invention provides methods for treating or preventing 

congestive heart failure, frailty associated with aging, and obesity which comprise 

administering to a human or other animal in need of such treatment or prevention an 

amount of a compound of Formula I which is effective in promoting release of 

endogenous growth hormone; of the instant method it is preferred thatthe disease or 

25 condition to be treated or prevented is congestive he~rt failure or frailty associated 

with aging. 

In another aspect, this invention provides methods for accelerating bone 

fracture repair, attenuating protein catabolic response· after a major operation, 

reducing cachexia and protein loss due to chronic illness such as AIDS and cancer, 

30 accelerating wound healing, and accelerating the recovery of· bum patients or 

patients having undergone major surgery, which comprise administering to a human 

or other animal in need· of such treatment an amount of a compound of Formula l 

which is effective in pmmoting release of endogenous growth hormone; of the instant 
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method a preferred method .of use is to accelerate bone fracture ·repair or for 

accelerating the recovery of patients·having ul1dergone major surgery. 

In yet another aspect, this invention provides methods for improving muscle 

strength, mobility, maintenance of skin thickness, metabolic homeostasis ·and renal 

'5 homeostasis, whic;h comprise admini~tering, to a human .or other animal in need of 

such treatment an amount Of a compound of claim 1 which is effective in promoting 

release of endogenous .growth hormcme. 

The instant compounds promote the release of growth honnon~ which are 

stable under various physiological conditions and may be administered parenterally, 

1 O nasally or by the oral route. 

Det.i!ed Oescrigtjon of the lnyentjon 

One of ordinary skill will recognize- that certain substituents listed in this 

invention may have reduced chemical stability when combined with one another or 

with heteroatoms in the compounds. Such compounds with reduced chemical 

15 stability are not preferred. 

In general the compounds of Formula I can be made by processes which 

include processes known in the chemical arts for the production of compounds. 

Certain proce$ses. for. the manufacture ,of FQrmula I compounds are provided as· 

further features of the invention and are illustrated by the following reaction · 

20 schemes. 

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 

25 double or triple bonds. Exemplary Of such alkyl groups are methyl, ethyl, propyl, 

isopropyl, butyl, sec-butyl, tertiary butyl, pentyl, isopentyl, hexyl, isohexyl, allyl, 

ethynyl, propenyl, butadienyl, hexenyl and the like~ 

When the definition Co-alkyl occurs in the definition, it means a single 

covalent bond. 

30 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, 
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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. 

5 The term "halC>genated 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 hereinabove. 

The term "aryl" is intended. to include phenyl and naphthyl and aromatic 5-

1 O and 6-membered rings with 1 to 4 heteroatoms or fused 5- or 6-membered bicyclic 

rings with 1 to 4 heteroatoms of nitrogen, sulfur or oxygen. Examples of such 

heterocyclic aromatic rings are pyridine. thiophene (also known as thienyl}, furan, 

benzothiophene, tetrazole, · indole, N-methylindole, dihydroindole, indazole, N­

formylindole, benzimidazole, thiazole, pyrimidine, and thiadiazole. 

15 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). Accordingly, such compounds are less preferred. ·· :; ;\:: 

The expression "prodrug" refers to compounds that are drug t;'recursors, 

20 which following administration, release the drug in vivo via some chemical or 

physiological process (e.g., a prodrug on being brought to the physiological pH is 

converted to the desired drug form). Exemplary pradrugs upon cleavage release the 

corresponding free acid, and such hydrotyzable ester-forming residues of the 

compounds of this invention include but are not limited to carboxylic acid substituents 

25 (e.g., R1 is -(CH2)qC(0)2X
6 where X8 is hydrogen, or R2 or A1 contains carboxylic 

acid) wherein the free hydrogen is replaced by (C1-C4)alkyl, (Cr 

C12)alkanoyloxymethyl, (C•·C9)1-(alkanoyloxy)ethyt, 1-methyl-1-(alkanoyloxy)-ethyl 

having from 5 to 10 carbon atoms, alkoxycarbonytoxymethyl having from 3 to 6 

carbon atoms, 1-(alkoxycarbonyloxy)ethyt having from 4 to 7 carbon atoms, 1-

30 methyl-1-(alkoxycarbonyloxy)ethyl having from 5 to 8 carbon atoms, N­

(alkoxycarbonyl)aminomethyl having from 3 to 9 carbon atoms. 1-(N­

(alkoxycarbonyl)amino)ethyl having from 4 to 10 carbon atoms, 3-phthalidyl, 4-

crotonolactonyl, gamma-butyrotacton-4-yl, di-N,N-(C1-C2)alkylamino(Cz-C3)alkyl 

.·..:. .. 
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(su~h as :~dimethylaminoethyl), carbamoyl-(C1-C2)alkyl, N,N-di(C1-Cz)-

alkylcarbamoyl-(C1-~)alkyl and piperidino-, ·pyrrolidino- or mocpholino(Cz-C3)alkyl. 

Other exemplary prodrugs release an alcohol of .Formula I wherein the free 

hydrogen of the hydroxyl subs1ituent (e.g .• R1 contains hydroxyl) is replaced by (C1-

5 C6)alkanoyloxymethyl, 1-((C1-C6)alkanoyloxy)ethy~. 1-methyl-1-((C1-C6)alka­

noyloxy)ethyl, (C1-C6)alkoxycarbonyloxymethyl, N-(C1-C6}alkoxy-carbonylamino­

methyl, succim;>yl, {CrCe)alkanoyl, a-amino(C1-C4)alkanoyl, arylacetyl and a­

aminoacyl, or a-aminoacyl-a-aminoacyl wherein said a-aminoacyl moieties are 

independently any of the naturally occurring L-amino acids found in proteins, 

10 P(O){OH)2, -P(O)(O(C1'·Ce)atkyl)2 or glycosyl (the radical resulting from detachment 

of the hydroxyl of the hemiacetal of a carbohydrate). 

Prodrugs of this invention where a carboxyl group in a carboxylic acid of 

Formula {I) is replaced by an ester may be prepared by combining the carboxylic 

acid with the appropriate .alkyl halide in the presence of a base such as potassium 

15 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· 

20 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 this invention where an alcohol function has been derivatized as 

an ether may be prepared by combining the alcohol with the appropriate alkyl 

bromide or iodide in the presence of a base such as potassium carbonate in an inert 

25 solvent such as DMF at a temperature of about 0°c to 100°c for about 1 to about 24 

hours. Alkanoylaminomethyl ethers may be obtained by reaction of the alcohol with a 

bis-(alkanoylamino)methane in ·the presence of a catalytic amount of acid in an inert 

solvent such as THF, according to a method described in US 4,997,984. 

Alternatively, these compounds may be prepared by the methods described by 

30 Hoffman et al. in J. Org. Chem. 1994, 59, p. 3530. 
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Certain of •the above defined terms may oceur more than once in the above 

formula and upon sucti occurrence each term shall be defined independently of the 

oiher. 

Throughout the specification and appendent . claims the following 

5 abbreviations are used with the following meanings: 

10 

15 

20 

25 

30 

BOC t-butyloxycarbonyl 

BOP BenzotriazC>l-1-yloxYtris(dimethylamino) 

CBZ 

COi 

CH2Cl2 

CHCl3 

DCC 

DMF 

EDC. 

EtOAc 

FMOC 

h 

Hex 

HOAT 

HOBT 

HPLC 

MHz 

MS 

NMR 
PTH 

TFA 

THF 
TLC 

phosphonium hexafluorophosphate · 

Benzyloxycarbonyl 

N,N'-Carbonyldiimidazole 

Methylene chloride 

Chloroform 

Dicyclohexylcarbodiimide 

Dimethylformamide 

1-(3-dimethylaminopropyl)-3.:. 

ethylcarbodiirnide hydrochloride 

Ethyl acetate . 

9-Fluorenylmethoxycarbonyl 

hours 

Hexane 

1-Hydroxy-7-azabenzotriazole 

Hydroxybenzotriazole hydrate 

High pressure liquid chromatography 

Megahertz 

Mass Spectrum 

Nuclear Magnetic Resonance 

Parathyroid hormone 

Trifluoroacetic acid.· 

Tetrahydrofuran 

Thin layer chromatography 
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Thyrotropin releasing hormone 

2,2,2-Trichloroethoxycarbonyl . 

The compounds of the instant invention all have at least one asymmetric 

center as noted by the asterisk in the ·structural Formula I, above. Additional 

5 asymmetric centers may be present on the .molecule depending upon the nature of 

the various substituents on the molecule. 'Each such asymmetric center will produce 

two optical isomers and it is intended that all such optical isomers. as separated, 

pure or partially purified optical isomers, racemic mixtures or diastereomeric mixtures 

thereof, be included within the scope of the instant invention. In the .case of the 

1 O asymmetric center represented by the asterisk, it has been found that the absolute 

stereochemistry of the more active and thus more preferred isomer is shown in 

Formula IA. This preferred absolute configuration also applies to Formula I. 

0 X4 

ll I 
(CH2)n ,/c, /N......._ /R~ /R7 

'N,...... C 9. N'\. 

I ~~R3 II RB 
(CH2)w R4 0 

(IA) 

15 With the R4 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 R3 ·and R4 used 

in making R- or S-stereochemical assignments. 

The instant compounds are generally isolated in the form of their 

20 pharmaceutically acceptable acid addition salts, such as the salts derived from using 

inorganic and organic acids. Examples of such acids are hydrochloric, nitric, sulfuric, 

phosphoric, formic, acetic, trifluoroacetic, propionic, maleic, succinic, 0-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 

25 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 (I) and contacting it with about 1 equivalent of 
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the appropriate corresponding acid of the salt which is ·desired. Work-up and 
isolation of the resulting salt is well-known to those ·oforc:finary skill in the art. 

The growth hormone releasing compou'nds ·of Formula '1 are useful in vitro as 

unique tools for understanding how growth hormone secretion is regulated at the 

5 pituitary level. This includes use in the evaluation of many factors thought or known 

to influence growth hormone secretion such as age, sex, nutritional factors, glucose, 

amino acids, fatty acids, as well as fasting and non-fasting states~ In addition, the 

compounds of this invention can be used in the evaluation of how other hormones 
modify growth hormone releasing activity. For example, it has already been 

10 established that somatostatin inhibits growth hormone release. 

The compounds of Formula I can be administei-ed to animals, including 

humans, to release growth hormone in vivo. The compounds are useful for 
treatment of symptoms related to GH deficiency; stim'-'late growth or enhance feed 
efficiency of animals raised .for meat production to improve carcass quality; to 

15 increase milk production in dairy cattle; improvement of bone or wound healing and 
improvement in vital organ function. The compounds of the present invention by 

.,.. 
inducing endogenous GH secretion will alter body composition and modify other GH-

........ , .... 
dependent metabolic, immunologic or developmental processes. For example; the 
compounds of the present invention can be given to chickens, turkeys,'livestock 

20 animals (such as sheep, pigs, horses, cattle, etc.), companion animals (e;g., dogs) or 

may have utility in aquaculture to accelerate growth and improve the protein/fat ratio. 

In addition, these compounds can be administered to humans in vivo as a diagnostic 
tool to directly determine whether the pituitary is capable of releasing growth 

hormone. For example, the compounds of Formula I can be administered in vivo to 
25 children. Serum samples taken before and after such administration can be assayed 

for growth hormone. Comparison of the amounts of· growth hormone in each of 

these samples would be a means for directly determining the ability of the patient's 

pituitary to release growth hormone. 

Accordingly, the present invention includes within its scope pharmaceutical 
30 compositions comprising, as an active ingredient, at least one of the compounds of 

Formula I in association with a pharmaceutically acceptable camer. Optionally, the 

pharmaceutical compositions can further comprise an anabolic agent in addition to at 

least one of the compounds of Formula I or another compound which exhibits a 
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different activity, e.g., an antibiotic growth permittant or an agent to treat 

osteoporosis or with other. pharmaceutically active materi~ls wherein 'the· combination 

enhances efficacy and minimizes side effects. 

Growth promoting and anabolic agents include, but are not ·limijed to, TRH, 

5 PTH, diethylstilbesterol, estrogens, fl..agonists, theophylline, anab~lic steroids, 

enkephalins, E series prostaglandins, compounds disclosed in U.S. Patent No. 

3,239,345, the disclosure of which is hereby incorporated by referen~. e~g., zeranol; 

compounds disclosed in U.S. Patent No. 4,036,979, the disclosure of which is hereby 

incorporated by reference, e.g., sulbenox; and peptides disclosed in U.S. Patent No. 

1 O 4,411,890, the disclosure of which is hereby incorporated· by reference. 

The growth hormone secretagogues of this invention in ·Combination with 

other growth hormone secretagogues such as the growth hormone releasing 

peptides GHRP-6 and GHRP-1 as described in U.S. Patent No. 4,411,890, the 

disclosure of which is hereby incorporated by reference, and publications WO 

15 89/07110, WO 89/07111 and B-HT920 as well as hexarelin and the newly 

discovered GHRP-2 as described in WO 93/04081 or growth hormone releasing 

hormone (GHRH, also designated GRF) and its analogs or growth hormone and its 

analogs or som.~~orn,ecii.n~ in.cl4di.ngJGf"'._1 ~nd)GF-2 or µ-adrenergic agonists such 

as clonjdine .or serotonin 5HTID agonists such as sumitriptan or agents which inhibit 

20 somatostatin or its release such as physostigmine and pyridostigmine, are useful for 

increasing the endogenous levels of GH in mammals. The combination of a GH 

secretagogue of this invention with GRF results in synergistic increases of 

endogenous growth hormone. 

As is well known to ~hose skilled in the art, the known and potential uses of 

25 growth hormone are varied and multitudinous (See "Human Growth Hormone", 

Strobel and Thomas, Pharmacol1:>glcal Reviews,§, pg~ 1-34 (1994); T. Rosen et 

al., Honn Res, 1995; 43: pp. 93-99; M. Degerblad et al., European Journal of 

Endocrinology, 1995, 133: pp.180-188; J. 0. Jorgensen, European Journal of 

Endocrinology, 1994, 130: pp. 224-228; K. C. Copeland et al., Journal of Clinical 

30 Endocrinology and Metabolism, V()I. 78 No. 5, pp. 1040-1047; J. A. Aloi et al., 

Journal of Clinical Endocrinology and Metabolism, Vol. 79 No. 4, pp. 943-949; F. 

Cordido et al., Metab. Clln. Exp., (1995), 44(6), pp. 745-748; K. M. Fairhall et al., J. 

Endocrlnol., (1995), 145(3), pp. 417-426; RM. Frieboes et al., 
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Neui'oandocrinology, (1995), 61(5), ·pp. 584-589; and M.· Llovera et ·al., Int. J. 

Cancer, (1995), 61(1), pp. 138-141]. Thus, the admini~ration of the compounds of 

this invention for purposes of stimulating the release.of end()gerious.growth hormone 

can have the same effects or uses as growth hormone itSelf. These varied uses of 

5 growth hormone may be summarized as follows: stimulating growth hormone 

release in elderly humans; treating growth hormone deficient . adults; preventing 

· catabolic side effects of glucocorticoids, treating osteoporosis, stimulating the 

immune system, acceleration of wound healing, accelerating bone fracture repair, 

treating growth retardation, treating congestive heart failure as disclosed in PCT 

10 publications WO 95i28173 and WO 95128174.(an example of a method for assaying 

growth hormone secretagogues for efficacy in treating congestive heart failure is 

disclosed in R. Yang et al., Circulation, Vol. 92, No. 2; p.262, 1995), treating acute 

or chronic renal failure or insufficiency, treatment of physiological short stature, 

including growth hormone deficient children, treating . short stature associated with 

15 chronic illness, treating obesity, treating groWth retardation associated with Prader­

Willi syndrome and Turner's·· syndrome; accelerating the recovery and· reducing 

hospitalization of burn patients or following major surgery ·such as gastrointestinal. · 

surgery; treating intrauterine growth retardation, skeletal.dysplasia, h~k'6rtisonism 
and Cushings syndrome; replacing growth hormone ·in stressed' patients; treating 

20 osteochondrodysplasias, Normans syndrome, sleep disorders, Alzheimers dis$ase, 

delayed wound healing, and psychosocial deprivation; treating of pulmonary 

dysfunction and ventilator dependency; attenuating protein catabolic response after 

a major operation; treating malabsorption syndromes, reducing cachexia and protein 

loss ·due to chronic illness such· as cancer or AIDS; ·accelerating weight gain and 

25 protein accretion in patients on TPN (total parenteral nutrition); treating 

hyperinsulinemia including nesidioblastosis; adjuvant treatment for ovulation 

induction and to prevent and treat gastric and duodenal ulcers; stimulating thymic 

development and preventing age-related decline of thymic function; adjunctive 

therapy for patients on· chronic hemodia1ysis; treating immunosuppressed patients 

30 and enhancing antibody response following vaccination; improving muscle strength, 

increasing muscle mass, mobility, maintenance of skin thickness, metabolic 

homeostasis, renal hemeostasis in the frail ·elderly; ·stimulating osteoblasts, bone 

remodelling, and cartilage growth; treating neurological diseases such as periphera' 
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and drug induced neuropathy, :Guillian-Barre Syndrome, amyotrophic lateral 

sclerosis, multiple sclerosis, cerebrovascular accidents ·and demyelinating diseases; 

stimulating the immune system in companion animals and ·treating disorders of aging 

in companion animals; growth promotant in livestock; and stimulating wool growth in 

5 sheep. 

It will be known to those skilled in the art that there are numerous compounds 

now being used in an effort to treat the diseases or therapeutic indications 

enumerated above. Combinations of these therapeutic agents, some of which have 

also been mentioned above, with the growth promotant, exhibit anabolic and 

1 O desirable properties of these various therapeutic agents. In these combinations, the 

therapeutic agents and the growth hormone secretagogues of this invention may be 

independently and seq~entially administered or co-administered in dose ranges from 

one one-hundredth to one times the dose levels which are effeetive .when these 

compounds and secretagogues are used singly. Combined therapy to inhibit bone 

15 resorption, prevent osteoporosis, reduce skeletal fracture, enhance the healing of 

bone fractures, stimulate bone formation and increase bone mineral density can be 

effectuated by combinations of bisphosphonates and the. growth . hormone 

secretagogues of. this, invention, see pci: .publi~tion WO .95/11029 for a discussion 
·'· : ... ' . ...... .. . . -

of combination therapy using bisphosphonates and GH secretagogues. · The use of 

20 bisphosphonates for these utilities has been reviewed, for· example,· by Hamdy, 

N.A.T., Role of Bisphosphonates in Metabolic Bone Diseases, . Trends in 

Endocrinol. Metab~. 1993, ~. pages 19-25. Bisphosphonates with these utilities 

include but are not limited to alendronate, tiludronate, dimethyl-APO, risedronate, 

etidronate, YM-175, clodronate, pamidronate, and BM-210995 (ibandronate). 

25 According to their potency, oral daily dosage levels of the bisphosphonate of 

between 0.1 mg and 5 g and daily dosage levels of the growth hormone 

secretagogues of this invention of between 0.01 mg/kg to 20 mg/kg of body weight 

are administered to patients to obtain effective treatment of osteoporosis. 

The compounds of this invention may be combined with a mammalian estrogen 

30 agonist/antagonist. Any estrogen agonist/antagonist may be used as the second 

compound of this invention. The term estrogen agonist/antagonist refers to 

compounds which bind with the estrogen receptor, inhibit bone turnover and prevent 

bone loss. In particular, estrogen agonists are herein defined as chemical compounds 
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capable Of binding to the estrogen receptor sites in. mammalian tissue, and 'mimicking 

the actions of estrogen in one or more tissue. Estrogen antagonist$ ·are· herein defined 

as chemical compounds capable . of binding to the. estrageri receptor sites in 

mammalian tissue, and blocking the actions of estrogen in one or more tissues. Such 

5 activities are readily determined by those skilled in the art according · to standard 

assays including estrogen receptor binding assays, standard bone histomorphometric 

and densitometer methods (see Eriksen E.F. etal., Bone Histomorphometry, Raven 

Press, New York, 1994, pages 1-74; Grier S.J. ·et. al., The Use of Dual-Energy X-Ray 

Absorptiometry In Animals, Inv. Radiol., 1996, 31(1):50-62; Wahner H.W. and 

10 Fogelman I., The Evaluation of Osteoporosis: Dual En.ergy X-Ray ·Absorptiometry in 

Clinical Practice., Martin Dunitz Ltd., London 1994, pages 1-296). A variety of these 

compounds are.· described and referenced belOw, hC>wever, other estrogen 
. . 

agonists/antagoriists will be known to those skilled in the art. A preferred 

estrogen agonist/antagonist is droloxifene: (phenol, · 3-(1-(4[2-(dimethylamino)ethoxy]-

15 phenyl]-2-Phenyl-1~butenyl]-, (E)-) and associated eompounds ·Which are disclosed in 

U.S. patent 5,047,431 (the disclosure of which is herebtincorponited by reference). 

Another preferred ·estrogen agonist/antagonist is tamoxifen~· (ethanamine:2-[-4-

(1,2-diphenyl-1-butenyl)phenoxy]-N,N-dimethyl, (Z)-2-, 2-hydroxy-1,2.~pfupanetri­
carboxylate (1:1)) and associated compounds whichare disclosed inU~S. patent 

20 4,536,516 (the disclosure of which is hereby incorporated by reference). Another 

related compound is 4-hydro><y tamoxifen whiCh is.disclosed in. U.S. patent 4,62l,660 

(the disclosure of Which is hereby incorporated by reference). 

Another preferred estrogen agoniSt/antagonist is raloxifene: (methanone, (6-

hydroxy-2-(4-hydroxyphenyl)benzo[b]thien-3-yl][4-[2:.(1-piperidinyl)ethoxy]phenyt]-

25 ,hydrochloride) and associated compounds which are disclosed in U.S. patent 

4,418,068 (the disclosure of which is hereby incorporated by reference). 

Another preferred estrogen agonist/antagonist i$ idoxifene: Pyrrolidine, 1-(-(4-

[[1-(4-iodophenyl)-2-phenyl-1-Butenyl)phenoxy]eth}ll] and associated compounds 

which are disclosed in U.S. patent 4,839, 155 (the qisclosure of which is hereby · 

30 · incorporated by reference). 

Other preferred estrogen agonist/antagonists include compounds as described 

in commonly assigned U.S. patent no. 5,552,412 the disclosure of which is hereby 
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incorporated by reference. Especially preferred :compounds which &Jlt: described 

therein are: 

cis-6-(4-fluoro-phenyl)-5-(4-(2-piperidin-1-yl-ethoxy)-phenyl]-5,6,7,8-tetrahydro­

naphthalene-2-ol; 

5 (-)-cis-6-phenyl-5-(4-(2-pyrrolidin-1-yl-ethoxy)-phenyl]-5~. 7 ,8-tetrahydro-

naphthalene-2-ol; 

cis-6-phenyl-5-[4-(2-pyrrolidin-1-yl-ethoxy)-phenyl]-5,6,7,8-tetrahydro­

naphthalene-2-ol; 

cis-1-[6'-pyrrolodinoethoxy-3'-pyridyl]-2-phenyl-6-hydroxy-1,2,3,4-

1 O tetrahydronaphthalene; 

1-(4'-pyrrolidinoethoxyphenyl)-2-(4''-fluorophenyl)-6-hydroxy-1,2,3,4-

tetrahydroisoquinoline; 

cis-6-(4-hydroxyphenyl)-5-[4-(2-piperidin-1-yl-ethoxy)-ph~nyq-5,6, 7 ,8-

tetrahydro-naphthalene-2-ol; and 

15 1-(4'-pyrrolidinolethoxyphenyl)-2-phenyl-6-hydroxy-1,2,3,4-

tetrahydroisoquinoline. 

Other estrogen agonist/antagonists are described in U.S. Patent 4, 133,814 (the 

disclosure of. which. is hereby inc:,orporated by ref~rence). U.S~ Patent 4,133,814 
. . . . 

discloses derivatives of 2-phenyl-3-aroyl-benzothiophene and · 2-phenyl-3-

20 aroylbenzothiophene-1-oxide. 

The following paragraphs provide preferred dosage ranges for various anti­

resorptive agents. 

The amount of the anti-resorptive agent to be used is determined by its activity 

as a bone loss inhibiting agent. This activity is determined by means of an individual 

25 compound's pharmacokinetics and its minimal maximal effective dose in inhibition of 

bone toss using a protocol such as those referenced above. 

In general an effective dosage for the activities of this invention, for example 

the treatment of osteoporosis, for the estrogen agonists/antagonists (when used in 

combination with a compound of Formula I of this invention) is in the range of 0.01 to 

30 200 mg/kg/day, preferably 0.5 to 100 mg/kg/day. 

In particular, an effective dosage for droloxifene is in the range of 0.1 to 40 

mg/kg/day, preferably 0.1to5 mg/kg/day. 
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In particular, an effective dosage for raloxifene is· in the range of 0.1 to 100 

mg/kg/day, preferably o~ 1to10 mg/kg/day. 

In particular, an effective dosage for tamoxifen' is in: the range of 0.1 to 1 oo 
mg/kg/day, preferably 0.1to5 mg/kg/day. 

5 In particular, an effective dosage for 

cis-6-(4-fluoro-phenyl)-5-[4-(2-piperidin-1-yl-ethoxy)-phenyl]-5,6, 7,8-tetrahydro­

naphthalene-2-ol; 

(-)-cis-6-phenyl-5-(4-(2-pyrrolidin-1-yl-ethoxy)-phenyl)-5,6, 7 ,8-tetrahydro­

naphthalene-2-ol; 

10 cis-6-phenyl-5-[4-(2-pyrrolidin-1-yl-etho~)-phenyl]-5,6, 7,8-tetrahydro-

naphthalene-2-ol; 

cis-1-I6'-pyrrolodinoethoxy-3'-pyridyl)-2-phenyl-6-hydroxy-1,2,3,4-

tetrahydronaphthalene; 

1-(4'-pyrrolidinoethoxyphenyl)-2-(4"-fluorophenyl)-6-hydroxy-1,2,3,4-

15 tetrahydroisoquinoline; 

cis-6-(4-hydroxyphenyl)-5-(4-(2-piperk:lin-1-yl-ethoxyfphenyl]-5,6, 7,8-

tetrahydro-naphthalene-2-ol; or · 

1-(4'-pyrrolidinolethoxyphenyl)-2-phenyl-6-hydroxy-1,2,3,4- ...... .:.;..:: ..... · 
.. -~·~· . .: .. -~ .. 

tetrahydroisoquinoline is in the range of 0.0001 to 100 mg/kg/day; preferatily: 0.001 to 

20 1 o mg/kg/day. 

In particular, an effective dosage for 4-hydroxy tamoxifen is in the range of 

0.0001to100 mg/kg/day, preferably 0.001to10 mg/kg/day. 

· 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 

25 comparison.· to ·standards to determine dosage levels. Cells are isolated from 

pituitaries of 6-week old male Wistar rats. Following decapitation, the anterior 

pituitary lobes are removed into cold, sterile Hank's balanced salt solution without 

calcium or magnesium (HBSS). Tissues are finely minced, then subjected to two 

cycles of mechanically assisted enzymatic dispersion using 10 U/ml bacterial 

30 protease (EC 3.4.24.4, Sigma P-6141) in HBSS. The tissue-enzyme mixture is 

stirred in a spinner flask at 30 rpm in a 5% C02 abnosphere at about 37°C for about 

30 min, with manual trituration after about 15 min and about 30 min using a 10-ml 
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pipet. This mixture is centrifuged at 200 x g for about 5 min. Horse serum is added 

to the supernatant to neutralize excess protease. The pellet is resuspended in fresh 

protease. stirred for about 30 min more under the previous conditions, and manually 

triturated, ultimately through a ,23-gauge needle. Again, horse serum is added, then 

5 the cells from :both digests are combined, pelleted (200 x g for about 15 min), 

washed, resuspended in culture medium and counted. Cells are· plat~d .at '6.0-

6.5x1 o4 cells per cm2 in 48-well Costar dishes and cultured for 3-4 days in 

Dulbecco's Modified Eagle Medium (D-MEM) supplemented with 4.5 g/L glucose, 

10% horse serum, 2.5% fetal bovine serum, 1% non-essential amino. acids, 100 

1 o U/ml nystatin and 50 mg/ml gentamycin sulfate before assaying for GH secretion. 

Just prior to assay, culture wells are rinsed twice, then equilibrated for about 

30 minutes in release medium (D-MEM 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 

15 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 culture 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 

20 radioimmunoassay protocol using a rat growth hormone reference preparation 

{NIDDK-rGH-RP-2) and rat growth hormone antiserum raised in monkey (NIDDK­

anti-rGH-S-5) obtained from Dr. A. Parlow (Harbor-UCLA Medical Center, Torrence, 

CA). Additional rat growth hormone (1.5U/mg, #G2414, Scripps Labs, San Diego, 

CA) is iodinated to a specific activity of approximately 30 µCi/µg by the chlotamine T 

25 method for use as tracer. Immune complexes are obtained by adding goat 

antiserum to monkey lgG (Organon Teknika, Durham, NC) 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 µg rat growth hormone 

per tube above basal levels. Active compounds typically stimulate growth hormone 

30 release by greater than 1.4 fold. Reference: Cheng, K., Chan, W.-S., Barreto, Jr., 

A., Convey, E.M., Smith, R.G. 1989. 
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Assay . tor ExageDOUsly-Sttmuiated · Growth Hormone . Release · in the Rat after 

lrjttavenous Admhljstratjon of Test Compounds 

Twenty-one day old female Sprague-Dawley 111ts ·ccllar1e8 ·River Laboratory, 

Wilmington, MA) are allowed to acclimate to local vivarium conditions (24 °c, 12 hr 

5 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 compourids are dissolved in vehicle 

10 containing ·1% ethanol, 1mM acetic acid and 0.1% bovine serum albumin in saline. 

Each compound is tested with n=3. Rats are weighed and anesthetized via 

intraperitoneal injection of sodium pentobarbital (Nembutol, 50 mg/kg body weight). 

Fourteen minutes after anesthetic administration, a blood sample is taken ·by nicking 

the tip of the tail and allowing the blood to drip into a microcentrifuge tube (baseline 

15 blood sample, approximately 100 µI). Fifteen minutes , after anesthetic 

administration, test compound is delivered by intravenous injection into the· tail vein, 

with a total injection volume of 1 ml/kg body weight Additional blood samples· are 

taken from the tail at 5, 10 and 15 minutes after compound adminisfration; ·Blood 

samples are kept on ice until serum separation by centrifugation (1430xg for 10 

20 minutes at 10°C). . Serum is stored . at -80"C .. u'1til serum growth hormone 

determination by radio-immunoassay as described above and below. 

Assessment of Exogenously-Stimulated Growth Hormone Release jn. the 009 after . 

Oral Admjnjstratjon 

On the day of experimentation, the test compound is weighed out for the appropriate 

25 dose and dissolved in water. Doses are delivered at a volume ·of 0.5 ml/kg· by 

gavage to 4 dogs for each dosing regimen. Blood samples (2 ml) are collected from 

the jugular vein· by direct vena puncture pre-dose and at 0.08, 0.17, 0.25, 0.5, 0. 75, 

1, 2, 4, 6, and 8 hours post dose using 2 ml vacutainers containing lithium heparin. 

The prepared plasma is stored at -20 °C until analysis. 

30 Measurement of Canjne Growth Hormone 

Canine growth hormone concentrations are determined by a standard 

radioimmunoassay protocol using canine growth hormone (antigen for iodination and 
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re"rence preparation AFP-19838) and canine growth hormone antiserum raised in 

monkey {AFP-21452578) obtained from Dr. A. Parlow {Harbor-UqLA Medical 

Center, Torrence, CA). Tracer is produced by .chloramine T-iodination of canine 

growth hormone to a specific activity of 20-40 µCi/µg. Immune complexes are 

5 obtained by adding goat antiserum to monkey lgG (Organon Teknika, ·Durham, NC) 

plus polyethylene glycol, MW 10,000-20,000 to a final c~ncentration of 4.3%; 

recovery is accomplished by centrifugation. This assay has.a working range of 0.08-

2.5 JJg canine GH/tube. 

The compounds of this invention can ;be admlniste~ by oral, .parenteral 

10 {e.g., intramuscular, intraperitoneal, intravenous or subcutaneous injection,. or 

implant), nasal, vaginal, rectal, sublingual, or topical routes of administration and can 

be formulated with pharmaceutically acceptable, carriers to provide dosage forms 

appropriate for each route of administration. 

Solid dosage forms for oral administration include capsules, tablets, pills, 

15 powders and granules. In such solid dosage forms, the active compound is admixed 

with at least one inert pharmaceutically acceptable carrier such as.sucrose, lactose, 

or starch. Such dosage forms can also comprise, as is normal practice, additional 

substances ~ea~ .tl)an such inert diluents, e.g., lubricating. agents such as 

magnesium stearate. In the case of capsules, tablets an<i pills, the dosage forms 

20 may also comprise buffering agents. Tablets and pills can additionally be prepared 

with enteric coatings. 

Liquid dosage forms for oral administration include pharmaceutically 

acceptable emulsions, solutions, suspensions, syrups, the elixirs containing inert 

diluents commonly used in the art, such as water. Besides such inert diluents, 

25 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, 

30 vegetable oils, such as olive oil and corn oil, gelatin, and· injectclble 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 
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agents . into the con1positioris, by irradiating ·"the compositions, or by heating the 

compositions. They ·can also be manufaCturect ·ill the form of sterile solid 

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

medium immediately before use. 

5 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. 

1 O The dosage of active ·ingredient in the compositions of this invention may be 

varied; hawever, 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 0.0001to100 mg/kg of body weight 

15 daily are administered to humans and other animals, e.g., mammals, to obtain 

effective release of growth hormone. 

A preferred dosage range 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. 

The preparation of the compounds of Formula I of the present invention can 

20 be· carried out in sequential or convergent synthetic routes. Syntheses detailing the 

preparation of the compounds of Formula I 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, z100 and z200 are, • for example, BOC, CBZ, benzyl, 

25 ethoxycarbonyl groups, CF3C(O)-, FMOC, TROC, trityl or tosyl. Other protected 

amino acid derivatives can be prepared by literature methods. Some 3-oxo-2-

carboxyl pyrrolidines; and· 4-oxo-3-carboxyl piperidines are commercially available, 

and many other· related pyrrolidines and 4-substituted · piperidines are known in the 

literature. 

30 Many ·of the. schemes illustrated below ·describe compounds which contain 

protecting groups Prt, z 100 or Z200
• Benzylo>cycarbonyl groups can be removed by a 

number of methods including, catalytic hydrogenation with hydrogen in the presence 

of a palladium or platinum catalyst in a protic solvent such as methanol. Preferred 
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catalysts are palladium hydroxide on '.carbon or palladium on carbon. Hydrogen 

pressures from 1-1000 psi may be employed; pressures from 10 to 70 -psi are 

preferred. Altematively, the benzyloxycarbonyl group can be removed by transfer 

hydrogenation. 

5 Removal of BOC protecting groups can ·be carried out using a strong acid 

such as trifluoroacetic acid or hydrochloric acid with or without the presence· of a 

cosolvent such as dichloromethane, ethyl acetate, ether ·or methanol at a 

temperature of about-30 to 70°C, preferably about-5 to about 35°C. 

Benzyl esters of amines can be removed by a number of methods including, 

1 O catalytic hydrogenation with hydrogen in the presence of a palladium catalyst in a 

protic solvent such as methanol. Hydrogen pressures from 1-1000 psi may be 

employed; pressures from 1 O to 70 psi are preferred. The addition and 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: The protected amino acid derivatives 1 are in many cases commercially 

5 available. where the protecting group· Prt is, for example, BOC, FMOC or CBZ 

groups. Other amino acids can be prepared by literature methods. 

As illustrated in Scheme 1, coupling of amines of formula 2 with protected 

amino acids of formula 1, where Prt is a suitable protecting group, is conveniently 

carried out in an inert solvent such as dichloromethane or OMF by a coupling 

10 reagent such as EDC or DCC in the presence of HOST 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. 
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Alternatively, 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 so•c, preferably -10° to about 25°C. For a 

discus.ion of other conditions used for ·coupling peptides see Houben-Wey!, Vol. 

5 XV, part II, 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 interrnediat~s .of formula 4 

1 O can be carried out by removal of the protecting group Prt as descrit;>ed above. 

15 

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. 

R4 X4 

R
3+N-Prt --­

COOH 
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SCHEME 2: Alternatively, compounds of formula · 1· can be· prepared by a 

. convergent route as shown in Scheme 2. Intermediate· estel'S offorinula e· can be 
. . ' 

prepared by treating amino acids 1, where Prt is a st.1itable ·protecting group, with a 
base such as potassium carbonate followed by an alkyl. halide such as iodomethane 

. 5 in a suitable solvent such as DMF. Deprotection of the amine transforms 8 into 9. 

Attematively,. many amino acids of formula 9 are commercially available. 

Intermediate 10 · is generated by coupling 9 to amino acid 5. The ester of 

intermediate 1 o 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 

10. hydroxide iri. 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 hum~r of reductive· 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 

15 intermediates of formula 6. Transformation of 6 to 7 can be achieved by removal of 

the protecting group z200
. 

6 

14 

SCHEME3 

HNX1 

16 
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SCHEME 3: The est~rs of formula 6 can be converted to intermediate aci(:ts .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 

5 0° to 50°C. In addition, removal of a benzyt group can be accomplished by a number 

of reductive methods includinQ 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. Transformation of 14 to 15 can 

be achieved by removal of the protecting group z200
• 

10 SCHEME4 

0 

HO-N~ RB 
I 

R6-N-z200 . 
Ra 0 

HOOC-R6-N-Z200 ---

co 
I 

5 17 

R4X4 

R3+N-H 
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11 

SCHEME 4: Esters of formula 17 can be prepared by treating an acid of formula 5 

with hydroxysuccinimide in the presence of a coupling agent such as EDC in an inert 

solvent such as methylene chloride as illustrated in Scheme 4. Treatment of an 

15 ester 17 with an amino acid of formula 1 in a solvent such as dioxane, THF or DMF 

in the presence of a base such as diisopropylethylamine produces 11. 
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SCHEME 5: As illustrated in Scheme 5, alkylation of. the diphenyloxazinone of 

formula 18 with cinnamyl bromide in the ·presence 6t ·sodium bis{trimethylsilyl)amide 
. . . 

generates 19 which is then converted to the desired (D)~2.:.ami~o~5-phenylpentanoic 
acid 20 by removing the protecting group (Prt) and hydrogenation over a PdCl2 

5 catalyst. 
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SCHEME 6: Treatment of an ester of formula 21 with a base such as sodium 

hydride in a solvent such as OMF followed by an alkyl halide 22 generates a 
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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 solveot 

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. 

5 Alternatively, 23 can be treated with a salt of a hydrazine in'the presence c;>f· sodium 

acetate in refluxing ethanol to give 25. .oeprotection of the amine _generates a 

compound of formula 28. Thioamides of formula 26 can be formed by treating 25 

with Lawesson's reagent in refluxing toluene or benzene. Removal of the protecting 

group transforms 26 into 27. 
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SCHEME 7: Treatment of a compound of formula 21 with a hydrazine of formula 24 

in a solvent such as refluxing ethanol, followed by concentration and heating the 

residue in toluene at temperatures at or near reflux results in compounds of formula 
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29. Alternatively, 21 C:Sn be treated with a sart 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 such as sodium hydride iii a solvent sucfr as DMF followed by an 

alkyl halide to give 25. Deprotection of the amine generates a compound of formula 

5 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 

5 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 nitrogen 

with hydrogen and a suitable catalyst such as palladium affords compounds of 

formula 34. 
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SCHEME 9: Treatment of a .. compound of formula 81 with a reducing agent such :as· 

sodium borohydride and protection of the nitrogen affords a compound offormula 82. 

Protection of the alcohol affords 83. Saponification of the ester affords a.compound 

of formula 84. Reaction of 84 with thionyl chloride followed by treatment with 

5 diazomethane affords the homologated acid of formula 85. ,Esterification of 85 

affords a compound of formula 86, which is 0-deprotected to give 87. Oxidation of 

87 affords a ketone of formula 88. Reaction of 88 with a hydrazine, followed by 

nitrogen deprotection affords a compound of formula 44. 
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SCHEME 10: Treatment of a compound of formula 35 with a base such as sodium 

hydride in a solvent such as DMF followed by treatment with diethylcarbonate 

generates the ethyl ester of compound 36. Deprotection of the amine 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 

5 benzyl group with hydrogen and a catalyst such as palladium in a. suitab~e solvent 

such as methanol produces the ester of formula 39. Deprotection of the amine 

generates compounds of formula 40. 
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SCHEME 12: Treatment of a .ketone offonnula 41 with a secondary amine such as 

piperidine in a suitable solvent. such as benzene with removal of water affords an 

5 enamine of formula 42. Alkylation of the enamine with an alpha-haloester such as 

ethylbromoacetate in a suitable solvent such as benzene or THF using a suitable 

base such as LOA or NaN{SiMe3)2 affords a ketoester of formula 43. Reaction with 

a hydrazine of formula 24 affords the compound of formula 44. Deprotection of the 

nitrogen affords compounds of formula 45. 
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.SCHEME13 
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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 

5 ketoester of formula 46. Reaction of 46 with a hydrazine generates a compound of 

formula 47. Oeprotection of the nitrogen affords compounds of formula 48, see 

Synthesis, (9), 1984 p. 709 for a detailed description. 
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SCHEME 14: Treatment of a ketoester of formula 37 with an olefin such as 

acrylonitrile generates a ketoester of formula 49. Reaction of 49 with a hydrazine 

5 generates a compound of formula 50. . Deprotection of the nitrogen affords 

compounds of formula 51. 
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SCHEME 15: Treatment of a ketoester of formula 37 with allyl bromide and a 

suitable base such as sodium hydride in a suitable solvent such as ~oMF affords a 

ketoester of formula 52. Reaction of 52 with a hydrazine :generates a·compound of 

formula 53. Ozonolysis of 53 in a suitable solvent such as methylene chloride 

5 followed by treatment with a reducing agent such as dimethylsulfide affords an 

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

Curtius rearrangement of 55, followed 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 affords a urea of formula 57. Deprotection of the 

10 nitrogen affords compounds of formula 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 

5 of formula 60. Treatment of a compound of formula 60 with an acylating agent 

affords a compound of formula 61. Deproteetion of the nitrogen affords compounds 

of formula 62. 
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SCHEME 17: Treatment of a compound of formula 54 with a reducing agent such as 

sodium borohydride ·affords a compound of formula 63. Reaction of 63 with an 

5 acylating agent such as an isocyanate or carbamate affords compounds of formula 

64. Deprotection of the nitrogen affords compounds of formula 65. 
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SCHEME 18: Treatment of a compound of formula 63 with a phosphine such as 

triphenyl phosphine and an azo compound such as diethylazodicarboxylate and an 

· 5 oxindole affords a compound of fonnula 66. Deprotection of the nitrogen affords the 

compound of formula 67. 
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SCHEME 19: Treatment of a ketoester of formula 37 with a chiral diol and acid 

catalyst with removal of water in a suitable solvent such as benzene affords a chiral 

5 ketal of formula 68. Alkylation of 68 with an alkyl halide in the presence of a base 

such as LOA 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. 

0 

COzEt 

37 

0 

69 

71 

SCHEME 20 

t-BuOzC 

/ 70 

0 

72 

0 

COzEt 1. Base 
2.R1X 

5 SCHEME 20: Treatment of a ketoester 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 alkyl halide in the presen~ of a base such as LOA followed by acid­

catalyzed hydrolysis of the enamine affords chiral ketoesters of formula 69. 

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

1 o Deprotection of the nitrogen affords compounds of formula 71. 
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SCHEME 21: Deprotection of the nitrogen of 25 affords compounds of formula 28. 

Salt formation of 28 with a chiral acid affords a mixture of diastereomeric salts of 

5 formula 73. Crystallization of the diastereomeric 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. 

~00 

25 

~00 

74 

0 
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SCHEME22 

R2 

I 
~-N 

~00 

0 

R 

~ 

15 

5 SCHEME 22: Alkylation of compounds of formula 25 with an allylic acetate in the 

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

compounds of formula 7 4. Deprotedion of the nitrogen affords compounds of 

formula 75, see Tetrahedron (50) p. 515, 1994 for a detailed discussion. 
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SCHEME 23: Treatment of a ketodiester of formula 76 with an alkyl halide in the 

presence of a base such as sodium hydride followed by acid-catalyzed hydrolysis 

5 and decarboxylation, followed by esterification with methyliodide and a suitable base · 

affords a compound of formula 77. Reaction of a compound of formula 77 with a 

suitable aldehyde such as formaldehyde and benzylamine affords a compound of 
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formula 78. Reaction of a compound of formula 78 with a hydrazine generates chiral 

compounds of formula 79. Deprotection of the nitrogen affords compounds of 

formula 80. 

8CHEME24 

11 

6 7 

SCHEME 24: Treatment of an amine of formula 23 with an acid of formula 11 in an 

inert solvent such as dichloromethane or OMF by a coupling reagent such as EDC or 

DCC in the presence of HOBT affords compounds of formula 89. Reaction of 

1 O compounds of formula 89 with a hydrazine generates compounds of formula 6. 

Deprotection of the nitrogen affords compounds of formula 7. 
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SCHEME25 
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28 

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 

5 compounds of formula 91. Reaction of 91 with a hydrazine generates compounds 

of formula 92. 0-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 the 
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nitrile 95. Reduction of 95 gives the primary amine 96 which is deprotected and 

cyclized in the presence of formaldehyde to afford 28. 

SCHEME26 

0 0 

Boe-~ Boe-~ 

97 

OH OH 
0 

R1 

NH 

I 
Boe 

99 100 28 

5 SCHEME 26: Treatment of a beta-keto-protected aminovalerate such as 9.7 with an 

alkyl halide in the presence of a suitable base such as sodium hydride affords 

compounds of formula 98. Reaction of compounds. of formula 98 with a hydrazine 

generates compounds of formula 99. Deprotection of ·compounds of formula 99 

affords primary amines of formula 100. Cyclization of compounds of formula 100 in 

1 O the presence of formaldehyde affords compounds of formula 28. 
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SCHEME 27: Treatment of the amine of formula 23a with an acid such as 1 in the 

presence of EDC and HOAT in a suitable solvent provides keto-esters of formula 

23b. The keto-ester 23b can be treated with a salt of hydrazine in the presence of 

sodium acetate in refluxing ethanol to give hydrazines of formula 23c. Deprotection 

5 under suitable conditions gives amines of formula 4. 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 amine 6 affords compounds of formula 

7. 

The . following examples are provided for the purpose of further illustration 

1 O only and are not intended to be limitations on the disclosed invention. 

General Experimental Procedures: 

Amicon smca 30 µM, 60 A pore size, was used for column chromatography. Melting 

points were taken on a Buchi 51 O apparatus and ar:e uncorrected. .·Proton and 

carbon NMR spectra were recorded on a Varian XL-~00, Bruker AC~300, Varian 

15 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 a Hewlett-Packard 5989A spectrometer using ammonia as the source of chemical 

ionization. For initial sample dissolution, chlorofomi or methanol was 'e'riiployed. 

Liquid secondary ion mass spectra (LSIMS) were obtained on a Kratos Concept-ts 

20 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 

25 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 hydrochloride 

and 1.0-1.3 equivalents of triethylamine) is treated sequentially with 1.0-1.2 

30 equivalents of the carboxylic acid coupling partner, 1.5-1.8 equivalents 

hydroxybenzotriazole hydrate (HOBT) or HOAT and 1.0-1.2 equivalents 

(stoichiometrically equivalent to the quantity of carboxylic acid) 1-(3-

dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EOC) and the mixture is 
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stirred ovemight in an ice .bath . (the ice bath is allowed to warm. thus the reaction 

mixture is typically held at about 0-20 °C for about 4-6 h and about 20-25 °C for the 

remaining period). The mixture is diluted with ethyl acetate or other solvent as 

specified, and the resulting mixture washed twice with 1 N NaOH, twice with 1 N HCI 

·-s (if the product is not basic). once with brine, dried over Na2S04, and concentrated 

.giving the crude product which is purified as specified. 1he carboxylic acid 

··component can be used as the dicyclohexyl~mine salt in coupling to the primary 

amine or hydrochloride of the latter; in this case no triethylamine is employed. 

Example 1 

1 O 2-Amjno-N-{1 (R)-benzylaxymett}yl-2-[3a-(R)-(4-fluoro-benzyl)-2-metbyl-3-oxo-

2,3.3a,4.6,7-hexahydro-pyrazolo[4,3-<c)pycidin-5-yl]-2-oxo-ethyl}-isobutyramide 
~ . ·. ·,.; . 

hydrochlorjde and 

2-Amjno-N-{1 (R)-ben:eyloxymetbyJ-2-[3a-(S)-(4-fluoro-benzyl)-2-methyl.;.3-oxo-

2,3,3a.4.6.7-hexahydro-pyrazoto[4,3-cJpyridjn-5-yU-2-oxo-ethylHsobutyramide 

15 hydrochloride 

A. 4-0xo-pjperidine-1,3-djcarbo>cylic acjd 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 

hydrochloride, 9~23 g (42.4 mmol) of di-tert-butyldicarbonate, and 3.89 g (38.5 mmol) 

of triethylamine· in 150 ml of THF was stirred at room temperature for about 72 h. 

20 The mixture was concentrated and the residue was dissolved in ethyl acetate and 

washed three times each with 10% aqueous HCI, saturated aqueous sodium 

bicarbonate solution, and brine, dried over MgS04, and concentrated to give 10.0 g 

of 1A as a white solid. MS (Cl, NH3) 272 (MH+). 

B. 3-(R,S)-(4-Etuoro-benzYl)-4-oxo-pjpeddine-1.3-djcarboxyljc acid 1-tert-butyl 

25 ester 3-ethyl ester 

To a solution of 2.00 g (7.4 mmol) 1A in 10 ml of DMF was added 282 mg (7.4 

mmol) of sodium hydride (60% oil dispersion) and the mixture was stirred at room 

temperature for about 15 min. A solution of 1.39 g (7.4 mmol) 4-ftuorobenzyl 

bromide in 7 ml of DMF was added to the stirring solution and the mixture was 

30 stirred for about 72 h at room temperature. The mixture was diluted with ethyl 

acetate and washed once with water and four times with brine, dried over MgS04, 

and concentrated to give 2.8 g of 18. MS (Cl, NH3) 380 (MH+). 
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C. 3a-(R.S)-(+Eluoro-benzyD-2-methy!-3-oxo-2.3.3a.4.6:7-hexahydro-

pyrazo!o(4.3-C]pyridjne-5-carboXYlic acjd tert-bytyl est•r · 

A mixture of 2.54 g (S.7 mmol) of 1B and 309 mg (6.7 mmot) of rrtethylhydrazine in 

100 ml of ethanol was heated at reflux for about 8 h. The mixture was concentrated 

5 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 v/v ethyl acetate:hexane) to 

(75:25 v/v ethyl acetate:hexane) to give 1.0gof1C as a clear colorless oil. MS (Cl, 

NH3) 362 (MH+). 

10 D. 3a-(R.S)-(4-EtuorcH>Emzyl)-2-metbyl-2.3a.4.5.6.7-hexahydrO-pyrazOIQ[4.3-

c]pyridin-3-one tdfluoroacetate 

To 1.00 g (2.8 mmol) of 1C was added 10 ml of .trifluoroacetic acid at about O oc 

and the mixture was stirred for about 1 h. Ethyl ace~te was added and the mixture . 

was concentrated to give 1.0gof10. MS (Cl, NH3} 263 (MH+). 

15 E. · (R)-3-Benzy!oxy-2-(2-tert-butoxycarbooylamino-2-methyl-propjonylamino)-

propjonjc acid 

To 1.83 g (6.2 mmol) of N-t-BOC-0-benzyl-D-ser;ne in 35 ml of DMF '¥gas added 

1.02g (7.4 mmol) of potassium carbonate followed by 0.92g (6.5;;~mmol) of 

icdomethane. The mixture was stirred ovemigh~ at about 24 °C under an 

20 atmosphere of nitrogen. The reaction mixture was diluted with 200 ml of water, and 

extracted three timt:ts with ethyl acetate. The combined organics were .washed five 

times with water and once with brine, dried over MgS04 and concentrated. The 

crude (R)-3-benzyloxy".'2-tert-butoxycarbonyt-amino-propionic acid methyl ester was 

dissolved in 15 ml of cold trifluoroacetic acid at about O oc. and the mixture was 

25 stirred for about 2 h. The mixture was concentrated and the residue was diluted with 

1 N NaOH and extracted three times with ethyl acetate. The combined organic 

extracts were washed with brine and dried over Na2S04 to give 0.84 g (4.02 mmol) 

of the resulting (R)-2-amino-3-benzyloxy-propionic acid methyl ester which was 

coupled to 0.81 g (4.02 mmol) of N-t-BOC-a-methylalanine to give 1.80 g of (R)-3-

30 benzyloxy-2-(2-tert-butoxycarbonylamino-2-methyl-propionylamino)-propionic acid 

methyl ester .. The crude product was dissolved in 20 ml of 4:1 THF:water and a 

solution of 335 mg (7.98 mmol) cf lithium hydroxide hydrate in 1 ml of water was 
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added to the solution and the mixture was stirred ovemight at room temperature. 

The mixture was concentrated and the residue .was diluted .with ethyl -acetate and 

acidified with aqueous HCI and extracted three times with ethyl acetate. The organic 

extracts were combined and washed once with brine, dried ·over ·Na2S04 and 

5 concentrated to give 1.60 g of 1 E as an oil which solidified on standing. 1 H NMR 

(CDCl3 300 MHz) 3 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, 1SH). 

F. (1-{1 (R)-Benzy!oxymetbyl-2-[3a-(R.S)-(+fluoro-benzyl)-2-methyl-3-oxo-

2.3.3a,4,6,Z-hexabydro-pyrazolo[4.3-c;;)pycidjn-5-yl]-2-oxo-etbylqafbamoyl)-1-methyl-

10 ethyl)-carbamjc acjd tert-butyl ester· 

According to the method outlined in General Procedure A, 193 mg (0.51 mmol) of 1 D 

and 196 mg (0.51 mmol) of 1E were coupled to give a mixtLlre of diastereomers. 

The residue was purified by silica gel chromatography using an elution .gradient of 

(1:1 v/v ethyl acetate:hexane) to 100% ethyl acetate to give 60 mg of less polar 1F 

15 isomer 1and100 mg of more polar 1F isomer 2. MS (Cl, NH3) 624 (MH+) for both 

isomers. 

G. 2-Amino.:N-{1 (R)-benzyloxym~hyl-2-[3a-(R)-(+fluoro-benzyl)-2-methyl-3-

oxo-2,3,3a,4.6 .J-hexahydro-pymzolo(4.3-c]pyrjdjn-5-yl]-2-oxo­

ethyl}-isobutyramjde hydrochloride _ 

20 To 60 mg (0.10 mmol) of 1F isomer 1 in 10 ml of ethanol was added 4 mL of 

concentrated HCI and the mixture was stirred at room temperature for about 2 h. 

The mixture was concentrated anci the residue was precipitated from ethanol/hexane 

to give 50 mg of 1 G isomer 1 as a white powder. MS (Cl, NH3) 524 (MH+). 1 HNMR 

(CD30D): (partial) 8 7.32 (m, 5 H), 7.12 (m, 2 H), 6.91 (m, 2 H), 5.15 (m, 1 H), 4.54 

25 (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-Amjno-N-{1 (B)-benz;yloxymethyl-2-(3a-(S)-(+fluoro-benzyl)-2-metbyl·3-oxo-

2.3.3a,4.6,7-hexahydro-pyrazolo(4,3-cJpyridin-5-yl)-2-oxo-

etbyl)-jsobutyramicte hydrochloride 

To 100 mg (0.16 mmol) of 1F Isomer 2 in 10 ml of ethanol was added 4 ml of 

30 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 
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to give .60 ~g of 1H isomer 2 as a white poWder. MS (Cl, NH3) 524 (MH+). 1HNMR 

{CD30D): (partial) 6 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). 

Example2 

5 2-Alnino-N-[2-[3a-(R.S)=(4-fiuoro-benzyl)-2-methyl-3-oxo-2.3.3a.4,6,7-bexahydro-

pyrazolo[4.3-c)pyridjn-5-yt].; 1 (R)-(1 H-jndol-3-ylmethyl)-2-oxo-ethYl)-jsobytyramjde 

hydrochloride 

A. (R)-2-Alnino-3-((1 H-jndol-3-yl)-propjonk; acid methyl ester 

To 4.92 g (16.2 mmol) of N-a-t-BOC-D-tryptophan in 100ml of DMF was added 2.46 

10 g (17.8 mmol) of potassium carbonate followed by 2.41 g (17.0 mmol) of 

iodomethane, and the mixture was stirred overnight at 24°C under an atmosphere of 

nitrogen. The reaction mixture was diluted with water, and extracted three times with 

ethyl acetate. The combined organics were washed five times with 500 ml of water 

and once with brine, dried over MgS04 and concentrated to give 4.67 g of a white . 
. . 

15 solid. To the crude {R)-2-tert-butoxycarbonylamino-3:..(1H-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 tlie residue 

was diluted with 1 N. NaOH and extracted· three times with ethyl aceftrte. The 

combined organic extracts were washed with brine and dried over Na2S04. to give 

20 (R)-2-amino-3-(1H-indol-3-yl)-propionic acid methyl ester as an orange oil in 

quantitative yield. 

B. (R)-2-<2-tert-BYtoxycarbonylamjoo-2-methyH)ropjonylamjno)-3-(1 H-jndol-3-· 

yl)-propjonie acjd methyl ester. 

The crude product from 2A 1.55 g (7 .1 mmol) was coupled to 1.44 g (7 .1 mmol) of 

25 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

butoxycarbonylamino-2-methyl-propionylamino)-3-( 1 H-indol-3-yl)-propionic acid 

methyl ester. 

:...,.. 
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c. (R)-2-(2-tert-Butoxxcartx>nylamjno-2-methy!-propjonylamjno)-3-(1 H-jndql-3-

yl)-p[Qpion,jc agd 

To a solution of 1.03 g (2.64 mmol) of 28 in 10 ml of THF was added 381 mg (9.1 

mmol) of lithium hydroxide hydrate in 2 ml of water and ·the mixture was stirred 

5 ovemight at room temperature. Excess THF was removed by evaporation, and the 

basic aqueous mixture w~s extrllc;ted three times with ethyl acetate, and then 

acidified to pH 4 with dilute acetic or hydrochloric acid. The product was extracted 

with ethyl acetate and the combined organic extracts were washed with brine, dried 

over MgS04 and evaporated to give 1.03 g of 2C as an orange foam. MS (Cl, NH3) 

10 390 (MH+). 1H NMR (CDCl3 300 MHz) 8 7.61 (d, 1H), 7.48 (d, 1H), 7.27 (t, 1H), 

7.10 (t, 1H), 4.81(bs,1H), 3.35·(m, 1H), 1.49 (s, 6H), 1.32 {s, 9H). 

0. {1-[2-[3a-(R.S)-(4-Eluoro:benzyl)-2-metby!-3-oxo-2,3.3a 4 6 7-hexahydro-

pyrazoloJ4.3-cJpyridin-5-yl)-1-(B)-(1 H-jndol-~lmethyl)-2-oxo-etbylcarbamoy!]-1-

methyl-ethyl}-carbamic acjd tert-butyl ester 

15 According to the method outlined in General Procedure A, 193 mg (0.51 mmol) of 1D 

and 200 mg (0.51 mmol) of 2C were coupled and the residue was purified by silica 

gel chromatography using an elution. gradient ·of (1:1 v/v ethyl acetate:hexane) to 
. ' . ·: . - . : 

100% ethyl acetate to.give 230 mg.:.of2D .. MS (Cl, NH3) 633 (MH+). 

E. 2-Amino-N-[2-[3a-(B.S)-(4-flyoro-benzyl)-2-metbyl-3-oxo-2,3.3a.4,6,7-

20 hexahydro-pyrazolo(4,3-c]pyridjn-5-yl]..; 1(R)-(1 H-jndo!-3-ylmethyl)-2-oxo-ethyl)­

isobutyramide hydrochloride 

To 230 mg (0.36 mmol) of 2D 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 130 mg 

25 of 2E as a white powder. MS (Cl, NH3) 533 (MH+). 1 HNMR (CD300): (partial) 8 

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). 
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Example3 

2-Amjno-N-[2-(3a-(R.S)-benzyl-2-metbyl-3-oxo-2.3.3a.4.6.Z~hexabydro-pyrazolo.[4.3-

cJp,yridjn-5-yl)-1 R-(1 H-jndol-3-ylriletbyl)-2-oxo-ethyQ-isobutYiinlide · 

A. 4-0xo-pjpeddjne-1.3-djcarboxyUc acid 1-tert~bytyl ester 3;.methyl ester 

5 To a mixture of 7.00 g (36.2 mmol) of 4-oxo-piperidine-~carboxylic acid methyl ester 

and 8.82 g (72.3 mmol) of 4,4-dimethylaminopyridine in 200 ml of methylene 
. . . . 

chloride at about O oc 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 

1 o 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 MgS04 and ·concentrated to give 9.18 g of a clear yellow oil. 

B. 3-(R.S)-Benzyl+oXo-piperidjne-1.3-djcarboxyHc acid 1-tert-butyl ester 3-

metbyl ester 

15 To a solution of 5.00 g (19.4 mmol) 3A in 10 ml of DMF was added 745 mg (7.4 

mmol) of sodium hydride (60% oil dispersion) and the mixture was stirred at room · 

temperature for about 15 min. A solution of 3.32 g (19.4 mmol) benzylbromide in 15 . , 

ml of DMF was added to the stirring solution by cannula and the mixture: was stirred 

for about 42 h at room temperature. The mixture was cjiluted with ethyl acetate and · 

20 washed once with water and four times. with brine, dried over MgS04, and 

concentrated to give 6.0 g of 38 as a yellow oil. MS (Cl, NH3) 348 (MH+). 

C. 3a-(R.S)-Benzyl,;,2-methyl-3-oxo-2.3.3a.4.8.Z~hexabydro-pyrazolo[4.3-c]-

pyridine-5-carbcxylic acid tart-butyl ester 

A mixture of 4.00 g (11.5 mmol) of 38 and 530 mg (11.5. mmol) of methylhydrazine 

25 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 v/v ethyl acetate:hexane) to 

(75:25 v/v ethyl acetate:hexane) to give 2.6 g of 3C as a clear colorless oil. MS (Cl, 

30 NH3) 344 (MH+). 
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D. 3a-CB.S)-Bear.y1-2-methyl-2.3a.4.5.6 Z-hext;1bydro-gyrazo!o(4.3-cJµYr;ic;lin-3-

mm 
To 2.60 g (7.6 mmol) of 3C was added 20 ml of trifluoroacetic acid at about O 0c 
and the mixture was stirred for about 2.5 h. :Ethyl acetate was added and the 

5 solution was washed with SN NaOH, dried over~MgS04 and concentrated to give 1.8 

g of 30. MS (Cl, NH3) 244 (MH+). 

E. {1-[2-(.3a-(R.S)-Benzy!-2-methyl-3-oxo-2.3.3a.4.6.7-hexahydro-pytazolo[4.3-

c]pycidjn-5-yD-1 R-(1 H-jndol-3-ytmetbyl)-2-oxo-ethylcarbamoyl)-1-methyl-ethyl} 

carbamjc acid· tert-butyl ester 

1 o According to the method outlined in General Procedure A, 125 mg (4.6 mmol) of 3C 

and 1.75 g (0.51 mmol) of 2C were coupled and the residue was purified by 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-Amjng-N-[2-(3a-(R.S)-benzyl-2-methyl-3-0XQ-2.3.3a.4.6.7-hexabydro-

15 pyrazo!g[4.3-c]pyridjn-5-yl)-1 R-(1 H-jndol-3-ylmethyl)-2-Qxo-ethyl)-isobutyramjde 

hydroch!Qride 

To 150 mg (0.24 mmol) of 3E in 15 mL of ethanol was added 5 ml of c:Oncentrated 

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

concentrated and the residue was crystallized from ethanol/hexane to give 100 mg of 

20 3F. MS (Cl, NH3) 515 (MH+). 1HNMR (CD30D): 3 7.20-6.91 (m, 9 H), 6.56 (m, 1), 

5.17 (m, 1 H), 4.05 (m, 1 H), 2.96 (s. 3 H), 2.62 (m, 1 H). 2.38 (m, 1 H), 2.06 (m, 2 

H), 1.61 (m, 8 H). 

Example4 

2-Amjno-N-[2-(3a-(B)-benzyl-2-metbyl-3-oxo-2.3.3a,4.6.7-hexahydro-pyrazolo[4.3-

25 c]pyridjn-5-yl)-1-(B)-benzylaxymethyl-2-oxo-ethyQ-isobytyramide hydrochloride and 

2-Amino-N-[2-(3a-(S)-beozyl-2-methyl-3-oxo-2.3.3a,4,6,7-hexabydro-12yrazolo[4.3-

c]pyridjn-5-yl)-1-(R)-benzyloxymethyl-2-oxo-etbylJ-isobutyramjde hydrochloride 

A {1-[2-(3a-(R.S)-Benzyl-2-metbyl-3-oxo-2.3.3a.4.6.7-bexahydro-pyrazo!o[4,3-

c]pyridjn-5-yl)•1-(B)-beDZYloXYmethy!-2-oxo-ethylcarbamoyl]-1-methyl-ethyl}-

30 carbamjc acid tert-butyl ester 

According to the method outlined fn 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 
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resid ue 'was purified by.silica gel chromatography ~sing an elution gradient of (1:1 

v/v ethyl acetate:hex1:1ne) 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. 

5 B. 2-Amjno-N-[2-(3a-(B)-benZYl-2-metbyJ-3-oxo-2.3.3a.4.6.7-hexabydro­

pyrazolo(4,3-<c]pyrjdjn-5-yl)-1-{R)-benzyloxymethyl-2-oxo-etbyl)~is0butyramjde 

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, 

10 The mixture was concentrated and the residue was preCipitated from ethanol/hexane 

and dried under vacuum to give 130 mg of 413 isomer 1 '. MS (Cl, NH3) 506 (MH+). 

1HNMR (CD30D): 8 7.33 (m, 5 H), 7.14 (m, 5 H), 5.22.(m, 1H),4.57 (m, 3 H), 3~80 
(m, 2 H) 3.14 (m, 1 H), 3.04 (s, .3 H), 2.96 (m, 2H), 2.E51(m,2 H), 1.63 (m, 7 H). 

c. 2-Amjno-N-[2-(3a-{.S)-benzyl-2-metby!-3-oxo-2.~.3a.4,6.7-hexahydro-

15 pyrazo!o[4.3-c]pycidjn-5-yl)-1-(R)-benzyloumethyl-2-oxo-etbyQ-isobutyramjc:te 

hydrochloride 

To 250 mg (0.41 mmol) of 4A isomer 2 in 15 ml of ethanol was added.~-5 ml of 
. . . . . . - . . . . . . : .. : .i..:.~'i.~:.; . . 

concentrated HCI and the mixture was 15tirred at room temperature for ~bout 5 h. 

The mixture was concentrated and the residue was precipitated from ethanol/hexane 

20 and dried under vacuum to give 120 mg of 4C isomer 2. ·MS (C1, NH3) 506 (MH+). 

1HNMR (CD300): 8 7.31 (m, 5 H), 7.13 (m, 5 H), 6.78 (m, 1 H), 5.28 (m, 1H),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-Amjno-N-[2-(3a-(Bl-benzyl-2-metbyl-3-oxo-2,3.~a.4.6,7-hexabydro-

pyrazoloj4.3-c]pyridjo-5-y0-1·(R)-benzyloxymethyl-2-o><9-etbyl)-isobutyramide 

25 methanesulfonate 

Saturated aqueous sodium bicarbonate was added to 3.60 g (6.6 mmol) of 48 

isomer 1 and the mixture was extracted with ethyl acetate. The organic layer was 

dried over MgS04 and concentrated. The residue was dissolved in ethyl acetate, 

cooled to about O °C and 0.43 ml (6.6 mmol) of methaoe.;sulfonic acid was added 

30 and the mixture was stirred for about 0.5 h. Hexane (200 ml) was added to the 

solution and the mixture was stirred for about 1 h and filtered to give 3.40 g of a white 
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solid. The solid was recrystalliz~d from 3% aqueous ethyl acetate to give 2.55 g of 

4D isomer 1 as a white crystalline·solid. MS ~Cl, NH3) 506 (MH+). 

··Example& 

2•Amino-N-(1-(3a-(R)-benzyJ-2;.metby!-3-oxo-2.3.3a,4.6.7-bexahYdro-pyrazolo[4.3-

5 c]pyridjne-5-carbooyl)+phenyl-(R}-butyU-isobutyraroide hydrochloridei: and 

2-Amino-N-[1--(3a•(.S)-benzyl-2-methyl-3·oxo-2.3.3a.4.6.Z-hexahydro-pyrazolo[4.3-

·c]pyridjoe-5-carbonyl)-4-phenyl·(R)-butyl)-isobutyramjde hydrochloride:·· 

A. 2-0xo-5.6-djphenyl-3-(3-phenyl-atlyl)-morpholine-4-carboxylic acid t-butyl 

utlr 
10 To an about -za•c solution of 13.8 g (70.0 mmol) of cinnamyl bromide and 4.94 g 

(14.0 mmol) of t-butyl-(2S,3R)-(+)-6-oxo-2,3-diphenyl-4-morpholine ·carboxylate in 

350 ml of anhydrous THF was added 2& ml (28 mmol) of 1 M sodium 

bistrimethylsilylamide in THF. The mixture was stirfltd at about -zs•c for about 1.5 h 

and then poured into 750 ml of ethyl acetate. The mixture was w.ashed twice with 

15 brine, dried over MgS04 and concentrated to give, a yellow oil. The oil was stirred in 

150 ml of hexane overnight and the precipitated solid was then collected by filtration 

to give 3.2 g of 5A as a white solid. 

B. •5(.S):6(R)•Piphenyl-3(R)-(3-pheny!-allyl)-mor:pholin-2-one 

To 2.97 g (6.33 mmol) of SA was added 20 ml of trifluoroacetic acid at about 0°c 

20 and the mixture was sti.rred for about 2 h and then concentrated. The residue was 

dissolved in water and basified with aqueous NaOH until a pH of 10 was maintained. 

The mixture was extracted three times with ethyl acetate and the combined organic 

extracts were washed with brine, dried over MgS04 and concentrated to give an 

orange oil which was purified by silica gel chromatog~phy (10:90 v/v ethyl 

25 acetate:hexane) to give 880 mg of SB as a white solid. 

C. 2-(R)-Amjno-5-phenyl-pentanojc acjd 

A mixture of 440 mg (1.19 mmol) of SB and 120 mg of pallaqium chloride in 20 ml of 

ethanol and 10 ml of THF was hydrogenated at 45 psi. for about 16 h. The mixture 

was filtered through diatomaceous earth and concentrated, and the residue was 

30 triturated with ether to give 240 mg of SC as a white solid. 
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D. 2-tert-ButoxyCarbonylimjno-2-methyl-ptapjonjc -apjd --2:s~dj0xo-pyrrolidin-1-yl 

ntm: 
To a slurry of 5.0 g (24.6 mmol) of N-t-BOC-a-methylalanine in 13.5 ml of 

methylene chloride was added 3.40 g (29.6 mmol) of N-hydroxysuccinimide and 5.65 

5 g (29.6 mmol) of EDC. The slurry was stirred-for about 17 hat room temperature. 

The mixture· was diluted with ethyl acetate and washed twice each with water, 

saturated sodium bicarbonate solution and brine. Dried over MgS04 and 

concentrated. The product was purified-by silica get chromatography (1:1 v/v ethyl 

acetate:hexanes) to give 5.2 g of the title compound of this part D as a white solid. 

10 E. (R)-2-(2-tert-ButoX.VCSrbony!amjno-2-metbyJ:.:propiopylamjno)-5-phenyl-

pentanojc acid 

A mixture of 203 mg (1.05 mmol) of SD, 378 mg (1.26 mmol) of SC and 434 mg (3.36 

mmol) of diisopropylethylamine in 2 ml of DMF. was stirred over-night. The mixture 

was diluted with ethyl acetate and extracted twice with-1 N HCI. - The aqueous phase 

15- was extracted once with ethyl acetate. The pooled· Qrganic extracts were washed 

three times with water and once with brine. The mixture was dried over·MgS04 and 

concentrated. The residue was purified by silica ·gel· chromatograp~Y•. us_ing 80% 

chloroform in hexant! followed by 100% chloroform followed by 10% me~anol in 

chloroform to giv~ 127 mg of SE. 

20 F. {1-(1=(3a-(R.S)-Bew.yl-2-methyl-3-oxo-2.3.3a.4.6,7-hexabydro-pyrazolo[4.3-

c;)pyridjne-5:.carbonyl)+phe0yl-(R)-butylcarbamoy!J-1-methyl-ethyl}-carbamjc acjd 

tert-twtyl ester 

According to the method outlined in General Proeedure A, 130 ·mg (0.53 mmol) of 3C 

and 200 mg (0.53 mmol} of SE were· coupled to give a mixture of diastereomers. 

25 The residue was purified by silica gel chromatagraphy using an elution gradient of 

(1:1 v/v ethyl acetate:hexane) to 100% ethyl acetate to give 40 mg of less polar SF 

isomer 1 and 40 mg of more polar SF isomer 2. MS (Cl, NH3) 604 (MH+) for both 

isomers. 

G. 2-Amjno-N•f 1-(3a-(R)-beniyl-2-methyl-3;.oxo-2.3.3a.4.6,7-hexahydro-

30 pyrazolo[4,3-c]pyridjne-5-cal'bonylH-pheriyl-(R)-butyl}-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 mixture was stirred at room temperature for about 4 h. 

,_.: 
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The mixture was concentrated and the residue was precipitated from m~thylene 

chloride/hexane and dried under vacuum to give 30 mg of SG isomer 1. MS (Cl, 

NH3) 504 (MH+). 1HNMR {CD300): (partial) 3 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). 

5 H. 2-Amjno-N-[1-(3a-(S)-benzyl-2-methyl-3-oxo-2,3,3a,4:6,7-hexahydre­

·pyrazolo[4.3-c]pyridjne-5-carbonyl)+phenyl-(B)-butyO-isobutyramide hydrocblocide 

To 40 mg· (0.07 mmol) of SF Isomer. 2 in 10: ml of ethanol was added 4 ml of 

concentrated HCI and the mixture was stirred at room temperature for about 4 h .. 

The mixture was concentrated and the residue was precipitated from· methylene 

to chloride/hexane and dried under vacuum to give 30 mg of SH·isomer 2. MS (Cl, 

NH3) 504 (MH+). 1HNMR (CD300): (partial) 7.25 (m, 9 H), 6.88 (m, 1 H), 3.04 (s, 3 

H), 2,71 (m, 4 H), 2.48 (m, 2 H), 1.75 (m, 4 H), 1.62 (m, 6 H), 1.28 (m, 1 H). 

·Example& 

2-Amino-N-[2-(3a-(R,S)-blniyl-2-methyl-3-oxo-2,3,3a,4,6 7-hexahydro-pyrazolo[4,3-

15 c;]pyridin-5:yl)-1-(R)-benzyloxymetbyl-2-oxo-ethyQ-jsobutyramide hydrocbloride 

A. {1-(2-(3a-(B,S}=Beni;yl-2-methyl.;3-oxo-2,3.3a,4,6.7-hexabydro-pyrazo!o[4.3-

c;]pyridjn-5-yl)-1-(R)-benzyloxymethyl-2-oxo-etbylcarbamoyl]-1-methyl-ethyl}­

carbamjc acjd tert.;.bytyl ester 

According to the method outlined in General Procedure A, 200 mg (0.82 mmol) of 3C 

20 and 320 mg (0.82 mmol) of 1 E 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 

&A. 

B. 2-Amjno-N-[2-(3a-(R.S)-benzyl-2-methyl-3-oxo-2,3,3a,4.6,7-hexahydro-

25 pyrazolo[4.3-c]pyridin-5-yl)-1-(R)-benzylaxymethyl-2-oxo-ethyl)-isobutyramjde 

hydrochloride 

To 170 mg (0.28 mmoQ of &A in 20 ml of ethanol was added 5 ml of concentrated 

HCI and the mixture was stirred at room temperature for about 2.5 h. The mixture 

was concentrated and the residue was precipitated from ethanol/hexane to give 70 

30 mg of 68. MS (Cl, NH3) 506 (MH+). 1HNMR (CD30D): 8 7.32 (m, 5 H); 7.16 (m, 5 

H), 5.22 (m, 1H),4.67 (m,1H),4.55 (m, 2 H), 3.79 m, 2 H). 3.12 (m, 2 H), 3.00 (m, 

6 H), 2.71 (m, 3 H), 1.56 (m, 8 H). 
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Example7 

2-Amjno-N-(2~(3a;.benzyl-2-ethy!-3-oxo-2.3.3a·.4.6.7•heQbydro-pytazo!o(4;3-

. c]pyrjdjn-5-ylF1-(1 H-jodol-3-ylmethyl)-2-oxo-etbyl)-isobutyrami<te hydrochloride 

A. 3a-(R.S)-Benul-2-ethyl-3-oxo-2.3.3a.4.6.7-hexahydro".'pyrazolo.[4. 3-

5 c)p,yridjne-5-ca,rboXYlic. acid tert-butyl ester 

To 555 mg (1.60 mmol) of 38 in 27 ml of ethanol was ~dc;led 240 mg (1.60 mmol) of 

ethylhydrazineoxalate and the mixture was heated at reflux for about 4 h. The 

mixture was concentrated and the residue was purified by silica gel chromatography 

using an elution gradient of (10:1 v/v hexane:ethyl acetate) to (3:7 v/v hexane:ethyl 

10 acetate) to give 357 mg of7A. MS (Cl, NH3) 358 (MH+). 

B. 3a-(R.S)-Benzyl-2-ethyt-2,3a,4;5.6.7-hexahydro-pyrazoloj4.3-c;]pyridjn-3-onll 

To 350 mg (0.98 mmol) of 7A in 3 ml of ethanol was added 1.5 ml of co.ncentrated 

HCI and the mixture was stirred at room temperature for about 2 h. The mixture was 

concentrated to give 257 mg of 78. MS (Cl, NH3) 258 (MH+). 

15 C. {1-[2-(31-(R,S)-BOnzYl-2-etbyl-3-oxo-2.3.3a;4.6.Z-hgahydrO-pyrBzo!o[4 3-

c;)pyridjn-5-yl)-1-(R)•(1 H-indol-3-ylmethyl)-2-oxo-ethylcarblmqyQ-1-methyl-ethyl}­

c;arbamjc acjd tert-bytyl ester 

According to the method outlined in General Procedure A, 82 mg (0.28 mmol) of 78 

and 100 mg (0.26 mmol) of 2C were coupled and the residue was purified by silica 

20 gel chromatography using an elution gradient of 100% methylene chloride to 2% 

methanol in methylene chloride to give 110 mg of 7C. MS (Cl, NH3) 629 (MH+). 

D. 2-Amjno-N-(2-(3a-{R,S,)-benzyl-2-ethy!-3-oXo~2.3,3a.4.6,7-bexabydro-

pyrazo!o[4,3-C]PYridjn-5-yl)-1-(R)-(1 H-indol-3-ylmethyl)-2-oxo-ethyl)-jsobutyramide . 

hydrocbloride 

25 To 100 mg (0.15 mmol) of 1C in 2 ml of ethanol was added 1 ml of concentrated 

HCI and the mixture was stirred at room temperature for about 2 h. The mixture was 

concentrated to give 72 mg of TD as a colorless foam. MS (Cl, NH3) 529 (MH+). 
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Example& 

~2-Amjno-N-[2-(3a.;,(R)-benzyl-2-etbyl-3..oxo-2.3.3a.4.6.7-hexahYdro-pyrazo!Q(4.3-. . •. ~ . ·' . 

c]pyddjn-5-yl)-1-{B)-benzyloxymethyl-2-oxo-etbyQ-isobutyramjde .bydrocbloride and 

Z-Amjno-N-[Z-(3a-(S)-benzyl-2-ethy!-3-oxo-2.3.3a.4,6.7-hexabydro-pycazolo(4.3-

5 c]pyridjo-5-yl)-1-(R)-benzyloxymethyl-2-oxo-ethyQ.;.;sobutyramjde hydrOchlori~e 

A {1-[2-(3a-Benzyl-2-etby!-3-oxo-2.3·;3a.4.6.7-hexahydro-pyrwoto[4.3-G)pyridjn-

5-yl)-1-(F\)-benzv!oxymethyl-Z-oxo-ethylcarbamoyU-1-methyl-etbyl}-carbantic acid 
. . ' . . . . . ~ . . . ·.: ·!'t 

tert-butyl ester 

According to the method outlined in General Procedure A. 85 mg (0.29 mmol) of 78 

10 and 100 mg (0.26 mmol) of 1E were coupled to give a mixture of diastereomers. 

The residue was purified by silica gel chromatography using an elution gradient of 

100% methylene chloride to 2% methanol in methylene chloride to give 6 mg of less 

. polar SA isomer 1 and 11 mg of more polar SA isomer 2. MS (Cl, NH3) 620 (MH+) 

for both isomers. 

15 B. 2-Amjno-N-[2-(3a-(R)-benzyl-2-ethyl-3-oxo-2.3.3a.4.6.7-bexahydro-

pyrazolo(4.3-c]pyrjdjn-5-yl)-1-(R)-benzyloxymeth~l-2-oxo-ethyl)-isobutyramjde 

hydrochloride 

To 5.7 mg (0.009 mmol) of SA 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. 

20 The mixture was concentrated to give 4.7 mg of SB isomer 1. MS (Cl, NH3) 520 

(MH+). 1HNMR (CD300): (partial) 8 7.41 - 7.05 (m, 10 H), 5.20 (m, 1 H), 4.61 (m, 

. 1 H), 4.52 (s, 2 H), 3. 71 (m, 1 H), 3.60 (m, 1 H), 2.61 {m, 3 H), 1.39 (m. 9 H). 

C. 2-Amino-N-[2-(3a=(S)-benzyl-2-ethyl-3-oxo-2.3.3a.4.6,7-hexabydro-

pyrazo!o(4.3-c]Ayridin-5-yl)-1-(R)-bemyloXYmethyl-2-oxo-etbyl]-isobutyramjde 

25 hydrochloride 

To 10 mg (0.016 mmol) of SA isomer 2 in 1 ml of ethanol was added 0.4 ml of 

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

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

(MH+). 1 HNMR (CD30D): (partial) 6 7.43 - 7.00 (m, 10 H), 6.81 (m, 1 H), 5.32 (m, 1 

30 H), 4.63 (m, 2 H), 4.53 (m, 1H),3.72 (m, 1H),1.37 (m, 9 H). 
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Example9 

2-Arnino-N;.[2~(2.;.benzyl-3~oxo-2.3~3a,4,6 Z-hexahydrg;.pyrazO!Q[4;k]pyrjdjn-5-yl)-1-

(R)-benzyloX)m9tbyl-2-oxo-etbylHsobutyramjde hydrOchloride 

A. 2-Bett%yl-3~hydroxy-2.4.6.Z-tetrahydro-pyrazOlo[4;3-c)pyridjne-5-carboxYfjc 

5 acid tart-butyl ester 

A mixture of 800 mg (3.11 mmol) of 38 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 

1 o mixture was diluted with ethyl acetate and washed with brine, dried over MgS04 and 

concentrated and the residue· was purified by silica -gel chromatography using 100% 

ethyl acetate followed by 5% methanol in methylene chloride to give 530 mg of 9A 

as a light brown solid. MS (Cl, NH3) 330 (MH+). 

B. 2-Benr.yl-4,5.6,Z-tetrahydro-2H-pyrazolo[4.3-c;)pyridjn-3-0I 

15 To 411 mg (1.24 mmol) of 3E in 3o ml of ethan61 was a:dded-·10 ml of concentrated 

HCI and the mixture was stirred at room temperature for about 30 min. --The mixture 

was concentrated and the residue was crystallized from methanol/ethyl- acetate to 

give 353 mg of 98. MS (Cl, NH3) 230 (MH+). 

C. {1-[2-f2-Qenzyl•3-bydroxy-2,4.6.Z-tetrabydro-pyrazo!oj4.3-c;Jpyridjn-5-yl)-1 ;.R-

20 benzyloxymethyl-2-oxo-etbylcarbamoy0-1-metby!-ethyJkarbamic acid tert~butyl 

uter 
According to the methOd outlined in General Procedure A, 100 mg (0.38 mmol) of 98 

and 145 mg (0.38 mmol) of 1E were coupled and the residue was purified by silica 

gel chromatography (95:5 v/v methanol:methylene chloride) to give 42 mg of 9C as a 

25 white solid. MS (Cl, NH3) 592 (MH+). 

D. 2-Alnino-N-[2-(2-benZ)'l-3-oxo-2.3.3a.4.6.7-hexahydro-pyrazolo(4.3-((]pyridin- . 

5-yll-1-(R)-be01,yloXYJDethyl-2-oxo-etbyl]-jsobutyramide hydrochloride 

To 42 mg (0.07 mmol) of 90 in 20 ml of ethanol wa$ added 6 ml of concentrated 

HCI and the mixture was stirred at room temperature for about 30 min. The mixture 

30 was diluted with ethanol eoncentrated and the residue was precipitated from 

methanol/ethyl acetate to give 35 mg of 90 as a white solid. MS (Cl, NH3) 492 
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·(MH+). 1HNMR (CD30D)::(partial) 7.41-7.16·,(m.10 H), 5.19 (m, 3 H), 4.48 (in, 4 

H), 3.88 (m, 1 H), 3.74 (m, 2 H), 2.68 {m, 2 H), 1:58 (m, 6 fl). 

~~mple10 

2-Amino-N-{2-(3a-(R)-benzyl-3-oxo-2-(2.2.2-trifluoro-ethyl)-2.3,3a.4.6,Z-hexahydro-

5 pyrazolo[4.3-cJgycidjn-5-yl]-1-(R)~benzyl~metb.yl:2-oxo-ethyO-isobutyramjde 

hydrochloride. and 

2-Amjno-N-{2-[3a-(S)-benzyl-3-oxo-2-(2.2.2-trifluoro-ethyt)-2.3,3a,4.6,7-hexabydro­

pyrazo!a[4.3-c)gyridjn-5-yl)-1-(R)-benzyloxymetbyl-2-oxo-ethyl)-jsobutyramjde 

hydrochloride 

10 A. 3a-(R.S)-BenzyJ-3-oxo-2-(2.2.2-trifluoro-ethyl)-2.3.3a.4.6.7-hexahydro­

pyrazo!o[4.3-c)gycidjne-5-carboxYlic acjd tert-buty! ester 

A mixture of 840 mg (2.42 mmol) of 38 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 

15 and heated at reflux for about·· 17 h. The mixture was concentrated and.the residue 

was purified by silica gel chromatography {9:1 v/v hexane:ethyl acetate) to give 703 

mg of 10A as a yellow oil. MS (Cl, NH3) 412 (MH~. 

B. 3a-(R S)-Benzyl-2-(2.2.2-trifluoro-etbyl)-2.3a.4.5,6,7-hexahydro-pyrazolo[4.3-
. . 

<;)pyridjn-3-one 

20 To 600 mg {1.46 mmol) of 10A at about O 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 SN NaOH and then 

saturated with potassium carbonate. The solution was extracted three times with 

25 ethyl acetate and the combined organic extracts were washed with brine, dried over 

MgS04 and concentrated to give 345 mg of 108 as an opaque oil. MS (Cl, NH3) 

312{MH+). 

C. (1-{2-[3a-(R.S)-EJenzyl-3-oxo-2-(2;2.2-trifluoro-ethyl)-2.3,3a,4.6,Z-hexahydro-

pyrazo!oJ4.3-ct]pyridjn-5-yQ-1-(R)-benzyloxymethyl-2-oxo-ett)y!carbamoyl}-1-methyl-

30 etbyl)-carbamjc acjd tert-butyl ester 

According to the method outlined In General Procedure A, 137 mg (0.44 mmol) of 

108 and 167 mg {0.44 mmot) of 1E were coupled to give a mixture of diastereomers. 
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The residue was purified by silica gel chromatography using· an elution gradient 

100% methylene chloride to 5% methanol in· methylene chloride· to give 128 mg of 

less polar 10C isomer 1and63 mg of more polar 10C isomer 2. MS (Cl, NH3) 674 

(MH+) for both isomers 

5 D. 2-Amjno-N-{2-(3a-CR)-benzyl~3-oxo-2-(2.2.2-trifluoro=ethyl)-2.3.3a.4.6.7-

hexahyclro-pyrazolo(4.3-c]pyridjo-5-ylJ-1-(R)-benzyloxymettritf-2-oxO=etbyl)­

jsobutyramide 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. 

1 o The mixture was concentrated to give 94 mg of 100 Isomer 1 as an off-white 

powder. MS (Cl, NH3) 574 (MH+). 1HNMR (CD30D): (partial) S 7.31 (m, 5 H), 7.18 

(m, 5 H), 5.21 (m, 1 H), 4.57 (m, 3 H), 4.26 (m, 1 H), 4.08 (m, 1 H), 3.79 (m, 2 H), 

3.09 (m, 4 H), 2.65 (m, 2 H), 1.63 (m, 6 H). 

E. 2-Amino-N-{2-[3a-(,S)~benzy!-3-oxo-2-(2.2.2-triflugro-ethyl)-2.3.3a.4.6.7-

15 hexahydro-pyrazolo(4.3:-cJRYridjn-5-yl]-1-(R)-benz;yloxYmeth)'l-2-oxo-ethyl)-
. . . ·.:: .. · 

jsgbutyramjde hydrgcblpride 

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 mixture was stirred at room temperature for about 2 h. 

The mixture .was concentrated to give 41 mg of 10E Isomer 2 Els a light yellow solid. 

20 MS (Cl, NH3) 574 (MH+}. 1HNMR (CD300): (partial) a 7.33 (m, 5 H), 7.15 (m, 4 H), 

6.81 (m, 1 H), 5.30 (m, 1 H), 4.67 (m, 4 H), 4.15 (rri, 2 H), 3. n (m, 2 H), 3.09 (m, 3 

H), 2.64 (m, 3 H), 1.58 (m, 6 H). 

Example11 

2-Aminp-N-{2-(3a-(R)-benzyl-2-tert-butyl-3-oxo-2.3.3a.4.6,7-hexabydro-pyrazotg(4.3-

25 c;]pyrjdjn-5-yl)-1-(R)-benzyloxymethyl-2.:.oxo-etby))-jsobutyramjde methanesulfonate 

and 

2-Amjno-N-[2-(3a-(S)-benzyl-2-tert-butyl-3-oxo-2.3,3a,4,6.7-bexahydro-Ryrazolo(4.3-

c;)pyridjn-5-yl)-1-(R)-benzyloxymethyl-2-oxo-ethyQ-isgbutyramide methaneSulfonate 

A. 3a-(RS)-Benz;yl-2-tert-butyl-3-oxo-2, 3.3S,4,6;7-hexahydro-pyrazglo(4.3-

30 c;]pyridjne-5-carboXYHc acjd tert-butyl ester 

To 2.07 g (5.95 mrnol) of 14B in 40 mL of ethanol was added 0.97 g [1.7 mmol) of 

tert-butylhydrazine hydrochloride and 0.63 g (7.7 mmol) of sodium acetate and the 
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mixture was heated at about 70 oc for about 17 h. The mixture was cooled and the 

solution decanted fr.om the p~pitate and :concentrated. The residue wa$ dissolved 

in 80 ml of toluene and heated at reflux 0for about 6 h. The mixture was 

concentrated and the residue was ~purified by silica gel chromatography (9:1 v/v 

5 hexane:ethyl acetate) to give 1.7gof11A. ~Ms (Cl, NH3) 386· (MH+). 

B. 3a-(R,Sl-Benzy!-2-tert-butyl-2.3a,4;5,6,7-hexahydro-w.razolo[4,3-c]pyridjn-3-

·.mlll 

To 535 mg (1.39 mmol) of 11A in 20 ml of methylene chloride was added 225 µL of 

methanesulfonic acid and the mixture was stirred for about 1.5 h at room 

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

NaOH and once with brine, dried over Na2S04 and concentrated to give 246 mg of 

118. MS (Cl, NH3) 286 (MH+)~ 

C. {1-[2-(3a-(R.S)-Benzyt-2-tei:Ebutyl-3-oxo-2.3.3a.4.6,7-hexahydro-

pyrazo!o(4.3-c;)pyridjn-5-yl)-1 ~(R)-benzyloxymethyl-2-oxo-ethylcarbamoyl]-1-methyl-

15 ethyl}-carbamjc ack:I tert-butyt ester 

According to the method outlined in General Procedure A, 246 mg (0.86 mmol) of 

11 B 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 

20 (Cl, NH3) 648 (MH+) for both isomers. 

0. 2-Amjno-N-[2-(3a-(R)-benzyt-2-tert-butyl-3-oxo-2,3,3a.4,6,7-hexahydro-

pyrazolo[4,3-c;Jpyddin-5-y()-1-(R)-benzyloxymethyl-2-oxo-etbyl]-isobutyramicle 

methanesulfonate 

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

25 cc was added 28 µL (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 11 D isomer 1, 

MS (Cl, NH3) 548 (MH+). 1H NMR (C030D): (partial) 8 7.33 (m, 5 H), 7.27 - 7.07 

(m, 5 H), 5.21 (m, 1 H), 4.54 (m, 3 H), 3.86 (m, 3 H), 3.10 (m, 4 H), 2.61 (s, 3 H), 

30 1.62 (m, 6 H), 1.18 (s, 9 H). 
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E. 2-Amjno-N-[2-(3a-(S)-benzyl-2-tert;.bytyF3;.oxo-2. 3.3a,4.6:7~hexabydro-

pyrazolo(4.3-c]pyridjn.;.5-yl)-1-CR)-benzyloxymetbyl-2-o)(o-ethyll.;;iaobuijramjde 

methanesylfonate . 

To 85 mg (0.13 mmol) of11C isomer 2 in 10 ml ofmethylene chloride at about O 

5 oc was added 21 µL (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 11 E isomer 2. 

MS (Cl, NH3) 548 (MH+). 1H 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 -

1 O 2.92 (m, 3 H), 2.68 (s, 3 H), 1.57 (m, 6 H), 1.13 (s, 9 H). 

Example 12 

2-Amino-N-[1-(R)-(1 H-jndol-3-y!metbyD-2-(2-metbyl-3;.oxo-3a-(R. S)-pyridjn-2-

y!metbyl-2.3,3a.4;6,7-hexahydro-pyrazoto(4.3-c]pyridjr1..;5-yl)-2-oxo-ethyl]­

iSobutyramjde djhydrocbloricie 

15 A. +Oxo-3-(R,S)-pyridjn-2-ylmethyl-pjperidjne:1.a;cticarboxYli(f acid 1-tert­

butyl. ester 3-methyl ester 

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

mmol) of sodium hydride (60% oil dispersion) at about O °C and the: mixture was 

stirred for about 30 min. A solution of 762 mg (6.0 mmol) 2-picolyl chloride in 5 ml 

20 of THF was added to the stirring solution over about 5. min, followed by the addition 

of 432 mg (2.6 mmol) of potassium iodide. The i~ 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 MgS04, and 

concentrated. The residue was purified by silica gel chromatography using (6:4 v/v 

25 ether.hexane) followed by (6:4 v/v ethyl acei.te:hexane) to give 1.2gof12A. MS 

(Cl, NH3) 349 (MH+). 

B. 2-Methyl-3-oxo-3a-(R,S)-pyridin-2-ylmethyl-2;3.;3a.4.6.7-bexahydro-

pyrazolo(4,3-c)pyridjne-5-carboxylic acjd tert-butyl ester 

A mixture of 1.20 g (3.45 mmol) of 12A and 159 mg (3.45 mmol) of methylhydrazine 

30 in 20 ml of ethanol was heated at reflux for abqut 6.5 h. The mixture was 

concentrated and the residue was dissolved in 25 ml toluene and heated at reflux 

for about 17 h. The mixture was concentrated and the residue was purified by silica 
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gel ·chromatography (65:35 vlv ethyl acetate:hexane) to gi,ve 450 mg of 128. MS 

·cc1. ·NH3) 345' (MH+). 

C. 2-Methyl-3a-(R.S)-gyridjn-2-ylmethyl-2.3a.4. 5.6.7-beXahydro-gyrazolo[4.3-

c]gyridjn-3=00e dihydrochlori. 

5 A mixture of 450 mg (1.30 mmol) of 128 in 2 ml of 4M HClldioxane was stirred at 

room temperature for about 4.5 h. The mixture was ,concentrated to giv~ 450 mg of 

12C. MS (Cl, NH3) 245 {MH+). 

0. {1-[1-(1-(R)-H-lndol-3-ylmetbyl)-2-(2-metbyl-3-oxo-3a-(R.S)-gycidjn-2-

ylmethyl-2.3.3a.4,6,7-hexabydro-gyrazolo[4,3-c;]gyridjn-5-yll-2-oxo-etbylcarbamoy1]-

1 O 1-metbyl=etbyf)-carbamjc acjd 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 vlv ethyl acetate:methanol) to give 118 mg of 120. MS (Cl, NH3) 616 (MH+). 

· E. 2-Amino-N-(1.;(R)-(1 H-indol-3-ylmethyl)-2;..(2-metbyl-3-oxo-3a-(R,S)~gyridjn-2-

15 ylmethyl-2.3.3a.4,6.Z-hexabydm-pyrazolo[4,3-C]pyridin-5-yl)-2=0xo-ethyQ-

isobutyramjde djbydrochloride 

A mixture of 110 mg (0.18 mmol) of: 120 ~in 1 mL of 4M HCl/dioxane was stirred at 

room temperature· for 17 b, The mixture was -concentrated to give 51 mg of 12E. 

MS (Cl, NH3) 516'(MH+). 1HNMR (CD30D): (partial) 8 8.91 - 8.52 (m, 2 H), 8.04 (m, 

20 2 H), 7~76 - 7.50 (m, 3 H), 6.82 (m, 1 H), 4.62 (m, 1 H), 3.36 {s, 3 H), 1.63 (s, 6 H). 

Example 13 

2-Alnjno-N-[1-(R)-benzvloxymethyl-2-(2-methyl-3-oxo-3a-(R.S)-pyridjn-2-ylmethyl-

2.3.3a,4,6.7-hexahydro-pyrazolo(4,3-c)pyridjn-5-yl)-2-oxo-ethyl)-isobutyramide 

djbydrocb!Dride, 

25 A. {1-[1-(R)-Benzvloxymethyl-2-(2-metby1-3-oxo-3a-(R.S)-pyridin-2-ylmetbyl-

2,3,3a.4,6,7-hexabydro-gyrazolo[4,3-C]pyridin-5-yl)-2-oxo-ethylcarbamoyl)-1-methYI­

etbyQ-carbamjc 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 

30 (95:5 v/v ethyl acetate:hexane) to give 82 mg of 13A. 
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B. 2-AmiDo-N-[1 ~(R)-benzyloxymetbyl-2-(2-methy!-3-oXo:3&-(R.S)-gyrjdjn-2-

ylmethyl-2.3.3a,4,6,7-hexabydro-pyrazola(4,3;.c]pyridjn~5-yll.;.2~QXo-ethyl]­

jsobutycamjde djhydrochlQride 

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

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

138. MS (Cl, NH3) 507 (MH+). 1 HNMR (CD30D)~ (partial) 6 8.78 (m. 1 H), 8.46 (m, 

1 H), 8.13 - 7.82 (m, 2 H), 7 .32 (m, 5 H), 4.57 (m, 3 H), 3.96 (m, 1 H), 3.82 (m, 2 H), 

1.63 (m, 6 H). 

Example14 

1 O 2-Amjno-N-[2-(3a-(R)-benzyl-2-metbyl-3-oxo-2.3.3a.4,617-hexahydro-pyrazola[4,3-

c)gyridjn-5-yl)-1-(R)-(1 H-indol-3-ytmethyl)-2-oxo-ethyO·isabutycamide 

A. 4-Qxo..;gjperidjne-1,3-dicarboxylic·acjd 1-tert:butyl ester 3-metbyl·ester 

To a mixture of 100.0 g (516.4 mmol) of 4-oxo-piperidine-3-carboxylic acid methyl 

ester and 63 g (516.4 mmol) of 4,4-dimethylaminopyridine in 1 L of methylene 

15 chloride at about O oc was added a solution of 113.9 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 times each with 10% aqueous HCI; saturateQ<.aqueous 

sodium bicarbonate solution and. brine, dried over MgS04 and concentrated to give 

20 130.5gof14A as an amorphous solid. 1HNMR (CDCl3): a 4.03 (br, 2H); 3.74 (s, 

3H), 3.56 (t, 2H), 2.36 (t, 2H), 1.42 (s, 9H). 

B. 3-(R)-Benzyl.:4-axo-gjperidjne-1,3-dicarbmcylic acjd 1-tert-butyl ·ester 3-methyl 

.me 
To a stirred suspension of 11.7 g (293 mmol) of sodium hydride (60% oil dispersion 

25 washed twice with 100 ml of hexane) in 100 ml of DMF was added a solution of 

65.4 g (254 mmol) of 14A in 150 ml of OMF at about 0 °C over about 45 min. The 

ice bath was removed and the mixture was stirred at room temperature for about 45 

min. The mixture was recooled to about o °C and 35.2 ml (296 mmol) of 

benzylbromide in 200 ml of DMF. was added dropwise to the stirring solution and the 

30 mixture was stirred for· about 23 h at ·room temperature; To the solution was 

carefully added 550 ml of water and the mixture was stirred for about 30 min. The 

mixture was extracted three times with ethyl acetate and the combined organic 
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;extracts were washed five times with water, once with brine, dried over MgS04 and 

cancentrated to give 98 g of a yellow oil. The oil was crystallized fr~m hexane to 

give 71 g of 148 as a white solid. MS .. (Cl, NH3) 348 (MH+). 1 HNMR (CDCl3): 

(partial) 8 7.23 (m, 3 H), 7.13 (m, 2 H), 4.58 (br m, 1 H), 4.18 (br, 1 H). 3.63 (s, 3 H), 

5 3.28-2.96 (m, 4 H), 2.72 (m, 1H),2.43 (m, 1H),1.44 (s, 9 H). 

C. 3a-(R)-Benzyl-2-metbyl-3-oxo-2,3,3aA.6.7-bexabyqro-pyrazoloj4.3-

c;]pyridjne-5-carboXYlic acjd tert-butyl ester 

A mixture of 47.0 g (135 mmol) of 148, 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 

10 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 MgS04 and concentrated to give a yellow oil. The oil was stirred in 750 

mL of hexane for about 3 h to give 41.17gof14C as a white solid. MS (Cl, NH3) 

344 (MH+). 1HNMR (CDCl3): (partial)8 7.19 (m, 3 H), 7.05 (m, 2 H), 4.61 (br m, 2 

15 H), 3.24 (m, 1 H), 3.09 (s, 3 H), 3.01 (m, 1 H), 2.62 (m, 4 H), 1.52 (s, 9 H). 

D. 3a-(R.S)-Benzyl-2-methyl-2,3a,4.5,6.7-hexahydro-pyrazolo[4.3-c;)pyridjn-3-

one hydrochloride 

Anhydrous HCI was bubbled through a solution~of 24.55 g·(71.5 mmol) of 14C in 800 

mL of diethyl ether at about O oc for about 12 min. The mixture was stirred for about 

20 3 h, during which time a white precipitate formed. The precipitated solid was 

collected by filtration and to give 19.2 g of 140. MS (Cl, NH3) 244 (MH+). 1 HNMR 

(CD30D): (partial) 8 7.25 (m, 3 H), 7.05 (m, 2 H), 3.77 (m, 2 H), 3.51 (d; 1 H), 3.25 

(m, 1 H), 3.17 (m, 3 H), 3.03 (s, 3 H), 2.81 (m, 1 H). 

E. 2-tert-Butoxycarbonylamjoo-2-metbyl-propjoojc acid 2,5-djoxo-pyrro!idjn-1-yl ester 

25 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 oc 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 

30 Na2S04 and concentrated to give 124.0gof14E as a white solid. 1HNMR (CDCl3): 

5 4.96 (br, 1 H), 2.82 (s, 4H), 1.66 (s, SH), 1.48 (s, 9H). 
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F. 
pro.pjgnjc acid - · · · · · 

A. mixture of 50.5 g (168 mmol) of 14E, 33~5 g (168 mmol) of N-t-BOC-0-benzyl-D­

serine, and 51.05 g (505 mmol) of triethylamine in 400 ml of dioxane and 100 ml of 

5 water was heated at about 45 oc 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 Na2S04 and concentrated to give 

650gof14F as a white solid. 1HNMR (CD30D): (partial) a 7.55 (d, 1 H), 7.29 (m, 5 

H), 4.52 (m, 1 H), 4.48 (s, 2 H), 3.84 (d of d, 1 H), 3.69 (d of d, 1 H), 1.42 (s, 6.H), 

10 1.38 (s, 9 H). 

G. 3a-(R)-Benzyl-2-methyl-2,3a,4.5,6.Z-hexahydr<>:pyrazolo(4.3-c)pyridjn-3-one L-

tartrate 

To a mixture of 5.00 g {20.6 mmol) of the free base of 140 and 3.09 g (20.6 mmol) of 

L-tartaric acid in 80 ml of acetone and 3.2 ml ofwater was heated under nitrogen at 

15 about 70 °C for about 70 h, during which time the reaction mixture became a thick 

suspension and an additional 20 ml of acetone was added. The reaction mbrture 

was cooled slowly to room temperature and then filtered. The soli~;\ that was 

coltected was washed with acetone and dried under vacuum to give 7.03g:,of14G as 

a white solid. 

20 H. 3a-(R)-Benzyl-2-metbyl-2.3a,4,5,6,7-hexabydro-pyrazo!o(4.3-rJpyrjdjn-3-one 

To a suspension of 5.00 g_ {12.7 mmol) of 14G in 80 ml of methylene .chloride at 

about o °C was added 1. 72 ml (25.4. mmot) of ammonium hydroxide and the mixture 

was stirred for about 15 min. The cold solution was filtered and used immediately in 

the next step. 

25 I. {1-[2-caa-(a)-Benzyl-2-methyl-3-oxo-2.3.3a,4.8,7-hexabydro-pyrazoto[4.3-, 

G)pyridjn-5-yl)-1-(B)-(1 H-jndol-3-ylmetbyl)-2-oxo-ethylcarbamoyl)-1-methyl-ethyl}= 

carbamic acjd tert-butyl ester 

A mixture of 4.83 g (12.7 mmol) of 14F, the solution from 14G, 2.60 g (19.1 mmol) of 

HOAT, and 2.45 g (12.8 mmol) of EOC was stirred at about O °C under nitrogen for 

30 about 1 h and then warmed to room temperature and stirred for about 16 h. The 

mixture was filtered and the filtrate was washed with saturated aqueous sodium 

... i 
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bicarbonate and water, dried over MgS04 and concentrated to give 7.35gof141 as 

a white solid. 

J. 2-Amjno-N-[2-(3a-(B)-bem:yl-2-methyl-3-oxo-2.3.3a.4.6.7-hexahydro-

.pyrazolo(i.3-<;Jpyridjn-5-yl)-1-(R)-(1 _H-indol-3-ylmetbyl)-2-oxo-ethyl}-jsobutyramide 

5 To 755 mg (1.25 mmol) of 141 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 hat 

about O 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 

1 o sodium bicarbonate and once each with water and· brine. The mixture was dried 

over MgS04 and concentrated to give 594 mg of 14J as an oil. 

Example 15 

2-Amjno-N-[1-(R)-benzylox_ymethyl-2-(2-methyl-3-oxo-2,3,3a,4,6,7-hexabYdro­

pyrazolo[4,3-<;]pyridjn-5-yl)-2-oxo-ethyQ-isobutyramjde hydrochloride 

15 A. 2-Metby!-3-oxo-2,3,3a.4.6,7-hexabydro-pyrazo!o[4.3-c]pyridjne-5-carboxylic acid 

tart-butyl ester 

A mixture of 3.00 g (11.66 mmol) of 3A and 537 mg (11,66 mmol) of 

methylhydrazine' in 100 ml of.ethanol was heated at reflux for about 17 h, The 

mixture was concentrated and the residue was dissolved in 100 ml ·toluene and 

20 heated at reflux for about 17 h. The mixture was diluted with ethyl acetate, and 

washed twice with brine, dried over MgS04 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 2.28gof16A as a white solid. 1HNMR 

(CD300): 8 4.20 (s, 2H), 3.67 (t. 2H}, 3.43 (s, 3H), 2.58 (t, 2H), 1.48 (s, 9H). 

25 B. 2-Metbyl-2,3a.4.5,6,7-hexabydro-pyrazoloj4.3-c)pyrjdjn-3-one hydrochloride 

To 510 mg (2.01 mmol) of 15A in 30 ml of ethanol was added 10 ml of 

concentrated HCl 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 158 as a yellow solid. 1HNMR (CD30D): o 4.27 (S, 2H), 

30 3.71 ($, 3H). 3.56 (T, 2H), 3.05 (T, 2H). 

·-------·-----
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c. {1-[1-(R~Benzyloumetbyl-2-(2-metbyt-a;ox0-2.3:3a,4.a·.z~hexatJYdi=o-
pyrazola(4.3-c)pyridin-5-yl)-2-oxo-ethylcarbamoylJ-1 ~metbyl-etbyl}-carbamic acid tert-

butyl ester . · · ' - · 

According to the method outlined in General Procedure A, 100 mg (0~53 mmol) of 

5 158 and 202 mg (0.53 mmol) of 1 E were coupled· and the residue· was purified by 

silica gel chromatography (95:5 v/v methylene chloride:methanol) to give 54 mg of 

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

D. 2-Amjno,;.N-(1-R-benzyloxymethyt-2-(2-niethyf..:3~()X0-2,3,3a,4.6,7-hexahydro-
pyrazolo(4,3-cJpyridjn-5-yl)-2-oxo-ethylJ-isobutyramjde hydrochloride 

10 To 54 mg (0.10 mmol) of 15C in 30 ml of ethanol was added 10 ml of concentrated 

HCI and 1he mixture was stirred at room temperature for about 40 min. The mixture 

was concentrated and the residue was precipitated from methanol/ethyl acetate to 

give 50mgof150. MS (Cl, NH3) 416 (MH+). 1HNMR (CD30D): (partial)~ 7.28.(m, 
. . ... ·,· . - . . 

5 H), 5;18 (m 1. H), 4~69-4.38 (m, 4 H), 3.88 (m, 1 H), 3,.73 (m, 2 H) .• 3.68 (s, 2 H), 

15 3.61 (m, 1 H). 2.67 (m, 1 H), 1,57 (s, 6 H). 

Example16 

2-Amjno-N-[2-(2-ben~!-3-oxo-2.3,3a 4,6,7-hexahydro-P,¥razo!o[4,3-G)pyri~jn:.5-yl)- · 

1 (R)-(1 H-jndo!-3-ylmethyl)-2-oxo-ethyQ-jsobutyramjde hydrochloride 
. . . . . .. ... ·.:··. 

A. 2-BenzYl-3-oxo-2,3,3a.4.6,7-hexahydro-pyrazolo[4,3;-c]pyridjne-5-carboxylic acjd ·. .. . . . . ,. . ~ ., . . . 

20 tart-butyl este[ 

A mixture of 800 nig (3.11 mmol) of 3A and 495 mg (3.11 mmol) of benzyl-hydrazine 

dihydrochloride in 15 ml of ethanol was heated at ~flux for about 17 h·. ·. The mixture 

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

reflux for about 48 h, The mixture was diluted with·ethyl aeetate; and washed twice 

25 with brine, dried· over Na2S04 and concentrated.· The residue was purified by smca 

gel chromatography using an elution gradient of 100% ethyl acetate to 5% methanol 

in methylene chloride to give 530 mg of 16A as a tan· solid. MS (Cl, NH3) 330 

(MH~. 

B. 2-Benzyl-2,3a,4,5,6,7-hexahydro-gyraz01o[4.3-c)'1Yridjn-3-one hydrochloride 

30 To 411 mg (1.24 mmol) of 16A in 30 ml of ethanol was added 10 ml of 

concentrated HCI and the mixture was stirred at room temperature for about 30 min. 

The mixture was concentrated and the residue was crystallized fro,m methanol/ethyl 



WO 97/24369. . 'PcT/IB96/01353 

-101-

acetate to give 353 mg of 1'6B as a yellow solid. MS (Cl, NH3) 230 (MH+). 1HNMR 

(CD300): 57.26•7.40 (m, 5H), 5.22-(s, 2H), 4.12 (s, 2H), 3.53 (t, 2H), 3.00 '(t, 2H). 

C. (R)-2-(.2-tert-Butoxycarbonylamjno-2-tnethyl-pro.pionylamino)-3-(1 H-indol-3-. 

yl)-prapionjc.acid 

5 To a stirring solution of 30.6 g (0.15 mol) of D-tryptophan, 30.4 g (0.30 niol) of N­

methylmorpholine 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. 4Excess 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 HCI and the layers were separated. 

1 O The organic layer was washed with water and ·brine, dried over MgS04 and 

concentrated. The residue was crystallized from ethyl acetatelhexanes to give 37.0 

g of an off-white solid. 

D. {1-l2-(2-BenzYl-3-oxo-2.3.3a,4.6.7-hexahy(lro-pyrazolo(4.3=<;]pyridjn-5-yl)-1-

(R)-(1 H-jndol-3-ylmetbyl)-2-oxo-etbylcarbamoyl]-1-metbyl-ethylkarb8mic acid tert-

15 butyl ester 

According to the method outlined in General Procedure A, 100 mg (0.38 mmol) of· 

168 and 202 mg (0.53 mmol) of 16C w~re coupled and the residue was purified by 

silica gel chromatography (95:5 .v/v methylene. cbloride:methanol) to give 45 mg of 

160 as a white solid. MS (Cl, NH3) 601 (MH+). 

20 E. 2-Amjno-N-[2-(2-benzyl-3-oxo-2.3.3a 4.6.7-bexabydro-pyrazolo[4,3-cJpyridjrj-

5-yl)-1-(R)-(1 H-jndol-3-ylmetbyl)-2-oxo-etbylHsobutyramjde hydrochloride 

To 45 mg (0.07 mmol) of 160 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 

25 30 mg of 16E. 1HNMR (CD30D): (partial) 5 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, 1 H), 

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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Example17 

2-Amino-N-[1-benZYloxymetbyl.;.2-(2. 3a-djmetbyl•3:oxo-2.~;3a.4;6.7-hexiihydm: · 

pyrazolo(4.3-c)pyridjo-5tyl)-2.;.oxo-etby!]-isobytyramide by~rochloride · · 

A. 3-Methyl-4-oxo-pjperidjne-1.3-djcarboXYlic acid 1-tert-butyl ester· 3-(R.S)-methyl 

5 .. 

To a solution of 2.00 g (7.77 mmol) 3A in 30 ml ofDMF was added 308 mg (7.77 

mmol) of sodium hydride (60% oil dispersion) and the mixture was stirred at room 

temperature for about 25 min. To the stirring solution was ·added 0.50 mL (7.77 

mmol) of methyl iodide and the mixture was stirred for about 17 h at room 

1 O temperature. The mixture was diluted with ethyl acetate and washed once with 

water and four times with brine, dried over MgS04, and concentrated. The residue 

was purified by silica gel chromatography (7:3 v/v hexane:ethyl acetate) to give 1.75 

g of 17A as a clear oil. MS (Cl, NH3) 272 (MH+). 

B. 2,3a-(R.S)-oimetbyl-3-oxo-2,3,3a,4,6,Z-hexabydro-pyrazolo[4,3-c]pyridjne-5-

15 carbOX)l!iC acid tert-butyl ester 

A mixture of 1.62 g (9.50 mmol) of 17A and 435 mg (9.50 mmol) of methylhydrazine 

in 30 ml of ethanol was heated at reflux for about 4 h. The mixture was 

concentrated.and.the residue.was dissolved in 50 ml toluene and heated· at reflux 

for about 14 h. The mixture was diluted with ethyl acetate, and washed. twice with 

20 brine. dried over Na2S04 and concentrated. The residue was -purified by silica gel 

chromatography (7:3 v/v hexane:ethyl acetate) to give 1 ;QO g of 178 as a white solid. 

MS (Cl, NH3) 268 (MH+)~ 

C. 2,3a-(R.S)-Dimethyl-2.3a.4,5,6,7-heXabydro-pyrai;pla(4,3-c]pyridin'-3-one 

hydrochloride 

25 To 1.00 g (3.74 mmol) of 178 in 40 ml of ethanol was added 8 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 850 mg of 17C as a white solid. MS (Cl, NH3) 168 (MH+). 
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0. ·{1-[1-(R)-BenzyloXYfD8tbyl-2-(2.3a-(R.S)-djfnethy!-3-oxo-2.3.3a.4.6.7-

.. hexahydro-pyrazolo[4.3-c)pyrjdjn-5-yl)-2~oxo-etbylcarbamQ.¥U-1-D)ethyl-~thyl}­

carbamjc acjd tert-butyl. ester 

According to the method outlined in::General Procedure A, 150 mg (:0.74 mmol) of 

5 17C and 514 mg (1.35 mmol) of 1E were coupled and the residue was purified by 

sil.ica gel chromatography (85:15 v/v hexane:ethyl acetate) to $Jive 185 mg of 170 as 

a white solid. 

E. 2-Amjno-N-[1-(R)-benZYloxymetbyl-2-(2. 3ia-(R.S)-dimethyl-3-oxo-

2. 3.3a.4,6,7-hexabydro-pyrazolo[4,3-c]pyridjn-5-yl)-2-oxo-ethyl)-isobutyramjde 
. . \1.·· . 

10 hydrochloride 

To 173 mg (0.33 mmol) of 178 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 Na2S04 

15 and the residue was purified by silica gel chromatography using an elution gradient 

of 100% ethyl acetate to 10% diethylamine in ethyl acetate. The residue was . 

dissolved in ethanol and acidified with aqueous HCI. The mixture was concentrated · 

and the residue was crystallized from methanol/ethyl acetate to give 65 mg of 17E as: 
-~·.. . . . 

a white solid. MS (Cl, NH3) 502 (MH+). 1HNMR (CD30D): (partial) a 7.32 (m, 5 H), 

20 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-oxo-2.3.3a,4.6.7-hexabydro-pyra2:olo(4.3-

CC]pyridjn-5-y))-1-(R)-benzyloXYmetbyl-2-oxo-ethyl]-isobutyramide hydrochloride and 

25 2-Amjno-N-[2-(3a-(S)-benzyl-3-oxo-2.3.3a.4,6.7-hexabydro-pyrazolo(4.3-

c;]pyridjn-5-yl)-1-(R)-benzylaxymethyl-2-oxo-ethyl)-isobutyramide hydrochloride 

A. 3-BenZYl+oxo-pjperidjne-3-carboxylic acjd methyl ester 

To 200 mg (0.58 mmol) of 38 at about 0 °C was added 5 ml of cold trifluoroacetic 

acid and the mixture was stirred for about 1 h. The mixture was concentrated and 

30 the residue was co-evaporated with· ethyl acetate and hexane. To the residue was 

added 2N NaOH to make it basic and the mixture was extracted with chlorofonn. 
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The combinEKI organic eXtracts were dried over ·MgS04 and concentrated to give 

18A in quantitative yield. 

B. 3-(R.S)-Benzyl-1-[3-benzyloxy-2-(R)-(2-tert-butOxycarbOOylamjno-2-methyl-

propjonylamino)-propjoilyl)+oxo-pjpertdine-3tcarbo)(y!iC acid methyl ester 

5 According to the method outtined in General Procedure A, 1.77 g (7 ;16 mmol) Of 18A 

and 3.04 g (8.0 mmol) of 14F were coupled to give a mixture'of diastereomers. The 

residue was purified by silica gel chromatography (7:3 v/v hexane:ethyl acetate) to 

give 820 mg of less polar 188isomer1and1.14 g more polar 188 isomer 2. MS 

(Cl, NH3) 611 (MH+) for both isomers. 

1 O C. {1-[2-(3a-(R.S}-Bcmzyl-3-oxo-2.3.3a.4.6.7-hexahY.dro-pyrazoto(4.3-c]pyridio,. 

5-yl)-1-(R)-benzyloXYmethyl-2-oxo-ethylcarbamoyl]-1-m~hyl-ethyl}=carbamic acjd 

tert-butyl ester 

To a solution of 820 mg (1.32 mmol) of 188 isomer 1 in 13 ml of ethanol was added 

342 mg (2.63 mmol) of hydrazine sulfate and 431 mg. (5.26 mmol) of sodium acetate 

15 and the mixture was heated at reflux for about 17 h. The mixture was concentrated 

and the residue was diluted with ethyl acetate and washed with satura~ed aqueous 

sodium bicarbonate and brine, dried over MgS04 and concentrated. The residue 

was purified by silica gel chromatography using an elution gradient of 75% ethyl 

acetate in hexane to 100% ethyl acetate to give 550 mg of 1 BC· Isomer 1. . ... 

20 To a solution of 1.14 g (1.86 mmol) of 188 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 was he~ted at reflux for about 17 h. The mixture was concentrated 

and the residue was diluted with ethyl acetate. and·· washed with saturated aqueous 

sodium bicarbonate .and brine, dried over MgS04. and c0ncentrated. The residue 

25 was purified by silica get chromatography (75:25 ·v/v ethyl acetate/hexane) to give 

710 mg of 18C Isomer 2. 

D. 2-Amino-N-[2-(3a-(R)-benzyf-3-oxo-2.3.3a.4.6.7-hexihydro-pyrazo!o(4.3-

c)pyridjn-5-yQ-1 ~(R)=benzyloXYmethyl-2-oxo-etbyQ-iSObutyramide hydrochloride 

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

30 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 20 

mg of 180 isomer 1. MS (Cl, NH3) 492 (MH+). 1HNMR (CD30D): (partial)8 8.42 

.:""'=. 



WO -97124.369 . . . PCT/IB96/01353 

-105- .. ~: .· .. 

(br d, 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, o 
H), 1.39 (m, 1 H). 

E. 2-Amino-N-[2 .. (3a-(S)-benzy!-3-oxo-2.3,3a.4,6.7-hexabyd(g=pyrazo!o(4,3-

5 c)pyddjn-5-yl)-1-(R)-benzYIOQm.,thy!-2-oxo-ethyl}-jsobutyramjde hydrochloride 

To 200 mg (0.34 mmol) of 1 BC Isomer 2 in 20 ml of ethanol was added 1 O 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+). 1HNMR (CD30D): (partial) 5 8.29 

10 (br d, 1 H), 7 .30 (m, 5 H), 7.11 (m, 4 H}, 6.88· (m, 1 H), 5.29 (m, 1 H), 4.92 (m, 1 H), 

4.62 (m, 3 H), 3.91-3.70 (m, 3 H), 3.22-2.95 (m, 3 H), 2.66 (m, 3 H), 1.57 {m, 6 H), 

1.30 (m, 1 H), 0.89 (m, 1 H). 

Example19 

2-Amino-N-[1-(R)-benzyloxYmethyl-2-(,2-methyl:..3-oxo-3a-(R,S)-thjazo!-+ylmetbyl-

15 2,3.3a.4,6,7-hexahydro-pyrazofQ[4,3-c]pyridjn-5-y0-2-oxo-ethyU~isobutyramide 

djhydroch!oride 

A. 4-0xo-3-(R.S)-thjazol-4-ylmethyl-piperjdjne-1 ,3-djcarboxylic acjd 1-tert-butyl 

ester3-ethylestec 

To a solution of 300 mg (1.10 mmof) of 1A in 5 ml of THF at about O oC was added 

20 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-chlorometbyl­

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 

25 extracted with ethyl acetate. The combined organic extracts were dried over 

Na2S04 and concentrated and the residue was purified by silica gel chromatography 

(7:3 vlv hexane:ethyl acetate) to give 90 mg of the title compound. MS (Cl, NH3) 

648 (MH+). 

B. 2-Metbyl-3-oxo-3a-(R.S)-thjazol+ylmethyl-2.3.3a,4,6 7-hexahydro-

30 pyrazolo(4.3-c)gyrjdjne-5-carboxylic acjd tert-butYI ester 

To 90 mg (0.24 mmol) of 19A in 2 ml of ethanol was added 11.2 mg (0.24 mmol) of 

methylhydrazine and the mixture was heated at reflux for about 17 h. An additional 
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33.6 mg (0.72 mmol) of methylhydrazine was added and the miXture was heated at 

reflux for about 7 h. The mixture was concentrated and ttie- residue· was- dissolved in 

3 ml of toluene and heated at reflux for about 17 h. The mixture was concentrated 

and the residue was purified by silica gel chromatography (6:4 -- v/v hexane: ethyl 

5 acetate) to give 44 mg of 198. MS (Cl, NH3) 648 (MH+). 

C. 2-Metbyl~3a-(R.S)-thjazol-4-ylmethyl-2.3",4 5.6.7-hexabydro-pyrazolo[4,3-

c)pyridin-3-one djhydrocb!oricle-

A mixture of 44 mg (0. 10 mmol) of 19B in 1 ml of 4M HCI in dioxane was stirred at 

room temperature for about 4 h. The mixture was concentrated and co-evaporated 

10 with methylene chloride to give 40 mg of 19C. MS (Cl, NH3) 251 (MH+). 

D. {1-[1-(R)-BenzyloxYfDethyl-2-(2-metbyl-3-oX0=3a-(R.S)-thiazot-4-ytmethyl-

2, 3.3a.4,6.7-hexahydro-gyrazola[4.3-cJpyridin-5-yD-2-oxo-etbytcarbamoylJ-1-metbyl­

ethyl}-carbamjc acjd tert-butyl ester 

According to the method outlined in General Procedure A, 40 mg (0.12 mmol) of 19C 

15 and 39 mg (0.12 mmol) of 14F were coupled and the residue was purified by silica 
- -

gel chromatography (9:1 v/v ethyl acetate:hexane) to give 40 mg of 190. MS.,(C!, 

NH3) 613 (MH+). _ , __ , __ 

E. 2-Alnjno-N-[1-(R)-benzyloxymetbyl-2-(2-methyl-3-pxo-3a-(R.Sl-thjazo1""4-

ylmetbyl-2.3,3a.4,6,7-hexahydro"'.pyrazolo[4.3-c]pyridjn-5-yl)-2-oxo-etbyl]-

20 jsobutyramjde djbydrocbloride 

A mixture of 40 mg (0.06 mmol) of 190 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 chloride to give 40 mg of 19E. MS(CI, NH3} 513 (MH+). 

Example20 

25 2-Amjno-N-(2-(3a-(R).;.benzyt-2-metbyl-3-oxo-2.3.3a.4.6,7-hexahydro-pyrazola[4, 3-

c)pyridjn-5-yl)-1 (B)-(1 H-indol-3-ytmethyl)-2-oxo-ethyl]-jsobutyramjde l-tartaric acid 

ult 
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 00 C. The mixture 

30 was warmed to room temperature, stirred for about 40 min and concentrated in 

vacuo. The residue was diluted with 220 ml of ethyl acetate, heated at reflux for 

iif 1iHU1i1[1i11i1ced 

.·~, .. ~ 
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about 1.5 h, then stirred at about 72° C for about 18 h. The mixture was cooled to 

room temperature, and filtered to give 5. 78 g of the title compound as a cl)lorless 

crystalline solid. 

·example21 

5 3-Benzyl-3-methoxycarbanylmetbyl-4-oxo-pjpeddjne-1-carboxylic acid tert-butyl ester 

A. 3-Benzyl:4-oxo-pjperidjne-1-carbaxylic acid tert-butyl ester 

A mixture of the P,.ketoester (4480 mg, 12.9 mmol) and LiCI (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). 

10 The combined extracts were dried and concentrated in vacuo~ The crude product 

was chromatographed on Si02 using 20% ethyl acetate/hexanes to give 1320 mg of 

the desired product as a yellow oil. 1H NMR (250 MHz, CDCl3): 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, . 

9H); MS (APCI): 190 (M+1- BOC). 

15 B. 3-Benzyl-3-methoxycarbgnylmethyl:4-oxo-pjperidjne-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. through 3~ molecular sieves for about 17 h. The 

20 reaction mixture was cooled to room temperature .and concentrated in vacuo. The 

residue was dissolved in benzene (10 ml) and cooled to about 0 °C. Methyl 

bromoacetate (1530 mg, 10 mmol) was added dropwise. The reaction mixture was 

slowly allowed to wann to room temperature and then was heated under reflux for 

about 17 hat which point H20 (5 ml) was added. After refluxing for about another 2 

25 h, the reaction mixture was cooled to room temperature and extracted with EtOAc (3 

x 100 ml). The combined organic extracts were dried and concentrated in vacuo. 

The crude residue was chromatographed on Si02-gel using 15% ethyl acetate/ 

hexanes to give 280 mg of product. 1 H NMR (250 MHz, CDCl3): d 7 .35 (m, 5 H). 4.5 

{m, 1 H), 3.8 (s, 3H), 3.4 (dd, 1 H), 3.1 (m, 1 H), 2.85 (m, 4H), 2.6 (m, 1 H), 2.4 (m, 1 

30 H), 1.5 (s, 9 H); MS (APCI): 362 (M+1). 
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Example22 

6-0xo-1-phenyl-cyctoblxane-1,3-dicarboxy!ic acid '3-tert~bLltyl ·astir 1 ~methyl ester 

A solution of diphenylmercury (890 mg, 2,5 rrimol) in CHCl3 (4 ml) under N2 

was heated to about 40 °C, Lead tetraacetate (1110 mg, 2.5 mmol) was added in 

5 small portions and the greenish yellow solution was stirred at about 40 °c for about 

0,5 h, The J3-ketoester (520 mg, 2,0 mmol) was then added, followed by pyridine 

(0,2 ml, 2,5 mmol). After about 5 h at about 40 °C, the reaction mixture was 
·' 

concentrated in vacuo and the residue was dissolved in ether (100 ml) and filtered. 
. . . 

The filtrate was washed with 3N H2S04 (3x), dried and concentrated to give 616 mg 

1 o of a yellow solid. Flash chromatography over SiOrlJel using 25% ethyl 

acetate/hexanes provided 368 mg of the desired product . 1H · NMR (400 MHz, 

CDCl3): d 7.15 (m, 5 H), 4,4 (s, 2 H), 3.7 (s, 5 H), 2.6 (s, 2 H), 1.5 (s, 9H); MS 

(APCI): 334 (M+1) 

Example23 

15 (DJ-2~Amjno-3-(2.4-dich!oro-b9nzyloxy)-propjonjc acid hydrOchloride 

A. (0)-2-tert-Butoxycarbonylamjno-3-(2,+dichloro-benzyloxy)-propjOnjc add . 

To a stirred solution of Boc-D-serine (8.2 g, 40 mmol) in OMF (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 hat about O °C, then about 

20 0,25 h at· room temperature, After cooling· .. to · about 0 °C, a solution of 2,4-

dichlorotoluene (5.56 ml, 40 mmol) in DMF (5 ml) was added dropwise. The 

reaction mixture was allowed to warm to about 23 °C and was.stirred for about 17 h, 

then was partitioned between di-isopropylether and 10% HCI. The aqueous solution 

was extracted with di-isopropyl ether (2x), The combined extracts were washed with 

25 saturated aqueous brine, dried and concentrated to give 14.75 g of crude product 

which was used without further purification. 1H NMR (400 MHz, CDCl3): d 7.6-7.2 

(m, 3 H), 5.4 (d, 1 H), 4.6 (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). 

8. (0)-2-Amino-3-(2,4-djchloro-benZ)'loxy)-propjonjc acjd hydrochloride 

30 The product from step A of Example 23 above (14. 7 g, 40 mmol) was stirred 

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). 
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Example24 

Example 24 having the formula shown below, 

(Ph 

Nttf~3x~ 
0 H 

2 . 
R........._ ,.....N 

N """= 

0 

wherein R 1 is -CH2-phenyl and R2 is methyl, was synthesized in an analc>gous 

5 manner to the procedures described in ',Examples 3C to 3F using the title ·compound 

of Example 21 as starting material. ·eoth the R,R and S,R diastereomers (*indicates 

the other stereoisomer center at the C-3 carbon of the above structure) were 

isolated. Mass spec. (M+1 )= 520; MS method = particle bombardment. 

Examples 26 and 26 

10 Examples 25 and 26 having the formula shown below, 

(Ph 

R2-N;f,)yf~l ~NH, 
0 0 H~ A 

wherein for both examples 25 and 26 R 1 is phenyl and R2 is methyl, where example 

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

synthesized in an analogous manner to the procedures described in Examples 3C to 

15 3F using the title compound of Example 22 as starting material followed by 

chromatographic separation of the two separate isomers. Mass spec. of each 

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

Examples 27- 159 

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

20 scheme illustrated below by coupling the appropriately substituted pyrazalone­

piperidine of formula I (in the below scheme) with the (0)-0BnSer derivative II (in the 

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

and3F. 
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(N (h 
HO/ J)<o NHBoc 1 ·13)~·l10AT R2-tlw--N/ ~o NH 

N 2.HCI N 2 

H . 0 R' I 
. H 

(I) (II) 

The pyrazalone-piperidines of formula I were prepared ,analogously according to the 

5 procedures described in Examples 3B and 3C starting with the ap~ropriate alkylating 

agent and alkylhydrazine; the {D)-OBnS~r qerjvatives (II) were prepared in three 

steps analogously to the procedures describec;i in Example 23A, Example 23B and 

Example5F. 

(Ar 

;:Dnfo o. 
R2-N • N N~NH, 

R1 H I 
O 0 H 

10 

Ex.# Isomer R2 R1=-CHrA1 Ar MS MS 
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 (2,3-0-CH2-0]Phenyl 550.2 PB 

34 d1 Me phenyl 2-CF3-Ph 575 PB 

35 d1 Me phenyl 2..Ue-Ph 520 PB 

36 d1 Me phenyl 2-pyridyl 507 PB 

37 d1 Me phenyl 3,4-di-F-Ph 542 PB 

38 d1,2 Me phenyl 3,5-di-CF3-Ph 642 p~ 

39 d1 Me phenyl 3,5-di-Cl-Ph 576 APCI 
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40 d2 Me phenyl 3-CF3-Ph 575 APCI 

41 d1 Me · : \~1phenyl 3-Cl-Ph :540 APCI 

42 d1 . Me phenyl 3-Cl~.thiophene 546,548 APCI 

43 d1 Me phenyl 3-F-4-Cl-Ph 560 APCI 

44 d1 -Me phenyl 3-Me-Ph :520 PB-

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 5-thiazolyl 513 APCI 

49 d1,2 Me phenyl benzisoxazolyl 547 PB 

50 d1 Me phenyl 4-pyrimidinyl 508 ·PB 

51 d1,2 Me 4-Ph-Ph 4-thiazolyl 589 APCI 

52 d1,2 Me 4-Ph-Ph 2-pyridyl 583 APCI 

53 d1 Me 4-F-Ptf 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 AP Cl 

58 d2 Me 4-F-Ph 3,4-di-F-Ph 560 APCI 

59 d1,2 Me 4-F-Ph 2-pyridyl 525 APCI 

60 d1,2 Me 4-F-Ph 2-CF3-Ph 592 APCI 

61 d1 Me 4-CF3-Ph 4-Cl-Ph 609 APCI 

62 d1,2 Me 4-CFTPh 4-Cl-Ph 609 APCI 

63 d1,2 Me 3-pyridyl phenyl 508 PB 

64 d1 Me 3-phenyl 3-pyridyl 508 PB 

-65 d1 Me 2-quinolinyl phenyl 594 PB 

66 d2 Me 2-quinolinyl phenyl 594 PB 

67 d1 Me 2-pyridyl phenyl 506 PB 

68 d2 Me 2-pyridyl phenyl 506 PB 

69 d1,2 Me 2-pyridyl 3-F-4-Cl-Ph 559,561 APCI 

70 d1 Me 2-pyridyl 3-Cl-thiophene 547,549 APCI 

71 d1 Me 2-pyridyl 3-CF3-Ph 575 PB 

72 d1,2 Me 2,4-di-F-Ph 3,4-di-F-Ph 579 APCI 

73 d1,2 Me 2,4-di-F-Ph . 2-pyridyl 544 PB 

74 d1 Me 4-thiazolyl phenyl 513 APCI 

75 d2 Me 4-thiazolyl phenyl 513 PB 
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76 d1 Me 5-thiazolyl phe,nyl 513 PB 

77 d1 Et 2-pyridyl phenyl 521 PB 
··. 

78 d1,2 Et phenyl 4-thiazolyl "541 APCI 

79 d1 Et phenyl 3,5-di-CF3-Ph 656 PB 

80 d1,2 Et pheriyl 3,4-di..F-Ph 556 PB 

81 d1 Et 2,4-di-F-Ph 2 4-di-F-Ph . 
I: .. 593 APCI 

82 d2 Et 2,4-di-F-Ph 2 4-di-F-Ph . I: .. 593 APCI 

83 d1 Et 2,4-di,;.F-Ph 2-Cf3-Ph 625 APCI 

84 d2 Et 2,4-di-f;.Ph 2-Cf3-Ph . 625 APCI 

85 d1 Et 2,4-di-F.:.Ph 3,4-di-F-Ph 593 APCI 

86 d2 Et 2,4-dj;.F-Ph 34-di-F-Ph I, .. · 593 APCI 

87 d1 Et 2-pyridyl 34-di-F-Ph . .· 607 PB 

88 d2 Et 2-pyridyl 34-di-F-Ph 1 .• 607 PB 

89 d1 Et 4-CF3-Ph 2 4-di-F-Ph t. ,. 625 APCI 

90 d2 Et 4-CF3-Ph 2 4-di-F-Ph I .. 625 APCI 

91 d1 . Et 4-CF3-Ph 3-Cl-Ph 623 APCI 

92 d1 Et 4-CF3-Ph 4-Cl-Ph 623 APCI 

93 d2 Et 4-Cfa-Ph 4-Cl"'.Ph 623 APCI 

94 d1 Et 4-CH3-Ph 3-Cl-Ph 568 APCI 

95 d2 Et 4-CH3-Ph 3-Cl-Ph 568 APCI 

96 d1 Et 4-Cl-Ph 3,4-di-F-Ph 590 PB 

97 d2 Et 4-Cl-Ph 3,4-di-F-Ph 590 PB 

98 d1 Et 4-Cl-Ph 3-?-di-Cl-Ph 622 PB 

99 d2 Et 4-Cl-Ph 3-5-di-Cl-Ph 622 PB 

100 d1 Et 4-Cl-Ph 3-Cl-Ph 589 PB 

101 d2 Et 4-Cl-Ph· 3-Cl-Ph 589 PB 

102 d1 Et 4-F-Ph 34-di-F-Ph I. . 574 PB 

103 d2 Et 4-F-Ph 3 4-di-F-Ph ... 574 PB 

104 d1 Et 4-F-Ph 3-Cl-Ph 572 APCI 

105 d2 Et 4-F-Ph 3-Cl.;Ph 572 APCI 

106 d1,2 Et 4-Me-Ph 2-CFrPh 602 APCI 

107 d1,2 Et 4-Me-Ph 3,4-di-F-Ph 570 APCI 

108 d1,2 CF3CH2 phenyl 4-thiatolyl 595 APCI 

109 d1 CF3CH2 phenyl 3-CF3-Ph 642.3 APCI 

110 d1 CF3CH2 phenyl 3,5-di-Cl•Ph 643 APCI 

111 d2 CF3CH2 phenyl 3,5-di-Cl-Ph 644 APCI 
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112 d1 CF3CH2 phenyl 3,4-di•F-Ph 61.0.2 AP.Cl 

113 d2 CF3CH~ phenyl 3,4-di-F-Ph :61:0.2 APCI 

114 d1 CF3CH2 phenyl 3,5-di-Cl-Ph 643 APCI 

115 d2 CF3CH2 phenyl 3,5-d;.:Cl-Ph ~644 APCI 

116 d1 CF3CH2 phenyl 3-CF:;Ph '.642.3 APCI. 

117 d1 CF3CH2 phenyl 3,4-di-F .. Ph 610.2 APCI 

118 d2 CF3CH2 phenyl 3,4-di-F-Ph 610.2 APCI-

119 d1,2 CFsCH2 phenyl 4-thiazolyl 595 APCI· 

120 d1,2 CF3CH2 2,4-di-Cl-Ph 2-pyridyl ;843 APCI. 

121 d1,2 Cf3CH2 2,4-di-Cl-Ph 4-thiazolyl 649 APCI' 

122 d1 CFsCH2 2,4-F-Ph 2.;.(:Fa-Ph 679 APCI 

123 d2 CF3CH2 2,4-F-Ph 2-CF3-Ph -679 APCI 

124 d1 CF3CH2 2,4-F-Ph 3,4-di-F-Ph ·647 APCI 

125 d2 CF3CH2 2,4-F-Ph 3,4-di-F-Ph 647 APCI 

126 d1,2 .. CF3CH2 2,4-F-Ph 4-thiazolyl 617 PB 

127 d1 CF3CH2 2-pyridyl 2,4-di-Cl-Ph 643 APCI 

128 d2 CF3CH2 2-pyridyl 2,4-di-Cl-Ph ·643 APCI 

129 d1 CF3CH2 2-pyridyl 2,4-di-F-Ph 611 PB 

130 d2 CF3CH2 2-pyridyl 2,4-di-F-Ph 611 PB 

131 d1 CF3CH2 2-pyridyl 2-:CF3-4-F•Ph 661 APCI 

132 d1 CFsCH2 2-pyridyl 2-CF3-Ph 643 PB 

133 d2 CF3CH2 2-pyridyl 2-CF3-Ph 643 PB 

134 d1 CFsCH2 2-pyridyl 3,4-di-F-Ph 611 '.pa 

135 d2 CF3CH2 2-pyridyl 3,4-di-F-Ph 611 PB 

136 d1 CFaCH2 2-pyridyl 3,5-di-Cl-Ph 643 APCI 

1.37 d1 CF3CH2 2-pyridyl 3-Cl-Ph ·609 PB 

138 d1 CF3CH2 2-pyridyl 3-Cl-thiophene 615,617 APCI 

139 d1,2 CF3CH2 2-pyridyl 3-F-4-Cl-Ph 627,629 APCI 

140 d1 CF3CH2 2-pyridyl 3-0CF3-Ph 659 APCI 

141 d1 CF3CH2 2-pyridyl 4-Cl-Ph 609 PB 

142 d2 CF3CH2 2-pyridyl 4-Cl-Ph 609 PB 

143 d1,2 CF3CH2 3-pyridyl 2,4-di-F-Ph 612 APCI 

144 d1,2 CF3CH2 3-pyridyl 2-CF3-Ph 644 APCI 

145 d1,2 CF3CH2 3-pyridyl 4-Cl-Ph 610 APCI 

146 d1 CF3CH2 4-CH3-Ph 3-Cl-Ph 622 APCI 

147 d2 CF3CH2 4-CHa-Ph 3-Cl-Ph 622 APCI 



W097/243'9 PCT/IBH/01353 

-114-

148 d1 CF3CH2 4-Cl-Ph 3,4-di-F-Ph 644 PB 

d2 CF3CH2 4-Cl-Ph 3,4-di-F-Ph 
. : .· 

PEf 149 644 

150 d1 CF3CH2 4-Cl-Ph 3,5-di-Cl-Ph. 575· PB 

151 d2 CF3CH2 4-Cl-Ph 3,5-di-Cl-Ph 675 PB 

152 d2 CF3CH2 4-Cl-Ph 3-Cl-Ph 642 PB 

153 d1 CF3CH2 4-Cl-Ph 3-Cl-Ph 642 PB 

154 d1 CF3CH2 4-F-Ph 3,4-di-F-Ph · 628 PB 

155 d2 CF3CH2 4-F-Ph 3,4-di-f-Ph 628 PB 

156 d1 CF3C~ 4-F-Ph 3-Cl-Ph 626 PB 

157 d2 CF3CH2 4-F-Ph 3-Cl-Ph 626 PB 

158 d1,2 c·F3CH2 4-Me-Ph 2-CF3-Ph 656 APCI 

159 d1,2 CF~CH2 4-Me-Ph 34-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. Abbreviations used in the table above· are: Ph is phenyl; PB is 

5 particle bombardment; and APCI is atmospheric pressure ·chemical ionization. The 

following are NMR data for the compounds of the above table as indicated ... · 

Example 37: 1H NMR (400 MHz, d4-Me0H): d 7.2 (m, 5H), 5~2 (t, 1H), 4.6 {m, 3H), 

3.8 (d, 2H), 3.1 (d, 1 H), 3.0 (s, 3H), 2.6 (dd, 2H), 1.6 (s, 6H): 

Examples 67 & 68: 1H NMR (300 MHz, d4-MeOH): d8.85 (s, 1H), 8.6 (t, 1H), 8.1 (d, 

10 1H), 8.0 (t, 1H), 7.35 (s, 5H), 5.15 (s, 1H), 4.6 (bs, 3H), 3.85 (m,2H), 3.65 (m,2H), 

3.2 (s, 3H), 2. 75 (m, 2H), 1.65 {s, 6H). 

Example 128: 1H NMR (400 MHz, d+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). 

15 Examples 129 & 130: 1H NMR (400 MHz. d4-~e0H): d 8.76 (s, 1H), 8.50 (t, 1H), 

7.92 (dt,2H), 7.43 (q, 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: 1H NMR (300 MHz, d4-Me0H): d 8.7 (1, 1H), 8.45 (t, 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 

20 (dd, 2 H), 2.8 (m, 1 H), 2.8 (dd, 2 H), 1.6 (s, 6 H). 
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Example 138: 1H NMR (400 MHz, d4-Me0H): d 8.8 (dd, 1H), 8.6 (s, 1H), 8.5 (t, 1H), 

7.95 (t, 1H), 7.9 (s, 1Hl1 7.3 (s, 1H), 7:0 (s, 1H), 5.2 (s, 1H), 4.85 (s, 3H), 4.4;(m, 

1H), 4.18 (m, 1H), 3.8 (m, 2H), 3.5 (dd, 2H), 3.2 (d, 2H), 2.8 (dd, 2H), 1.6 (s,•.6H). 

:Examples 141 & 142: 1H NMR (300 MHz, c14-Me0H): d 8.75 (m, 1 H), 8.5 (m, 1 H), 

5 7.9 (m, 2 H), 7.3 (s, 2 H), 5.2 (m, 1H),4.65 (m, 1 H), 4.55 (s, 2 H), 4.35 (m, 1 H), 

4.20 (m, 1H),3.8 (t, 1 H), 3.5 (dd, 2 H), 3.15 (d, 1 H), 2.8 (dd, 2 H), 1.6 (s, 2 H). 

Examples 160· 179 

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

the scheme illustrated below by coupling the appropriately substituted pyrazalone-

10 piperidine (I) (in the scheme) with the (0)-Trp derivative (Ill) (see 'Example 2C) in an 

analogous manner to the procedures described in .Examples 3E and 3F. 

(Ill) 

15 

;f) 0 
R2-N 7YxNH, .. N 

R' 
0 0 H 

Ex.# Isomer R2 R1= -CH2·A
1 MS MS Method 

160 d1 Me 4-CF:;Ph 584 APCI 

161 d1,2 Me 4-CF3-Ph 584 APCI· 

162 d1 Me 4-F-Ph 533 PB 

163 d2 Me 4-F-Ph 533 PB 
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164 d1 Me 4-Ph-Ph 591 APCI 

165 d1,2 Et. 2,4-di'."Cl-Ph 597 APCI 

166 d1,2 Et 2,4-F-Ph 566 APCI 

167 d1 Et 4-CF3-Ph 598 APCI 

168 d1,2 Et 4-CF:rPh 598 ·APCI 

169 d1 Et 4-Cl-Ph 563 ·pB 

170 d2 Et 4-Cl-Ph 563 PB 

171 d1,2 Et 4-F-Ph 547 APCI 

172 d1,2 Et· 4-Me-Ph 543 APCI 

173 d1,2 CFsCH2 2,4-di-Cl-Ph 651.5 APCI 
174 d1,2 CF;\CH2 2,4-di-F-Ph 620 APCI 

175 d1 CFsCH2 4-Cl-Ph 617 PB 

176 d2 CF3CH2 4-Cl-Ph 617 PB 

177 d1 CF3CH2 4-F-Ph 601 APCI 

178 d2 CF3CH2 4-F-Ph 601. APCI 
119 d1,2 CFaCH2 4-Me-Ph 597 . APCI 

Note: in the above table, the isomer designation refers to the stereochemistry 

at the C-3 position (indicated by the "*n in the structure) of the pyrazalon• 

piperidine group; d1 and d2 refer to isomers that were chromatographi~lly 

separated; d1 ,2 refers to a mixture of isomers. 

Examples 180 - 183 

Examples 180 to 183 shown in toe table below were prepared according to 

the scheme illustrated below by coupling the appropriately substituted pyrazalone­

. piperidine I with the acid intermediate IV in an analogous manner to the procedures 

described in Examples 3E and 3F. 

/Ar~o 1.EDC •. HOAT' ~-l;f)· ;Ar~o . 
HO NHBoc · N NH 

N 2.HCI N 2 

H R' I 
O 0 H 

(I) (IV) 

The acid intermediate (IV) was prepared by treating an atnino acid with the product 

from Example 50 using the established procedure described in Example 5F. 
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Ex.# Isomer R2 R1= -CH2-A 1 Ar MS- 'Method 

180 d1 ,2- Me Phenyl (CH2)2Ph 504 '.PB-

181 d1,2 Me Phenyl SCH2Ph 559 PB 

182 d1 Me Phenyl 2-Naphthalenyl 527 APCI 

183 d1,2 Me Phenyl CH20-(4-F-Ph) 524 PB 

-Note: in the:- above table, the isomer d~signation refers to the stereochemistry· at the 

C-3 position (indicated by the ••• in the structure) of the pyrazalone-piperidine group; 

5 d1 and d2 refer to isomers that were chromatographically separated; d1 ,2 ref~rs to a 

mixture of isomers. 
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CLAIMS· 

A compound of the formula 

(I) 

5 · the racemic-diastereomeric mixtures and optical isomers of said compounds and the 

pharmaceutically-acceptable salts and prodrugs thereof, 

10 

15 

20 

25 

wherein 

eis0or1; 

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

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

Y is oxygen or sulfur; 

R 1 is hydrogen, -CN, -(CH2)qN(X6)C(O)X6
, -(CH2)qN(X6)C(O)(CH2)t·A 1, 

-(CH2)qN(X6)S02(CH2)rA 1• -(CH2)qN(X6)S~X6, -(CH2)qN(X°)C(O)N(x6)(CH2Jt:iA 1, 

-(CH2)qN{X6)C(O)N{X6)(X6
), -{CH2)qC(O)N(X6)(X6

), -{CH2)qC(O)N(X6)(CH2)ri'\.!, 

-(CH2)qC(O)OX6
, -(CH2lqC(O)O(CH2)rA1

, -(CH2)qOX6
, -(CH2)qOC(O)X6

, 

-(CH2lqOC(O)(CH2)t-A 1, -(CHz)qOC(O)N(X6)(CH2)rA 1, -{CH2)qOC(O)N(X6)(X6), 

-(CH2)qC(O)X6
, ·{CH2)qC(O)(CH2)t-A 1, -(CH2)qN(X6)C(O)OX6

, 

-(CH2)qN(X6)S02N(X6)(X6
), -~CH2)qS(O)mX6, -(CH2)qS(O)m(CH2lt-A 1, 

-(C1-C1o)alkyl, -(CH2)rA 1, -(CH2)q-(C3-C1 )cycloalkyl, -(CH2)q-Y1-(CrC6)alkyl, 

-(CH2)q-Y1-(CH2)rA 1 or -(CH2)q-Y1 -(CH2)t-(C3-~ )cycloalkyl; 

where the alkyl and cycloalkyl groups in the definition of R 1 are optionally 

substituted with (C1-C4)alkyl, hydroxyl, (C1-C4)alkoxy, carboxyl, -CONH2, 

-S(O)m(C1-C6)alkyl, -C02(C1-C4)alkyl ester, 1 H-tetrazol-5-yl or 1, 2 or 3 fluoro; 

Y1 is0, S(O)m. -C(O)NX6-, -CH=CH-, -C=C-, -N(X6)C(O)-, -C(O)NX6
-, 

-C(O)O-, -OC(O)N(X6
)- or -OC(O)-; 

q is 0, 1, 2, 3 or 4; 

t is 0, 1, 2 or 3; 
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said (CH2)q group and (CH2)t group may each :be optionally substituted with 

hydroxyl, (C1-C4)alkoxy, carboxyl, .;CQNH2, -S(O)m(C1-C8)alkyl; 

-C()2(C1-C4)alkyl ester, 1 H-tetrazol-5-yl, 1, 2 or 3 fluoro, or 1 or 2 (C1-

C4)alkyl; 

5 R2 is hydrogen, (C1-C8)alkyl, -(C0-C3)alkyl-(C3-C8)cycloalkyl, -(C1-C4)alkyl-A 1 or A 1; 

where the alkyl groups and the cycloalkyl groups in the definition of R2 are 

o,ptionally substituted with hydroxyl, -C(O)OX6
, -C(O)N(X6)(X6

), -N(X6)(X6
), 

-S(O)m(CrC6)alkyl, -C(O)A 1, -C(O)(X6
), CF3, CN or 1, 2 or 3 halogen; 

R3 is A 1, (CrC10)alkyl, -(C1-C6)alkyl-A 1, -(C1-Ca)alkyl-(C3-C1)cycloalkyl, 

1 O -(C1-C5)alkyl-X1-(C1-C5)alkyl, -(CrC5)alkyl-X1-(Co-C5)alkyl-A 1 or 

-{C1.;C5)alkyl-X1-(C,-C5)alkyl-(C3-C1)cycloalkyl; 

where the alkyl groups in the definition of R3 are optionally substituted with 

-S(O)m(C1-C6)alkyl, "'.C(O)OX3
, 1, 2, 3, 4 or 5 halogens, or 1, 2 or 3 OX3

; 

X1 is 0, S(O)m. -N(X2)C(O)-•. -C(O)N(X2
)-. -OC(O)-, -C(O)O-, -CX2=CX2

-, 

15 -N(X2)C(O)O-, -OC(O)N(X2
)- or -C=C-; 

R4 is hydrogen, (C1-C6)alkyl or (C3-C7)cycloalkyl, or R4 is taken together with R3 and· 

the carbon atom to which they are attached and form (C5-C7)cycloalkyl, (C5-

C7)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,. 

20 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: 

x4 .is hydrogen or (C1-C6)alkyl or x4 is taken together with R4 and the nitrogen atom 

25 to which ~ is attached and the carbon atom to which R4 is attached and form a five 

to seven membered ring; 

X: xSa 
1 "/ ,,z, /c, ./ 

R6 is a bond or is (CH2)a (CH2)b 

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

X5 and X58 are each independently selected from the group consisting of 

30 hydrogen, trifluoromethyl, A 1 ·and optionally substituted (C1-C6)alkyl; 



WO 97124369 111111111111111111111111111111 PCT/IB96/01353 

* C L M S * 

'-120-

. " ' the oPtionally ~~bStituted (C1-C6)alkyl ·in the definition of X5 and X58 is 

optionally substituted with a subStituent ·selected from the group 

consisting of A1
, OX2

, . ~S(O)m(C1-C6)alkyl, -C(O)OX2
, (C3-

C7)cyctoalkyl, -N(X2}(X2
) and -C(O)N(X2)(X2

); 

5 or the carbon bearing X5 'or X58 forms one or tWo alkylene bridges with the 

nitrogen atom bearing R7 and Ra wherein each alkylene bridge contains 1 to 

5 carbon atoms, provided that when one alkylene bridge is formed then X5 or 

X58 but not both may be on the carbon atom and R7 or R8 but not both may 

be on the nitrogen atom and further provided that when two alkytene bridges 

1 o are formed then X5 arid X58 cannot be on the carbon atom and R7 and R8 
· 

cannot be on the nitrogen atom; 

or X5 is taken together with X58 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 

15 to 4 heteroatoms independently selected ·trom the· group consisting of 

oxygen, sulfur and nitrogen; 

or X5 is taken together with X58 and the carbon atom to which they ~re' 

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' tieteroatoms 

20 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 ofnitrogen, sulfur and oxygen; 

Z1 is a bond, o or N-X2
, provided that when a and b are both o then Z1 is not 

25 N-X2 orO; 

R 7 and R8 are independently hydrogen or optionally substituted (C1-C6)alkyl; 

where the optionally substituted (C1-C6)alkyl in the definition of R7 and R8 is 

optionally independently substituted with A 1, -C(O)Q..(C1-C6)alkyl, 

-S(O)m(C1-Cs)alkyl, 1 to 5 halogens, 1 to 3 hydroxy, 1 to 3 -O-C(O)(C1-

30 C10)alkyl or 1 to 3 (C1-C6)alkoxy; or 

R7 and Ra can be taken together to form -(CH2)r·L-(CH:z),,-; 

where L is C(X2)(X2
), S(O)m or N(X2

); 
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A 1 for each occurrence is independently (C5-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 c~nsisting of a partially saturated, 

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

heteroatoms independently selected from the group consisting of nitrogent 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 nitrogent sulfur and oxygen; 

10 A 1 for each occurrence is independently optionally substituted, in one or 

optionally both rings if A 1 is a bicyclic ring system, with up to three 

substituents, each substituent independently selected from the group 

consisting of F, Cl, Br, I, OpF3, OCF2H, CF3, CH3, OCH3, -OX6
, 

-C(O)N(X6)(X6
), -C(O)Ox6, oxo, (C1-C6)alkyl, nitre, cyano, benzyl, 

15 -S(O)m(C1-Ce)alkyl, 1H-tetrazol-5-yl, phenyl, phenoxy, phenylalkyloxy, 

halophenyl, methylenedioxy, -N(X6)(X6
), -N(X6)C(O)(X6

), -S02N(X6)(X6
), · 

-N(x6)S02-phenyl, -N(x6)S02X6
, -CQNX11X12, -S02NX11X12, -NX6SO:zX12, 

-NX6CONX11X12,, -NX6S02NX11X12, -NX6C(O)X12, imidazolyl, thiazolyl. and 

tetrazolyl, provided that if A 1 is optionally substituted with methylenedioxy 

20 then it can only be substituted with one methylenedioxy; 

25 

30 

where X11 is hydrogen or optionally substituted (C1-C6)alkyl; 

the optionally substituted (C1-C8)alkyl defined for X11 is 

optionally independently substituted with phenyl, phenoxy, (C1-

Ce)alkoxycarbonyl, "'.S(O)m(C1-Ce)alkylt. 1 to 5 halogens, 1 to 3 

hydroxy, 1to3 (C1-C10)alkanoyloxy or 1to3 (CrC6)alkoxy; 

X12 is hydrogen, (C1-C8)a1kyl, phenyl, thiazolyl, imidazolyl, furyl or 

thienyl, provided that when X12 is not hydrogen, X12 is optionally 

substituted with one to three substituents independently selected from 

the group consisting of Cl, F, CH3, OCH3, OCF3 and CF3; 

or X11 and X12 are taken together to form -(CH2),-L 1-(CH2),-; 

where L1 isC(X2)(X2), 0, S(O)m or N(X2
); 

r for each occurrence is independently 1, 2 or 3; 
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x2 for each occurrence· is independently hydrogen, optionally substituted (C1-

C6)alkyl, or optionally substitLited (C3-C7 )cycloalkyl, wh~re the ·optionally substituted 

(C1-C8)alkyl and optionally substituted (C3-c;)cyclo·alk}'I in· the definition of X2 are 

optionally independently substituted with -S(O)m(C1-C~)alkyl, -C(O)OX3
, 1 to 5 

5 halogens or 1-3 OX3
; 

X3 for each occurrence is independently hydrogen or (C~.;.Ce)alkyl; · 

X6 is independently hydrogen, optionally substitt:lted (.C1-C8)alkyl, (CrC6)halogenated 

alkyl, optionally substituted (C3-C7)cycloalkyl, (C3-C7)-hal~genatedcycloalkyl, where 

oi)tionally substituted (C1-C6)alkyl and optionally· s\JbstitutEKt (C3-C7 )cycloalkyl in the 

10 definition of X6 is optionally independently substituted by 1 or 2 (C1-C4)alkyl, 

hydroxyl, (C1-C4}alkoxy, carboxyl, CONH2, -S(O)m(Cr~·C6)alkyl, carboxylate (C1-

C4)alkyl ester, or 1 H-tetrazol.;.s..yl; or 

when there are two ·x6 groups on one atom and both X6 are independently (C,­

C6)alkyl, the two (C1-C6)alkyl groups may be optionally joined and, together with the 

15 atom to which the two X6 ·groups are attached, form a 4- to 9- membered ring 

optionally having oxygen, sulfur or NX7
; 

X7 is hydrogen or (C1-C6)alkyl optionally substituted with hydroxyl; and 

m for each occurrence is independently o, 1 ot 2; 

with the proviso that: 

20 X6 and X12 cannot be hydrogen when it is attached to· C(O) or 802 in the form 

C(O)x6, C(0)X12
, SQzX6 or S02X12

; and 

when R6 is a bond then L is N(X2
) and each r in the definition -(CH2)r-L-(CH2),.- is 

independently 2 or 3. 

2. A compound according to claim 1 ·wherein 

25 X4 is hydrogen; 

R4 is hydrogen or methyl; 

R7 is hydrogen or (C1-C3}alkyl; 

R8 is hydrogen or (CrC3)alkyl optionally substituted with one or two hydroxyl groups; 

~ xs• 
1 '\./ . 

..,,...z, .,....c, ./ 
R6 is (CH2)a (CH2)b where Z1 is a bond and a is O or 1; 
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X5 and X58 are ·eac~j~dependently hydrogen, triflu&romethyl, phenyl, or optionally 

substituted (C1-C6)alkyl; 

where the optionally substituted (C1-C6)alkyl is optionally substituted with 

OX2, imidazolyl, phenyl~ indolyl, p-hydroxyphenyl, (C5-C7)cycloalkyl, 

5 -S(O)m(C1-C6)alkyl, -N(X2)(X2
) or -C(O)N(X2)(X2

); 

or X5 and R7 are taken together to form a (C1-C5)alkylene bridge. 

3. A compound according to claim 2 wherein b is O; X5 and X58 are each 

independently hydrogen, (C1-C3)alkyl or hydroxy(C1-C3)alkyl; 

R3 is selected from the group consisting of 1-indolyl-CHr. 2-indolyl-CH2-, 3-indolyl-

10 ;CHr. 1-naphthyl-CHr. 2-naphthyl-CHr, 1-benzimidazolyl-CH2-, 2-benzimidazolyl­

C~-. phenyl-(C1-C4)alkyl-, 2-pyridyl-(C1-C4)alkyl-, 3-pyridyl-(C1-C4)alkyl-, 4-pyridyl­

(C,-C4)alkyl-, phenyt-CH2-S-CH2-, thienyl-(C1-C4)alkyl-, phenyl-(C0-C3)alkyl-O-CH2-, 

phenyl-CH2-0-phenyl-CHr and 3-benzothienyl-CH2-; 

where the aryl portion(s) of the groups defined for R3 are optionally 

15 substituted with one to three substituents, each substituent being 

independently selected from the group consisting of methylenedioxy, F, Cl, 

CH3, OCH3, OCF3, OCF2H and CF3. 

4. A compound according to claim 3 wherein 

R4 is hydrogen; 

20 a is O: 

n is 1or2; 

wis0or1; 

X5 and X58 are each independently, hydrogen, methyl or hydroxymethyl, provided 

that when X5 is hydrogen then X58 is not hydrogen; . 

25 R7 and R6 are each hydrogen; and 

R3 is phenyl-CH2-0-CH2-, phenyl-CH2-S-CHr. 1-naphthyl-CH2-, 2-naphthyl-CHr. 

phenyl-(CH2h- or 3-indolyl-CH2-; 

where the aryl portion of the groups defined for R3 is optionally substituted 

with one to three substituents, each substituent being independently selected 

30 from the group consisting of fluoro, chloro, methyl, OCH3, OCF2H, OCF3 and 

CF3. 

5. A compound according to claim 4 wherein 

R1 is -(CH2)t-A 1, -(CH2)q·(C3-C1)cycloalkyl or (C1-C1o)alkyl; 
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where. A 1 in the definition of R 1 is optionally · su'bstituted with. one to three 

substituents, each substituent being independently: selected· from the group 

consisting of fluoro, chloro, methyl, OCH3, oCF2H~ ·ocF3 and CF3; 

the cycloalkyl a~d alkyl groups in the definition ofR1
' are optionally substituted 

5 with (C1-C4)alkyi, hydroxyl, (C1-C4)alko><Y. C:ar00~l.
1

CONH2, 
-S(O)m(C1-Ce)alkyl, -C02(C,-C4)alkyl eSter, 1 H-tetrazol-5-yl or 1 to 3 fluoro; 

YisO; 

R2 is hydrogen, -(C0-C3)alkyl-(C3-C8)cycloalkyl, phenyl o~ (C1-C8)alkyl Where the (C1-

C8)alkyl group is optionally substituted with hydroxyl, -CF~ or 1 to 3 halogen. 

10 6. A compound according to claim 5 wherein·w-is Oand n is 1. 

15 

7. A compound according to claim 5 Wherein tJ ls O; n and w are each 1; 

R 1 is -(CH2)t-A 1; 

· where A 1 in th~ definition of R 1 is phenyl, thienyl, thiazolyl, pyridyl or 

pyrimidyl which is optionally substituted with one to three substituents, 

each substituent being independently .. selected from the group 

consisting of F, Cl, Me, OMe, CF3, OCF3 and OCF2H: 

tis 0, 1or2; 

and R3 is phenyl-CH2-0~CH2-, phenyl-(CH2)3- or 3-indolyl-CH2-, where the aryl 

portion is optionally substituted with one to three substituents, each substituent being 

20 independently selected from the group consisting of F, Ct,·Me, OMe, CF3, OCF3 and 

OCF2H. 

8. A compound according to claim 7 wherein X5 and X51 are each 

methyl; R 1 is -CH2-phenyl, -CH2-4-fluoro-phenyl, -CHrpyridyt or_ -CH2-thiazolyl and 

R2 is hydrogen, methyl, ethyl, t-butyl or -CH2CF3• 

25 9. A compound according to claim 8 wherein R 1 is -CHrphenyl and R3 is 

phenyl-(CHz)a-. 

10. The diastereomeric mixture of a compound according to claim 9 

where said compound· is 2-amino-N-[1-(3a-(R,Srbenzy122~methyl-a.;oxo-2,3,3a,4,6, 7-

hexahydro-pyrazoto(4,3-c]pyridine-5-carbonyl)-4-phenyl:..(R)-butyQ-isobutyramide. 

30 11. The comp~und according to claim 10 :where the compound is 2-

amino-N-[1-(3a-(R)-benzyl-2-methyl-3-oxo-2,3,3a,4,6, 7.,.hE!xahydro-pyrazolo-[4,3-

c]pyridine-5-carbonyl)-4-phenyl-(Rrbutyl]-isobutyramide. 
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12. The. compound according to ielaim 1 O where the compound is 2-

amino-N-[1-(3a-(S)-~~~l-2-methyl-3-oxo-2,3,3a,4,6, 7-hexahydro-pyrazolo-[4, 3-
. ~:· . ·~ . . . 

c]pyridine-5-carbonyl)4-phenyl-(R)-butyl}-isobutyramide. 

13. A compound according to claim 8 wherein R 1 is ..:cH2-phenyl or -CH2-

5 4-fluoro-phenyl and R3 is 3-indolyl-CH2-. 

14. The diastereomeric mixture of a :compound according to claim 13 

where said compound is 2-amino-N-[2-(3a-(R,S)-benzyl-2-methyl-3-oxo-2,3,3a,4,6,7-

hexahydro-pyrazolo-[4,3-c]pyridin-5-yl)-1-(R)-(1 H-indol-3-ylmethyl)-2-oxo-ethyl]­

isobutyramide. 

10 15. The compound according to claim 14 when~· the compound is 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)-(1 H-indol-3-ylmethyl)-2-oxo-ethyQ'."isobl,ftyramide. 

16.. The compound according to claim 14 wh;re the compound is 2-

amino-N-[2-(3a-(S)-benzyl-2-methyt-3-oxo-2,3,3a,4,6, 7-hexahydro-pyrazolo-[4,3-

15 c)pyridin-5-yl)-1-(R)-(1 H-indol-3-ylmethyl)-2-oxo-ethyl}-isobutyramide. 

17. The diastereomeric mixture of a compound according to claim 13 

where said compound is 2-amino-N-[2-(3a-{R,S)-benzyl-2-ethyl-3-oxo-2,3,3a,4,6, 7-

hexahydro-pyrazolo[4,3-c]pyridin-5-yl)-1-(R)-(1 H-indol-3-ylmethyl)-2-oxo-ethylJ­

isobutyramide. 

20 18. . The compound according to claim 17 where the compound is 2-

amino-N-[2-(3a-(R}-benzyl-2-ethyl-3-oxo-2,3,3a,4,6,7-hexahydro-pyrazolo[4,3-

c]pyridin-5-yl)-1-(R}-(1 H-indol-3-ylmethyl)-2-oxo-ethyl]-isobutyramide. 

19. The compound according to claim 17 where the compound is 2-

amino-N-[2-(3a-(S)-.benzyl-2-ethyl-3-oxo-2,3,3a,4,6, 7-hexahydro-pyrazolo[4,3-

25 c]pyridin-5-yl)-1-(R)-(1 H-indol-3-ylmethyl)-2-oxo-ethyl)-isobutyramide. 

20. The diast~reomeric mixture of a compound according to claim 13 

where said compound is 2-amino-N-[2-[3a-(R,S)-(4-fluoro-benzyl}-2-methyl-3-oxo-

2,3,3a,4,6,7-hexahydro-pyrazolo[4,3-c]pyridin-5-yl)-1-(R)-(1 H·indol-3-ylmethyl)-2-

oxo-ethyl)-isobutyramide. 

30 21. The compound according to claim 20 where the compound is 2-

amino-N-[2-[3a-(R)-(4-fluoro-benzy1}-2-methyl-3-oxo-2,3,3a,4,6, 7-hexahydro- . 

pyrazolo[4,3-c]pyridin-5-yl]-1-(R)-(1 H-indol-3-ylmethyl)-2-oxo-ethyl]-isobutyramide. 
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22. The. compound according to claim 20 where the compound is 2-

amino-N-[2-[3a~(S)-(4-fluoro-benzyl)-2-methyl-3-oxo-2,3,3a,4,6, 7-hexahydro­

pyrazolo[4,3-c}pyridin-5-yl)-1 ~RH1 H-indol-3-ylmethyi)-2-oxo;.ethyl);.isobutyramide. 

23. A compound according to claim 8 wherein R1 is -CH2-phenyl or 

5 -CH2-4-fluoro-phenyl and R3 is phenyl-CH2-0-CH2-. 

24. The diastereomeric mixture of a compound according to claim 23 

where said compound is 2-amino-N-[2-(3a-(R,S)-berizyl-2-methyl-3-oxo-2,3,3a,4,6,7-

hexahydro-pyrazolo[4,3-c)pyridin-5-yl)-1-(R)-benzyloxymethyl-2;.oxo-ethyl]­

isobutyramide. 

10 25. The compound according to claim 24 where the compound is 2-

amino-N-[2-(3a-(R)-benzyl-2-methyl-~xo-2,3,3a,4,6,7-hexahydro-pyrazolo-(4,3-

c]pyridi~5-yl)-1-(R)-benzyloxymethyl-2-oxo-ethyl]-isobutyramide. 

26. The compound according to claim 25 where the compound is·· 2-

amino-N-[2-(3a-(R)-benzyl-2-methyl-~xo-2,3,3a,4,6, 7-hexahydro-pyrazolo-(4,3- . 

15 c]pyridin-5-yl)-1-(R)-beiizyloxymethyl-2-oxo-ethyl]-i5obutyramide L-tartaric acid salt. 

27. The compound according to claim 24 where the compound is 2-

amino-N-[2-(3a-(S)~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]-isobutyramide. '· 

28. The diastereomeric mixture of a compound according to '~i"aim .. 23 

20 where said compound is 2-amino-N-[2-(3a-(R,S)-benzyl:..2-ethyl-3-oxo-2,3,3a,4,E;i,7-

hexahydro-pyrazolo[4,3-cJpyridin-5-yl)-1-(R)-benzyloxymethyl-2-oxo-ethyl]­

isobutyramide. 

29. The comp<>und according to claim 28 ·where the compound is 2-

amino-N-[2-C3a-(R)-benzyl-2-ethyl-3-oxo-2,3,3a,4,6, 7-hexahydro-pyrazolo[4,3-

25 c]pyridin-5-yl)-1-(R)..;benzyloxymethyl-2-oxo-ethyl)-isobutyramide. 

30. The compound according to claim 28 where the compound is 2-

amino-N-[2-(3a-(S)-benzyl-2-ethyl-3-oxo-2,3,3a,4,6, 7-hexahydro-pyrazolo(4,3-

c]pyridin-5-yl)-1-(R)-benzyloxymethyl-2-oxo-ethyl)-isobutyramide. 

31. The diastereomeric ·mixture of a compound according· to claim 23 

30 where said compound is 2-amino-N-{2-[3a-(R,S)-benzyl-3-oxo-2-(2,2,2-trifluoro­

ethyl)-2.3,3a,4,6,7-hexahydro-pyrazolo[4,3-c]pyridin-5-yl)-1-(R)-benzyloxymethyl-2-

oxo-ethyl}-isobutyramide. 
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32. Ttie c:dil\poulid according to claim 31 where the compound is 2-

. amino-N-{2-[3a-(R)-benzyl-3-oxo-2-(2,2,2".'trifluoro-ethyl)-?,3,3a,4,6, 7-hexahydro­

pyrazolo[4,3~)pyridin-5-yl]-1-(R)-benzyloxymethyl-2-oxo-ethyl}-isobutyramide. 

33. The compound .according to claim 31 where the compound is 2-

5 amino-N-{2-[3a-(S)-benzyl-3-oxo-2-(2,2,2-trifluoro-ethyl)-2,3,3a,4,6,7-hexahydro­

pyrazolo[4,3-c]pyridin-5-yl]-1-(R)-benzyloxymethyl-2-oxo-ethyl}-isobutyramide. 

34. The diastereomeric mixture of a compound according to claim 23 

where said compound is 2-amino-N-{1-(R)-benzyloxymethyl-2-[3a-(R,S)-(4-fluoro­

benzyl)-2-methyl-3-oxo-2,3,3a,4,6, 7-hexahydro.pyrazolo[4,3-c]pyridin-5-yl]-2-oxo-

10 ethyl}-isobutyramide. 

35. The compound according to claim 34 where the compound is 2-

amino-N-{1-(R)-benzyloxymethyl-2-[3a-(R)-(4-fluoro-benzyl)-2-methyl-3-oxo-

2,3,3a,4,6, 7-hexat)ydro-pyrazolo[4, 3-c]pyridin-5-yl]-2-oxo-ethyl)-isobutyramide. 

36. The compound according to claim 34 where the compound is 2-

15 amino-N-{1-(R)-benzyloxymethyl-2-[3a-(S)-(4-fluoro-benzyl)-2-methyl-3-oxo-

2,3,3a,4,6, 7-hexahydro-pyrazole>[4,3-c]pyridin-5-yl]-2-oxo-ethyl}-isobutyramide. 

37. The diastereomeric mixture of a compound according to claim 23 

where said compound is 2-amino-N-[2-(3a-(R,S)-benzyl-2-tert-buty1-3-oxo-

2,3,3a,4,6, 7-hexa.hydro~PY"20lo[4,3-c]pyridin-5-yl)-1-(R)-benzyloxymethyt-2-oxo-

20 ethyl]-isobutyramide. 

38. The compound according to claim 37 where the compound is 2-

amino-N-(2-(3a-(R)-benzyl-2-tert-butyl-3-oxo-2,3,3a,4,6, 7-hexahydro-pyrazolo(4,3-

c]pyridin-5-yl)-1-(R)-benzyloxymethyl-2-oxo-ethyl]-isobutyramide. 

39. The compound according to claim 37 where the compound is 2-

25 amino-N-[2-(3a-(S)-benzyl-2-tert-butyl-3-oxo-2,3,3a,4,6, 7-hexahydro-pyrazolo[4,3-

c)pyridin-5-yl}-1-(R}-benzyloxymethyl-2-oxo-ethyl)-isobutyramide. 

40.. Acompound according to claim 5 wherein e is 1; n is 1; w is 1; 

R1 is -(CH2)a-A 1; 
where A1 in the definition of R1 is phenyl, thienyl, thiazolyl, pyridyl or pyrimidyl 

30 which is optionally substituted with one to three substituents, each substituent 

being independently selected from the group consisting of F, Ct, Me, OMe, 

CF3, OCF3 and OCF2H; 

tis 0, 1or2; 
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. and R3 is phenyl-CH2-0-CH2-, phenyl-(CH2)3- or 3-indolyl.:CH2;.,'where the aryl 

portion is optionatly substit~d with· one to three substituents, ·each substituent being 

independently selected from the.group consisting of i=, Cl, M·e,· OMe, CF3, ·ocF3 and 

OCF2H. 

5 41. A compound according to claim 40 wherein X5 and X58 are each 

methyl; R 1 is -CHTpheliyl, -CH2-4-fluoro-phenyl, -CHrpyridyl or -CH2-thiazolyl ·and 

R2 is hydrogen, methyl, ethyl, t:.butyl or -CH2CF3• 

42. The diastereomeric mixture of a compound according to claim 23 

where said compound is 2-amin0-N-[2-(3a-(R,S)-benzyl-3-oxo-2,3,3a,4,6,7-

1 o hexahydro-pyrazolo[4,3-c)pyridin-5-yl)-1-(R)-benzyloxymethyl-2-oxo-ethyl]• 

isobutyramide. 

43. A eompound according to claim 42 where the compound is 2-amino-

N-[2-(3a-(R)-benzyl-3-0xo-2,3,3a,4,6, 7-hexahydro-pyrazolo[4,3-c]pyridin-5-yl)-1-(R)­

benzyloxymethyl.;2-oxo-ethyl]-isobutyramide. 

15 44. A compound according to claim 42 where the compound is 2-amino-

N-[2-(3a-(S).;belizyl-3-oxo-2,3~3a,4,6, 7-hexahydro-pyrazolo[4,3-c]pyridi.,.;5-yl)-1-(R)­

benzytoxymethyl-2-oxo-ethyl]-isobutyramide. 

45. A method for increasing levels of endogenous growth hormone in a· 

human or other animal which comprises administering to such human or· animal an 

20 effective amount of a compound of claim 1. 

46. A pharmaceutical composition useful for increasing the endogenous 

production or 'release of growth hormone in a ·human or other animal which 

comprises an inert earner and an effective amount of a compound of claini · 1. 

47. A pharmaceutical compasition useful for increasing the endogenous 

25 production or release of growth hormone in a human or oth9r animal which 

comprises an inert carrier, an effective amount of a compound of claim 1 and a 

growth hormone secretagogue selected from the group consisting of GHRP-6, 

Hexarelin, GHRP-1, growth hormone releasing factor (GRF), IGF-1, IGF-2 and B­

HT920 or an analog thereof. 

30 48. A method for treating or preventing osteoporosis which comprises 

administering· to a human or other animal in need of such treatment or prevention an 

amount of a compound of claim 1 which is effective in treating or preventing 

osteoporosis. 

:i: 
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49. A method for treating or preventing diseases or conditions which may 

be treated or prevented by growth hormone whi.eh comprises administering to a 

human or other animal in need of such treatment or prevention an amount of a 

comp()und of claim 1 which is effective in,promoting release of endogenous growth 

5 hormone. 

50. A method according to claim 49 wherein the disease or condition is 

·congestive heart failure, frailty associat8:<1 with aging or obesity. 

51. A method for accelerating bone fracture repair, attenuating protein 

catabolic response after a major operation, reducing cachexia and protein loss due 

1 O to chronic illness, accelerating wound healing, or accelerating the recovery of burn 

patients or patients having undergone major surgery, which method comprises 

administering to a mammal in need of such treatment an amount of a compound of 

claim 1 which is effective in promoting release of endogenous growth hormone. 

52. A method for improving muscle strength, mobility, maintenance of skin 

15 thickness, metabolic homeostasis or renal homeostasis, which method comprises 

administering to a human or other animal in need of such treatment an amount of a 

compound of claim 1 which is effective in promoting release of endogenous growth 

hormone. 

53. A .. method for the .treatment or .. prevention of osteoporosis which 

20 comprises administering to a human or other animal with osteoporosis a combination 

of a bisphosphonate compound and a compound of claim 1. 

54. A method for the treatment of osteoporosis according to claim 53 

wherein the bisphosphonate compound is alendronate. 

55. A method for the treatment or prevention of osteoporosis which 

25 comprises administering to a hu_man or other animal with osteoporosis a combination 

of estrogen or Premarin® and a compound of claim 1 and optionally progesterone. 

56. A compound according to claim 2 wherein b is O; X5 and X58 are each 

independently hydrogen, (C1-C3)alkyl or hydroxy(C1-C3)alkyl; 

R3 is selected from the group consisting of 1-indolyl-CH2-, 2-indolyl-CHi-. 3-indolyl-

30 CH2-, 1-naphthyl-CH2-, 2-naphthyl-CHr. 1-benzimidazolyl-CH2-, 2-benzimidazolyl­

CHr. phenyl-(C1-C,.)alkyl-, 2'."pyridyl-(C1-C4)alkyt-, 3-pyridyl-(C1-C4)alkyl-, 4-pyridyl­

(C1-C4)alkyl-, phenyl-C~S-CH2-, thienyl-(C1-C4)alkyl-, phenyl-(Co-C3)alkyl-0-CH2-, 
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phenyl-CH2-0.:phenyl-CH2-. 3-benzothienyl-CH2:.., thienyl~CH2.;0-CH2-, thiazolyl-CH2-

0-CH:r I pyridyl~H2-0-CH2-·' pyrimidyl-CH2-0-CH2;.: and phenyl;.O-CH2-CH2~. 

where the aryl portion(s) ·of the groups defined for R3 are optionally 

substituted with one to three substituents, each · substituent being 

5 independently selected from the group consisting of methylenedioxy, F, Cl, 

CH3, OCH3, OCF3, OCF2H and CF3. 

57. A method for the treatment of osteoporosis which comprises 

administering to a human· or other animal with osteoporosis a combination of 

calcitonin and a compound of claim 1. 

10 58. A method to increase IGF-1 levels in a human or other animal 

deficient in IGF-1 which comprises administering to a human or other animal with 

IGF-1 deficiency a compound of claim·1. 

59. A method for the treatment of osteoporosis which comprises 

administering to a human or other animal with osteoporosis a combination of an 

15 estrogen agonist or antagonist and a compound of claim 1. 

20 

60. A method according to claim 59 Wherein the estrogen agonist or 

antagonist is tamoxifen, droloxifene, raloxifene or idoxifene. 

61. A compound of the formula 

(II) 

the racemic-diastereomeric mixtures and optical isomers of said c0mpounds and the 

pharmaceutically-acceptable salts thereof, wherein 

els0or1; 

n and w are each independent1y 0, 1 or 2, provided that w and n cannot both be 0 at 

25 the same time; 

R1 is hydrogen, -CN, -(CH2)qN{X6)C(O)X6, ~(CH2)qN(x6)C(O)(CH2).-A 1, 

-(CH2)qN(X6)S02(CH2)rA 1• -(CH2)qN(X6)S02X8
, -(CH2)qN(X6)C(O)N(X6)(CH2)t·A 1, 

-(CH2)qN{x6)C(O)N(X6)(x6), -(CH2)qC(O)N(X6)(X6
). -(CH2)qC(O)N(X6){CH2).-A 1, 
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-(CH2)qC(O)OX8
, -(CH2)qC(O)O(CH2lrA 1, -(CH2)qOX6

, -(CH2)qOC(O)X6
, 

-(CH2)qOC(O)(CH2)rA 1, -(CH2)q0C{O)N(X6)(CH2)t-A 1, -{CH2)qOC(O)N(X6)(X6
), 

-(CH2)qC(O)X6
, -(CH2)qC(O)(CH2)rA 1, -(CHz)qN(X6)C(O)Ox6, 

-(CH2)qN(X6)SP2N(X6)(X6
), -(CH2)qS(O)mX6. -{CH2)qS(O)m(CH2)rA 

1
• 

-(C1-C10)alkyl, -(CH2)rA 1, -(CH2)q·(C3-C1 )cycloalkyl, -(CH2)q-Y1 -{C1-Ce)alkyl, 

-(CH2)q-Y1-(CH2lt·A 1 or -(CH2)q-Y1-(CH2).-(C3-C7 )cycloalkyl; 

where the alkyl and cycloalkyl groups in the definition of R 1 are optionally 

substituted with (C1-C4)alkyl, hydroxyl, (C1-C4)alkoxy, carboxyl, CONH2, 

-S(O)m(C1-C6)alkyl, -C02(C,-C4)alkyl, 1 H-tetrazol-5-yl or 1 to 3 fluoro; 

10 Y1 is0, S(O)m. -C(O)Nx6, -CH=CH-, -C=C-, -N(X6)C(O)-, -C(O)NX6
-, 

-C(O)O-, -OC(O)N(x6)- or -OC(O)-; 

q is 0, 1, 2, 3 or 4; 

t is 0, 1, 2 or 3; 

said (CH2lq group and (CH2)1 group may each be optionally substituted with 1 

15 to 3 fluoro. 1 or 2 (C1-C4)alkyl, hydroxyl, (C1-C4)alkoxy, carboxyl, -CONH2, 

-S(O)m(C1-C6)alkyl, -C02(C1-C4)alkyl ester, or 1H-tetrazol-5-yl; 

R2 is hydrogen, (C1-C6)alkyl, -(C0-C3)alkyl-(C3-C8)cycloalkyl, -(C1-C4)alkyl-'A 1 or A 1; · 

where the alkyl groups and the cycloalkyl groups in the definition of R2 are optionally 

substituted by hydroxyl, -C(O)OX6
, -C(O)N(X6)(X6), -N(X6)(X6

), -S(O)m(C1:.C6)alkyl, 

20 -C(O)A 1, -C(O}(X6
), CF3, CN or 1 to 3 halogen; 

A1 for each occurrence is independently (C5-~)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, or a bicyclic ring system consisting of a partially 

25 saturated, fully unsaturated or tully 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; 

30 A 1 for each occurrence is independently optionally substituted, in one or 

optionally both rings if A1 is a bicyclic ring system, with up to three 

substituents, each sub.stituent independently selected from the group 

consisting of F, Cl, Br, I, OCF3, OCF2H, CFa. CH3, OCH3, -OX6
, 

--------·-----

111iiilil1r 
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-C(O)N(X6)(X6

), -C(O)OX6
, oxo, (C,-C6jalkyl,.nitro, cyano, benzyl, 

-S(O)m(C1-Ca)alkyl, 1 H-tetrazol-5-yl, phenyl, phenoxy, phenylalkyloxy, 

halophenyl, methylenedioxy,· -N(X6)(X6
), -N(X6)C(O)(X6), -S02N(X6)(X6), 

-N(X6)S0rphenyl, -N(X6)S0~6• -CONX11X12, -S02NX11X12
, -NX6S0~12, 

5 -NX6CONX11X12, -NX6S~NX11X12, -NX6C(O)X12, imidazolyl, thiazolyl and 

tetrazolyl, provided that if A 1 is optionally substituted with methylenedioxy 

then it can only be substttuted by one methylenedioxy; 

where X11 is hydrogen or optionally substituted (C,-C6)alkyl; 

the optionally substituted (C1-C6)alky'I defined for X11 is 

1 O optionally independently substituted with phenyl, phenoxy, (C1-

Ce)alkoxycarbonyl, -S(O)m(C1.;C6)alkyl, 1 to 5 halogens, 1 to 3 

hydroxy, 1to3 (C1-C1o)alkanoytoxy or 1to3 (C1-C6)alkoxy; 

X12 is hydrogen, (C1-C6)alkyl, phenyl, thiazolyl, imidazolyl, furyl or 

thienyl, provided that when X12 is not hydrogen, X12 is optionally 

· 15 substituted with one to three substituents independently selected from 

the group consisting of Cl, F, CH3, OCH3, OCF3 and CF3; 

orX11 and X12 are taken together to form -(CH2)r-L1-(CH2)r-; 

L 1 is C{X2}(X2), 0, S(O)m or N(X2
): 

tfor each occurrence is independently 1, 2 or 3; · ·::; ... 

20 X2 for each occurrence is independently hydrogen, optionally substituted (Cr 

C6)alkyl, or·optionally substituted {C3-C7)cyctoalkyl, where the optionally substituted 

(C1-C8)alkyl and optionally substitUted (C3-C7)cycloalkyl in the ·definition. of X2
. are 

optionally independently substituted with -S(O)m(C1-C6)alkyl, -C(O)OX3
, 1 to 5 

halogens or 1 to 3 OX3
; 

25 X3 for each occurrence is independently hydrogen or (C1-C6)alkyt; 

X6 for each occurrence is Independently hydrogen, optionally substituted (C1-

Ce}alkyl, CCrC6)halogenated alkyl, optionally substituted. (C3-C,)cycloalkyl, or (C3-

C7)-halogenatedcycloalky11 where optionally substituted (C1-C6)alkyl and optionally 

substituted (Cs-C7)cycloalkyl in the definition of X6 is optionally independently 

30 substituted with hydroxyl, (C1-C4)alkoxy, carboxyl, CONH2. -S{O)m(C,-C6)alkyl, 

-C~(C1-C4)alkyl, 1H-tetrazol-5-yl or 1or2 {C1-C4)alkyl;' or 

where there are two X8 groups on one atom and both ~ are (C1-C8)a1kyl, the two 

(C1-C6)alkyl groups may be optionally joined and, together with the atom to which the 
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two X6 groups are attached, form a 4- to 9- membered ring optionally having oxygen, 

sulfur or NX7
; . -

X7 is hydrogen or (C1-C6)alkyl optionally substituted with hydroxyl; and 

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

.5 with the proviso that: 

X6 and X12 cannot be hydrogen when it is attached to C{O) or S02 in the form 

C(O)X6
, C(O)X12

, S02X
6 or S02X

12
; and 

when R2 is hydrogen then R 1 is not -CH=CH-phenyt. 

62. A compound according to claim 61 wherein 

10 wis0or1; 

n is 1; 

R 1 is hydrogen, -(CH2)q-(C3-~ )cycloalkyl, -(CH2)t-A 1 or (C1-C10)alkyl where the (C,­

C10)alkyl and <Ca-Ci)cycloalkyl groups are optionally substituted with 1 to 3 fluoro 

and A 1 in the definition of R 1 is optionally substituted with 1 to 3 substituents 

15 independently selected from the group consisting of F, Cl, Me, methoxy, CF3, OCF3 

and OCF2H; 

R2 is hydrogen, (C,-C8)alkyl, (Co-C3)alkyl-(C3-C7)cycloalkyl, phenyl, or (C1-C3)alkyl­

phenyl where the alkyl and phenyl groups are optionally substituted with 1 to 3 

substituents independently selected from the group consisting of F, CF3, OH and 

20 methoxy. 

63. A compound according to claim 62 wherein w is 1; e is O; R 1 is 

-CH2-pyridyl, -CHrthiazolyl, or -CH2-phenyt optionally substituted with 1 to 3 

substituents independently selected from the group consisting of fluoro and chloro; 

and R2 is hydrogen, (C1-C4)alkyl or phenyl where the (C1-C4)alkyl or phenyl groups in 

25 the definition of R2 is optionally substituted with 1 to 3 substituents independently 

selected from the group consisting of fluoro, hydroxy or methoxy. 

64. A compound according to claim 63 wherein R 1 is -CH2-phenyl and R2 

is methyl or hydrogen. 

65. A compound according to claim 64 wherein the compound is the 3a-

30 {R) enantiomer. 

66. A compound according to claim 64 wherein the compound is the 3a­

(S) enantiomer. 

67. A compound of the formula 

--- ·-·----
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the racemic-diastereomeric mixtures and optical isomers of said compounds, 

wherein 

5 z100 is methyl, BOC, CBZ, CF3C(O)-, FMOC, TROC, · trityl, tosyl, CH3C(O)- or 

optionally substituted benzyl which is optionally substituted with methoxy, dimethoxy 

or nitro; 

e is O or 1; 

n and w are each independently 0, 1 or 2, provided that W, and n cannot both be O at 
.·;. :··· 

10 the same time; 

R1 is hydrogen, -CN, -(CH2)qN(X6)C(O)X6
, -(CH2)qN(X6)C(O)(CH2)1-A 1, 

-(CH2)qN(X6)S02(CHz)rA 1, -(CH2)qN(X6)S02X6
, -(CH2)qN(x6)C(O)N(x6)(CH2)t-A 1, · 

-(CH2)qN(X6)C(O)N(X6){x6}, -(CH2)qC(O)N(X6)(X6
),_ -(CH2~~C(O)N(X6)(CH2)rA 1, 

. 6 1 . . 6 . '.. .• . 6 ... ,, 
-CCH2)qC(O)OX .• -(CH2)qC(O)O(CH2)rA , -CCH2)qOX , -CCHvqOC(O)X • . . 

15 -{CH2)q0C(O)(CH2).-A 1, -(CH2)qOC(O)N(X6)(CH2lt-A 1, -(CH2)qOC(O)N(X6)(.x6). 
. -(CH2)qC(O)X6

, -(CH2)qC(O)(CH2)rA 1, -(CH2)qN(X6)C(O)OX6
, 

-(CH2)qN(X6)S02N(X6)(X6
), -(CH2)qS(O)mxG. -(CH2)qS(O)~(CH2)rA 1, 

1 ,· . 1 
-(C1-C10)alkyl, -(CH2)rA , -(CH2)q·{C3-C1)cycloalkyl, -(CH2)q-Y -(C1-Ce)alkyl,. 

1 1 1 ' '' . '.· .. · 
-(CH,2}q-Y -(CH2)rA or-(CH2)q-Y -(CH2)r(Ca-~)cycloalkyl; . .. 

20 where the alkyl and cycloalkyl groups in the definition of R 1 are optionally 

substituted with (C1-C4)alkyl, hydroxyl, (C1~C4)alkoxy, carboxyl, CONH2, 
. . .. 

-S(O)m(C,-C6)alkyl, -C02(C1-C4)alkyl, 1 H-tetrazol~~yt or 1 to 3 fluoro; 

Y1 is 0, S(O)m, -C(O)Nx6, -CH=CH-, -C=C-, -N(X8)C(O), -C(O)NX6
, 

-C(O)O, -OC(O)N(X6
) or -OC(O); 

25 q is 0, 1, 2, 3 or 4; 

t is 0, 1, 2 or 3; 

said (CH2)q group ·and (CH2)t group may each ·be· optionally substituted with 

hydroxyl, (C1-C4)alkoxy, carboxyl, -CONH2. -S(O)m(CrCs)alkyl, 
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-C02(C1..:C4)alkyl, 1 H-tetrazol-5-yl, 1 to 3 fluoro or 1 .or 2 (C1-C4)alkyl; 

R2 is hydrogen, (Ci:Pa}alkyl, -(Co-C3>•1kyl-(C3-C8)cyclo•lkyl, -(CrC4)alkyl-A1 or A1: 

where the alkyl gro~~- and the _cyc1oalkyl groups in ;he definition of R2 are optionally 

substituted with hydroxyl, ..;(;(Q)OX6
, -C(O)N(X6)(X6

), -N(X6)(x6), -S(O)m(C1-C6)alkyl, 

5 -C(O)A 1, -C(O)(X6
), CF3, ,CN or 1 to 3 halogen; 

A1 for each occurrence is independently (C,-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, or a bicyclic ring system consisting of a partially 

10 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; · 

15 A 1 for each occurrence is independently optionally substituted, in one or 

optionally both rings if A 1 is a bicyclic ring system, with up to three 

substituents, each substituent independently selected from the group 

consisting of F, Cl, Br, I, OCF3, OCF2H, CF3, CH3, OCH3, -OX6
, 

-C(O)N(X6)(X6
), -C_(O)OX8, oxo, (C1-C6)alkyl, nitro, cyano, benzyl, 

20 -:S(O)m(C1-C6)alkyl, . 1H-tetrazol-5-yl, phenyl, phenoxy, phenylalkyloxy, 

halophenyl, methylenedioxy, -N(x6)(X6
), -N(X6)C(O}(X6

), -S02N(X6)(X6
), 

-N(x6)S02-phenyl, -N(x6)S02X6
, -CONX11X12

, -S02NX11X12
, -NX6S02X12

, 

-NX6CONX11X12
, -NX6S02NX11X12

, -NX6C(O)X12, imidazolyl, thiazolyl and 

tetrazolyl, provided that if A 1 is optionally substituted with methylenedioxy 

25 then it can only be substituted with one methylenedioxy; 

30 

where X11 is hydrogen or optionally substituted (CrC6)alkyt; 

the optionally substituted (C1-C8)alkyl defined for X11 is 

optionally independently substituted with phenyl, phenoxy, (C1-

C8)alkoxycarbonyl, -S(O)m(C1-C6)alkyl, 1 to 5 halogens, 1 to 3 

hydroxy, 1to3 (C1-C10)alkanoyloxy or 1to3 (C1-C8)alkoxy; 

X12 is hydrogen, (C1-C6)alkyl, phenyl, thiazolyl, imidazolyl, furyl or 

thienyl, provided that when X12 is not hydrogen, X12 is optionally 

-~--···--··-·--
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substituted with one to three substituents independently se 

the group consisting of Cf, F, CH3, OCH3{:0CF3 and CF3; 

or x11 and X12 are taken togetherti:,-form'·(CH~~L1;;(CH2),-; 
L 1 is C(X2)(X2

), 0, S(O)m or N(X2
); • . . . 

5 r for each occurrence· is independentty 1, 2 or 3; 

1 
dfrom 

X2 for each occurrence is · independently hydrogen·~· optionally substituted (C1-

C6)alkyl, or optionally substituted (C3-C7)cycloalkyl, wherethe optionally substituted 

(C1-C6)alkyl and optionally substituted (C3-C7 )cycloalkyi In the definition of X2 are 

optionally independently substituted with -S(O)m(C~~C6)alkyl, -C(O)OX3
, 1 to 5 

1 o halogens or 1 to· 3 OX3
; 

X3 for each occurrence is independently hydrogen or (C1.:C.6)alkyl; 

X6 for each occurrence is independently hydrogen, optionally · substituted (C1-

C8)alkyt, (CrC6)halogenated alkyl, optionally substituted ·cc3-C7)cycloalkyl, or (C3-

C7)-halogenatedcycloalkyl, where optionally substituted CC.-C6)alkyl and optionally 

15 substituted (Cs-C7)cycloalkyi in the definition of X6
' is' optionally independently 

substituted with-hydroxyl, (C1-C4)alkoxy, carboxyl, CONJi2,'-S(O)m(C1..:C8)alkyl, 

-C02(C1-C4)alkyl, 1 H-tetrazol.;S-yl or 1 or 2 (C1..:C4)alkyl! or · 

where there are two X6 groups on one atom and both X6 are (C1-C6)alky{the two 

(C1-C6)alkyl groups may be optionally joined and, together with the atom to which the 

20 . tWo X6 groups are attached, form a 4- 'to 9- membered ring optionally having oxygen, 

sulfur or NX7
; 

X7 is hydrogen or (C1-C6)alkyl optionally substituted with hydroxyl; and 

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

with the proviso that 

25 X6 and X12 cannot be hydrogen when it is attached to C(O) or S02 in the form 

C(O)X6
, C(O)X12, S02X8 or S02X12

; 

when R2 is hydrogen then R1 is not -CH=CH-phenyl; 

when R2 is Hand R1 is-CHrCH=CH-Ph, then z100 is not BOC; 

when R2 is H and R 1 is then Z100 is not BOC; 

30 when R2 is H and R 1 is ;.CH2-C(CH3)=CH2, then Z100 is not BOC; and 

when R2 is phenyl and R1 is -CH3, then z100 is not CH3C(O)-. 

68. A compound according to claim 67 wherein· 

wis0or1; 
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n i• 1; 

z100 is BOC, methyl;';be.nzyl or-CBZ; 

R1 is hydrogen, -(CH2)q-(C:rC7)cycloalkyl, -(CH2)1-A
1 or (C1-C1o)alkyl where 

C10)alkyl a~d (C3-C7)cycloalkyl groups are optionally su~stituted with 1 to 3 fluoro 

5 and A 1 in the definition of R 1 is optionally substituted with 1 to 3 substituents 

independently selected from the group consisting of F, Cl, Me, OMe, CF3, ·OCF3 and 

OCF2H; 

R2 is hydrogen, (C1-C8)alkyl, -(Co-C3)alkyl-(C3-C7)cycloalkyt, phenyl, or -(C1-C3)alkyl­

phenyl where the alkyl and phenyl groups are optionally substituted with 1 to 3 

10 substituents independently selected from the group consisting: of F, CF3, ·OH and 

OMe. 

69. A compound according to claim 68 wherein z100 is BOC; w is 1; e is O; 

R 1 is -CHrPYridyl, -CH2-thiazolyl, or -CH2-phenyl optionally substituted with 1 to 3 

substituents independently selected from the group consisting of fluoro and chloro; 

15 and R2 is hydrogen, (C1-C4)alkyl or phenyl where the (C1-C4)alkyl or phenyl groups in 

the definition of R2 is optionally substituted with 1 to 3 substituents independently 

selected from the group consisting of fluoro, hydroxy or methoxy. 

70. A compound according to claim 69 wherein R1 is -CH2-phenyl and ·R2 

is methyl or hydrogen. 

20 71. . A compound according to claim 70 wherein the compound is the 3a-

(R) enantiomer. 

72. A compound according to claim 70 wherein the compound is the 3a-

(S) enantiomer. 

73. A compound of the formula 

25 

(IV) 
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. the .• raeemic-dlastereomeric mixtures and optical isomers of said compounds, 

wherein 

z200 is t-BOC, CBZ, CF3C(O)-, FMOC, TROC, trltyl, te>Syl :or optionally substituted 

benzyl which is optionally substituted with methoxy, dim~thoxy or nitro; 

5 eis0or1; 

n and w are each independently 0, 1 or 2, provided that w and n cannot both be O at 

the same time; 

Y is oxygen or sulfur; 

R1 is hydrogen, -CN, -(CH2)qN(X6)C(O)X6
, -(CH2)qN(X6}C(O)(CH2).-A1, 

10 -(CH2)qN(X6)S02(CH2)rA 1, -(CH2)qN(X6)S02X6
, -(CH2)qN(X6)C(O)N(X6)(CH2)rA 1, 

-(Cti2)qN(X6)C(O)N(X6)(X6
), ·(CH2)qC(O)N(X6)(X6

), -(CH2)qC(O)N(X6)(CH2)rA
1, 

-(CH2)qC(O)OX6
, -(CH2)qC(O)O(CH2)t·A 1, -{CH2)qOx6, .. (CH2)qOC(O)X6, 

-(CH2)qOC(O)(CH2)rA 1, -(CH2)q0C(O)N(X6)(CH2)1-A 1, -(CH2)qOC(O)N(X6)(X6), 

-(CH2)qC(O)X6
' -(CH2)qC(O)(CHvrA 1 ~· -(CH2}qN(X6)C(O)OX6 

•. 

15. -(CH2)qN(x6)S02N(X6)(X6
). -(CH2)qS(O)mX6

• -(CH2)qS(O)m(CH2)rA1
' 

1 ' . 1 . . ·. 
·(C1-C1o)alky1, -(CH2)t-A, -(CH2)q·(C3-C7)cycloalkyl, -(CH2)q-Y -(C,-C6)alkyl, 

1 1 1 . . . 
-(CH2)q-Y -(CH2).-A or -(CH2)q-Y -(CH2)r(Ca-C7 )cycloalkyl; 

where the alkyl and cycloalkyl groups in the definition of R 1 are optionally 

substituted with (C1-C4)alkyl, hydroxyl, (C1-C4)alko)(y, carboxyl, CONH2, 

20 -S(O)m(C1-Cs)alkyl, -C~(C1-C4)alkyl ester, 1H-tetrazof-5-yl or 1to3 fluoro; ·. 

Y1 is 0, S(O)m. -C(O)NX6
, -CH=CH-, -C=C-, -N(X6)C(O), .;C(O)NX6

, 

-C(O)O, -OC(O)N(X6
) or -OC(O); 

q is 0, 1, 2, 3 or 4; 

t is O, 1, 2 or 3; 

25 said {CH2lq group and (CH2)t group may each be optionally substituted with 

hydroxyl, (C1-C4)alkoxy, carboxyl, -CONH2, -S(O)m(C1-C6)alkyl, 

-C02(C1-C4)alkyl, 1 H-tetrazol-5-yl, 1 to 3 fluoro or 1 or 2 (C1-C4)alkyl; 

R2 is hydrogen, (C1-C8)alkyl, -(C0-~)alkyl-(Ca-C8)cycloalkyJ, -(C1-C4)alkyl-A 1 or A 1; 

where the alkyl groups and the cyctoalkyl groups in the definition of R2 are optionally 

30 substituted with hydroxyl, -C(O)OX6
, ·C{O)N(X6)(X6

), -N(X6)(x6), -S(O)m(CrC6)alkyl, 

-C(O)A 1, -C(O)(X6), CF3, CN or 1 to 3 halogen; 

R3 is A 1, (C1-C10)alkyl, -(C1·C6)alkyl-A 1, -(C1-Ce)alkyl-{C3-C1)cycloalkyl, 

-(C1-C5)alkyl-X1-(C1-C5)alkyl, -(C1-C5)alkyl-X
1
-(Co-Cs)alkyl-A 1 or 
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where the alkyl groups in the definition of .R3 is optionally substituted with 

-S(O)m(C1-C6)alkyl, -C(O)OX3
, 1 to 5 halogens or 1 to 3 OX3

; 

X1 is 0, S(O)m, -N(X2)C(O)-, -C(O)N(X2
)-, -OC(O)-, -C(O)O-, -CX2=CX2

-, 

5 .;.N(X2)C(O)O-, -OC(O)N(X2
)- or -C=C-; 

R4 is hydrogen, (C1-C6)alkyl or (C3-C7)cycloalkyl, or R4 is taken together with R3 and 

the carbon atom to which they are attached and form (C5-C7)cycloalkyl, (C5-

C7)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, 

1 O 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; 

X4 is hydrogen or (C1-Ce)alkyl or X4 is taken together with R" and the nitrogen atom 

15 to which X4 is attached and the carbon atom to which R4 is attached and form a five 

to seven membered ring; 

"' xsa 
· z1 c/ · 
;,-......; /' / 

R6 is a bond or is· · · (CH2>a · (CH2lb ; 

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

X5 and X58 are each independently selected from the group consisting of 

20 hydrogen, trifluoromethyl, A 1 and optionally substituted (C1-C6)alky1; 

the optionally substituted (C,-C6)alkyl in the definition of X5 and X58 is 

optionally substituted with a substituent selected from the group 

consisting of A 1, -OX2, -S(O)m(C1-Ca)alkyl, -C(O)OX2, (C3-

C7 )cycloalkyl, -N(X2)(X2
) and-C(O)N(X2)(X2

); 

25 or the carbon bearing X5 and x.58 forms an alkylene bridge with the nitrogen 

atom bearing Z200 and R8 where the alkylene bridge contains 1 to 5 carbon 

atoms provided that X5 or X58 but not both may be on the carbon atom and 

z200 or R8 but not both may be on the nitrogen atom; 

or X5 is taken together with X58 and the carbon atom to which they are 

30 attached and form a partially saturated or fully saturated 3- to 7-membered 
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ring, or a partially saturated or fully saturated 4.; to a-membered ring having 1 

to 4 heteroatoms independently ·s~!ected from 'the· group consisting of 
I.:·.•: 

oxygen, sulfur and nitrogen; 

or X5 is taken together with X58 an~ the cart>on atom· to which they are 

5 attached and form a bicyclic ring syst~~ consistin~· 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 tC> .a partially satura~d. fully saturated or fully unsaturated 5- or 

6-membered ring, optionally having 1 to 4 · heteroatoms independently 

1 o selected from ~e group Consisting of nitrogen, suiflif and oxygen; 

Z1 is a bond, 0 or N-X2, provided t~at when a and bare both 0 then Z1 is not . 

N-X2 orO; 

Ra is hydrogen or optionally substituted {C1-C~)alkyl; 
where the optionally substituted · {C1-C8)alkyl in the definition of Ra is 

15 optionally indepe.ndently substituted with A 1, -C(O)~(C1-Ce)alkyl, -S(O)m(C1-. 

C6)alkyl, 1 to 5 halogens, 1 to 3 hydroxy, 1 to 3 -O-C(O)(C1-C10)alkyl or 1 to 3 

(C1-C6)alkoxy; or 

A 1 for each occurrence is independently .(C5-C7 )cycloatkenyl, phenyl or··'a partially 

saturated, fully saturated or fully unsaturated 4- to 8-membered ring:'''bptionally 

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

oxygen, sulfur and nitrogen, or a bicyclic ring system consisting of a partially 

saturated, fully unsaturated or ~Hy saturated 5- or 6-rnembered ring, optionally 

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

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

25 unsaturated · 5- or 6-membered ring, Qptionally · ha.ving 1 to 4 heteroatoms 

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

A 1 for each occurrence is independently optionally substituted, in one or 

optionally both rings if A 1 is a bicyclic ring ~ystem, with up to three 

substituents, each substituent independently ~lected .from the group 

30 consisting of F, Cl, Br,'· OCF3, OCF2H. CF3, CH3, OCH3, -ox6, 
-C(O)N(X8)(X6

), -C(O)OX6
, oxo, (C1-Ce)alkyl, nitro, cyano, benzyl~ 

-S(O)m(C1~C6)alkyl, 1 H-tetrazol-5-yJ, phenyl, phenoxy, phenylalkytoxy, 

halophenyl, methylenedioxy, -N(X6)(X6
), -N(x6)C(O)(X6

), -S02N(X6)(X6
), 
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-N(X6)S02-phenyf, -N(X6)S02X6, -CONX11X12, -S02NX11X12, -NX6S02X12, 

-NX6CONX1.1!<~2• -NX6.S02NX11X12, -NX6C(G)X12
, :.imid~olyl, thi~olyl and 

: •." 

tetrazolyl, provided that if A1 is optionally substitut19d with methylenedioxy 

then it can only be substituted with one methylenedioxy; 

5 where X11 is hydrogen or optionally substituted (C1-C6)alkyl; 

10 

15 

the optionally substituted (C1-C6)alkyl defined for X11 is 

optionally ind,pendently substituted with phenyl, phenoxy, (C1-

C6)alkoxycarbonyl, -S(O)m(CrC6)alkyl, 1 to 5 halogens, 1 to 3 

hydroxy, 1 to 3 (C1-C10)alkanoyloxy or 1 to 3 (C1-Cs)alkoxy; 

X12 is hydrogen, (C1-Ce)alkyl, ,phenyl, thiazolyl, imidazolyl, furyl or 

thienyl, provided that when X12 is not hydrogen, X12 -is optionally 

substituted with one to three substituents independently selected from 

the group consisting:. of Cl, F, CH3, OCH3, OCF3 and CF3; 

or X11 and X12 are taken together to form -(CH2),-L 1-(CH2)r-; 

L 1 is C(X2)(X2
), 0, S(O)m or N(X2

); 

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

X2 for each occurrence is independently hydrogen, optionally substituted (C1-

C6)alkyl, or optionally substituted (C3-C7)cycloalkyl, where the· optionally substituted 

(C1-C6)alkyl and optionally substituted (C3~C7)cycloalkyl in the definition of X2 are 

20 optionally independently . substituted with -S(O)m(C1-C6)alkyl, -C(O)OX3
• 1 . to 5 

halogens or 1 to 3 -OX3
; 

X3 for each occurrence is independently hydrogen or (CrC8)alkyl; 

X6 for each occurrence is independently hydrogen, optionally substituted (Cr 

Ce)alkyl, (CrC6}halogenated alkyl, optionally substituted (C:rCr)cycloalkyl, or (C3-

25 C7 )-halogenatedcycloalkyl, where optionally substitUted (C1-Cs}alkyl and optionally 

substituted (C3-Gr)cycloalkyl in the definition of X6 is optionally independently 

substituted with hydroxyl, (C1-C4}alkoxy, carboxyl, CONH2, -S(O)m(CrC6)alkyl, 

-C02(C1-C4)alkyl, 1 H-tetrazol-5-yl or 1 or 2 (C1-C4)alkyl; or 

when there are two X6 groups on one atom and both X6 are (CrC6)alkyl, the two (C1-

30 C6}alkyl groups may be optionally joined and, together with the atom to .which the two 

X6 groups are attached, form a 4- to 9- membered ring optionally having oxygen, 

sulfur or NX7
; 

X7 is hydrogen or (C1-C6)alkyl optionally substituted by hydroxyl; and 
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m'tor each occurrence is independently o; 1 or 2; 
with the proviso that: · 
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X6 and X12 cannot be ·hydrogen when it is attache(f t6 C(Ol or· So2 in the form 

C(O)X6
, C(O)X12

, so~~ or S~X12; and 

5 when R6 is a bond then L is N(X2
) and each r in the d~finltion -(CH2)r-L-(CH2)r- is 2 or 

3. 

7 4. A compound according to claim 73 wherein e is O; Y is O; R 1 is 

.:.cH2-phenyl; R2 is methyl or hydrogen; n is 1; w is 1;··R3 is -CHrO-CH2-phenyl; R4 is 

hydrogen; ~ is hydrogen; R6 is -C(CH3)r; z200 is BOC and R8 is hydrogen. 

1 o 75. A compound according to claim 56 wherein 

R4 is hydrogen; a is O; n is 1; w is 1; e is O; 

X5 and X58 are each independently, hydrogen, methyl or hydroxymethyl, provided 

that when X5 Is hydrogen then x5
• is not hydrogen; 

R7 and R8 are each hydrogen; 

15 Y is oxygen; 

R2 is hydrogen, methyl, ethyl, propyl, i-propyl, t-~utyl, -CH2CF3, CF3 or -CH2-

cyclopropyl; 

R1 is CH2-A1
; · ; ·• 

where A1 in the definition of R1 is phenyl, thienyl, thiazotyl; pyridyH)r pyrimidyl. 

20 which is optionally substituted with one to three substituents, each substituent 

being independently selected from the group consisting of F, Cl, Me, OMe, 

CF3, OCF3 and OCF2H; and 

R3 is phenyl-CH2-0-CH2-,. phenyl-(CH2)a-, 3-indolyl-CHr. thienyl~CH2-0-CH2-, 
thiazotyl-CHrO-CHr , pyridyl.:.CHrO-CH2- , pyrimidyl-CH2-0-CH2- or phenyl-O-CH2-

25 CH2, where the aryl .portion is optionally substituted•with one to three substituents, 

each substituent being independently selected from the group consisting of F, Cl, 

Me, OMe, CF3, OCF3 and OCF2H. 

76. A compound according to claim 75 

wherein X5 and XSa are each methyl; 

30 R2 is methyl, ethyl, or -CH2CF3; 

A 1 · is phenyl optionally substituted with one to three substituents, each substituent 

being independently selected from the group consiSting of F, · Ct, Me, OMe, CF3, 

OCF3 and OCF2H; · 
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R3 is phenyl-CHr.-O-CH2-, phenyl-(CH2)a- or thieny1.::CH2-0-CH2- where the aryl 

portion is optionallyt~ilbstituted with one to three substituents, each substituent being 
. ·.' .. ! .. ~ . 

ind~pendently selected from the-group consisting of F, Cl, Me, OMe, CF3, ·.QCF3 and 

OCF2H. 

5 77. A compound according to claim 75 

wherein X5 and X58 are each methyl; R2 is methyl, ethyl, or,CH2CF3; 

A 1 is 2-pyridyl or 3-pyridyl optionally substituted with one to two substituents, each 

substituent being independently selected from the group consisting of F, Cl, Me, 

OMe, CF3, OCF3 and OCF2H; 

10 R3 is phenyl-CH2-0-CH2-, phenyl-(CH2)3- or thienyl-CH2-0-CH2- where the aryl 

portion is optionally substituted with one to three substituents, each substituent being 

independently selected from the group consisting of F, Cl, Me, OMe, CF3, OCF3 and 

OCF2H. 

78. A compound according to claim 75 

15 wherein X5 and X58 are each methyl; R2 is methyl, ethyl, or CH2CF3; 

A 1 is phenyl optionally substituted with one to three substituents, each substituent 

being independently selected from the group consisting of F, Cl, Me, OMe, CF3, 

OCF3 and OCF2H; R3 is 2-pyridyl-CHrO-CHr, or 3-pyridyl-CH:r0-CH2- where the 

aryl portion is optionally substituted .with. one to two substituents, each substituent 

20 being independently . selected from the group consisting of F, Cl, Me, OMe, CF3, 

OCF3 and OCF2H. 

79. A compound according to claim 77 having the formula 

the racemic-diastereomeric mixtures and optical isomers of said compounds wherein 

25 R2 is methyt; A 1 is 2-pyridyl; and R3 is -CH2..0-CH2-phenyl; 

R2 is CH2CF3; A 1 is 2-pyridyl; and R3 is -CH2..0-CH2-3-chloro-phenyl; 

R2 is CH2CF3; A 1 is 2-pyridyl; and R3 is -CHrO-CH2-4-chloro-phenyt; 

R2 is CH~F3; A 1 is 2-pyridyl; and R3 ls -CHrO-CH2-2.4-di-chloro1)henyl; 

R2 is CH2CF3; A 1 is 2-pyridyl; and R3 is -CH2-0-CH2-3-chloro-thiophene; or 

·---------·--
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R2"is CH~CF3; A1 is2-pyridyl;·and R3 is -CHi-O-CH2-2,4-di-fluoro-phenyl. 

80. . The diastereomeric mixture of a compound according to claim 79 

where the compoul'.ld is 2-amino-N-[1-(R)~benZ:ytdxym·ettiyl-2-(2-methyl-3-oxo-3a­

(R,S)-pyridin-2-ylmethyf-2,3,3a,4,6,7-he:i<ahydro-py~ol~[4,3-c)pyridin-5-yl)-2-oxo-

5 ethyl]-2-methyl-propionamide. 

81. The compound according tb claim 80 Where the compound is 

2-amino-N-[1-(R)-ben~yloxymethyl~2-(2-m_ethyl~3~xo~3~-(R)-pyridin-2-ylmethyl-
2,3,3a,4,6, 7-hexahydro-pyrazolo(4,3-c]pyridin-5-yl)-2-p:i<~hyl)-2-methyl­

propionamide. 

1 O 82. The compound according to claim 80 where the compound is 

15 

20 

2-Amino-N-[1-(R)-benzyloxymethyl-2-(2~methyl-3-oxo:~3a-(S)-pyridin-2-ylmethyl-. '· 

2,3,3a,4,6, 7-hexahydr~-pyrazolo(4,3-c]pyridin.;5-yl)-2~·~xo~thyl]-2-methyl-
propionamide. 

83. The diastereomeric mixture of a comp~und according to claim 79 

where the compound is 2-amino-N-{1-(R)-(3.;chlor~nzyloxymethyl)-2-oxo-2-[3-
oxo-3a-(R,S)-pyridirr2~ylmethyl-2-(2,2,2~triflu()ro-ethyl)-2,3,3a,4,6,7-hexatiydro-

pyrazolo[4,3-c ]pyridin-S-yl]-ethyl}-2-methyl-propionamide. 

84. Th.e c:Ompound according to claim 83 ~ere the compciuncf.is 2-
. . : . . . ~:~· 

amino-N-{1-(R)-(3-chloro~benzyloxymethyl)•2-oxo-2-[~xo-3a-(R)-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. 

85. The compound according to claim 83 whet"re the compound is 2-

amino-N-{1-(R)-{3-chloro-benzyloxymethylr2-oxo-2-(3-oxo-3a-(S)-pyridin-2-ylmethyl-

2-(2,2,2-trifluoro-ethyl)-2,3,3a,4.6, 7-hexahydro-pyra%olo[4,3-c )pyridin-5-yl)-ethyl}-2-

25 methyl-propionamide. 

86. The diastereomeric mixture of a compound according to claim 79 

where the compound is 2-amino;.N-{1-(R~(4-chlor~benzyloxymethyl)-2-oxo-2-[3-
oxo-3a-(R,S)-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. 

30 87. The compound according to claim 86 where the compound is 2-

amino-N-{1-(R)-{4-chloro-benzyloxymethyl)•2-oxo.;2~[3-oxo-3a-(R)-pyridin-2-yl 

methyl-2-(2,2,2-trifluoro-ethyl)-2,3,3a,4,6,7-hexahydro-pyrazolo[4,3-c ]pyridin-5-yl]-

ethyl}-2-methyl-propionamide. 
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88. The_c;ompound according to claimt86 where the compound is 2-
: . . 

amino-N-{1-(R)-(~~loro-benzyloxymethyl)-2-oxo-"~43-oxo-3a-(S)-pyridin-2-yl 
. ~ ~ ... ": . . 

methyl-2-(2,2,2-trifluoro-ethyl)-2,3,3a,4,6, 7-hexahydro-pyrazolo[4,3-c )pyridin-5-yl]­

ethyl}-2-methyt-propionamide. 

5 89. The diastereomeric mixture of a compound according to claim 79 

where the compound is 2-amino-N-{1-(R)-(2,4-dichloro-benzyloxymethyl)-2-oxo-2-[3-

oxo-3a-(R,S)-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. 

90. The compound according to claim 89 where the compound is 2-

10 amino-N-{1-(R)-(2,4-dichloro-benzyloxymethyl)-2-oxo-2-[3-oxo-3a-(R)-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. 

91. The compound according: to claim 89 where the compound is 2-

amino-N-{1-(R)-(2,4-dichloro-benzyloxymethyl)-2-oxo-2-[3-oxo-3a-(S)-pyridin-2- · 

15 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. 

92. The diastereomeric mixture of a compound according to claim 79 

where the compound is 2-amino-N-{1-(R)-(4-chloro-thiophen-2.;ylmethoxymethyl};;.2-
···. .. . .. . ' : •: . 

oxo-2-[3-oxQ-3~-(R,S)-pyridin-2-ylmethyl-2-(2,2,2-trifluoro-ethyl)-2,3,3a,4,5,7-. ' . . . . . . . 

20 hexahydro-pyrazolo(3,4-c]pyridin-6-yl]-ethyl}-2-methyl-propionamide. 

93. The compound according to claim 92 where the compound is 2-

amino-N-{1-(R)-(4-chloro-thiophen-2-yfmethoxymethyl}-2-oxo;.2-[3-oxo-3a-(R)­

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. 

25 94. The compound according to claim 92 where the compound is 2-

amino-N-{1-(R)-(4-chloro-thiophen-2-ylmethoxymethyl)-2-oxo-2-[3-oxo-3a-(S)­

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. 

95. The diastereomeric mixture of a compound according to claim 79 

30 where the compound is 2-amino-N-{1-(R)-(2,4-difluoro-benzyloxymethyl)-2-oxo-2-[3-

oxo-3a-(R,S)-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. 
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. 95; The compound·according to claim 95 where the compound is 2-

amino-N-{1-(R)-(2,4-difluoro-benzyloxymethyl).,;2-oxo~~~(~ox0-3a~"(R)-pyridin-2-

ylmethyt-2-c2·.2,2-trifluoro-ethyl)-2,3,3a,4,6,7-hexahycird.:.:pyrazolo[4,3~cJpyridin-5-ylJ­

ethyl}-2-methyl-propionamide. 

5 97. The cC>mpound according to claim 95 where the compound is 2-

10 

amino-N-{1-(R)-(2,4-diftuoro-benzyloxymethyl)-2-oxo~~"'.[3-oxo-3a-(S)-pyridin-2-

ylmethyl..;2-(2,2,2-trifluoro-ethyl)-2,3,3a,4,6, 7-hexahydro~~yrazolo[4,3-c)pyridin-5-yl}­
ethyl}-2-methyl-propionamide. 

98. ·A compound according to claim· 8 having the formula 

the racemic-diastereomeric mixtures and optical isomers of said compounds wherein 

R 1 is -CH2-p~nyl, R2 is methyl and R3 is -(CH2)a-pherlyl; 

R1 is -CH2-phenyl, R2 is methyl and R3 is 3-indolyl-CHr; 

R1 is -CH2:..pheriyl, R2 is.ethyl and R3 is 3-indolyl-CH2~; 
15 R1 is -CH:z-4-fluoro-phenyl, R2 is methyl and R3.is 3-indolyl-CH2-; 

R 1 is -CH2-phenyl, R2 is methyl and R3 is -CH2-0-CH2~Ph~myl; · 
R 1 is -CH.rPlienyl, R2 is ethyl and R3 is -CH2-0-CH2-phenyl; · · 

R 1 is -CH2-phenyl, R2 is -C~CF3 and R3 is .;.CHrO-CH2~phenyl; 

R 1 is -CH2-4-fluoro-phenyl, R2 is methyl and R3 is -CH2-'0-CH2-phenyl; 

20 R 1 is -CH2-phenyl, R2 is t-butyl and R3 is -CH2-0-CH2~phenyl; or .. 

R 1 is -CH2-phenyl, R2 is methyl and R3 is -CH2-0-CH2-3,4-di-fluoro-phenyl. 

99. The djastereomeric mixture of a compound according to claim 98 

where the· compound is 2-amino-N-[2-(3a-(R,S)-benzyl.;2-methyl-3-oxo-2,3,3a,4,6, 7-

hexahydro-pyrazolo (4,3-c)pyridin-5-yl)-1-(R)-(3,4-difluoro-benzyloxymethyl)-2-oxo-

25 ethyl]-2-methyl-propionamide. 

100. The compound according to claim 99 where the compound is 

2-amino-N-[2-(3a-(R)-benzyl-2-methyl-3-oxo-2,3,3a,4,6, 7-hexahydro-pyrazolo [4,3-

c]pyridin-5-ylr1-(R)-(3,4-difluoro-benzyloxymethyl)-2-oxo-ethyQ-2-methyl­

propionamide. 

: .j .... :. 
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101. The compound accordi'1g to claim 99 where the compound is 

2-amino-N-[2-(3S.~($)-benzyl-2-methyl-3-oxo-2,3,3a;4,6, 7-hexahydro-pyrazolo '[4,3-
. ~: ~ . 

c)pyridin-5-yl)-1-(R)-(3;4-difluoro~enzYloxymethyl)-2-oxo-ethylJ-2-methyl-

propionamide. 

102. A compound according to claim 41 wherein R 1 is -CH2-phenyl; R2 is 

hydrogen or methyl and R3 is -CH2-Q-CHz-phenyl. 

103. A method according to claim 50 wherein the disease or condition is 

congestive heart failure. 

104. A method according to claim 50 wherein the disease or condition is 

frailty associated with aging. 

105. A method according to claim 51 wherein -the method is for 

accelerating the recovery of patients having undergone major surgery. 

106. A method according to claim 51 wherein the: method is for 

accelerating bone fracture repair. 

15 107. A method for increasing muscle mass, which method comprises 

administering to a human or other animal in need of such treatment an amount of a 

compound of claim 1 which is effective in promoting release of endogenous growth 

hormone. 

108. A method for the treatment of osteoporosis according to claim 53 

20 wherein the bisphosphonate compound is ibandronate. 

109. A method according to claim 59 wherein the estrogen agonist or 

antagonist is cis-6-(4-fluoro-phenyl)-5-[4-(2-piperidin-1-yl-ethoxy)-phenyl]-5,6, 7 ,8-

tetrahydro-naphthalene-2-ol; (-)-cis-6-phenyl-5-(4-(2-pyrrolidin-1-yl-ethoxy)-phenyl]-

5,6, 7 ,8-tetrahydro-naphthalene-2-ol; cis-6-phenyl-5-(4-(2-pyrrolidin-1-yl-ethoxy)-

25 phenyl)-5,6, 7 ,8-tetrahydro-naphthalene-2-ol; cis-1-(6'-pyrrolodinoethoxy-3'-pyridyQ-2-

phenyl-6-hydroxy-1,2,3,4-tetrahydro-naphthalene; 1-(4'-pyrrolidinoethoxyphenyl)-2-

(4"-fluorophenyl)-6-hydroxy-1 ,2,3,4-tetrahydroisoquinoline; cis-6-(4-hydroxyphenyl)-5-

(4-(2-piperidin-1-yl-ethoxy)-phenyl]-5,6, 7,8-tetrahydro-naphthalene-2-ol; or 

1-(4'-pyrrolidinolethoxyphenyl)-2-phenyl-6-hydroxy-1,2,3,4-tetrahydro-isoquinoline. 

30 110. A method for promoting growth in growth hormone deficient children 

which comprises administering to a growth hormone deficient child a compound of 

claim 1 which is effective in promoting release of endogenous growth hormone. 

----·--···---·---·----


