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GROWTH-HORMONE SECRETAGOGUES
This inven_tib_n relates to dipeptide ,compbunds which are growth hormone
secretagogues arici éfe useful for the treatment and prevention of osteoporosis.
Growth hormone (GH), which is secreted from the pituitary gland, stimulates
growth of all tissues of the body that are capable of growing. In addition, growth
hormone is known to have the following basic effects on the metabolic prbcess of the

body:
1. increased rate of protein synthesis in substantially all cells of the
body;
2. 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 '
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. Administrétion of exogenous growth hormone has been
shown to reverse many of the metabolic changes. Additional benefits of therapy
have in_cluded 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 exogenoi:s growth hormone or by
administering an agent which stimulated growth hormone production and/or release.
In either case the peptidyl nature of the compoun'd' necessitated that it be
administered by injection. Initially the source of growth hormone was the extraction
of the pituitary glands of cadavers. This resulted in an expensive product, and
carried with it the risk that a disease associated with the source of the pituitary gland
could be transmitted to the recipient of the growth hormone (e.g., Jacob-Creutzfeld
disease). Recently, recombinant growth hormone has become available which, while
no longer carrying any risk of disease transmission, is still a very expensive product
which must be given by injection or by a nasal spray.

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
secretion are being pursued, and may haﬁe 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 negative
feedback loops. |

Physiologic and pharmacologic stimulators of GH secretion include arginine,
L-3,4-dihydroxyphenylalanine (L-bOPA), glucagon, 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
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 peptidy! compounds related to GRF
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.
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WO 94/11012 refers to. certain dipeptides that promote release of growth
hormone. These dipeptides have the general structure
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The compounds of WO 94/11012 and WO 94/13696 are reported to be useful
in the treatment of osteoporosis in combination with parathyroid hormone or a
bisphosphonate. '

This invention provides compounds of the formula:
x4
R3 [
Z)e (CHz)n (!/ N /Rs\ /R7
\
(CHz)w (! R

)
the racemic-diasiereomeric mixtures and optical isomers of said éompound's and the
pharmaceutically-acceptable salts and prodrugs thefeqf.
wherein '
eisQor1;
n and w are each independently O, 1 or 2, provided that w and n cannot both be 0 at
the same time; '
Y is oxygen or sulfur;
R' is hydrogen, -CN, -(CH2)qN(X*)C(0)X®, -(CH2)N(X*)C(OXCH)-A",
-(CH)eN(X)SO(CHa)-A", ~(CH2)N(X)SO,X", ~(CHz)N(X)C(OINOC)CH)-A',
-(CH)NOC)C(OIN(X*HX®), -(CHZ),COINCXNX?), -(CH2)oCIOIN(X)(CH)rA',
{(CH3)qC(O)OXE, -(CH,)(C(OYO(CH A", -(CH,)qOX°, <(CHZ),0C(0)X’,
~(CH3)qOC(O)(CHy)rA", -(CHZ)OC(OIN(X®)(CHZ)-A', (CH2),OC(O)N(X*)(X®),
~(CH2)qC(O)X®, (CHZ)qC(O)CHa)-A', -(CH)N(XP)C(O)OX",

- ~(CH2)qN(X®)SONCX)(X), -(CH2)qS(O)mX’, -(CH2)S(O)m(CH2)-A,

~(C4-Cio)akyl, -(CHa)A", -(CH,)-(C5-Cr)cycloalkyl, ~(CHz)o-Y'-(C1-Colalkyl,
-(CHa)g-Y'<(CH)A" 0F -(CHp)q-Y'(CH)(Cy-Cr)cycloalkyt;
where the alkyl and cycloalkyl groups in the definition of R* are optionally
substituted with (C4-C,)alky!, hydroxyl, (C4-C)alkoxy, carboxyl, -CONH,,
-S(0)m(C4-Cg)alkyl, -CO,(C+-Cy)alky! ester, 1H-tetrazol-5-yl or 1, 2 or 3 fluoro;
Y'is O, S(O), ~-C{OINXE-, -CH=CH-, -C=C-, -N(X®)C(O)}-, -C(OINXE-,
-C(0)0-, -OC(O)N(X®)- or -OC(O)-;
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qis0,1, 2,30r 4,
tis0,1,20r3;
said (CH,), group and (CH,), group may each be optlonally substituted with
hydroxyl, (C1-Ca)alkoxy, carboxyl, -CONH;, -S(O)m(C1-Ca)alkyl,
-CO,{Cs-C,)alkyl ester, 1H-tetrazol-5-y}, 1, 2 or 3 fiuoro, or 1 or 2 (C,-
C,)alkyl;
R? is hydrogen, (C-Cg)alkyl, -(Co-Ca)alkyl-(C,-Cg)cycloalkyl, -((:,-(:‘,)alkyl-A1 or A';
where the alkyl groups and the cycloalkyl groups in the definition of R? are optionally
substituted with hydroxyl, -C(0)OX?, -C(O)N(X*}(X®), -NOC)(X®),
-S(0)m(C1-Cg)alkyl, -C(O)A", -C(O)(X%), CF3, CN or 1, 2 or 3 halogen;
Ris A', (C{-Cqo)alkyl, -(C{_-Ca)alkyl-Aﬂ (C4-Cg)alkyl-(C3-C7)cycloalkyl,
-(C1-Cs)alkyl-X'-(C4-Cg)alkyl, -(C;-Cs)alkyl-X'-(Co-Cs)alkyl-A' or
—(C1-Cs)alkyl-x -(C1-C_r,)alkyl-(C3-C-,)cycloalky| _
where the alkyl groups in the definition of R® are optlonally substituted with, -
S(O)(C1-Ce)alkyl, -C(O)OX?, 1, 2, 3, 4 or 5 halogens, or 1, 2 or 3 OX>;
X' is O, $(O)m, -NOF)C(O)-, -C(OIN(X)-, -OC(O)-, -C(0)O-, -CX*=CX*,
-N(X?)C(0)O-, -OC(O)N(X?)- or -C=C-; |
R* is hydrogen, (C-Ce)alkyl or (Cs-Cr)cycloalkyl, or R* is taken together with R® and
the carbon atom to which they are attached and form (Cs-C;)cycloalkyl, (Cs-
C;)cycloalkenyl, a partially saturated or fully saturated 4- to 8-membered ring having
1 to 4 heteroatoms independently selected from the group consisting of oxygen,
sulfur and nitrogen, or is a bicyclic ring system consisting of a partially saturated or
fully saturated 5- or 6-membered ring, fused to a partially saturated, fully unsaturated
or fully saturated 5- or 6—membered ring, optionally having 1 to 4 heteroatoms
independently selected from the group consisting of nitrogen, suifur and oxygen;
X* is hydrogen or (C-Cg)alky! or X* is taken together with R* and the nitrogen atom
to which X* is attached and the carbon atom to which R* is attached and form a five
to seven membered ring;

5 5
X
N/
~C 7~
R® is a bond oris (CHz)a  (CH2)o .

where a and b are independently 0, 1, 2 or 3;
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X® and X® are each independently selected from the group consisting of

hydrogen trifiuoromethyl, A' and optlonally substttuted (C,-Cs)alkyl
the optionally substituted (C1-Ce)alkyl in the definition of X5 and X** is
optionally substituted with a substituent selected from the group
consisting of A", OX?, -S(O)n(C1-Ca)alkyl, -C(O)ox2
(C4-Cy)cycloalkyl, -N(X3)(X?) and -C(O)N(Xz)(xz)

or the carbon bearing X® or X** forms one or two alkylene bridges with the

nitrogen atom bearing R” and R® wherein each alkylene bridge contains 1 to

5 carbon atoms, provided that when one alkylene bridge is formed then X° or
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X5® but not both may be on the carbon :a'tom' and R” or R® but not both may
be on the nitrogen atom and further provided 'that:when two alkylene bridges
are formed then X® and X cannot be on the carbon atom and R’ and R®
cannot be on the nitrogen atom; ’ |

or X® is taken together with X® and the carbon atom to which they are
attached and form a partlally saturated or fully saturated 3- to 7-membered
ring, or a partially saturated or fully saturated 4- to B-membered ring having 1

to 4 heteroatoms mdependently selected from the group oonslstmg of

oxygen, sulfur and nitrogen;
or X° is taken together with X** and the carbon atom to which they are

attached and form a bicyclic ring system mnsistiiw”_g of a partially saturated or-

fully saturate'd 5- or 6-membered ring, optionally having 1 or 2 heteroatoms

independently selected from the group consisting'_' of nitrogen, sulfur and

oxygen, fused to a partially saturated, fully saturated or fully unsaturated 5- or
6-membered ring, opt|onally having 1 to 4 heteroatoms mdependently
selected from the group consisting of nitrogen, sulfur and oxygen '

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

R and R® are independently hydrogen or optionally substituted (C,-Cg)alkyl;

30

where the optionally substituted (C4-Cg)alkyl in the definition of R and R® is
optionally independently substituted with' Al -_C(O)Q-(C,-Cs)alkyl,
-S(O)m(C4-Celalkyl, 1 to 5 halogens, 1 to 3 hydroxy, 1 to 3 -O-C(O)(Cs-
Cio)alkyl or 1 to 3 (C4-Ce)atkoxy; or

R’ and R® can be taken together to form ~(CHy)-L-(CHa),~;
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where L is C(X?)(X?), S(O)m or NOG);

A for each occurrence is independently (Cs-C;)cycloatkenyl, phenyl or a partially

saturated, fully saturated or fully unsaturated 4- to 8-membered Ting 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 saturat_ed 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, optiorially having 1 to 4 heteroatoms independently selected from

10 the group consisting of nitrogen, sulfur and oxygen; -
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Al for each occurrence is independently optionally substituted, in one or
optionally both rings if Al is a. bicyclic ring system, with up to three
substituents, each substituent independently selected from the group
consisting of F, Cl, Br, I, OCF3, OCF,H, CF;, CHs, OCHj, -0X5, '
-C(OIN(X®)(XP), -C(0)OX?, oxo, (C1-Cg)alkyl, nitro, cyano, benzyl,
-S(0)(C4-Ceg)alkyl, 1H—tetraqu-5-yl, _phenyl, phenoxy, phenylalkyloxy,
halophenyl, methylenedioxy, -N(X®)(X%), -N(X*)C(O)(X®), -SO,N(X’)(X°),
-N(X®)SO-phenyl, -N(X®)SO,X5, -CONX"'X"2, -SO,NX"'X'2, -NX®S0,X"2
NXSCONX''X'2, -NXBSO,NX''X"?, -NX3C(O)X'?, imidazolyl, thiazolyl or
tetrazolyl, provided that if A' is optionally substituted with methylenedioxy
then it can only be substituted with one methylenedioxy;
where X' is hydrogen or optionally substituted (C4-Cg)alkyl;
the optionally substituted (C,-Ce)alkyl defined for X" is
optionally independently substituted with. phenyl, phenoxy, (C;-
Ce)alkokycarbonyl, -S(0O)m(C4-Cg)alkyl 1 to 5 halogens, 1 to 3
hydroxy, 1 to 3 (C4-Cyp)alkanoyloxy or 1 to 3 (C4-Ce)alkoxy;
X' is hydrogen, (Cy-Ce)alkyl, phenyl, thiazolyl, imidazolyl, furyl or
thienyl, provided that when X2 is not hydrogen, X'? is optionally
substituted with one to three substituents independently selected from
the group consisting of Cl, F, CH3;, OCH;, OCF3 and CF3;
or X*' and X"? are taken together to form ~(CH,)-L"-(CHz)~;
L' is COG)(X?), O, S(O)m or N(X?);

r for each occurrence is independently 1, 2 or 3,
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X? for each occurrence is independently hydrogen, optionally substituted (Ci-
Ce)alky!, or optionally substituted (C,-C;)cycloalkyl, where the optiohally substituted
(C+-Celalkyl and optionally substituted (Cs-Cr)cycloalkyl in the definition of X2 are

' optionally independently substituted with -S(O)m(c,-c.,)alkyl (00X}, 1105
* halogens or 1 to 3 OX; '

X? for each occurrence is independently hydrogen or (C,-Cg)alkyl; ~
X® is independently hydrogen, optionally substituted (C;-Co)alkyl, (Co-Ce)halogenated
alkyl, optionally substituted (C3-C;)cycloalkyl; (C3-C;)-halogenatedcycloalkyl, where
optionally substituted (C;-Ce)alkyl and optionally substituted (C5-C;)cycloalkyl in the
definition of X® is optionally independently substituted by 1 or 2 (C,-C,)alkyl;
hydroxyl, (C,-C.Qalkoxy, carboxyl CONH,, -S(O),,.(C,-Ce)alkyl carboxylate (Cy-
C,)alkyl ester, or 1H-tetrazol-5-yl or
when there are two X® groups on one atom and both X® are independently (C,-
Cg)alkyl, the two (C1-C3)alkyl groups may be optlonally )omed and, together with the
atom to which the two X&' 'groups are attached; form a 4- to 9- membered ring
optionally having oxygen, sulfur or NX7; |

X7 is hydrogen or (C,-Ce)alkyl optlonally substltuted with hydroxyl and
m for each occurrence is mdependentty 0,1o0r 2 '

~ with the proviso that:

X® and X'? cannot be hydrogen when it is attached to C(O) or SOz in the form
C(O)X®, C(0)X"2, SO,X® or SO,X"2 and

when R® is a bond then L is N(Xz) and each r in the definition -(CHz),-L-(CHz),- is
independently 2 or 3.

A preferred group of compounds, designated the “A Group”, contains those
compounds having the formula | as shown hereinabove wherein X* is hydrogen; R*
is hydrogen or methyl; R’ is hydrogen or (C4-Cs)alkyl; R%is hydrogen or (C,-C;)atkyl
optionally substituted with one or two hydroxyl groups; |

X\/

Ris (CHZ)‘ (CHz)b_ where Z1 is a bond and a is O or 1;

X5 and X are each _independently hydrogen tnﬂuoromethyl phenyl, optionally
substituted (C4-Cg)alkyl;
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where the optionally substituted .(C4+-Cg)alky! is optionally substituted with
OX2, imidazolyl, phenyl, indolyl, p—hydroxyphenyl, (Cs'-c7)cycioalkyt,
-S(O)m(Cr-Colalkyl, -N(X?)(X?) or -CONX)X;
or X% and R’ are taken togethef to form a (C4-Cs)alkylene bridge, and the other
substituents not defined for the “A Group” compounds are as defined for formula (1)
hereinabove. | |
A group of compounds, | which is preferred -among the "A Group® of
compounds, designated the “B Group”, contains those compounds of the ‘A Group”,
having the formula | as shown hereinabove, whérein b is 0; X° and X% are each
independently hydrogen, (C4-Cj)alky! or' hydroxy(C4-Cs)alkyl; R? is selected from the
group consisting of 1-indolyl-CH,-, 2-indolyl-CH,-, 3-indolyI-CH2-, 1-naphthyl-CH,-, 2-
naphthyi-C.Hz-, 1-benzimidazo|yI—CH2-, 2-benzimidazolyl-CH;-, phenyl-(C,-C,)alkyl-,
2-pyridyl-(C4-C4)alkyl-, 3-pyridyl-(C4-C,)alkyl-, 4-pyridyl-(C4-C,)alkyl-, phenyl-CH-S-
CH,-, thienyl-(C4-Cj)alkyl-, phenyl-(Co-Cj)alkyl-O-CH,-, pheriyl-CHz-O-phenyl-CHz-,
and 3-benzothienyI-CHz-; ' .
where the aryl portion(s) of the groups defined for R® are optionally
substituted  with one to three substituents, each  substituent being
independéntly selected from t_he group consisting of methylenedioxy, F, Cl,
CHs, OCH,, OCFs, OCF,H and CF. |
A group of compounds, which is preferred among the "B Group” of
compounds, designated the “C Group”, contain those compounds of the “B Group”,
having the fomiula | as shown hereinabove, wherein R*is hydrogén; aisO;nis 1or
2. wis 0 or 1: X° and X® are each independently, hydrogen, methyl or
hydroxymethyl, provided that when X% is hydrogen then X52 is not hydrogen;
R’ and R® are each hydrogen; and |
R® is phenyl-CHy-O-CH,-, phenYt-CHz-S-CHz-. 1-naphthyl-CH,-, 2-naphthyl-CH,-,

 phenyl-(CHa)s- or 3-indolyl-CHy~;

where the aryl portion of the groups defined for R® is optionally substituted
with one to three substituents, each subst_ituent being independently selected
from the group consisting of fluoro, chioro, methyl, OCH;, OCF,H, OCF, and
CF;.
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A g'roup' of compounds, which ls p'referr:e:'d' amon'g "th'e “C Group® of
compounds, deslgnated the “D Group", contains those compounds of the “C Group”,
having the formula | as shown heremabove whereln R'is -(CHZ),-A
-(CHz)q-(Ca-Cﬂcycloalkyl or (C4-Cyo)alkyl; | |

where A’ in the definition of R' is optionally substituted with one to three

substituents each substituent being independently selected frorn the group
consnstmg of fluoro, chloro methyl, OCH,, OCFzH OCF3 and CF3.

the cycloalkyl and alkyl groups inthe deﬁnrtron of R are optlonally substituted

with (C4-C,)alkyl, hydroxyl (C,-C..)alkoxy. carboxyl CONHz,

-S(O)m(C4-Ce)alkyl, -Coz(c,-c4)alkyl ester, 1H—tetrazol-5-yl or1to3 fluoro
Yis O; R?is hydrogen, -(Co-Ca)alkyl-(C3-Ca)cycloalkyl phenyl or (C,-Ca)alkyl where
the (C,-Ca)alkyl group is optlonally substituted with hydroxyl -CF;or1to3 halogen

A group of compounds, whrch is preferred among the "D Group” of
compounds, desrgnated the “E Group”, contams those compounds of the “D Group”
whereinwis Oand nis 1. o -

Another group of compounds, which is preferred among the ‘D Group” of
compounds, designated the “F Group®, are those c:o'rnpo:und's' of the ‘D Group"_.

'havmg the formula | as shown herernabove whereln eisO; n and w are each 1;

Vis «(CH)-A";
where A' in the deﬁmtron of R'is phenyl thienyl thiazolyl, pyridyl or pynmsdyl
which is optionally substltuted with one to three substrtuents each substituent
being independently selected from the group consisting of F, Cl Me, OMe,
CF, OCF;and OCF,H;
tisO, 1or 2; _
and R® is phenyl-CH,-O-CH,-, phenyl-(CH,)s- or 3-i_ndolyI-CHz-. where_ the aryl
portion is optionally substituted with one to three substituents, each substituent being
independently selected from the group consistlng of F, Cl, Me, OMe. CF3, OCF, or
OCF A _ _ g
A group of compounds which is preferred among the “F Group® of
compounds, designated the “G Group®, contalns those compounds of the “F Group”,
having the formuia | as shown hereinabove, wherein X5 and X are each methyl; R’
is -CHp-phenyl, -CHx4-fluoro-phenyl, -CHg-pyridyl or -CH,-thiazolyl and R? is
hydrogen, methyl, ethyl, t-butyl or -CH,CF3.
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A group of compounds, which is preferred among the “G Group” of
compounds, designated the _"G1 Group”, contains those compounds of the *G

RR O
N NH
\"/‘\ N 2
0 H

the racemic-diastereomeric mixtures and optical isomers of said compounds wherein
R is -CH,-phenyl, R? is methyl and. R® is -(CHg)s-phenyl;
R! is -CH,-pheny!, R? is methyl and R® is 3-indolyl-CHo-;
R' is -CH,-phenyji, RZis ethyl and R® is 3-indolyl-CH,-;
R’ is -CHy~4-fluoro-phenyl, R? is methyl and R® is 3-indolyl-CHz-;
R is -CH,-phenyl, R? is methyl and R is -CH,-O-CH,-phenyl;
R'is -CH,-phenyl, R? is ethyl and R® is -CH,-O-CH_-phenyl;
R is -CH,-phenyl, R?is -CH,-CF; and ._R3 is -CHZ-Q-CHz-phenyI;
R is -CH,-4-fluoro-phenyl, R? is methyl and R? is -CH,-O-CH,-phenyl;
R' is -CH,-phenyl, R is t-butyl and R® is -CH,-O-CH,-phenyl; or .
R' is -CH,-phenyl, R? is methy! and R? is -CH,-O-CH,-3,4-di-fluoro-phenyl. -
The diastereomeric mixture of 2-amino-N-[2-(3a-(R,S)-benzyl-2-methyi-3-

Group”, and have the formula

R:—N

ox0-2,3,3a,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 G Group'n of
compounds and the separated 3a-(R) and 3a-(S) isomers are preferred of the

- diastereomeric mixture.

A group of compounds, which is prefered among the ‘G Group® of
compounds, designated the “H Group®, contains those compounds of the “G Group®,
having the formula | as shown hereinabove, wherein R is '-CHz-phenyl and R® is
phenyl-(CHy)s-. _ '

| The diastereomeric mixture of 2-amino-N-[1-(3a-(R,S)-benzyl-2-methyi-3-
oxo-2,3,3a,4,8,7-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 ¢Ornpo'unds; which is 'p'refé"rr'éd among the "G Group” of
compounds, designated the “I Group”, containis t'hdse':"'cdinpdtxnds'of the “G Group"
wherein R' is -CH,-phenyl or -CH,-4-fluoro-phenyl and R® is 3-indolyl-CH-.

The diastereomeric mixture of -2-amino—N-[2-(Sa-(R-.S)—benzyl-2-methyl-3-
oxo-2,3,3a,4,6,7-hexahydro-pyrazolo-{4,3-c]pyridin-5-yl)-1-(R)-(1H-indol-3-yimethyl)-
2-oxo-ethyl]-isobutyramide is preferred ambng'th_e “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)-benz'yl-Zaethyl-3-bxo-
2,3,3a,4,6,7-hexahydro-pyrazolo[4,3-c]pyridin-5-yl)-1 -'(R)-( 1H-indol-3-yimethyl)-2- |
oxo-ethyi]-iscbutyramide is also preferred among thé “I Group” of compounds and
the separated 3a-(R) and 3a-(S) isomers are preferred of the diastereomeric mixture.

The diastereomeric mixture of 2-—aminoiN-'[2-.[33-(R,S)-(4-ﬂuoro-benzyl)-2-
methyl-3-oxo-2,3,3a,4.6,7-hexahydro-pyrazolo{4,3—¢]pyﬁdin-5-ylj-1 -(R)~(1H-indol-3-
ylmethyl)-z-oxo-efhyl]-isobutyramide is also p'ref"erréd among the “| 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 “G: Grodp" of -
compounds, designated the “J Group”, contains those compounds of the “G Group”
wherein R’ is -CH,-pheny! or -CH,-4-fluoro-pheny! and R® is phenyl-CH,-O-CH_-.

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 a:ﬁong 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
3a-(R) isomer s a prefetred salt. o -

The diastereomeric mixture of 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)-benzyloxymethyl-2-oxo-
ethyl}-isobutyramide is also preferred among the “J 'éroup" 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)-benzyl-3-ox0-2-(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 is also preferred among the “J Group”
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of compounds, the separated 3a-(R) and 3a-(S_) isomers .are preferred of the
diastereomeric mixture and the 3a-(R) isomer is preferred overithe 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-
c)pyridin-5-yi}-2-oxo-ethyi}-isobutyramide is also preferred among the “J Group”® of
compounds and the separated 3a-(R) and 3a-(S) isomers are preferred of the
dcastereomenc mixture. | |

The diastereomeric’ mixture of 2-amino-N-{2-(3a-(R,S)-benzyl-2-tert-butyl-3-
oxo-2,3,3a.4,6,7-h§xahydro-pyrazolo_[4,3-c]pynd|n-5-y|)- -(R)-benzyloxymethyl-2-

oxo-ethyl]-isobutyramide is also pref_erre_d 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 “D Group® of
compounds, designated the “K Group”, contains those compounds of the "D Group
whereineis 1:nis1; wis 1, R' is -(CHz).-A

where A’ in the definition of R’ is phenyl, thienyl, thiazolyl, pyridyl or pyrimidy}

which is optionally substituted:.with one to three substitugnts. each substituent

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

CFs. OCF; and OCFH;
| tis 0, 10r2; |
and R® is phenyl-CH,-O-CH,-, phenyl-(CH,)3- or 3-indolyl-CH-, 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,"OCF, or
OCF,H. .

A group of compounds which is preferred among the "K Group” of
compounds, designated the “L Group’, are those compounds of the “K Group”
wherein X° and X5 are each methyl; R' is -CH,-phenyl, -CH,-4-fluoro-phenyl, -CH-
pyridyl or -CHz-thiazolyI and R? is hydrogen, methyl, ethyl, t-buty! or -CH,CF;.

A group of compounds which .is preferred among the “L Group”, designated
the “L! Group”, are those compounds of ihe ‘L Group” wherein R'is -CHgz-phenyl; R?
is hydrogen or methyl and R? is -CH2-O-CH,-phenyl.

The diastereomeric mixture of 2-amino-N-[2-(3a-(R,S)-benzyl_-s-oxo-
2,3,3a,4,6,7-hexahydro-pyrazolo[4,3-c]pyridin-5-yi)-1-(R)-benzyloxymethyl-2-oxo-
ethyl]-isobutyramide is preferred among the “J Group”, the separated 3a-(R) and 3a-
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(S)i isomers are preferred of the drastereomenc mlxture and the 3a-(R) isomer is
preferred over the 3a-(S) isomer. ' C
Another group of compounds whrch is preferred among ‘the *A Group” of

compounds designated the M Group contains those compounds of the “A Group”,
having the formula | as shown hereinabove, wherein b is 0; X° and X are each

'indepe'ndently hydrogen, (C;-Cs)alkyl or hydmxy(c1-ca)élkyl;

R® is selected from the group consisting of 1-indolyl-CH,-, 2-indolyl-CH,-, 3-indolyl-
CH,-, 1-naphthyl-CH,-, 2-naphthyl-CH,-, 1-benzimida20lyl-CHz-, Z-benzimidazolyl-
CHg-, phenyl-(C4-Cy)alkyl-, 2-pyridyl-(C,-C,)alkyl-, 3-pyridyl-(C,-C,)alkyl-, 4-pyridyl-
(C4-Cy)alkyl-, phenYl-CHz-S-CHz-. thienyl-(C,-C;)alkyl—,“ phenyl~(Co-Ca)alkyI-O-CHz-,-
phenyl-CHé—O-phenyFCHzé 3-benzothienyI—CH54, 'thi'enyl-CHz-O—CHz-. thiazolyl-
CHz-O-CHz-. pyridyl-CH>-O-CH,-, ynmrdyl-CHz-O-CHz— and phenyl-O-CHz-CHz. ‘
where the aryl portron(s) of the groups def’ ned for R® are optronally
substituted with one to three substituents, each substituent being
independently selected from the group conslstrng of methylenedloxy, F, Cl,

CHs, OCH;, OCF;, OCF,H and CF.

A group of compounds, which is preferred among the “M Group” of
compounds, designated the “M’ Group”, contains those ' compounds “of the “M
Group”, having the formula | as shown hereinabove, \nrheréin Ris hydrogen; a is 0;
nis 1, wis 1; e is 0; X° and X are each mdependently, hydrogen, methyl or
hydroxymethyl, provided that when X® is hydrogen then X* is not hydrogen; R7 and
R® are each hydrogen; Y is oxygen; R? is ‘hydrogen, methyl, ethyl, propyl, i-propyl, t-
butyl, -CH,CF3, CF3 or -CH,-cyclopropyl; R' is CHx-A'; where A’ in the definition of
R!is phenyl thleny! thiazolyl, pyridyl or pynmldyl whuch is optionally substituted wrth
one to three substituents, each substituent being rndependently selected from the
group conststmg of F, Cl, Me, OMe, CF3, OCF, and OCFH; and R is phenyl-CH,-
O-CH,-, phe'nyl-(CHz)s-. 3-indolyl-CH,-, thienyILCH-;.-O-CHz-,' 'thiazolyl-CHz-O-CHz- . |
pyridyl-CH,-O-CH,- , pyrimidyl-CHz-O-CH,- or phenyl-O-CH,-CH,, where the aryl

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

independently selected from the group consmtmg of F, Cl, Me, OMe, CF;, OCF, and
OCF,H.

A group of compounds, which is preferred among the ‘M’ Group” of
compounds, designated the “N Group', contains those compounds of the “M’
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Group®, having the formula | as shown hereinabove, swherein X° and X* are each
methyl; R? is methyl, ethyl, or <CH,CF3; A' is phenyi optionally substituted with ‘one
to three substituents, each substituent being independently selected from the group
consisting of F, Cl, Me, OMe, CF;, OCF3; and OCF.H; R® is phenyl-CH-O-CHz-,
phenyl-(CHy)s- or thienyl-CH,-O-CH,- where the aryl portion is optionally substituted
with one to three substituents, each _s'ubstitueht-. being independently selected from
the group consisting of F, Cl, Me,:OMe, CF3, OCF3 and OCFzH. '

Another group of compounds, which is preferred among the “M' Group” of
compounds, designated the “O- Group”, contains those compounds of the “M’
Group®, having the formula | as shown hereinabove, wherein x5 and-X5* are each
methyl: R? is methyl, ethyl, or CH,CFs; A' 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, OCF; and OCFH; R3is
phenyl-CH,-O-CHg-, phenyl-(CHz);- or . thienyl-CH,-O-CH,- 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, CF,, OCF; and
OCFH. | . .

~_ Another group of compounds, which is preferred among the “M' Group” of
corﬁpounds._ designated the “P Group”, contains those compounds of the “™'
Group®, having the formula | as shown hereinabove, wherein X5 and X are each
methyl; R? is methyl, ethyl, or CH,CF3; A’ is pheny! optionally substituted with one to
three substituents, each substituént being independently selected from the group
consisting of F, Cl, Me, OMe, CF3, OCF; and OCF,H; R? is 2-pyridyl-CH,-O-CH,-, or
3-pyridyl-CH,-O-CH,- where the aryl portion is optionally substituted with one to two
substituents, each substituent being independently selected from the group
consisting of F, Cl, Me, OMe, CF3, OCF; and OCF,H.

A group of compounds, _which is preférred 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 racemtc—dsastereomenc mixtures and optlcal lsomers of sald compounds wherein
R?is methyl; A is 2-pyridy!; and R® is -CHz-O-CHz-phenyl a
R?is CH,CF,; A is 2-pyndy| and R%is -CHz-O-CHz-B-chloro-phenyl
2is CH,CF,; Al is 2-pyndyl and R?is -CHz-O-CHz-4-chIoro-phenyI
R%is CH,CF;; Alis 2-pyridyl; and Ris —CHz-O-CHz-Z 4-d|-chloro-phenyl
R?is CH,CF,: Alis 2-pyridyl; and R®is -CHz-O-CHz-3-chloro-th|ophene. or
R? is CH,CFa; A is 2-pyridyl; and R? is -CH,-O-CH,-2,4-di-fluoro-phenyl.

‘The diastercomeric mixture of ~2-amino-N-[1-(R)-benzyloxymethyl-2-(2-
methyl-3-oxo—3a-(R.S)-pyridih-z-ylmethyl-z,3.3a,4.6,7;hexahydrb-pyrazolo{4.3-
clpyridin-5-yl)-2-oxo-ethyl}-2-methyl-propionamide is p?éferre‘d among ihe "Q Group”
of compounds and the separated 3a-(R) and 33-(8) tsomers are preferred of the
diastereomeric mixture. '

“The diastereomeric mixture of 2-ammo-N—{1-(R) (3-chloro-benzyloxy-methyl)
2-0x0-2-[3-0x0-3a-(R,S)- pyndln-z-ylmethyl-z (2 2 2-tnﬂuoro-ethyl)-2 3,3a,4,6,7-
hexahydro-pyrazolo[4 3-c]pynd|n-5-yI]-ethyl}-Z-methyl—prop:onamlde ‘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-am|no-N~{1"-(R)?(Lchloro-tienzyloiﬁ-methyl)-"-
2-0x0-2-[3-0x0-3a-(R,S)-pyridin-2-yimethyl-2-(2,2,2-trifluoro-ethyl)-2,3, 3a,4.6,7-
hexahydro-pyrazolo[4,3-c ']pyﬁdin-5-yi]-‘ethyl}-2-meihyi:propionéMide 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)-z-oxo-z-[3-oxo-33-(R S)-pyndln-2-ylmethyl-2-(2 2 2-tnﬂuoro-ethyl)-
2,3,3a,4,6 7-hexahydro-pyrazolo[4 3—c]pynd|n-5-yl]-ethyl}-z-methyl-proptonamcde is
preferred among the "Q Group” of compounds and the separated 33-(R) and 3a-(S)
isomers are preferred of the diastereomeric mixture. |

~ The diastereomeric mixture of 2-amino-N-{1-(R)-(4-chloro-thiophen-2-
yimethoxymethyl)-2-oxo-2-[3-oxo-3a-(R,S)-pyridin-2-ylmethyl-2-(2,2,2-trifluoro-ethyl)-
2,3,3a,4,5,7-hexahydro-pyrazolo[3,4-c]pyridin-6-yi}-ethyi}-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.



WO 97124369 PCT/IB96/01353

10

15

- 20

25

17-

The diastereomeric :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—ethyt)-

.2,3.3a,4,6,7-hexahydro-pyrazolo[4,3-(_:]pyridin—5-yt]-ethyl}f2-methyt-propionamide is

preferred among the “Q Group® of compounds: and the separated 3a-(R) and 3a-(S)
isomers are preferred of the diastereomeric m:xture '
A group of oompounds which contauns intermediates useful .in synthesnzmg
the compounds of formula (1) are of the formula
R?
O~. (CHa)e (CHzln
I T
R2/N\N/ (G
()
the racemic-diastereomeric mixtures and optical isomers of said compounds and the
pharmaceutically-acceptable salts thereof, wherein 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;
R! is hydrogen, -CN, -(CHz)NOCIC(O)XE, -(CH)N(X*)C(ONCH,)A',
“(CH2) NSO, (CHa)-A' , {CH)N(X)SO,X’, ~(CHN(X)COINXC)CHo)A',
~(CHNOGICOINOE) ), <(CHCONX)(X), «(CHR)COINCC)CHAA',

~(CH2)qC(O)OX®, -(CH,),C(O)O(CHZ)-A', -(CH2),0X°, ~(CH,);OC(0)X,
{(CH3)qOC(O)(CHy)rA", -(CH)OC(OIN(XENCHo)A', (CHZ)OC(OIN(X)(X®),

(CH)C(OIX®, -(CH,)CO)CH A", {CH)N(XC(0)OX",
~(CH)NCISONCHX?), (CH)gS(O)mX®, ~(CH)S(O)m(CHa)-A',
-(C4-C,p)alkyl, -(CHo)-A", -(CH2)q-(C3-C7)cycloalkyl, -(CHz)q-Y'-(C1-Cs)alkyl.
~«(CH,)q-Y'<(CH)rA' or -{(CH3)qY"-(CH2)r(C3-Cr)cycloalkyl;
where the alkyl and cycloalkyl groups in the definition of R' are optionally
substituted with (C,-C,)alkyl, hydroxyl, (C-C,)alkoxy, carboxyl, CONH,
-S(0)m(C1-Ce)alkyl, -CO2(C4-C,)alkyl, 1H-tetrazol-5-yl or 1 to 3 fluoro; Y'is 0,
S(0),,, -C(O)NXE, -CH=CH-, -C=C-, -N(X®)C(O)-, -C(O)NX’-, -C(0)O-,
-OC(O)N(X®)- or -OC(0)-; qis 0, 1,2, 3or 4;tis 0,1, 2 or 3;
-said (CH,), group and (CH,), group may each be optionally substituted with 1
to 3 fluoro, 1 or 2 (C4-C,)alkyl, hydroxyl, (C4-C,)alkoxy, carboxyl, -CONH,
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 -S(O)m(C1-Colalkyl, ~COL(C/-C,)alkyl ester, of 1H-tetrazol-5-yl;
R? is hydrogen, (C-Ca)alkyl, -(co-cs)alkyl-(c‘s-'cg)c'ycioalkyl ~(C1-Cy)alkyl-A" or A';
where the alkyl groups and the cycloalkyl groups in the définition of R2 are optionally
substituted by hydroxyl, -C(O)OX®, -C(O)N(OE)(XE), -N(x°)(x°)
-S(O)m(C+-Cglalkyl, -C(O)A', -C(O)(X®), CF3, CN or 1 to 3 halogen;
A' for each occurrence is independently (Cs-Cy)cycloalkenyl, phenyl or a partially
saturated, fully saturated or fully unséturatod 4- to""a-membéred 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
having 1 to 4 heteroatoms independently selected from the group consisting of
nitrogen, sulfur and oxygen, fused to a partially satﬁra't_ed. fully saturated or fully
unsaturated 5- or 6-membered ring, optionally having 1 to .4 heteroatoms
independently selected from the group consisting of nitrogen, sulfur and oxygen:
A'! for each occurrence is independently - optionally ‘substituted, in one or .
optionally both rings if A' is a bicyclic ring system, with up to three o
substituents, each substituent mdependently selected from the group
consisting of F, Cl, Br, |, OCF;, OCF;H, CF3, CHj, OCHj,, -OX®,
-C(OIN(X®)(X®), -C(O)OX?, oxo, (C1-Cg)alkyl, nitro, cyano, benzyl, ™
-S_(O)m(crcg)alkyl. 1H-tetrazol-5-yl, 'pheny’ll;- ' phenoxy, - phenylalkyloxy,
halophenyl, methylenedioxy, -N(X®)(X®), -N(X®)C(O)(X®), -SONOC)H(X®), -
-N(X®)SO-phenyl, -NOC)S0O,X%, -CONX''X", -SO,NX"'X"2, -NX®SO,X"?,
NXPCONX"'X™, -NX®SO,NX''X"?, -NX®C(0)X", imidazolyl, thiazolyl and
tetrazolyl, provided that if A’ is optionall;} -'su.b'st_i'tuted with methylenedioxy
then it can only be substituted by one methylenedioxy;
where X' is hydrogen or optionally substitr.ited (C4-Cg)alkyl;
the optionally substituted (C,'-Cs).aikyli defined for X' is
optionally independently substituted with phenyl, phenoxy, (C,-
Cs)alkoxycarbonyl -S(O)m(C1-C3)alkyI 1'to 5 halogens, 1 to 3
hydroxy, 1to0 3 (C1-C1o)alkanoy!oxy or 1 to 3 (C4-Cg)alkoxy; -
X' is hydrogen, (C,-Cg)alkyl, phenyl, thiazolyl, imidazolyl, furyl or
thienyl, provided that when X' is not hydrogen, X'2 is optionally
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substituted with one to three substituents:independently selected from
the group consisting of Cl, F, CHy, OCH3, OCF3 and CF3;
or X! and X2 are taken together to form -(CHz)-L'-(CHz)r-;
L' is COG)%?), O, S(O)m or NOX);
r for each occurrence is independently 1, 2 or 3,
X2 for each occurrence is independently hydrogen, optionally substituted (Cs-
Ce)alkyl, or optionally substituted (C5-C7)cycloalkyl, where the optionally substituted
(C4-Ce)alkyl and optionally substituted (Cs-C;)cycloalkyl in the definition of X2 are
optionally independently substituted with -S(O),..(C1-Ce)alkyl. —C(O)OX’, 1to5

‘halogens or 1to 3 ox?;

X2 for each occurrence is independently hydrogen or (C4-Cg)alkyl;

X® for each occurrence is independently hydrogen, optionally substituted (C;-
Ce)alkyl, (C-Cg)halogenated alkyl, optionally substituted (C5-C7)cycloalkyl, (Cs-Cq)-
halogenatedcycloalkyl, where optionally substituted (C;-Ce)alkyl and optionally
substituted (C;-C;)cycloalkyl in. the definition of X° is opti_onally independently
substituted by, hydroxyl, (C1-C4)all_<oxy-, carboxyl, CONH,, -S(O)m(C4-Cg)alkyl,
-CO,(C+-Cy)alkyl, 1H-tetrazol-5-yl or 1 or 2 (C4-C4)alkyl; or -

where there are two X% groups on one atom and both X® are (C4-Cg)alkyl, the two
(C+-Cg)alkyl groups may be optionally joined and, together with the atom to which the
two X® groups are attached, form a 4- to 9- membered ring optionally having oxygen,
sulfur or NX7;

X7 is hydrogen or (C4-Cg)alky) optionally substituted with hydroxyl; and
m for each occurrence is independently 0, 1 or 2,
with the proviso that: .

X® and X' cannot be hydrogen when it is attached to C(O) or SO; in the form
C(O)XE, C(O)X™2, SO,X° or SO.X'% and
when R? is hydrogen then R is not -CH=CH-pheny!.

A group of intermediate compounds preferred among the foregoing group of
formula (i), designated “Group AA", contains those compounds wherein w is 0 or 1;
nis 1, R'is hydrogen, -(CH,)q-(C3-Cr)cycloalkyl, -(CHz)'-A1 or (C4+-Cqp)alkyl where
the (C4-Cyp)alkyl and (C5-C;)cycloatkyl groups are optionally substituted with 1 to 3
fluoro and A' in the definition of R'is optionally substituted with 1 to 3 substituents
independently selected from the group consisting of F, Cl, Me, methoxy, CF;, OCF;
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and OCFzH R? is hydrogen (C4-Cg)alkyl, (Co-ca)alkyl-(Ca-C-,)cycloalkyl phenyl or
(C+-Cs)alkyl-pheny} where the alkyl and phenyl groups are optlonally substituted with
1 to 3 substituents independently selected from the group cons:stmg of F, CF3;, OH
and methoxy.

A group of compounds preferred among the ‘AA Group” compounds,
des:gnated “BB Group”, contains those compounds of "AA Group” whereinw is 1; e
is 0; R! Is -CH,-pyridyl, -CH,-thiazolyl, or -CHz-phenyl obtionalij substituted with 1 to
3 substituents mdependently selected from the group conslstlng of fluoro and chioro;
and R? is hydrogen (C4-Cs)alkyl or phenyl where the (C,-C4)alkyl or phenyl groups in
the definition of R? is optionally substituted with 1 to 3 substituents mdependently
selected from the group consnstmg of fluoro, hydroxy or methoxy

‘Compounds which are preferred among the "BB Group® compounds is the
diastereomeric mixture of a compound wherein R is -CHz-ph'e'rryI and R? is methyl or
hydrogen; and the separated 3a-(R) and 3a-(S) |somers are preferred of the
diastereomeric mixture. _

Another group of intermediate compounds which are useful in the synthesxs
of the compounds of formula () have the formula

2)3 (CHZ)I\
(CHz)w

(D))
the racemic-diastereomeric mixtures and optical isomers of _s'aid'compour'lds wherein
2'™ is methyl, BOC, CBZ, CFsC(O). FMOC, TROC, trityl, tosyl, CHyC(O)- or
optionally substituted benzyl which optionally substituied with me'thoxy, 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 0 at the same time:
R' is hydrogen, -CN, ~(CHZ)NOEIC(O)E, -(CHz)qN(Xs)C(O)(CHz).-A'
{CH2)N(X)SO(CHo)-A', {CHo)GNIX)SO,X’, -CH)NOCICOINOCKCH)A',
-(CH2NOGICIOINCK)(X®), -(CH,)COINXBOE), -(CH) COINDCYCH)A',
-(CHZ)gC(O)OX", ~(CH)C(O)O(CH2I-A', (CH2)OX, ~(CH)OC(0)X’,
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-{CH)OC(ONCHy)rA", «(CH,)OC(OINOCHCHR)AA', (CH)OCIOINX)X?),
H(CH)C(O)X?, -(CH2)(CONCH)rA' -(CH)N(X)C(O)OX’,
-(CH)NOGISONOCHX®), {CH)S(O)mX®, ~(CH)S(OIm(CHoICA',
~(C4-Cro)alkyl, -(CHa)-A', -(CHZ)q~(Ca-Cr)cycloalkyl, -(CHy)q-Y'-(C-Ce)alkyl,
«(CHy)gY'-(CH A" or -(CHp)g-Y'~(CH,)(Co-Cr)cycloalkyl;,
where the alkyl and cycloalkyl groups in the definition of -R! are optionally
substituted with (C-C,)alkyl, "hydroxyl, (C4-C,)alkoxy, carboxyl, CONH,,
-S(0)m(C4-Ce)alkyl, -CO5(C4-Cy)alkyl, 1H-tetrazol-5-yi or 1 to 3 fluoro;
Y' is O, S(O)m: ~C(O)NXE, -CH=CH-, -C=C-, -N(X®)C(O), -C(O)NX",
-C(0)0, -OC(O)N(X®) or -OC(O);
qis0,1,2,30r4;
tis0,1,20r3; _
said (CH,)q group and (CH,), group may each be optionally substituted with
hydroxyl, (C4-C,)alkoxy, carboxyl, -CONHz, -S(O)m(C+-Ce)alkyl,
-CO,(C4-Co)alkyl, 1H-tetrazol-5-yt, 1 to 3 fluoro or 1 or 2 (C4-C,)alkyl;
RZis hydrogen, (C1-Cg)alkyl, (Co-Ca)alkyl-(Cs-Cs)cycloalkyl, ~(C1-Ca)alkyl-A' or A';
where the alkyl groups and the cycloalkyl groups in the definition of R? are optionally
substituted with hydroxyl, -C(0)OX®, -C(O)N(X®)(<®), -N(X®)(X%), '
-S(0)m(C1-Ce)alkyl, -C(O)A’, -C(O)(X®), CF3, CN or 1 to 3 halogen;
A' for each occurrence is independently (Cs-C-)cycloalkenyl, phenyl or a partially
saturated, fully saturated or fully unsaturated 4- to 8-membered ring optionally
having 1 to 4 heteroatoms independently selected from the group consisting of
oxygen, sulfur and nitrogen, 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
unsaturated 5- or 6-membered ring, optionally having 1 to 4 heteroatoms
independently selected from the group consisting of nitrogen, sulfur and oxygen;
A' for each occurrence is independently optionally substituted, in one or
optionally both rings if Alis a bicyclic ring system, with up to three
substituents, each substituent independently selected from the group
consisting of F, Cl, Br, |, OCF3, OCF;H, CF3, CH;, OCH3, ¥e) of
-CO)N(XB)OCB), -C(O)OXE, oxo, (C1-Ce)alkyl, nitro, cyano, benzyl,
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'-S('O)',,.(C{-'Ce)alkyl '1H-tetrazol-5-yl, phenyl, - phenoxy, = phenylalkyioxy,
halophenyl, methylenedioxy, -N(X%)(X%), -N(X®)C(0)(X5), SONOE) ),
-N(X®)SO,-phenyl; -N(X®)SO,X?, -CONX''X"2, -SO,NX"'X'2, -NXPSO,X "2,
-NXSCONX"'X"2, -NX®SO,NX"'X"?, Nx“C(O)x'2 imidazolyl, thiazolyl and
tetrazolyl, provuded that :f Alis optionally substituted with methylenedmxy
then it can only be substituted with one methylenedloxy.

‘where X" is hydrogen or optionally substituted (C,-Ce)alkyl
the optionally substituted (C1-Ca)alkyl defined for X'' is
optlonally independently substltuted with phenyl, phenoxy, (C,-
Cs)alkoxycarbonyi, -S(O),,.(C,-ce)alkyl 1t05 halogens, 1 to 3
hydroxy, 1to 3 (C,-C,o)alkanoyloxy or 1 to 3 (C4-Cg)alkoxy;
X' is hydrogen, (C4-Cg)alkyl, phenyl.'jt.hi'azolyl. imidazolyl, furyl or
thienyl, provided that when X'2 is not hydrogén, X' is optionally
substituted with one to three substituents 'ihdependently selected from
the group consisting of CI, F, CHs, OCH,, OCF3 and CF3;
“or X" and X2 are taken together to form -(CHz)-L'-(CHa),-;
L' is COG)(X?), O, S(O)m or N(X); -
r for each occurrence is independently 1, 2 or 3; ‘

X2 for each occurrence is independently hydrogen, optionally substitited (Cy4-

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

(C1-Cg)alkyl and optionally substituted (C3-C;)cycloalkyl in the definition of X? are

optionally "independently substituted with -S(O),,,(C,-Cs)alkyl -C(0)OX3, 1 to 5

halogens or 1 to 3 OX3,; ' '

X3 for each occurrence is independently hydrogen or (C4-Ce)alkyl; :

X® for each occurrence is independently hydrogen, optionally substituted (Cy-

Ce)alkyl, (C-Cg)halogenated alkyl, optionally substituted "(C3-C7)cy'c|oalkyl, (Cs-Cy)-

" halogenatedcycloalkyl, where optionally SUbstituted_' (Cy-Cg)alky!l and optionally

substituted (C3-C;)cycloalkyl in the definition of X® is optionally independently
substituted with hydroxyl, (C;-C,)alkoxy, carboxy}, CONHZ', -S{O)m(C4-Cg)alkyl,
-CO,(Cy-Cy)alkyl, 1H-tetrazol-5-yi or 1 or 2 (C4-C,)alkyl; or

where there are two X® groups on one atom and both X® are (C;-Ce)alkyl, the two
(C,-Cs)alkyl groups may be optionally joined and, together with the atom to which the
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two x8 groups are attached, form a 4- to 9-_-men_1bered ring optionally having oxygen,
sulfur or NX;
X’ is hydrogen or (C,—Ca)alkyl optionally substituted W|th hydroxyt and
m for each occurrence is independently 0, 1 or 2;
with the proviso that:
X8 and X'? cannot be hydrogen when it is attached to C(O) or SOz in the form
C(O)X®, C(O)X™2, SO,X° or SO,X™;
when R? is hydrogen then R is not -CH=CH-pheny;
when R? is H and R is -CH,-CH=CH-Ph, then Z'® is not BOC;
when R?is H and R’ is then Z'® is not BOC; |
when R?is H and R’ is -CH,-C(CH3)=CH,, then Z'® is not BOC; and
when R? is phenyl and R' is -CH,, then 2'% is not CH,C(O)-.
A group of compounds preferred among the foregoing group of compounds
of formula (lIt), designated “CC Group”, are those compounds whereinwis0or1;n -

is 1;

z‘°° is BOC, methyl benzyl or CBZ;

' is hydrogen, -(CHz)q-(C3-C;)cycloalkyl, -(CHZ).-A1 or (C1-C1o)alkyl where the (C;-
C,o)alkyl and (Cs-C;)cycloalkyl groups are optionally substituted with 1 to 3 fluoro
and A' in the definiton of R' is optionally substituted with 1 to 3 substituents
independently selected from the group consisting of F, Cl, Me, OMe. CF;, OCF; and
OCF.H; |
R?is hydrogen, (01-Ca)alkyl -(Co-C3)aIkyl-(Cs-C7)cycloalkyl phenyl, or -(C4-C,)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
OMe. o |

A group of compounds preferred among the ‘cC Group” compounds,
designated “DD Group”, contains those compourids of “CC Group” wherein Z'% s
BOC; wis 1; eis O; R' is -CHx-pyridyl, -CHg-thiazolyl, or -CH,-pheny! optionally
substituted with 1 to 3 substituents inde_pehdently selected from the group consisting
of fluoro and chioro; and R® is hydrogen, {C4-C,)alkyl or phenyl where the (C,-
C.)alkyl or phenyl groups in the definition of R? is optionally substituted with 1 to 3
substituents indebendently'selected_ from the group consisting of fluoro, hydroxy and
methoxy. |

This Sheet Has Been Replaced

MR




wo9724360 PCT/IB96/01353

10

._15 :

20

25

-24-

Compounds which are preferred among the "DD Group compounds is the
diastereomeric mixture of a compound wherein R’ is’ -CHg-phenyl and R? is methyl or
hydrogen; and the separated 3a-(R) and 3a-(S) lsomers are preferred of the
diastereomeric mixture. :

Yet another group of compounds which are useful in the synthesrs of the
compounds of formula (I) contains those compounds of the formula

x4
|

ﬁ/(CHz)e (CHz)n / \l/ ~. / \ N~

2200

C
I

R8
(CHz)w o '

V) o |
the racemic-diastereomeric mixtures and opticai isomers of said compounds wherein

Z** is 1-BOC, CBZ, CF1C(O)-, FMOC, TROC, trityl, tosy! or optlonally substituted
benzyl which is optionally substituted with methoxy dlmethoxy or mtro

“eisOor1:

nandw are each mdependently 0, 10r2, prowded that w and n cannot both be 0 at
the same tlme '

Y is oxygen or sulfur:
R' is hydrogen, -CN, ~(CHz)N(X®)C(O)X®, (CH,)qN(X*)C(OXCH 1A',
~(CH2)N(X")SO(CH2)-A', -(CHz)qN(X°)SOzX° -(CHz)qN(><$)C(0)N(X")(CH:z)rA1

 «(CHo)NOCICIOINOEN(XE), <(CH2)oCOINCXE)(XE), -(CHo)(CIOINOCHCH)-A',

«CH2)qC(O)OXE, -(CHZ)C(OYO(CH)-A', -(CH3){OXE, -(CHo),OC(OPXE,
-(CH,)qOC(ONCH)-A", ~(CH2)OC(OIN(X®)(CHo)rA', -(CH,)OC(OIN(X®)(X®),
~(CHZ)C(O)X®, ~(CHa)C(ONCH)rA, «(CHZ)N(X)C(O)OX",
~(CH)N(X?)SONOC)(XC), ~(CH)gS(O)mX’, -(CHo)S(O)m(CH)-A',
~(C+-Cyo)alkyl, (CHo)A", -'(cH'z)q'-(ca-c,)cyc'loamyl, ~(CHy)-Y'~(C4-Ce)alkyl,
~{CHa)e-Y~(CH)A" or (CHa)e-Y -(CH)(C+-Cr)cycloalkyl;
where the alkyl and cycloalky! groups in the definition of R are optionally
substituted with (C,-C.)alkyl, hydroxyl, (C,-Cy)alkoxy, carboxyl, CONH,,
-S(O)n(C4-Cg)alkyl, -002(01-C4)alkyll ester, 1Q-tetmzol-5-yl or 1 to 3 fluoro;
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Y' is O, S(O)m. -C(O)NX®, -CH=CH-, -C=C-, -N(X®)C(O), -C(O)NX®,

-C(0)0, -OC(O)N(X’) or -OC(O);
qis0,1,2,30r4;
tis0,1,20r3; _

‘said (CH,), group and (CH,),:group may each be optionally substituted with
hydroxyi, (C4-C)alkoxy, carboxyl, -CONHj, -S(0)n({C4-Cg)alkyl,
-CO,(C4-Cy)alkyl, 1I-!~tetrazol§5—yl, 1 to 3 fluoro or 1 or 2 (C4-Cy)alkyl;

R? is hydrogen, (C-Cs)alkyl, -(Co-Ca)alky-(Cs-Cg)cycloalkyl, (C4-Cy)alkyl-A' or A';
where the alkyl groups and the cycloalkyl groups in the definition of R? are optionally
substituted with hydroxyl, -C(O)OX®, -C(O)N(X®)(X®), -N(OX)(X®), -S(O)m(C1-Cs)alkyl,
-C(O)A", -C(O)(X®), CFs3, CN or 1 to 3 halogen;
R%is A, (C1-Cyo)alkyl, -(Cy-Celalkyl-A', -(C4-Ce)alkyl-(C3-C;)cycloalkyl,
-(C1-Cs)alkyl-X"-(C4-Cg)alkyl, -(C1-Cs)alkyl-X"-(Co-Cs)alkyl-A' of
-(C4+-Cg)alkyl-X'-(C4-Cs)alkyi-(C5-C7)cycloalkyl;
where the alkyt groups_. in the definition of R® is optionally substituted with
-S(0),(C4-Co)alkyl, -C(O)OX?, 1 to 5 halogens or 1to 3 OX%;
X' is O, S(O)m “NAC(O)-, -CLONO®)-, -OC(O)-, -C(0)O-, -CX?=CX%,
-N(X*)C(0)O-, -OC(OIN(X’)- or -C=C-; . -
R* is hydrogen, (C;-Cg)alky! or (Cs-C;)cycloalkyl, or R* is taken together with R® and
the carbon atom to which they are attached and form (Cs-C;)cycloalkyl, (Cs-
C;)cycloalkenyl, a partially saturated or fully saturated 4- to 8-membered ring having
1 to 4 heteroatoms independently selected from the group consisting of oxygen,
sulfur and nitrogen, or is a bicyclic ring system consisting of a partially saturated or
fully saturated 5- or 6-membered ring, fused to a partially saturated, fully unsaturated
or fully saturated 5- or 6-membered ring, optionally having 1 to 4 heteroatoms
independently selected from the group consisting of nitrogen, sulfur and oxygen;
X* is hydrogen or (C4-Cgalkyl or X* is taken together with R* and the nitrogen atom
to which X* is attached and the carbon atom to which R* is attached and form a five
to seven membered ring;

)5\ x58
1 /

R® is a bond oris (CH2)a  (CH2b .
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where a and b are independently 0, 1, 2 or 3;
X5 and X* are each independently selected from the group consisting of
hydrogen, trifluoromethyl, A' and optionally substituted (C;-Cg)alky!;
the optionally substituted (C,-Cg)alkyl in the definition of X® and X is
dptionally substituted with a substituent selected from the group
consisting of A', -OXZ, -S(0)m(C1-Ce)alkyl, -C(O)OX2,
(C3-Cy)eycloalkyl, -N(X3)(X?) and -CLON(XRC);

“or the carbon bearing X° and X5 forms an alk'y‘lene bridge with the nitrogen

atom bearing Z2°° and R® where the alkylene 'bﬁdge contains 1 to 5 carbon
atoms provided that X® or X** but not both may be on the carbon atom and
Z2® or R® but not both may be on the nitrogen atom

or X° is taken together with X* and the carbon atom to which they are
attached and form a partially saturated or: fu'lly'j saturated 3- fo 7-membered
ring, or a partially saturated or fully seturated 4- to 8-membered ring having 1
to 4 heteroatoms tndependently selected ‘from the ‘group consisting of
oxygen, sulfur and’ nitrogen; '

or X° is taken together with X** and the carbon atom to which they are
attached and form a bicyclic ring system consisting of a partially s&turated or
fully saturated 5- or 6-membered ring, 'dptiohally having 1 or 2 heteroatoms

~ independently selected from the group consisting of nitrogen, sulfur and

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

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

R® is hydrogen or optionally substituted (C4-Cg)alky!;

30

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

A’ for each occurrence is independently (Cs-C7)cycloalkenyl, phenyl or a partially

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

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

10

15

20

25

_A1 for each occurrence is independently optionally substituted, in one or
optionally both rings if Alis a bicyclic ring system, with ',up to three
substituents, each substituent indep_ender,itly selected from the group
consisting of F, Cl, Br, I, OCFa, OCFH, CF3, CHs, OCHs, -OX",
-C('O)N(X")(Xs). -C(O)OXB, oxo, (C4-Cg)alkyl, nitro, cyano, benzyl,
-S(O)m(C4-Ce)alkyl, 1H-tetrazol-5-yl, phenyl, phenoxy, phenylalkyloxy,
halopheny!, methylenedioxy, -N(X®)(X®), -N(X®)C(0)(X®), -SON(X})(X®),
-NOE)SO,-phenyl, -NOC)SO,XE, -CONX''X'2, -SO,NX"1X"2, -NXBSO,X"2,
NXCCONX''X'2, -NX®SO,NX''X"2, -NX°C(O)X"?, imidazolyl, thiazolyl and
tetrazolyl, provided that if A' is optionally substituted with methylenedioxy
then it can only be substituted with one methylenedioxy,
~where X" is hydrogen, or optionally substituted (C1-Ce)alkyl;
the optionally substituted (C,-Colalkyl defined for X'' is
optionally independently substituted with phenyl, phenoxy, (Cs-
Ce)alkoxycarbonyl, -S(O)m(C+-Cg)alkyl, 1 to 5§ halogens, 1to 3
hydroxy, 1 to 3 (C4-Cg)alkanoyloxy or 1 to 3 (C4-Cg)alkoxy;
X2 is hydrogen, (C4-Cg)alkyl, phenyl, thiazolyl, imidazolyl, furyl or
thienyl, provided that when X' is not hydrogen, X' is optionally
substituted with one to three substituents independently selected from
_ the group consisting of Cl, F, CH,;, OCHj3, OCF3 and CF3;
or X' and X" are taken together to form -(CHz),-L'-(CHz),~;
| L' is COX)(X2), O, S(O)m or NOX);

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

30 X2 for each occurrence is independently hydrogen, optionally substituted (C,-
Cealkyt, or optionally substituted (Cs-C;)cycloalkyl, where the optionally substituted
(C1-C§)alkyl and optionally substituted (C,-C;)cycloalkyl in the definition of X? are
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optionally mdependently substituted with -S(O),,,(C1-Cs)alkyl -C(O)OX3 1tob
halogens or 1to 3 -OX3; |

X3 for each occurrence is independently 'hydr"ogen:'or" (C4-Cg)alkyt: |

X® for each occurrence is independently hydrogen, optionally substituted (C,-
Ce)alkyl, (Co-Ce)halogenated alkyl, optionally ‘substituted (C-C7)cycloalkyl, (C3-Cy)-

'halogenatedcycloalkyl where optionally substituted (C1-Cg)alkyl and optionally
~ substituted (Ca-C-,)cycloa!kyl in the deﬁnmon of X% is optlonally independently

substituted with hydroxyl, (C,-C.)alkoxy, carboxyl, CONH,, -S(O)m(C1-Cs)aIkyl,
-COz(C1-Cy)alkyl, 1H-tetrazol-6-yi or 1 or 2 (Ci-Coalkyl; or
when there are two X° groups on one atom and both Xt a are (C1-C3)alkyl the two (C;-
Ce)alkyl groups may be optlonally joined and, together with the atom to which the two
x8 groups are attached, form a 4- to 9- membered ring optronally having oxygen,
sulfur or NX7 '

7 is hydrogen or (C4-Cg)alkyl optionally substituted by hydroxyl; and
m for each occumrence is independently 0, 1 or2; =
with the proviso that: "

X® and X'? cannot be hydrogen when it is attached to C(O) or SOz in the form .

C(O)X®, C(O)X™2, SO, X% or SO, X'% and s
when R® is a bond then L is N(X?) and each r in the definition -(CHy),-L-(CHy),- is 2 or

3.

* Compounds which are preferred of the foregoing compounds of formula (IV)
is the compound wherein e is 0; Y is O; R is -CHy-phenyl; R? is methy! or hydrogen;
nis 1; wis 1; R® is -CH,-O-CH,-phenyl; R* is hydrogen X‘ is hydrogen Ris
-C(CH,)2~; Z2° is BOC and R%is hydrogen
This invention also provides:

~ a method for increasing levels of endogenous grthh hormone in a human or
other animal which comprises administering to such human or other animal an
effective amount of a compound of Formula I; - |

a pharmaceutical composition useful for increasing the endogenous
production or release of g'rowth hormone in a human or other animal which

comprises an inert carrier and 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

o
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comprises an inert carrier, an effective amount of a compound of Formula | and
another growth hormone secretagogue such as, GHRP-6, Hexarelin, GHRP-1, IGF-
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
administering to a human or other animal in need of such treatment or prevention an
arﬁount of a compound of Formula | 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
bisphosphonaté compound such as alendronate, and especially preferred is the
bisphosphonate compound ibandronate, and a compound of Formuia 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 | and optionally progesterone;

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 |; _ _ o

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
antagonist such as tamoxifen, droloxifene, raloxifene and idoxifene and a compound
of Formulal; _

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-yi-
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-8-phenyl-5-[4-(2-pyrrolidin-1-yl-ethoxy)-phenyl]-5,6,7 8-tetrahydro-
naphthalene-2-ol; _ - o

cis-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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cls-6-(4-hydroxyphenyl)-5-[4-(2—p|pendln-1-yl-ethoxy)-phenyl]—S 6,7.8-

tetrahydro-naphthalene-2-ol; or '
-(4'-pyrrol|dlnolethoxyphenyl)-2-phenyl-6-hydroxy—1 2 3 4-tetrahydro-

isoquinoline and a compound of Formula I; o

a method for the treatment of osteoporosis which compﬁséé 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
Formula | which is effective in promoting release of endogenous growth hormone;

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.

This invention further provides a method for tq"_eating or preventing diseases
or conditions which may be treated or prevented by growth hormone which
comprises administering to a human or other animal'_in need of such treatment or
prevention an amount of a compound of Formula | which is effective in“promoting
release of endogenous growth hormone. ' o

In another aspect, this invention provide's':methods' for treating or preventing -
congestive heart failure, frailty associated with aging, and obesity whic':h comprise
administering to a human or other animal in need of'su_ch treatment or prevention an

~amount of a compound of Formula | which is effective in promoting release of

endogenous growth hormone; of the instant method it is preferred that the disease or
condition to be treated or prevented is congestlve hean failure or frailty associated
with aging. ' '

In another aspect, this invention provides methods for accelerating bone
fracture repair, ‘attenuating protein catabolic reépoﬁse' after a major operation,
reducing cachexia and protein loss due to chronic iliness such as AIDS and cancer,
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 |
which is effective in promoting 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 uridergone major surgery.

In yet another aspect, this invention provides methods for improving muscle
strength, mobility, maintenance of skin thickness, metabolic homeostasis and renal
homeostasis, which comprise 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.

The instant compounds pronio_t_e the release of growth hormone which are
stable under various physiological conditions and may be administered parenterally,
nasally or by the oral route. _ |

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
stability are not preferred. '

in general the compounds of Formula | can be made by processes which
include processes known in the chemical arts for the production of compounds.:
Certain processes. for the manufacture :of Formula | compounds: are provided as
further features of the inventioh and are filiustrated by the following reaction
schemes.

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

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

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

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

The term "halogen" or "halo” is intended to mclude the halogen atoms
fluorine, chiorine, bromine and iodine. '

The term “halogenated alkyl” is intended to include an alkyl group as defined
hereinabove substituted by"One or more halogen atoms as defined hereinabove.

The term “halogenated cycloalkyl” is intehded't_o 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-
and 6-membered rings with 1 to 4 heteroatoms or fus_gd 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-methylindo_le'."di_h'ydroindble,' indazole, N-

~ formylindole, benzimidazole, thiazole, pyrimidine, and th_iadiazole.
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 les_s preferred. - T

The expression “prodrug” refers to compoun_ds that are drig precursors,
which following administration, release the drug in vivo via some chemical or
physiological process (e.g., a prodrug on being brought to the physiological pH is
converted to the desired drug form). Exemplery prodrugs upon cleavage release the
corresponding free acid, and such hydrolyzable ester-forming residues of the
compounds of this invention include but are not limited to carboxylic acid substituents
(e.9., R' is -(CH,),C(0)X® where X is hydrogen, or R? or A' contains carboxylic
acid) wherein the free hydrogen is re‘piaoed by (Cy-Chalkyl, (Co-
Ciz)alkanoyloxymethyt, (C,-Cg)1-(alkanoyloxy)ethy!, 1-methyl-1-(alkanoyloxy)-ethyl
having from 5 to 10 carbon atoms, alkoxycarbonyloxymethyl having from 3 to 6
carbon atoms, 1-(alkoxycarbonyloxy)ethyl having from 4 to 7 carbon atoms, 1- -
methyl-1-(alkoxycarbonyloxy)ethyl having from 5 to 8 carbon atoms, N-
(alkoxycarbonyl)aminomethyl having from 3 to 9 carbon atoms, 1-(N-
(atkoxycarbonyl)amino)ethyl having from 4 to 10 carbon atoms, 3-phthalidyl, 4-
crotonolactonyl, gamma-butyrolacton-4-yl, 3 di-N,N-(C-C;)alkylamino(C,-C;)alkyl
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(such as -:[}dime_thylamino_ethyl), carbamoyl-(C,-C,)alkyl, N,N-di(C4-C,)-

alkylcarbamoyl-(C4-Cp)alkyl and piperidino-, pyrrolidino- or motpholino(C2-Cs)alkyl.

Other exemplary prodrugs release an alcoho! of Formula | wherein the free
hydrogen of the hydroxyl substituent (e.g., R' contains hydroxyl) is reptaced by (C4-
Cg)alkanoyloxymethyl, 1-((C4-Cg)alkanoyloxy)ethyl, 1-methyl-1-((C4-Cg)alka-
noyloxy)ethyl, (C,-Cg)alkoxycarbonyloxymethyl, N-(C;-Cg)alkoxy-carbonylamino-
methyl, succinoyl, (Cy-Cg)alkanoyl, a-amino(C4-C,)alkanoyl, arylacetyl and a-
aminoacyl, or a-aminoacyl-a-aminoacyl wherein said o-aminoacyl moieties are
independently any of the naturally occurring L-amino acids found in proteins,
P(O)(OH),, -P(OXO(C4-Cg)alkyl), 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 (1) is replaced. by an ester may be prepared by combining the carboxylic
acid with the appropriate .alkyl halide in the presence of a base such as potassium
carbonate in an inert solvent such as DMF at a temperature of about 0°C to 100°C
for about 1 to about 24 hours. Alternatively, the acid is combined with the appropriate
alcohol as solvent in thé presence of a catalytic amount of acid such as concentrated
sulfuric acid at a temperature of about:20°C to 120°C, preferably at reflux, for about
1 hour to about 24 hours. Another method is the reaction of the acid in an inert
solvent such as THF, with concomitant removal of the water being produced by
physical (e.g., Dean Stark trap) or chemical (e.g., molecular sieves) means.

Prodrugs of 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
solvent such as DMF at a température of about 0°C to 100°C for about 1 to about 24
hours. Alkanoylaminomethyl ethers may be obtained by reaction of the alcohol with a
bis-(alkanoylamino)methane in the presence of a catalytic amount of acid in an inert
solvent such as THF, according to a method described in US 4,997,984.
Alternatively, these compounds may be prepared by the methods described by
Hoffman et al. in J. Org. Chem. 1994, 59, p. 3530.
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Certain of the above defined terms may occur more than once in the above
formula and upon such occurrence each term shall be deﬁned mdependently of the
~ other. ' o
Throughout the specification and appendent claims the following
5 abbreviations are used with the following meanings: '

BOC butyloxycarbonyl
BOP " 'Benzotriazol-1-yloxytris(dimethylamino)
' p'ho'spho'nium hexafluorophosphate

cBz Benzyloxycarbonyl -

10 col ~ N,N'-Carbonyldiimidazole
CHCl, Methylene chloride -
CHCl, Chioroform
DCC | Ducyclohexylcarbodumlde
DMF Dlmethylformamlde

15 ) EDC -(3-dlmethylammoprcpyl)-34

: o | ethylcarbodnmide hydroch!onde
EtOAc Ethyl acetate
FMOC 9—Fluorenylmethoxycarbonyl
| h hours

20 Hex ' ~ Hexane
HOAT 1-Hydroxy-7-azabenzotriazole
HOBT " Hydroxybenzotriazole hydrate
HPLC High pressure liquid chromatography
MHz  Megaheriz

25 ' ' MS  Mass Spectrum
NMR Nuclear Magnetic Resonance
PTH Parathyroid hormone
TFA Trifluoroacetic acid
THF - Tetrahydrofuran

30 . TLC Thin layer chromatography
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TRH Thyrotropin releasing hormone

~ TROC 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 |, above. Additional
asyfnmetric 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 |t 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
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 1.

(o} x4

Cow [
Y (CHo)e (CHy)n /C:\c PLNG /R\N _R
_ N C
ﬁ/ . é>R3 ﬁ \RB
/N\ = (CHow RO © O
R2 N

(1A)

With the R* substituent as hydrogen, the spatial configuration of the ésymmetric
center corresponds to that in a D-amino acid. In most cases this is also designated
an R-configuration although this will vary according to the values of R? and R* used
in makiri_g R- or S-stereochemical assignments. _

The instant compounds are generally isolated in fhe form of their
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, D-tartaric, L-
tartaric, malonic, methane sulfonic and the like. In addition, certain compounds
containing an acidic function such as a carboxy can be isolated in the form of their
inorganic salt in which the countér-ion can be selected from sodium, potassium,
lithium, calcium, magnesium and the like, as well as from organic bases.

The pharmaceutically abceptable salts are formed by taking about 1
equivalent of a compound of formula (1) and contacting it with about 1 equivalent of
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the"approprta'te corresponding' ‘acid of the salt 'which is 'de'sired' Work-up and
isolation of the resultmg salt is well-known to those of ordlnary skill in the art.

The growth hormone releasmg compounds of Formula [ are useful in vitro as
unique tools for understandang how growth hormone secretron is regulated at the
pituitary level. This includes use in the evaluatron of many factors thought or known
to influence growth hormone secretion such as age sex, hutritional factors, glucose,
amino acids, fatty acids, as well as fasting and non-fastmg states In addition, the
compounds of this invention can be used in the evaluatlon of how other hormones
modlfy growth hormone releaslng activity. For exampte it has already been
established that somatostatin inhibits growth hormone r_elease.

The compounds of Formula | can be admin_istered' to animals, including
humans, to release growth hormone in Vvivo. The"compounds are useful for
treatment of symptoms related to GH deficiency; stimulate growth or enhance feed
efficiency of animals raised for meat productio:n to 'improve carcass quality; to
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 'comp_os_ition and modify other GH-
dependent metabolic, immunologic or developmental processes. For"eiti‘i%ple' the
compounds of the present invention can be given to chlckens turkeys 1|vestock :
animals (such as sheep. pigs, horses cattle, etc.), companlon ammats (e:g.. dogs) or
may have utility in aquaculture to accelerate growth and lmprove 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'oomp'ounds of Formula | can be administered in vivo to
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 determmmg the ablllty of the patient's
pituitary to release growth hormone. '

Accordingly, the present invention includes within its scope pharmaceutical
compositions comprising, as an active ingredient, at least one of the compounds of
Formula | in association with a pharmaceutically accept_able carrier. Optionally, the
pharmaceutical compositions can further comprise an a"na':'bolic agent in addition to at
least one of the compounds of Formula | 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,_phannaoeutica'liy active materi,alé wherein the combination
enhances efficacy and minimizes side effects.
Growth promoting and anabolic agents include, but are not Jimited to, TRH,

PTH, diethylstilbesterol, estrogens, B—agoni_sts. theophyliine, anabelic steroids,

enkephalins, E series prostaglandins, compounds disclosed in_ U.S. Patent No.
3,230,345, the disclosure of which is hereby incorporated by reference, e.g., zeranol;
compbunds discloéed 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.
4,41 1,890, the disclosure of which is hereby incorpor_ate'd= 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 incofporated by reference, and publications WO
89/07110, WO 89/07111 and B-HT920 as well as hexaretln and the newly
discovered GHRP-2 as described in WO 93/04081 or growth hormone releasing
hormone (GHRH, also deslgnated GRF) and |ts analogs or growth hormone and its
analogs or somatomedlns mcludmg IGF—1 and 1GF-2 or p-adrenergic agonists such
as clonidine or serotomn SHTID agonists such as sumitriptan or agents which inhibit
somatostatin or its release such as physostlgmme 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 those skilled in the art, the known and potential uses of
growth hormone are varied and multitudinous [See "Human Growth Hormone",
Strobel and Thomas, Pharmacological Reviews, 46, pg. 1-34 (1994); T. Rosen et
al., Horm Res, 1995; 43: pp. 93-99; M. Degerblad et al., European Journal of
Endocrinology, 1995, 133: pp.‘i_Bd-18_8; J. O. Jorgensen, European Journal of
Endocrinology, 1994. 130: pp. 224-228; K. C. Copeland et al., Journal of Clinical
Endocrinology and Metabolism, \_.Ip_l.. 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. Clin. Exp., (1995), 44(6), pp. 745-748; K. M. Fairhall et al., J.
Endocrinol., (1995), 145(3), pp. 417-426; RM. Frieboes et al,
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Neuroendocnnology. (1995), 61 (5) Pp. 584-589 and M. Llovera et al., Int. J.
Cancer, (1995) 61(1) pp. 138-141]. Thus, the admmlstratlon of the compounds of
this invention for purposes of stimulating the release of endogenous growth hormone
can have the same effects or uses as growth hormone itself. These varied uses of
growth hormone may be summarized as follows: stimUléting grow't:h' hormone
release in elderly humans; treating growth hormone deficient adults: preventing

catabolic side effects of glucocorticoids, treating 'osteopol"o'sis stimulating the

immune system, acceleration of wound healing, acceleratmg bone fracture repair,
treating growth retardation, treating congestive heart failure as disclosed in PCT
publications WO 95/28173 and WO 95/28174 (an example of a method for assaying
growth hormone secr:eta'gogues for efficacy in treating conges'tive heart failure is
disclosed in R. Yang et al., Circulation, Vol. 82, No. 2, p.262, 1995), treating acute
or chronic renal failure or insufficiency, treatment of physio'logical short stature,

“including growth hormone: deficient children, treating short stature ass'ociated with

chronic iliness, treatm. obesity, treating growth retardation associated with Prader-
Willi syridrome and Tumner's syndrome; acoeleratmg the recovery and reducing
hospitalization of burn patients or following major surgery such as gastrointéstinal -
surgery; tre'atin'g intrauterine growth retardation, eketetat'dysptasia; hyi:é?é%rtisonism
and Cushings Syn'drome; replacing growth hormone in stressed patients: treating
osteochondrodysplasias, Noonans syndrome, sleep disorders, Alzheimer's disease,
delayed wound healing, and psychosocial deprivation; treating of pulmonary
dysfunction and ventilator dependency: attenuating protein catabolic response after
a major operation; treating malabsorption syndromes, redicing cachexia and protein
loss due to chronic illness such as cancer or AIDS; "acoeleraﬁng weight gain and
protein accretion in patients on TPN (total pa_renterél nutrition); treating
hyperinsulinemia 'including nesidioblastosis; "a'djuv_a".nt treatment for ovulation
induction and to prevent and treat gastric and duodenal ulcets' stimulating thymic
development and preventing age-related declme of thym:c function; adjunctive

| therapy for patients on chronic hemodialysis; treaung |mmunosuppressed patlents

and enhancing antibody response following vaccination; :mprovnng muscle strength,
increasing muscle mass, mobility, maintenance of skin thickness, metabolic
homeostasis, renal hemeostasis 'in the frail :eldeny_; ‘stimulating osteoblasts, bone
remodelling, and cartilage growth; treating neurologicel'diseases such as peripheral
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and drug induced neuropathy, éGuilIian-Barr_e Syndrome, amyotrophic lateral
sclerosis, multiple sclerosis, cerebrovascular accidents and demyelinating diseases;
stimulating thé iinmune system in companion animals and treating disorders of aging
in companion animals; growth promotant in livestock; and stimulating wool growth in
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
desirable p_roperties of these various therapeutic agents. .In these combinations, the.
therapeutic agents and the growth hormone secretagogues of this invention may be
independently and sequentially adminiétered or co-administered in dose ranges from
one one-hundredth to one times the dose levels which are effective when these
compounds and secretagogues are used singly. Cdmbined therapy to inhibit bone
resorption, prevent osteoporosis,_reduce. skeletal fracture, enhance the healing of
bone fractures, stimulate bone formai_ion and increase bone mineral density can be
effectuated by combinations of bisphosphonates and the. growth. hormone
secretagogues of this invention, see PCT publication WO 85/11029 for a discussion
of combination therapy using bisphosphonates and GH secretagogues. ' The use of
bisphosphonates for these utilities has been reviewed, for- example, by Hamdy,
N.AT., Role of Bisphosphonates in Metabolic Bone Diseases, Trends in
Endocrinol. Metab., 1993, 4, pages 19-25. Bisphosphonates with these utilities
include but are not limited to alendronate, tiludronate, dimethyl-APD, risedronate,
etidronate, YM-175, clodronate, pamidronate, and BM-210995 (ibandronate).
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
agonist/antagonist. Any estrogen agonist/antagonist may be used as the second
compound of this inventon. 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



WO 97/24369 PCT/IB96/01353

10

15

20

25

ap

-40-

capable of binoing to'the estrogen receptor sites 'in'rhamrna"li'an tissue, and mimicking
the actions of estrogen in one or more tissue. Estrogen antagomsts are herein defined
as chemical oompounds capable of blndmg to the estrogen reoeptor sites in
mammalian tissue, and blocking the actions of estrogen in one or more tissues. Such
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. et al., 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 HW. and
Fogelman |., The Evaluation of Osteoporosis: Dual Energy X-Ray Absorptlometry in
Clinical Practice., Martin Dunitz Ltd., London 1994, pages 1-296). A variety of these
compounds are described and ‘referenced below_ however, other estrogen
agonists/antagonists will be known to those skilled in the zart." A preferred
estrogen agonist/antagonist is droloxifene: (phenol, -3—[1¥[4[2-(dimethylamino)ethoxy]-
phenyil-2-phenyl-1-butenyl}-, (E)-) and associated compounds which are disclosed in
U.S. patent 5,047,431 (the disclosure of which is hereby lnoorporated by referenee)

Ancther preferred estrogen agomstlantagomst is tamoxifen: (ethanamlne 2-[-4- :
Q1 2—d|pheny!-1-butenyl)phenoxy}-N N-dimethyl, (2)-2-, 2—hydroxy-1 2 3-"r5rbpanetn-
carboxylate (1:1)) and associated compounds which':a_re disclosed in U.S. patent
4,536,516 (the disclosure of which is hereby incorporated by reference). Another
related compound is 4-hydroxy tamoxifen which is dlsclosed in U.S. patent 4, 623 660
(the disclosure of which is hereby incorporated by referenoe).

Anocther preferred estrogen agonist/antagonist is raloxifene: (methanone, [6-
hydroxy—2-(4-hydr0xyphenyl)benzo[b]thien—3-yl][4-[2'-'(1-piperidinyl)ethoxy]phenyll-
,hydrochloride) ‘and associated compounds which ‘are disclosed in U.S. patent
4,418,068 (the disclosure of which is hereby incorporated by reference).

Ancther preferred estrogen agonist/antagonist is g’doxifene:" Pyrrolidine, 1-[-{4-
[{1-(4-iodophenyl)-2-phenyl-1-Butenyljphenoxy)ethyl] and associated compounds
which are disclosed in U.S. patent 4,839,155 (the dlsclosure of which is hereby
incorporated by reference).

Other preferred estrogen agonist/antagonists include compounds as described
in commonly assighed U.S. patent no. 5,552.41é the disclosure of which is hereby
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incorporated by reference. Especially preferred :compounds which are described
therein are:

cis-6-(4-fluoro-phenyl)-5-[4-(2-piperidin-1-yl-ethoxy)-phenyl]-5,6,7 8-tetrahydro-
naphthalene-2-ol;

(-)-cls-6—phenyl-5-[4-(2-pyrrolldln-1 -yl-ethoxy)-phenyl]—Sﬁ 7,8-tetrahydro-
naphthalene-2-ol;

cis-6-phenyi-5-{4-(2-pyrrolidin-1-yl-ethoxy)-phenyl}-5,6,7 8-tetrahydro-
naphthalene-z-oi

cis-1 -[6'-pyrro|odmoethoxy-3'-pyndyl]-z-phenyl-s-hydroxy-1 2,34-
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)-phenyl]-s 6,7,8-
tetrahydro-naphthalene-2-ol; and _

1-(4'-pyrrol|d1nolethoxyphenyl)-z-phenyl-s-hydroxy-1 2, 3 4-
tetrahydroisoquinoline.

Other estrogen agonist/antagonists are described in U.S. Patent 4,133,814 (the
dlsclosure of whsch is hereby mootporated by reference). U.S. Patent 4,133,814
dlsclg_ses__ _denvatnves of 2-phenyI-3-aroyl-benzoth|ophene and - 2-phenyi-3-
aroylbenzothiophene-1-oxide. _ o

The following paragraphs provide preferred dosage ranges for various anti-
resorptive agents.

. The amount of the anti-resorptive agent to be used is deterrmned by its activity
as a bone loss inhibiting agent. This activity is determined by means of an individual
compound's pharmacokinetics and its minimal maximal effective dose in inhibition of
bone loss 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 | of this invention) is in the range of 0.01 to
200 mg/kg/day, preferably 0.5 to 100 mg/kg/day.

In particular, an effective dosage for droloxifene i is in the range of 0.1 to 40

mg/kg/day, preferably 0.1 to 5 mg/kg/day.
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in partucular an effective dosage for raloxifene is in the range of 0.1 to 100
ma/kg/day, preferably 0.1 to 10 mg/kg/day.

In particular, an effective dosage for tamoxifen is in the range of 0.1 to 100
mglkglday, preferably 0.1 to 5 mg/kg/day. S

In particular, an effective dosage for

cis-6-(4-fluoro-phenyl)-5-[4-(2-piperidin-1 -yl-ethoxy)—phenyl]—5,6.7,8-téirahydro-
naphthalene-2-ol; ' |

(-)-c:s—B-phenyl—5-[4-(2-pyrrol|dm-1-yl-ethoxy)-phenyl]-s 6, 7 B-tetrahydro- -
naphthalene-2-ol; -

c:s-6-phenyl—5—[4-(2-pyrrol|dm- -yl—ethoxy)—phenyll-s 6, 7 8-tetrahydro-
naphthalene-2-ol;

cls-1-[6'-pyrrolodmoethoxy-3'—pyndyl]—2-phenyl-6-hydroxy-1 2,34-
tetrahydronaphthalene

1-(4'-pyrrolidinoethoxyphenyl)-2-(4"- ﬂuorophenyl)-s-hydroxy-1 2,34-
tetrahydrolsoqumollne

c:s-6-(4-hydroxyphenyl)—5—[4-(2-pzpend|n-1-yl-ethoxy)~phenyl]-5 6,7,8-

' tetrahydro-naphthalene-z-ol or- o

1-{4'-pyrrolidinolethoxyphenyl)-2-phenyl-6-hydroxy-1,2,3,4- g
tetrahydroisoquinoline is in the range of 0.0001 to 100 mglkglday, preferably 0.001 to
10 mg/kg/day. . ' : _

in particular, an effective dosage for 4-hy'droXy tamoxifen is in the range of
0.0001 to 100 mg/kg/day, preferably 0.001 to 10 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
comparison to standards to determine dosage I'eVe_lS. Cells are isolated from
pituitaries of 6-week oid male Wistar rats. Following decapitation, the anterior
pituitary lobes are removed into cold, sterile Hénk"s balanced salt solution without
calcium or magnesium (HBSS). Tissues are finely minced, then subjected to two
cycles of mechanically assisted enzymatic dis;iersion using 10 U/mL bacterial
protease (EC 3.4.24.4, Sigma P-6141) in HBSS. The tissue-enzyme mixture is
stirred in a spinﬁer flask at 30 rpm in a 5% CO2 ati?ndsphere at about 37°C for about

30 min, with manual trituration after about 15 min and about 30 min usihg 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
the cells from both digests are combined, pelleted (200 x g for about 15 min),
washed, resuspendéd in culture medium and counted. Cells are plated at 6.0-

6.5x104 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
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 rﬁedium. Assays are run in
quadruplicate. The assay is initiated by adding 0.5 mL of release medium (with

vehicle or test compound) to each culture well. Incubation is carried out at about

37°C for about 15 minutes, then terminated by removal of the: culture medium, which
is centrifuged at 2000 x g for about 15 minutes to remove cellular material. Rat
growth, hormone concentrations: in the supernatants are determined by a standard
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 puCi/ug by the chloramine T
method for use as tracer. Immune complexes are obtained by adding goat
antiserum to monkey IgG (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 aésay has a working range of 0.08-2.5 ug rat growth hormone
per tube above basal levels. Active compounds typically stimulate growth hormone
release by greater than 1.4 fold. Reference: Cheng, K., Chan, W.-S., Barreto, Jr.,
A., Convey, EM., Smith, RG. 1989.
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Twenty-one day old female Sprague-Dawley rats (Charles River Laboratory.
~ Wilmington, MA) are allowed to acclimate to local vwanum condmons (24 °C, 12 hr

light, 12 hr dark cycle) for approximately 1 week before oompound testing. All rats
are allowed access to water and a pelleted commerclal 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 Animials.

On the day of the experiment, test co'mboun‘ds are dissolved in vehicle
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 microoentrifuge tube (baseline -

- blood sample, approximately 100 pl). 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 -oentrifugation (1‘356&9 for 10 -
minutes at 10°C). Serum is stored-“at -80°C "until 'serum “growth - hormone
determination by radio-immunoassay as described above and below.-

On the day of experimentation, the test compound is weighed out for the appropriate

dose and dissolved in water.  Doses are delivered at a volume of 0.5 mikg by
gavage to 4 dogs for each dosing regimen. Blood sémbles (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 mi vacutainers containing lithium heparin.
The prepared plasma is stored at -20 °C until analysis.
Measurement of Canine Growth Hormone

Canine growth hormone concentrations are déte_rmined' by a standard
radioimmunoassay protocol using canine growth hormone (antigen for iodination and
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reference preparation AFP-1983B) and canine growth hormone antiserum raised in
monkey (AFP-21452578) obtained from Dr. A. Parlow (Harbor-UGLA Medical
Center, Torrence, CA). Tracer is produced by -chloramine T-iodination of canine
growth hormone to a épecifi_c activity of 20-40 uCi/ug. Immune complexes are

obtained by adding goat antiserum to monkey IgG (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 ug canine GH/tube.

The compounds of this invention can :be administered by oral, parenteral
(e.g., intramuscular, intraperitoneal, intravenous or subcutaneous injection, or
implant), nasal, vaginal, recfal. sublingual, or topical routes of administration and can
be formulated with pharmaceutically acceptable carriers to provide dosage forms
appropriate for each route of administration.

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

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

Preparations according to this invention for parenteral administration include
sterile aqueous or non-aquedus- solutions, suspensions, or emulsions. Examples of
non-agueous solvents or vehicles are propylene glycol, polyethylene glycol,
vegetable oils, such as olive oil and corn oil, gelatin, and injectable organic esters
such as ethyl oleate. Such dosage forms may also contain adjuvants such as
preserving, wetting, emuisify_ing, and dispersing agents. They may be sterilized by,
for example, filtration thrbugh a bacteria-retaining filter, by incorporating sterilizing



WO 97124369 PCT/IBY6/01353

10

15

20

25

30

-46-

- agents into the oomposmons by irradiating “the composmons or by heating the

composmons They can also be manufactured in ‘the form of sterile solid
compositions which can be dissolved in sterile water, or some other sterile injectable
medium immediately before use. S

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

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

The dosage of active ingredient in the cdmpositions of this invention may be
varied; however, it is necessary that the amount of the active ingredient be such that

" a suitable dosage form is obtained. The selected dosage depends upon the desired

therapeutic effect, on the route of 'adrﬁinistrétion, and on the duration of the
treatment. "Ge'ne'rall'y. dosage levels of between 0.0001 to 100 mglkg" of body weight
daily are administered to humans and other animals, e.g., mammals, to obtain
effective release of growth hormone. D ' :

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

The preparatlon of the compounds of Formula | of the present invention can -
be carried out in sequential or convergent synthetic routes. Syntheses detailing the
preparation of the compounds of Formula | in a sequentsal manner are presented in
the reaction schemes shown hereinbelow. - ' _

Many protected amino acid derivatives are commercially available, where the
protecting groups Prt, Z'® and 2’ are, for example, BOC, CBZ, benzyl,
ethoxycarbonyi groups, CF3C(O)-, FMOC, TROC, trityl or tosyl. Other protected
amino acid derivatives can be prepared by literature methods. Some 3-ox0-2-
carboxyl pyrrolidines; and 4-oxo-3-carboxyl piperidines are commercially available,
and many other related pyrrolidines and 4-subst|tuted plpendlnes are known in the
literature. '

Many of the schemes illustrated below describe compounds which contain

21 00 IOI' 2200

protecting groups Prt, . Benzyloxycarbonyl groups can be removed by a

‘number of methods including, catalytic hydrogentioh 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 palladidm on carbon. Hydrogen
pressures from 1-1000 psi may be employed; pressures from 10 to 70 -psi are
preferred. Alternatively, the benzyloxycarbonyl group can be removed by transfer
hydrogenation.

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

Benzyl esters of amines can be removed by a number of methods including,
catalytic hydrogenation with hydrogen in the presence of a palladium catalyst in a
protic solvent such as methanol. Hydrogen pressures from 1-1 000 psi may be
employed; pressures from 10 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

available, where the protecting group Prt is, for example, BOC, FMOC or CBZ

groups. Other amino acids can be prepared by literature methods.
As illustrated in Scheme 1, coupling of amines of formula 2 with protected

amino acids of formula 1, where Prt is a suitable protecting group, is conveniently

carried out in an inert solvent such as dichloromethane or DMF by a coupling

10

reagent such as EDC or DCC in the presence of HOBT or HOAT. In the case where

the amine is present as the hydrochloride salt, it is preferable to add one or two

equivalents of a suitable base such as triethylamine to the reaction mixture.
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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 80°C, preferably -10° to about 25°C. For a

discussion of other con,difions used for -'oo_upli_ng peptides see Houben-Weyl, Vol.

5 XV, part ll, E. Wunsch, Ed., George Theime Veriag, 1974, ‘Stuttgart. -Separation of

unwanted side -products and purification of intermediates is achieved by

chromatography on silica gel, employing flash chromatography (W. C. Still, M. Kahn
and A. Mitra, J. Org. Chem. 43 2923 1978), by crystallization or by trituration.

Transformation of the compound of formula 3 into intermediates of formula 4

10 can be carried out by removal of the protecting group Prt as described above.

Coupling of intermediates of formula 4 to émino acids of formula 5 can be effected

as described above to give intermediates of formula 6. Deprotection of the amine 6

affords oompounds of formula 7.

SCHEME 2
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SCHEM‘E’ 2
) convergent route as shown in Scheme 2.

Alternatlvely compounds of formula 7 ‘can be prepared by a
lntermedrate esters of formula 8 can be
prepared by treatrng amino acids 1, where Prtis a surtable protectmg group, with a
base such as potassium carbonate followed by an alkyl halide such as iodomethane
"5 in a suitable solvent such as DMF. Deprotectlon of the amine transfonns 8 mto 9.
'Altematlvely, many amino acids of formula 9 are commerclally avaslable
The ester of
intermediate 10 can be converted to intennediate"'acid" 11 by a number of methods

Intermediate 10 is generated by coupltng 9 to amino acid 5.

known in the art; for example, methyl and ethyl e'siers can be hydrolyzed with lithium
10 hydroxide in a protic solvent such as aqueous methanol or aqueous THF at a
temperature of about -20° to 120°C, preferably about 0° to 50°C.
removal of a benzyl group can be accomplished by é_ "n_uh1b’_ér of reductive methods

In addition,

including hydrogenation in the presence of platinorh or pallédium 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 Z2%.
COOR cooH
CH2 X CHz X L
-ﬁ— RS-N- Zz°° _ﬁ_ RE. N~ zzoo HNX'
9° 16
N. —_— ' —
w(H2G) - (CH2n wiHaC) Y (CH
1 R ' R!
.N O -V Fo
NN, S O
6 13
_ Nx1 Nx“
co co
CHa x* R® Chz X4 R®
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SCHEME 3 The esters of formula 6 can be converted to intermediate acids of
formula 13 by a number-of methods known in the art; for example, methyl and ethyl
esters can be hydrolyzed with lithium hydroxide in a protic -sblvent_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 benzy! group can be accomplished by a number
of reductive methods including hydrogenation in the presence of platinum or
palladium catalyst in a protic solvént 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 2.

SCHEME 4
o

o R x4

HO-N R alp-
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o N o COOH
S : 17 11

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

' - ©© f

18 : _ 20
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SCHEME 5 As ;Ilustrated in Scheme 5, alkylatlon of the dlphenyloxazmone of
_ formula 18 wnth cmnamyl bromide in the presence ‘of sodlum bls(tnmethylsnyl)amlde
generates 19 whlch is then converted to the desired (D)-Z—ammo-s-phenylpentanmc
acid 20 by removing the protecting group (Prt) and hydrogenation over a PdClo

5 catalyst.
O
COMe
1. Base RzNH'NH2
——- —
2.RIX
N 2 24
2100 ' AL
21 23
Rz
Rz
N———N /
N a— N
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_ /R Reagent R .
N—N _ / . . u
l 2100
26 . 27
R1
| - f
25
. / (o)
R!
28

SCHEME 6: Treatment of an ester of formula 21 with a base such as sodium
hydride in a solvent such as DMF followed by an alkyl halide 22 generates a
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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 solvent
such as reﬂuxing ethanol, followed by concentration ar_nd heating the residue in
toluene at temperatures at or near reflux results in a ;:ompbund of formula 25.

5 Alternatively, 23 can be treated with a salt of a hydrazine in-"thé presence of sodium
acetate in refluxing ethanol to give 25. Deprotection of the amine generates a
compound of formula 28. Thioamides of formula 26 can be formed by treating 25
with Lawesson's reagent in refluxing toluene or benzene. Removal of the protecting
group transforms 26 into 27. '

10 SCHEME 7
RZ
I
0 N—N
COsMe / 0
2
R*NHNH, 1. Base
24 Iy
N 2.R'X
! \ |
zeo 2100
21 29
R2
N—N
(o]
R’
N
H
2100
25 28

SCHEME 7: Treatment of a compound of formﬁ]a 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 refiux results in compounds of formula
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' 29. Alternatively, 21 can be treated with a salit of a hydrazine in fhe 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 in a solvent such’as DMF followed by an
alkyl halide to give 25. Deprotection of the amine g'enérate's" a conipound 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 fomdula 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 protectidn of the nitrogen affords a compound of formula 82.

Protection of the alcohol affords 83. Saponification of the ester affords a compound

of formula 84. Reaction of 84 with thionyl chioride followed by treatment with

diazomethane affords the homologated acid of formula 85. Esterification of 85

affords a compound of formula 86._whi¢h is O-deprotected to give 87. -Oxidation of
87 affords a ketone of formula 88. Reaction of 88 with a hydrazine, followed by

nitrogen deprotection affords a compound of formula 44.

SCHEME 10
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CO:R ' COR
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35 36 - 37

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 hy‘drogenolysis of the

5 - benzyl group with hydrogen and a cataly'st such as palladium in a. suitable 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 of formula 41 with a secondary amine such as
piperidine in a suitable solvent such as benzene with removal of water affords an
enamine of formula 42, Alkylation of the enamine with an alpha-haloester such as
ethylbromoacetate in a suitable solvent such as benzene or THF using a suitable
base such as LDA or NaN(SiMe3), 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.



WO 97/24369 . PCT/IBY6/01353

-60-

CO,EL COEt
Ph,I* CF,CO,” | o
> ————
t-BuOH
§| 00 9100
37 46
/Rz RZ
N—N N— N/
/ o | | / o
.
Ph Ph
Phoo N
47 ' 48

Scheme 13: Treatment of a ketoester of formula 37 with an iodonium sait 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. Deprotection of the nitrogen affords compounds of formula 48, see
Synthesis, (8), 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‘DMF affords a
ketoester of formula 52. Reaction of 52 with a hydrazine generates a-compound of
formula 53. Ozonolysis of 53 in a suitable solvent such as methylene chloride
followed by treatment with a reducing agent such as 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
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. Deprotection of the nitrogen affords compounds
of formula 62.
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SCHEME 17: Treatment of a compound of formula 54 with a reducing agent such as
sodium borohydride affords a compound of formula 63. Rgaction 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 formuta 65.
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SCHEME 18: Treatment of a compound of formula 63 with a phosphine such as
triphenyl phosphine and an azo compound such as diethylazodicarboxylate and an
-5 oxindole affords a compound of formula 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 LDA followed by acid-catalyzed hydrolysis of the ketal affords chiral
ketoesters of formula 69. Reaction of 69 with a hydrazine generates chiral
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compounds of formula 70. Deprotectiob of the nitrogen affords compounds of
formula 71.
SCHEME 20
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$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 presence of a base 'such as LDA followéd, by acid-

catalyzed hydrolysis of fhe enamine affords _chiral ketoesters of formula 69.

_ Reaction of 69 with a hydrazine generates chiral compb_unds of  formula 70.
10  Deprotection of the nitrogen affords compounds of_formu_la 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 saits of

5 formula 73. Crystallization of the diastereomeric salts affords the acid salit of chiral
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compounds of formula 70. Decomposition of the salt 70 with base liberates chiral
compounds of formula 71.
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5 SCHEME 22: Alkylation of compounds of formula 25 with an allylic acetate in the
presence of a suitable catalyst such as pailadium tetrakis(triphenylphosphine) affords
compounds of formula 74. Deprotection of the nitrogen affords compounds of
formula 75, see Tetrahedron (50) p. 515, 1994 for a detailed discussion.
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SCHEME 23: Treatment of a ketodiester of formula 76 with an alky! halide in the
presence of a base such as sodium hydride 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 co'r'n'p;:'un'd of formula 78 with a hydrazine generates chiral
compounds of formula 79. Deprotection of the nitrogen affords compounds of

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

10 compounds of formula 89 with a hydrazine generates compounds of formula 6.
Deprotection of the nitrogen affords compounds of'fqrmula 7.
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SCHEME 25: Treatment of a hydroxyacetoacetate ester of formula 90 with an alkyl
halide in the presence of a. suitable base such as sodium hydride affords
compounds of formula 91. Reaction of 91 with a hydrazine generates compounds
of formula 92. O-Alkylation of the carbonyl oxygen of 92 affords 93 which is
converted to the halide 94. Displacement of the halide X by cyanide ion affords the



WO 97/24369 . PCT/IBY6/01353

-74-

nitrile 95. Reduction of 95 giVes thé ‘primary amine 96 which is deprotected' and
cyclized in the presence of formaldehyde to afford 28.

SCHEME 26
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5 SCHEME 26: Treatment of a beta-keto-protected aminovalerate such as 97 with an
alkyl halide in the presence of a suitable base such as sodium hydride affords
compounds of formula 98. Reaction of compounds of formula 98 with a hydrazine
generates compounds of formula 99. Deprotection of "c_ompounds of formula 99

- affords primary amines of formula 100. Cyclization of compounds of formula 100 in
10 the presence of formaldehyde affords compounds of formula 28.
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SCHEME 27: Treatment of the amine 6f 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 formuia 23c. Deprotection
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 affbrds compounds of formula
7.

The following examples are provided for the purpose of further illustration
only and are not intended to be limitations on the discloéed invention.
General Experimental Procedures:
Amicon silica 30 pM, 60 A pore size, was used for column chromatography. Melting
points were taken on a Buchi 510 apparatus and are uncorrected. -Proton and
carbon NMR spectra were recorded on a Varian XL-$00. Bruker AC-300, Varian
Unity 400 or Bruker AC-250 at 25 °C . Chemical shifts_ are expressed in parts per -
million down field from trimethylsilane. Particle beam. mass spectra were obtained
on a Hewlett-Packard 5989A spectrometer using ammonia as the source of chemical -
ionization. For initial sample dissolution, chioroform or methanol was ’é’r'hployed.
Liquid secondary ion mass spectra (LSIMS) were obtained on a Kratos ancept-1_s :
high resolution spectrometer using cesium ion bombardinent on a sample dissolved -
in a 1:5 mixture of dithioerythritol and dithiothreitol or in é thioglycerol matrix. For
initial sample dissolution chloroform or methanol was employed. Reported data are
sums of 3-20 scans calibrated against cesium iodide. TLC analyses were performed
using E. Merck Kieselgel 60 F254 silica plates visualized (after elution with the
indicated solvent(s)) by staining with 15% ethanolic bhoSphomonbdic 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 treatéd sequentially with 1.0-1.2
equivalents of the carboxylic acid coupling pa_rtner. 1.5-1.8 equivalents
hydroxybenzotriazole hydrate (HOBT) or HOAT and 1.0-1.2 equivalents
(stoichiometrically equivalent to the quantity of carboxylic acid) 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC) and the mixture is
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stirred overnight in an ice bath (the ice bath is allowed to warm, thus the reaction
mixture Iis. 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 1N NaOH, twice wiih 1N HCI
(if the product'is not basic), once with brine, dried m)er Na2S04, and concentrated

giving the crude product which is purified as specified. The carboxylic acid
-component can be used as the dicyclohexylamine salt in coupling to the primary

amine or hydrochloride of the latter: in this case no triethylamine is employed.

Example 1

A. 4-Oxo-piperidine-1,3-dicarboxylic acid 1-tert-butyl este ethy! este

A mixture of 8.00 g (38.5 mmol) of 4-oxo-piperidine-3-carboxylic- acid ethyl ester
hydrochloride, 9.23 g (42.4 mmol) of di-tert-butyldicarbonate, and 3.89 g (38.5 mmol)
of triethylamine-in. 150 mL of THF was stirred at room temperature for about 72 h.
The mixture was concentrated and the residue was dissolved in ethyl acetate and
washed three times each with 10% aqueous HCi, saturated aqueous sodium
bicarbonate solution, and brine, dried over MgSO4, and concentrated to give 10.0 g

of iA as a white solid. MS (Cl, NH3) 272 (MH*). _
B. _ . - " - . .- 4

To a solution of 2.00 g (7.4 mmotl) 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-fluorobenzyl
bromide in 7 mL of DMF was added to the stirming solution and the mixture was
stirred for about 72 h at room temperature. The mixture was diluted with ethyl
acetate and washed once with water and four times with brine, dried over MgSO4,

and concentrated to give 2.8 g of 1B. MS (CI, NH3) 380 (MH*).
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A mixture of 2 54 g (6 7 mmol) of 1B and 309 mg (6 7 mmol) of methylhydrazme 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
chromatog’f’aphy using an elution gradient of (1 8:82_ viv ethyl acetate:hexane) to
(75:25 viv ethyl acetate:hexane) to give 1.0 g of 1C as a clear colorless oil. MS (C,
NH3) 362 (MH*).

To 1.00 g (2.8 mmol) of 1C was added 10 mL of trifiucroacetic acid é't'_.about 0°C
and the mixture was stirred for about 1 h. Ethyl acetate was added and the mixture . .

was concentrated to give 1.0gof 1D. MS (CI; NH3) 263 (MH).

To 1.83 g (6.2 mmol) of N-t-BOC-O-benzyl-D-serine in 35 mL of DMF Was added
1.02g (7.4 mmol) of potassium carbonate followed by 0.92g (6 5+ mmol) of
iodomethane. - The mixture was stired ovemnight at about 24 °C. under an
atmosphere of nitrogen. The reaction mixture was diluted with 200 mL of water, and
extracted three times with ethyl acetate. The combined organics were washed five
times with water and once with brine, dried over MgS0O4 and concentrated. The
crude (R)-3-benzyloxy-2-tert-butoxycarbonyl—ammo-proplomc acid methyl ester was

dlssolved in 15 mL of cold trifluoroacetic acld at about 0oC. and the mixture was
stirred for about 2 h. The mixture was concentrated and the resld_ue was diluted with
1N NaOH and extracted three times with ethyl acetate. The combined organic
extracts were washed with brine and dried over NazSQ4 to give 0.84 g (4.02 mmol)
of the resulting (R)-2-amino-3-benzyloxy-propionic acid methyl ester which was
coupled to 0.81 g (4.02 mmol) of N-t-BOC-a-methylalanine to give 1.80 g of (R)-3-
benzyloxy-2-(2-tert-butoxycarbonylamino-2-methyl-propionylamino)-propionic  acid
methyl ester. The crude product was dissolved in 20 mL of 4:1 THF:water and a
solution of 335 mg (7.98 mmol) of lithium hydroxide hydtate in 1 mL of water was
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added to the solution and the mixture was stirred overnight at room temperature.

~ The mixture was concentrated and the residue was diluted with ethyl acetate and

acidified with aqueoué HCI and extracted three times with ethyl acetat_e. The organic
extracts were combined and washed once with brine, dried -over ‘Na2S04 and

~ concentrated to give 1.60 g of 1E as an oil which solidified on standing. TH NMR

(CDCi3 300 MHz2) § 7.30 (m, 5H), 7.10 (d, 1H), 5.07.(bs, 1H), 4.68 (m, 1H), 4.53 (q,
2H) 4.09 (m, 1H), 3.68 (m, 1H), 1.3-1.5 (m, 15H).

According to the method outlined in General Procedure A, 193 mg (0.51 mmol) of 1D

and 196 mg (0.51 mmol) of 1E were coupled to give a mixture of diastereomers.
The residue was purified by silica gel chromatography using -an elution gradient of
{1:1 viv ethyl acetate:hexane) to 100% ethyl acetate to give 60 mg of less polar 1F
isomer 1 and 100 mg of more polar 1F isomer 2. MS (Cl, NH3) 624 (MH?) for both

isomers.

thyl}-isobutyramide hydrochloride _
To 60 mg .(0_.'1'0 mmol) of 1F' isomef 1 in 10 mL of ethanol was addéd 4 mL of
concentrated HCl and the mixture was stirred at room temperature for.about 2h
The mixture was concentrated and the residue was precipitated from ethanol/hexane
to give 50 mg of 1G isomer 1 as a white pow_der. MS (Cl, NH3) 524 (MH*). THNMR
(CD30D): (partial) 3 7.32 (m, 5 H), 7.12 (m, 2 H), 6.91 (m, 2 H), 5.15 (m, 1 H), 4.54
(s, 2 H), 3.78 (m, 2 H)3.02 (m, 7 H), 2.66 (m, 2 H), 1.57 (s, 6 H).

H- AMNINO-IN R i-penzvioxymetmnvi-£-1sa- (4 -f

To 100 mg (0.16 mmol) of 1F isomer 2 in 10 mL of ethanol was added 4 mL of
concentrated HC! and the mixture was stirred at room temperature for about 2 h.
The mixture was concentrated and the residue was precipitated from ethanol/hexane
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to give 60 mg of 1l-l isomer 2 as a white' powder MS (CI NH3) 524 (MH‘*) THNMR
(CD30D): (partlal) 87 32 (m, S 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), 258(m 3H) 158(s 6H)

Example 2

To 4.92 g (16.2 mmol) of N-a-t-BOC-D-tryptbphan' in 160mL of DMF was added 2.46

g (17.8 mmol) of potassium carbonate followed by 2.41 9 (17 0 mmol) of
iodomethane, and the mlxture was stirred overmght at 24°C under an atmosphere of -
nitrogen. The reaction mixture was diluted with water, _a_nd extracted three times with -
ethyl acetate. The combined organics were washed ﬁ\)e times with 500 mL of water

and once with brine, dried over MgSO4 and conceéntrated to give 4.67 g of a white .

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 0.9C. and the
mixture was stirred for about 2 h. The miixture was concentrated and the residue
was diluted with 1N NaOH and extracted three times with ethyl acetate. The
combined organic extracts were washed with brine a‘r'id dried" over Na2SO4 to give -

(R)-2-am|no-3-(1H—lndol-3-y|)-prop|omc acid methy! ester as an orange oil in

quantrtatlve yield.

The crude product from 2A 1.55 g (7.1 mmol) was coupled to 1.44 g (7.1 mmol) of
N-t-BOC-a-methylalanine according to Procedure A to give an oil which was purified
by silica gel chromatography using a gradient of 10%, 20%, 30%, 40% and 50%
ethyl acetate in hexane to elute. Re‘oovered. 1.32 g of (R)-2-(2-tert-
butoxycarbonylamino-2-methyl-propionylamino)-3-(1 H-lndol-3-yl)—prop|omc acid
methyl ester. ’
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To a solution of 1.03 g (2.64 mmol) of 2B in 10 mL of THF was added 381 mg (9.1
mmol) of lithium hydroxide hydrate in 2 mL of water and the mixture was stirred
overnight at room temperature. Exdess THF was removed by evaporation, and the
basic aqueous mixture wa_é extracted three times with ethyl acetate, and then
acidified to pH 4 with dilu_te acetic or hydrochloric acid. The product was extracted
with ethyl acetate and the combined organic extracts were washed with brine, dried
over MgSO4 and evaporated to give 1.03 g of 2C as an 'orange foam. MS (CI, NH3)

390 (MHY). TH NMR (CDCl3 300 MHz) 5 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, OH).

D. -{2-] - ' - -3- s -
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 viv ethyl acetate:hexane) to

-100% ethyl acetate to give 230 mg.of 2D. .MS (CI, NH3) 633 (MH*).

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 residu_e was precipitated from ethanol/hexane to give 130 mg
of 2E as a white powder. MS (CI, NH3) 533 (MH*). THNMR (CD30D): (partial) &
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), 247 (m, 2 H), 2.03 (M, 2 H), 1.59 (m, 6
H). '
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Yo a mixture of 7.00 g (36.2 mmol) of 4-oxo-piperidine-3-carboxylic acid methy! ester
and 8.82 g (72.3 mmol) of 4,4-dimethylaminopyridine in 200 mL of methylene
chioride at about 0 OC was added a solution of 7.88 g (36.2 mmol) of ditert-
butyldicarbonate in 150 mL of methylene chloride ovér: about 30 m.i.n. The mixture
was warmed to room temperature and then stirred for about 17 h. The mikture was
concentrated and the residue was diluted with chioroform and washed three times
each with 10% aqueous HCI, saturated aqueous sodium bicarbonate solution and
brine, dried over MgS0O4 and concentrated to give 9.18 g of a clear yeliow oil.
B. (B S\ Raf RTIr . N . !

Toa sdlutibn of 5.00 g (19.4 mmol) 3A in 10 mL of DMF ‘was added 745 mg (7.4
mmol) of éoditjm 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 an‘d the mixture: was stirred -
for about 42 h at room temperature. The mixture was diluted with ethyl acetate and
washed once with water and four times. with brine, dried over MgSO4, and

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

A mixture of 4.00 g (11.5 mmol) of 3B and 530 mg (11.5 mmol) of methylhydrazine
in 100 mL of ethanol was heated at reflux for about 8 h. - The mixture was
concentrated and the residue was dissolved in 100 mL toluene and heated at reflux
for about 17 h. The mixture was concentrated and the residue was purified by silica
gel chromatography using an elution gradient of (15:85 viv ethyl acetate:hexane) to
(75:25 viv ethyl acetate:hexane) to give 2.6 g of 3C as a clear colorless oil. MS (Cl,

NH3) 344 (MH).
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To 2.60 g (7.6 mmol) of 3C was added 20 mL of trifluoroacetic acid at about O oC
and the mixture was stirred for about 2.5 h. :Ethyl -acetate was added and the
solution was washed with 6N NaOH, dried over MgSO4 and concentrated to give 1.8

g of 3D. MS (Cl, NH3) 244 (MH™).

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

F. _ -N-[2-(3a- " -2

To 150 mg (0.24 mmol) of 3E in 15 mL of ethanol was added 5 mL of concentrated

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

3F. MS (Cl, NH3) 515 (MH*). THNMR (CD30D): 5 7.20 - 6.91 (m, 9 H), 6.56 (m, 1),

5.17 (m, 1 H), 4.05 (m, 1 H), 2.86 (s, 3 H), 2.62 (m, 1 H), 2.38 (m, 1 H), 2.06 (m, 2

H), 1.61 (m, 8 H). ' ' '
Example 4

According to the method outlined in General Procedure A, 1.12 g (4.6 mmol) of 3C
and 1.75 g (0.51 mmol) of 1E were coupled to give a mixture of diastereomers. The
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residue was purified by silica gel chromatography sing an élution gradient of (1:1
viv ethyl acetate:hexane) to 100% ethyl acetate to give 350 mg-of less polar 4A
isomer 1 and 250 mg of more polar 4A isomer 2. MS (Cl, NH3) 606 (MH*) for both

isomers.

To 250 mg (0.41 mmol) of 4A isomer 1 in 15 mL of ethanol ' was added 5 mL of
concentrated HC! and the mixture was stirred at room 'tempei'ature for about 5 h.
The mixture was concentrated and the residue was preeipitated from ethanol/hexane

and dried under vacuim to give 130 mg of 4B i isomer 1. MS (CH, NH3) 506 (MH*).

1HNMR (CD3OD) 3 733 (m, 5H) 7.14 (m, 5H) 522 (m 1H) 4.57 (m 3H),380
(m, 2H)314(m 1H),3.04(s, 3H), 296(m.2H) 2.61 (m 2H),163(m 7H)

To 250 mg (0 41 mmol) of 4A isomer 2 in 15 mL of ethanol was added 5 mL of

concentrated HCl and the mixture was stirred at room temperature for. about 5 h.
The mixture was coneentrated and the residue was preclpltat_ed from ethanol/hexane

and dried Lmder vacu'um to give 120 mg of 4C isomer 2. MS (Ci, NH3) 506 (MH“).

THNMR (CD30D): 6 7.31 (m, 5 H), 7.13 (m, 5 H), 6.78 (m, 1 H), 5.28 (m, 1 H), 4.62
(m, 3 H), 3.81 (M 2 H), 3.14 (m, 1 H), 2.62 (m, 3H) 1.58 (m, 7 H).

Saturated aqueous sodium bicarbonate was added to 3.60 g (6.6 mmol) of 4B
isomer 1 and the mixture was extracted with ethyl acetate. The organic layer was
dried over MgSO4 and concentrated. The residue was dissolved in ethyl acetate,

cooled to about 0 °C and 0.43 mL (6.6 mmol) of methane-sulfonic acid was added
and the mixture was stirred for about 0.5 h. Hexane (200 mL) was added to the
solution and the mixture was stirred for about 1h and filtered to give 3.40 g of a white
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solid. The solid was recrystallized from 3% aqueous ethyl acetate to give 2.55 g of
4D isomer 1 as a white crystalline solid. MS (Cl, NH3) 506 (MH?Y).

- Example §

To an about -78°C solution of 13.8 g (70.0 mmol) of cinnamyl bromide and 4.94 g
(14.0 mmol) of t-butyl-(2S,3R)-(+)-6-ox0-2,3-diphenyl-4-morpholine carboxylate in
350 mL of anhydrous THF was added 28 mL (28 mmol}) of 1M sodium
bistrimethylsilylamide in THF. The mixture was stirred at about -78°C for about 1.5 h
and then poured into 750 mL of ethyl acetate. The mixture was washed twice with

brine, dried over MgSO4 and concentrated to give:a 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)-Dir 3(R)- g o . |
To 2.97 g (6.33 ' mmol) of 5A was added 20 mL of trifluoroacetic acid at about 0°C
and the mixture was stirred for 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 exiracted three times with ethyl acetate and the combined organic
extracts were washed with brine, dried over MgSO4 and concentrated to give an
orange oil which was purified by silica gel chromatography (10:90 v/v ethyl
acetate:hexane) to give 880 mg of 8B as a white solid.

C.  2-(R}-Ami -

A mixture of 440 mg (1.19 mmol) of 5B and 120 mg of pailadium chioride 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
triturated with ether to give 240 mg of 5C as a white solid.
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To a slurry of 5.0 g (24.6 mmol) of N-t-BOC-a-methylalanine in 13.5 mL of
methylene chloride was added 3.40 g.(29.6 mmol) of N-hydroxysuccinimide and 5.65
g (29.6 mmol) of EDC. The slurry was stirred for about 17 h at'room temperature.

The mixture was diluted with ethyl acetate and washed twice each with water,
saturated - sodium bicarbonate soiution and brine. Dried over MgSO4 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.
E D bart . ino-2-methyk:propionylamine)-5- "
tanoic acid _ o : :
A mixture of 203 mg (1.05 mmol) of 5D, 378 mg (1.26 mmol) of 5C and 434 mg (3.36
mmol) of diisopropylethytamine in 2 mL of DMF was stirred over-night. The mixture
was diluted with ethyl acetate and extracted twice with 1N HCI. The aqueous phase
was extracted once with ethyl acetate. The pooled organic extracts were washed
three times with water and once with brine. The 'mixtufe was dried over MgSO4 and
concentrated. The residue was purified by silica 'gell-"chrorﬁatography; using 80%
chloroform in hexane followed by 100% chioroform followed by 10% methanol in
chioroform to give 127 mg of 5E. Co

According to the method outlined in General Procedure A, 130 mg (0.53 mmol) of 3C

and 200 mg (0.53 mmol) of SE were coupled to give a mixture of diastereomers.
The residue was purified by silica gel chromatography using an elution gradient of
(1:1 viv ethy! acetate:hexane) to 100% ethyl acetate to give 40 mg of less polar 5F

isomer 1 and 40 mg of more polar 5F isomer 2.- MS (CI, NH3) 604 (MH) for both

isomers.

To 40 mg (0.07 mmol) of 5F isomer 1 in 10 mL of ethanol was added 4 mL of
concentrated HC! and the mixture was stirred at room temperature for about 4 h.
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The mixture was concentrated and the residue was precipitated from methylene
chloride/hexane and dried under vacuum to give 30 mg of 5G isomer 1. MS (Cl,
NH3) 504 (MH*). THNMR (CD30D): (partial) 5 7.19 (m, 10 H), 4.37 (m, 1.H), 3.02
(m, 6 H), 2.67 (m, 4 H), 1.83 (m, 4 H), 1.62 (s, 6 H), 1.28 (m, 1 H).

concentrated HC!I and the mixture was stirred- at room temperature for about 4 h.

The mixture was concentrated and the residue was ‘precipitated -from- methylene
chloride/hexane and dried under vacuum to give 30 mg of 5H isomer 2. MS (CI,

'NH3) 504 (MH*). THNMR (CD30D): (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 6

bamic acid tert:butvl esf | |
According to the method outlined in General Procedure A, 200 mg (0.82 mmol) of 3C -
and 320 mg (0.82 mmol) of 1E were coupled to give a mixture of diastereomers.

The residue was purified by silica gel chromatography using an elution gradient of
(1:1 viv ethyl acetate:hexane) to 10% methanol in ethyl acetate to give 170 mg of
6A.

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

HC! 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 -
mg of 6B. MS (CI, NH3) 506 (MH*). THNMR (CD30D): 5 7.32 (m, 5 H); 7.16 (m, §
H), 5.22 (m, 1 H), 4.67 (m,1 H), 4.55 (m, 2 H), 3.79 m, 2 H), 3.12 (m, 2 H), 3.00 (m,

~ 6H),2.71 (m, 3H), 1.56 (m, 8 H).
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Ipyridine-5-carboxylic acid tert-butyl est |
To 555 mg (1.60 mmol) of 3B in 27 mL of ethanol .wa s added 240 mg (1.60 mmol) of
ethylhydrazineoxalate and the mixture was heated at refiux 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

acetate) to give 357 mg of 7A. MS (Cl, NH3) 358 (MH*). -

HCI and the mixture was stirred at room temperature for about 2 h. The mixture was

* concentrated to give 257 mg of 7B. MS (Cl, NH3) 258 (MH).

C. {2-(3a-(R.S)-Benzyl-2-ethyl-3-0x0-2.3.32.4.6.7-hexal

According to the method outlined in General Procedure A, 82 mg (0_.28 mmol) of 7|
~ and 100 mg (0.26 mmol) of 2C were coupled and the residue was purified by silica
gel chromatography using an elution gradient of 100% methylene chioride to 2%

methanol in methylene chioride to give 110 mg of 7C. MS (Cl, NH3) 629 (MH™).

To 100 mg (0.15 mmol) of 7C in 2 mL of ethanol was added 1 mL of concentrated
HC! and the mixture was stirred at room temperature for about 2 h. Thé mixture was

concentrated to give 72 mg of 7D as a colorless foam. MS (C1, NH3) 529 (MH*).
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Example 8

According to the method outlined in General Procedure A, 85 mg (0.28 mmol) of 78
and 100 mg (0.26 mmol) of 1E were coupled to give a mixture of diastereomers.
The residue was purified by silica gel chmmatogréphy using an elution gradient of
100% methylene chioride to 2% methanol in methylehe chioride to give 6 mg of less

_polar 8A isomer 1 and 11 mg of more polar 8A isomer 2. MS (Cl, NH3) 620 (MH*)

for both isomers.

To 5.7 mg (0.009 mmol) of 8A isomer 1 in 1 mL of ethahol was added 0.4 mL .of
concentrated HCI and the mixture was stirred at room temperature for about 3 'h.
The mixture was concentrated to give 4.7 mg of 8B isomer 1. MS (Cl, NH3) 520

(MH*). THNMR (CD30D): (partial) 5 7.41 - 7.05 (m, 10 H), 5.20 (m, 1 H), 4.6 (m,
1H), 4.52 (s, 2 H), 3.71 (m, 1 H), 3.60 (m, 1 H), 2.61 (m, 3 H), 1.39 (m, 9 H).

To 10 mg (0.016 mmol) of 8A isomer 2 in 1 mL of ethanol was added 0.4 mL of
concentrated HC) and the mixture was stirred at room temperature fo_r about 3 h.
The mixture was concentrated to give 8 mg of 8C isomer 2. MS (CI, NH3) 520
(MH*). THNMR (CD30D): (partial) § 7.43 - 7.00 (m, 10 H), 6.81 (m, 1 H), 5.32 (m, 1
H), 4.63 {(m, 2 H), 4.53 (m, 1 H), 3.72 (m, 1 H), 1.37 (m, 9 H).



WO 97/24369 PCT/IB96/01353

10

16 -

20

25

30

-90-

Eiample 9

A mlxture of 800 mg (3.11 mmol) of 3B and 495 mg (3 11 mmol) of benzylhydrazme
dlhydrochlonde and 423 mg (3.11 mmol) of sodium acetate trinydrate in 15 mL of
ethanol was heated at reflux for about 17 h. The mixture was concentrated and the
residue was dissolved in 100 mL of toluene and heated at reflux for about 48 h. The
mixture was diluted with ethyl acetate and washed with brine, dried over MgSO4 and
concentrated and the residue was purified by silica'gét chrorﬁéto’graphy using 100%
ethyl acetate followed by 5% methanol in methylene chloride to give 530 mg of SA
as a light brown solid. MS (Cl, NH3) 330 (MH“) '

B. g _ g o 4.3-cloyridin- e

To 411 mg (1.24 mmol) of 3E in 30 mL of ethanol was added 10 mL of concentrated
HC) and the mixture was stirred at room 't'emberature.for about 30': min. The mixture
was concentrated and the residue was crystalllzed from methanollethyl ‘acetate to

glve 353 mg of 9B. MS (, NH3) 230 (MH"’)

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

To 42 mg (0.07 mmol) of 8D in 20 mL of ethanol was added 6 mL of concentrated
HC! and the mixture was stirred at room temperature for about 30 min. The mixture
was diluted with ethanol concentrated and the residue was precipitated from
methanol/ethyl acetate to give 35 mg of 9D as a white solid. MS (Cl, NH3) 492
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(MH"). THNMR (CD30D): {partial) 7.41 - 7.16 {m, 10 H), 5.19 (m, 3 H), 448 (rh, 4
H), 3.88 (m, 1 H), 3.74 (m, 2 H), 2.68 {m, 2 H), 1.58 (m, 6 H).
‘Example 10

A mixture of 840 mg (2.42 mmol) of 3B and 276 mg (2.42 mmol) of 2,2,2-

'triﬂuoroethylhydrazi'ne (70% in water) in 20 mL of ethanol was heated at reflux for

about 5 h and then concentrated. The residue was dissolved in 40 mL of toluene
and heated at reflux for about 17 h. The mixture was concentrated and the residue
was purified by silica gel chromatography (9:1 viv hexane:ethyi acetate) to give 703
mg of 10A as a yellow oil. MS (Cl, NH3) 412 (MH*).

‘To 600 mg (1.46 mmol) of 10A at about 0 °C was added 3 mL of cold trifluoroacetic

acid and the mixture was stirred for about 3 h, allowing the solution to reach room
temperature as it did so. The mixture was concentrated and the residue was
dissolved in water and the solution was basified to pH 11 with 5N NaOH and then
saturated with potassium carbonate. The solution was extracted three times with
ethyl acetate and the combined orgénic extracts were washed with brine, dried over
MgSO4 and concentrated to give 345 mg of 10B as an opaque oil. MS (Cl, NH3)

312 (MH*).

~ According to the method outlined in General Procedure A, 137 mg (0.44 mmol) of

10B 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 1 and 63 mg of more potar 10C isomer 2. MS (Cl, NH3) 674

| (MH) for both i isomers -

To 120 mg (0.18 mmol) of 10C isomer 1 in 3.5 mL of ethanol was added 1.5 mL of
concentrated HCI and the mixture was stirred at room temperature for about 2 h.

The mixiure was concentrated to glve 94 mg of 10D isomer 1 as an off-white
powder. MS (Cl, NH3) 574 (MH™), 1HNMR (CDsOD) (partlal)8731 (m, 5H), 7.18

(m, 5 H), 521 (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). | |

To 53 mg (0.079 mmol) of 10C isomer 2 in 3.5 mL of ethanol was added 1.5 mL of
concentrated HC| and the mixture was stired at room temperature for sbout 2 h.
The mixture was concentrated to give 41 mg of 10E isomer 2 as a light yellow solid.
MS (Cl, NH3) 574 (MH*). THNMR (CD30D): (partial) 3 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 (m, 2H) 3.77 (m, 2 H), 3.09 (m, 3
H), 2.64 (m, 3 H), 1. 58(m 6 H).

Example 11

To 2.07 g (5.95 mmol) of 14B in 40 mL of ethanol was added 0.97 g (7.7 mmol) of
tert-butylhydrazine hydrochloride and 0.63 g (7.7 mmol) of sodium acetate and the
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mixture was heated at about 70 ©C for about 17 h. The mixture was cooled and the
solution decanted from the precipitate and concentrated. The residue was dissolved
in 80 mbL of toluene and heated at reflux -for about 6 h. The mixture was
concentrated and the residue was purified by silica gel chromatography (9:1 viv

To 535 mg (1.39 mmol) of 11A in 20 mL of methylene chioride was added 225 pL of
methanesulfonic acid and the mixture was stimed for about 1.5 h at room
temperature. The mixturé was diluted with ethyl acetate and washed twice with 1N
NaOH and once with brine, dried over Na2SO4 and concentrated to give 246 mg of

11B. MS (Cl, NH3) 286 (MH™).

According to the method outlined in General Procedure A, 246 mg (0.86 mmol) of
11B and 328 mg of 14F were coupled to give a mixture of diastereomers. The
residue was purified by silica gel chromatography (6:4 v/v hexane/ethyl acetate) to

give 250 mg of less polar 11C isomer 1 and 90 mg more polar 11C-isomer 2. MS
(C1, NH3) 648 (MH™) for both isomers.

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

OC was added 28 pL (0.44 mmol) of methanesulfonic acid. The ice bath was
removed and the mixture was stirred for about 3 h, diluted with 15 mL of diethyl ether
and the precipitated solid was collected by filtration to give 100 mg of 11D isomer 1.
MS (Cl, NH3) 548 (MH*). 1TH NMR (CD30D): (partial) 8 7.33 (m, 5 H), 7.27 - 7.07
(m, 5 H), 5.21 (m, 1 H), 454 (m, 3 H), 3.86 (m, 3 H), 3.10 (m, 4 H), 2.61 (s, 3 H),

' 1.62 (m, 6 H), 1.18 (s, 9 H).
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To 85 mg (0.13 mmol) of 11C isomer 2 in 10 mL of methylene chioride at about 0

OC was added 21 pL (0.32 mmol) of methanesulfonic acid. The ice bath was
removed and the mixture was stirred for about 3 h, diluted with 20 mL of diethyl ether
and the precipitated solid was collected by filtration to give 46 mg of 11E isomer 2.
MS (C!, NH3) 548 (MH*). TH NMR (CD30D): (partial) § 8.28 (br d, 1 H), 7.32 (m, 5
H), 7.18 (m, 4 H), 6.84 (m, 1 H), 5.31 (m, 1 H), 4.60 (m, 3 H), 3.70 (m, 3H), 3.18 -
2.92 (m, 3 H), 2.68 (s, 3 H), 1.57 (m, 6 H), 1.13(s, 9 H).

| Example 12

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

mmol) of sodium hydride (60% oil dispersion) at ab'c_n'Jt-O °C and the mixture was -
stirred for about 30 min. A'sblution of 762 mg'"(s.(_) mmol)- 2-picolyl chloride in 5§ mL
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 ice bath Was removed and the
mixture was heated for about 17 h at _reﬂux.. The ;ﬁixture.waS; diluted with ethyl
acetate and washed once with water and once with brine, dried .,over- MgSOg4, and
concentrated. The residue was purified by silica gel chromatography using (6:4 viv
ether:hexane) followed by (6:4 v/v ethyl acetatethexane) to give 1.2 g of 12A. MS

- (CI, NH3) 349 (MH™).

A mixture of 1.20 g (3.45 mmol) of 12A and 159 mg .(3.45 mmol) of methylhydrazine
in 20 mL of ethanol was heated at reflux for abq_ut 6.5 h. The mixture was
concentrated and the residue was dissolved in 25 th 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 viv ethyl acetate:hexane) to give 450 mg of 12B. MS
{Cl, NH3) 345 (MHY). .

Jpyridin-3-one dihydrochlorie
A mixture of 450 mg (1.30 mmol) of 12B in 2 mL of 4M HCl/dioxane was stirred at
room temperature for about 4.5 h. The mixture was concentrated to give 450 mg of

12C. MS (C), NH3) 245 (MH*).

\-methyl-ethyl)-carbamic acid tert-buty 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 viv ethyl acetate:methanol) to give 118 mg of 12D. MS (Cl, NH3) 616 (MH*). -

A mixture of 110 mg (0.18 mmol) of 12D in 1 mL of 4M HCl/dioxane was stirred at

room temperature for 17 h. - The mixture was -concentrated to give 51 mg of 12E.

MS (CI, NH3) 516 (MH“'). THNMR (CD3OD): (partial) 5 8.91 - 8.52 (m, 2 H), 8.04 (m,

2 H), 7.76 - 7.50 (m, 3 H), 6.82 (m, 1 H), 4.62 (m, 1 H), 3.36 (s, 3 H), 1.63 (s, 6 H).
Example 13 '

thyl}-carbamic acid tert-butyl esf |
According to General Procedure A, 86 mg (0.27 mmol) of 12C and 103 mg (0.27
mmol) of 1E were coupled and the residue was purified by silica gel chromatography

(95:5 viv ethyl acetate:hexane) to give 82 mg of 13A.
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A mixture of 756 mg (0.12 mmol) of 13A in 1 mL of 4M HCl/dioxane was stirred at
room temperature for about 17 h. The mixture was concentrated to give 80 mg of
13B. MS (Cl, NH3) 507 (MH*). THNMR (CD30D): (partial) 5 8.78 (m, 1 H), 8.46 (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). '

To a mixture of 100.0 g (516.4 mmol) of 4-oxo-p|pendme-3-carboxyhc acid methyl

‘ester and 63 g (516.4 mmol) of 4.4-d|methylammopyn_dme. in 1 L of methylene

chloride at about 0 °C was added a solution of: 113.0 g (516.4 mmol) of di-tert- -

butyidicarbonate in 100 mL of methylene chloride over about 90 min. The mixture . -

was slowly wénned to room temperature and then stirred for about 19°'h. The -
mixture was washed three times each with 10% aqueous HCI; saturated:aqueous -
sodium bicarbonate solution and brine, dried over MgSO4 and concentrated to give .

130.5 g of 14A as an amorphous solid. THNMR (CDCIl3): 5 4.03 (br, 2H); 3.74 (s,
3H), 3.56 (t, 2H), 2.36 (t, 2H), 1.42 (s, 9H).

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

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

min. The mixture was recooled to about 0 °C and 35.2 mbL (296 mmol) of
benzylbromide in 200 mL of DMF was added dropwise to the stirring solution and the
mixture was stirred for about 23 h at room temperature. To the solution was
carefully added 550 ml of water and the mixture was stirred for about 30 min. The
mixture was extracted three times with ethyl acetate and the combined organic
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sextracts were wéshed five times with water, once with brine, dried over MgSO4 and

concentrated to giVe 98 g of a yellow oil. The oil waé ci'ystalli_zed from hexane to
give 71 g of 14B as a white solid. MS (Cl, NH3) 348 (MH™). THNMR (CDCI3):
(partial) 5 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), -
3.28-2.98 (M, 4 H), 2.72 (m, 1 H), 243 (m, 1 H), 1.44 (s, 9 H).

c_ z = - A X, BXANVEHO-DVid O. .

A mixture of 47.0 g (135 mmol) of 14B, 38.9 g (270 mmol) of methylhydrazine sulfate
and 44.3 g (540 mmol) of sodium acetate in 800 mL of ethanol was heated at reflux
for about 17 h under nitrogen. The mixture was concentrated and the residue was

dissolved: in ethyl acetate and washed three times with water and once with brine,
dried over MgSO4 and concentrated to give a yellow oil. The oil was stirred in 750

mL of hexane for about 3 h to give 41.17 g of 14C as a white solid. MS (Cl, NH3)

344 (MH*). THNMR (CDCla): (partial)s 7.19 (m, 3 H), 7.05 (m, 2 H), 4.61 (br m, 2
H), 3.24 (m, 1 H), 3.09 (s, 3 H), 3.01 (m, 1 H), 2.62 (m, 4 H), 1.52 (s, 9 H).
D. R.S)- -2- - - -c)pyridin-3-

~ Anhydrous HC! was bubbled:through:a-solution -of 24.55 g(71.5 mmol) of 14C in 800

" mL of diethyl ether at about 0 OC for about 12 min. The mixture was stirred for about
~ 3 h, during which time a white precipitate formed. The precipitated solid was

collected by filtration and to give 19.2 g of 14D. MS (Ci, NH3) 244 (MH*). THNMR

~ (CD30DY): (partial) & 7.25 (m, 3 H), 7.05 (m, 2 H), 3.7 (m, 2 H), 3.51 (d; 1 H), 3.25

(m, 1 H), 3.17 (m, 3H), 3.03 (s, 3 H), 2.81 (m, 1 H).
E 2teft- Y nramiani
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 methylené chloride at about 0 °C was added 56.63 g (492
mmol) of N-hydroxysuccinimide in portions and the reaction was then aliowed to

~ warm to room temperature. The mixture was stirred for about 24 h and washed

twice each with saturated aqueous sodium bicarbonate solution and brine, dried over
Na2S04 and concentrated to give 124.0 g of 14E as a white solid. THNMR (CDCl3):
54.96 (br, 1H), 2.82 (s, 4H), 1.66 (s, 6H), 1.48 (s, SH).
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A mixture of 50.5 g (168 mmol) of 14E, 33.5 g (168 'm'mol)"'b'f N--BOC-O-benzyl-D-
serine, and 51.05 g (505 mmol) of triethylamine in 400 mL of dioxane and 100 mL of
water was heated at about 45 OC for about 16 h. The mixture was diluted with ethyl
acetate and acidified to pH 2 with acetic acid. The laye'rs were separated and the
organic phase was washed with brine, dried over NazSO4 and concentrated to give

650 g of 14F as a white sohd THNMR (CDaOD) (partial) & 7.55 (d 1H),729(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),
138(s,9H). | '

G. MW&WWML
tartrate

To a mixture of 5.00 g (20.6 mmol) of the free base of 44D and 3.09 g (20.6 mmol) of
L-tartaric acid in 80 mL of acetone and 3.2 mL of water wés heated under nitrogen at
about 70 °C for about 70 h, during which time the reaction mixture became a thick
suspension and an additional 20 mL of acetone was added. The reaction mixture -
was cooled slowly to room temperature and then filtered. The solid. that was
collected was washed with acetone and dried under vacuum to give 7.03 g.of 14G as
a white solid.

To a suspension of 5.00 g (12.7 mmol) of 14G in B0 mL of methylene chioride at
about 0 °C was added 1.72 mL (25.4 mmol) of ammonium hydroxide and the mixture
was stirred for about 15 min. The cold solution was filtered and used immediately in
the next step. . |

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 mfnol) of EDC was stirred at a'bout_ 0 °C under nitrogen for
about 1 h and then warmed to room temperature and stirred for about 16 h. The
mixture Wés ﬂlt'ered' and the filtrate was washed with saturated aqueous sodium
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bicarbonate and water, dried over MgSO4 and concentrated to give 7.35 g of 14 as

awhite solid. o |

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 h at
about 0 °C. The mixture was aliowed to warm to room temperature and stirred for
about 2 h. The mixture was concentrated and co-evaporated twice with toluene.
The residue was dissolved in chloroform and washed twice with saturated aqueous
sodium bicarbonate and once each with water and brine. The mixture was dried
over MgSO4 and concentra_ted to give 594 mg of 14J as an oil.

Example 15

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 refiux for about 17 h. The

mixture was concentrated and the residue was dissolved in 100 mL toluene and
heated at reflux for about 17 h. The mixture Was diluted with’ ethyl' acetate, and
washed twice with brine, dried over MgSO4 and concentrated. The residue was
purified by silica gel chromatography using an elution gradient of 100% ethyl acetate
to 5% methanol in methylene chloride to give 2.28 g of 15A as a whlte solid. THNMR
(CD30D): 5 4.20 (s, 2H), 3.67 (t, 2H), 3.43 (s, 3H), 2.58 (t, 2H) 1.48 (s 9H).

To 510 mg (2.01 mmol) of 15A in 30 mL of ethanol was added 10 mL of
c_onoentréted HCI énd thé mixture was stirred at room temperature for about 35 min.
The mixture was concentrated and the residue was crystallized from methanol/ethyl
acetate to give 425 mg of 15B as a yellow solid. THNMR (CD30D): 54.27 (S, 2H),
3.71 (S, 3H), 3.56 (T, 2H), 3.05 (T, 2H).
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According to the method outlined in General Procedure A, 100 mg (0:53 mmol) of
15B and 202 mg (0.53 mmol) of 1E were coupled and the residue was purified by
silica gel chromatography (95:5 viv methylene chioride:methanol) to give 54 mg of
15C as a white solid. MS (CI, NH3) 516 (MH*). =

To 54 mg (0.10 mmol) of 16C in 30 mL of ethanol was added 10 mL of concentrated
HCI and the mixture was stirred at room temperature for about 40 min. The mixture

. was concentrated and the residue was precipitated from methanol/ethyl acetate to

give 50 mg of 16D. MS (CI, NH3) 416 (MH*), 1 HNMR (_Cfbi;o_o)': (partial) 5 7.28 (m,

5 H), 518 (m 1 H), 4.69-4.38 (m, 4 H), 3.88 (m, 1 H), 3.73 (m, 2 H), 3.68 (s, 2 H),

3.61 (m, 1 H), 2.67 (m, 1 H), 1.57 (s, 6 H). B |
Example 16

A mixture of 800 mg (3.11 mmol) of 3A and 495 mg (3._1_ 1 mmol) of benzyl-hydrazine
dihydrochloride in 15 mL of ethanol was heated at reﬂux for about 17 h. The mixture
was concentfai_ed and the residue was dissolved in 100 mL toluene and heated at
reflux for about 48 h. The mixture was diluted with ethyl acetate, and washed twice
with brine, dried over Na2SO4 and concentrated. The residue was purified by silica

gel chromatography using an elution gradient of 100% ethyl acetate to 5% methanol
in methylene chioride to give 530 mg of 16A as a tan solid. MS (Cl, NH3) 330
A | | | T .

B_ ) R ) a - -. C . '='- "..-'

To 411 mg (1.24 mmol) of 16A in 30 mL of “ethanol was added 10 mL of
concentrated HC! and the mixture was stirred at room temperature for about 30 min.

The mixture was concentrated and the residue was crystallized from methanol/ethyl
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acetate to give 353 mg of 16B as a yellow solid. MS (Cl, NH3) 230 (MH*). THNMR
(CD30D): §7.26:7.40 (m, 5H), 5.22 (s, 2H), 4.12 (s, 2H), 3.53 (1, 2H), 3.00t, 2H).

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. iExcess 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.
The organic layer was washed with water and brine, dried over MgSO4 and

concentrated. The residue was crystallized from ethyl acetate/hexanes to give 37.0

g of an off-white solid.

butyl ester

According to the method outlined in General Procedure A, 100 mg (0.38 mmol) of
16B and 202 mg,.(0.5_3 mmol) of 16C were _coupl__éd- and the residue was purified by
silica gel chromatography -(95:5.vlv methylene: chloride:methanol) to give 45 mg of

16D as a white solid. MS (CI, NH3) 601 (MH*).

To 45 mg (0.07 mmol) of 16D in 60 mL of ethanol was added 20 mL of concentrated
HC! and the mixture was stirred at room temperature for 35 min. The mixture was
concentrated and the residue was precipitated from methanol/ethyl acetate to give
30 mg of 16E. THNMR (CD30D): (partial) & 7.40 (m, 4 H), 7.25 (m, 3 H), 7.11 (m, 2
H), 6.96 (m, 2 H), 6.81 (m, 1 H), 5.38 - 4.93 (m, 3 H), 446 (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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Example 17

To a solution of 2.00 g (7.77 mmol).3A in 30 mL of DMF was added 308 mg (7.77
mmol) of sodium hydride (60% oil dispersion) and the mixture was stirred at room
temperature for about 25 min. To the stirring solution was added 0.50 mL (7.77
mmol) of methyl iodide and the mixture was stirred for about 17 h at room
temperature. The mixture was diluted with ethyl acetate and washed once with
water and four times with brine, dried over MgSO4, and concentrated. The residue

was purified by silica gel chromatography (7:3 v/v hexane:ethyl acetate) to give 1.75
gofi7Aasa cléar oil. MS (Cl, NH3) 272 (MH*). - '
B. A Pirae % g

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 niL toluene and heatedj-;t reflux -
for about 14 h. The mixture was diluted with ethyl acetate, and washed twice with -
brine, dried over NazSO4- and concentrated. The resic__!Qé was purified by silica gel

chromatography (7:3 v/v hexane:ethyl acetate) to give 1.00 g of 17B as a white solid.
MS (CI, NH3) 268 (MH*). . : o

To 1.00 g (3.74 mmol) of 178 in 40 mL of ethanol was added 8 mL of concentrated
HC! and the mixture was stirred at room temperature for:fabou't 35 min. The mixture
was concentrated and the residue was crystallized from Methanollethyl acetate to

give 850 mg of 17C as a white solid. MS (C!, NH3) 168 (MH*).
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According to the method outiined in ‘General Procedure A, 150 mg (0.74 mmol) of
47C and 514 mg (1.35 mmol) of 1E were coupled and the residue was purified by
silica gel chromatography (85:15 viv h_exan_e:ethyl acetate) to give 185 mg of 17D as
a white solid.

To 173 mg (0.33 mmol) of 17B in 40 mL of ethanol was added 15 mL of
concentrated HC| and the mixture was stirred at room temperature for about 1 h.

The mixture was concentrated and the residue was diluted with chloroform and
washed with satbrated aqueous sodium bicarbonate and brine, dried over Na2S04
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 agueous HCl. The mixture was concentrated -

and the residu_e_v\'t_as. cry'stélliz_ed from méthanollethyl acetate to give 65 mg of 17E as -
a white solid. MS(CI 'N'H'3) 502 (MH*). 1HNMR (CD30D): {partial) 5 7.32 (m, 5 H),
5.14 (m, 1 H), 4.53 (m, 3 H), 3.71 (m, 3 H), 2.97 (m, 1 H), 2.83 (m, 1 H), 2.57 (m, 1
H), 1.98 (m, 2 H), 1.61 (m, 6 H), 1.38 (s, 3 H).

Example 18

and

A' a E l ! o N - I. - -a l l- . I Il [ I .
To 200 mg (0.58 mmol) of 3B 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

the residue was co-evaporated with ethyl acetate and hexane. To the residue was
added 2N NaOH to make it basic and the mixture was extracted with chloroform.
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The combmed organrc extracts were dried over MgSO4 and concentrated to give

18A in quantrtatrve yield.

Accordmg to the method outhned in General Procedure A, 177 g (7.16 mmol) of 18A
and 3.04 g (8.0 mmol) of 14F were coupled to glve a mixture of diastereomers. The
residue was purified by silica gel chromatography (7:3 v/iv hexane:ethyl acetate) to
give 820 mg of less polar 18B isomer 1 and 1. 14 g more potar 18B isomer 2. MS

(C1, NH3) 611 (MH*) for both isomers.

To a solution of 820 mg (1.32 mmol) of 188 isonier?l in 13 mL of ethanol was added
342 mg (2.63 mmol) of hydrazine sulfate and 431 mg (5 26 mmol) of sodium acetate
and the mixture was heated at reflux for about 17 h. The mlxture was concentrated

and the residue was diluted with ethyl acetate and washed with saturated aqueous
sodium blcarbonate and brine, dried over MgSO4 and concentrated The residue
was punﬁed by silica gel chromatography usmg an elutron gradrent of 75% ethyl
acetate in hexane to 100% ethyl acetate to gwe 550 mg of 18C isomer 1.

To a solution of 1.14 g (1.86 mmol) of 18B isomer 2 | in 20 mL of ethanol was added
485 mg (3.73 mmol) of hydrazine sulfate and 613 mg (37.4'8 mmol) of sodium acetate
and the mixture was heated at reflux for about 17 h. The mixture was concentrated
and the residue was diluted with ethy! acetate and washed with saturated aqueous
sodium bicarbonate and brine, dried over MgSO.';"'and concentrated. The residue

was purified by silica gel chromatography (75 25 vlv ethyl acetatelhexane) to grve
710 mg of 18C lsomer 2

To 200 mg (0.34 mmo!) of 18C isomer 1 in 12 mL of ethanol was added 6 mL of
concentrated HC! 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 18D isomer 1. MS (Cl, NH3) 492 (MH*). THNMR (CD30D): (partial)s 8.42
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(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, 6
H), 1.39 (m, 1 H). |
E. 2-Ami

Ipyridin-5-y)-1-(R)-benzyloxymethy|-2-oxo-eth -isobutyramide hydrochioride
To 200 mg (0.34 mmol) of 18C isomer 2 in 20 mL of ethanol was added 10 mL of
concentrated HCl 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 (CI, NH3) 492 (MH*). THNMR (CD30Dy): (paﬁial) 58.29
(brd, 1 H), 7.30 (m, 5 H), 7.11 (m, 4 H), 6.88 (m, 1 H), 5.29 (m, 1H), 4.92 (m, 1 H),
4.62 (m, 3 H), 3.91-3.70 (m, 3 H), 3.22-2.95 (m, 3 H), 2.66 (m, 3 H), 1.57 (m, 6 H),
1.30 (m, 1 H), 0.89 (m, 1 H). |

Example 19

To a solution of 300 mg (11 0 nimof) of 1A in 5 mL of THF at about 0 °C was added
67 mg (1.66 mmol) of sodium hydride (60% oil dispersion) and the mixture was

~ stirred for about 30 min. A solution of 204 mg ( 1.21 mmol) of 4-chloromethyl-

thiazole (Hsiao, C. N; Synth. Comm. 20, p. 3507 (1990)) in 5 mL of THF was added
to the cold solution, followed by 87 mg (0.53 mmol) of potassium iodide and the
mixture was heated at reflux for about 17 h. The mixture was diluted with water and
exiracted with ethyl acetate. The combined organic extracts were dried over
Na2504 and concentrated and the residue was purified by silica gel chromatography

(7:3 viv hexane:ethyl acetate) to give 80 mg of the titte compound. MS (CI, NH3)
648 (MH*). | |
B. = = i -thiaz: = =

To 90 mg (0.24 mmol) of 19A in 2 mL of ethénol was added 11.2 mg (0.24 mmol) of
methythydrazine and the mixture was heated at reflux for about 17 h. An additional
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33.6 mg (0. 72 mmol) of methylhydrazme was added and the mixture was heated at
reflux for about 7h. The mlxture was concentrated and the residue was- dissolved in
3 mL of toluene and heated at reflux for about 17 h. The mixture was concentrated

‘and the resldue was purlﬁed by silica gel chromatography (6:4 viv hexane:ethyl
acetate) to give 44 mg of 19B. MS (CI NH3) 648 (MH*)

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 |

with methylene chioride to give 40 mg of 19C. MS (Cl, NH3) 251 (MH*).

According to_ the r_n_etho’d ootlined in General Pro:ce'_dure A, 40'_mg (0.12 rnmol) of 19C
and 39 mg (0.12 mmol) of 14F were coupled and the residue was purified by silica

gel chromatography (8:1 viv ethyl acetate:hexane) to give 40 mg of 19D. MS (CI, .
NH3) 613 (MH™). - |

~ A mixture of 40 mg (0.06 mmol) of 19D in 1 mL of 4M HCI in dioxane was stirred at
_ room temperature for about 5 h. The mixture was concentrated and co-evaporated

with methylene chlonde to give 40 mg of 19E. MS (Cl, NH3) 513 (MH).
Example 20

To 4.6'g of the title compound of Exampie 14 in 20 mL of methanol, a solution of
1.36 g of L-tartaric acid in 20 mL of methanol was added at about 0° C. The mixture

was warmed to room temperature, stirred for about 40 min and concentrated in _

vacuo. The resi_due was diluted with 220 mL of ethyl acetate, heated at refiux for

_ This Sheet Has Been Replaced
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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 colorless

crystalline solid. .

‘Example 21

A mixture of the p-ketoester (4480 mg, 12.9 mmol) and LiCl (.1100- mg, 26.8
mmol) was heated in DMF (2.0 mi) at about 120 °C for about 17 h. The reaction
mixture was cooled to room temperature and extracted with EtOAc (3 x 100 mL).
The combined extracts were dried and concentrated in vacuo. The crude product
was chromatographed on SiO, using 20% ethyl acetate/hexanes to give 1320 mg of
the desired product as a yellow oil. '"H NMR (250 MHz, CDCl,): d: 7.4 (m, 5H), 4.2
(m, 18), 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): 180 (M+1- BOC). |

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 34 molecular sieves for about 17 h. The

reaction mixture was cooled to room temperature .and concentrated in vacuo. The
residue was dissolved in benzene (10 mi) and cooled to about 0 °C.  Methyl
bromoacetate (1530 mg, 10 mmol) was added dropwise. The reaction mixture was
slowly allowed to warm to room temperature and then was heated under reflux for
about 17 h at which point H,O (5 mL) was added. After refluxing for about another 2
h, the reaction mixture was cooled to room temperature and extracted with EtOAc (3
x 100 mi). The combined organic extracts were dried and concentratéd in vacuo.
The crude residue was chromatographed on SiO,-gel using 15% ethyl acetate/
hexanes to give 280 mg of product. 'H NMR (250 MHz, CDCl3): d 7.35 (m, 5 H), 4.5
(m, 1H), 3.8 (s, 3H), 3.4 (dd, 1 H), 3.1 (m, 1 H), 2.85 (m, 4H), 2.6 (m, 1 H), 2.4 (m, 1
H), 1.5 (s, 9 H); MS (APCI): 362 (M+1).
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Example 22 |

A solution of diphenylmercury (880 mg, 2.5 mmol) in CHCI3 (4 ml) under N,
was heated to about 40 °C. Lead tetraacetate (1110 mg, 2.5 mmol) was added in

~ small porttons and the greemsh yellow solutton was stlrred ‘at about 40 °C for about
- 05h. The B-ketoester (520 mg, 2.0 mmol) was then added followed by pyridine

(0. 2 mi, 2.5 mmol).. After about 5 h at about 40 °C the reaction mixture was
ooncentrated in vacuo and the residue was dissolved in ether (100 ml) and filtered.
The filtrate was washed with 3N H,SO, (3x), dned and ooncentrated to give 616 mg
of a yellow solid. Flash chromatography over SoOz-gel using 25% ethyl
acetate/hexanes provided 368 mg of the desired product 'H NMR (400 MHz,

CDCly): d715(m 5 H) 44 (s, 2 H), 37(s 5H) 26(s 2H) 1.5 (s, 9H); MS

(APCI): 334 (M+1)
Example 23

' To a stied solution of Boc-D-serine (8.2 g, 40 mmol) in DMF (75 mi) at
about 0°C was added NaH (60% dispersion, 3.2 g, 80 mmol) over about a 10 minute
period. The reaction mixture was stirred for about 1.75 h at about 0 °C, then about
0.25 h at' room temperature.  After cooling’ to""a'bout 0 °C, a solution of 2,4-
dlchlorotoluene (5 56 ml, 40 mmol) in DMF (5 mi) was added dropwlse - The
reaction mixture was allowed to warm to about 23 °C and was stirred for about 17 h,
then was partmoned between dl-lsopropylether and 10% HCL. The aqueous solution
was extracted with di-isopropy! ether (éx). The combined extracts were washed with
saturated aqueous brine, dried and concentrafed to give 14.75 g of crude product
which was used without further purification. 'H NMR (400 MHz CDCl;): d 7.6-7.2
(m, 3H), 5.4 (d, 1 H), 4.6 (s, 2 H), 4.0 (d, 1 H), 38(dd 2H) 1. 1(s gH); MS (APCI):
264,266 (M+1, M+2).

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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Example 24
Example 24 having the formula shown below,
Ph

R N o
SN 0
N_ NH,
0 1 N
- R H |
0 H

wherein R' is -CH,-phenyl and R? is methyl, was synthesized in an analogous

manner to the procedures described in:Examples 3C to 3F using the title compound

of Example 21 as starting material. ‘Both the R,R and S,R diastereomers (* indicates

the other stereocisomer center at the C-3 carbon of the above structure) were

isolated. Mass spec. (M+1)= 520; MS method = particle bombardment. '
Examples 25 and 26

Examples 25 and 26 having the formula shown below,

wherein for both examples 25 and 26 R' is phenyl and R? is methyl, where example
25is the R,R isomer and example 26 is the S,R isdmer. Examples 25 and 26 were
synthesized in an analogous manner to the procedures described in Examples 3C to
3F using the title compound of Example 22 as starting material 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
scheme illustrated beiow by couplihg the appropriately substituted pyrazalone- -
piperidine of formula | (in the below scheme) with the (D)-OBnSer derivative Il (in the
below scheme) in an analogous manner to the procedures described in Examples 3E
and 3F.
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Ar ' ’ . A'r'

N—-N
- 1. EDC, HOAT R
+ HO NHBoC ————s NH,
2.Her

m

The pyrazalone-piperidines of formula | were prepared analogously according to the
5 procedures described in Examples 3B a\_nd 3C starting wnth the appropriate _élkylating
agent and alkylhydrazine; the (D)-OBnS_e,,lf Qer‘gvatives ({])) 'w.ere prepar_eq cn three
_steps analogously to the procedures described in Example 23A, Example 23B and
Example 5F. ' o

10

. Ar
¢
o}
o)
NH,
; H?(
(o] H
Ex. # Isomer R? R'=-CH-A' Ar MS MS
Method

27 di H 2-pyridyl phenyl 493 PB
28 d1 H 4-thiazoly) phenyl 499  PB
29 d2 H 4-thiazolyl “phenyl 499 PB
30 di H 5-thiazolyl phenyl - 499 APCI
31 di Me - phenyl 2,4-di-C}-Ph 5745 @ APCI
32 di Me phenyl 2,4-di-F-Ph . 542 PB .
33 dl Me phenyi [2,3-O-CH,-O)Phenyl 550.2 PB
34 di Me phenyl 2-CFy-Ph 575 PB
3 di Me phenyl 2-Me-Ph 520  PB
3 d1 Me phenyl 2-pyridyl 507 PB
37 di Me phenyi 3,4-di-F-Ph 542 PB
38 di,2 Me phenyl 3,5-di-CF3-Ph 642 PB

39 dl  Me phenyi 3,5-di-Cl-Ph 576 APCI
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40
41
42
43

45
46
47
48
49
50
51
52
53

55
56
57
58
59
60
61
62
63
64
-65
66
67
68
69
70
71
72
73
74
75

d2
d1
d1
d1
d1
d1
d1
d1
d1
di,2
d1
d1,2
d1,2
d1
d2
a1
d2
d1
d2
d1,2
d1,2
d1t
d1,2
d1,2
d1
d1
d2
d1
d2
d1,2
d1
di
d1,2
d1,2
d1
d2

Me
Me

- Me

Me

Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me

| phenyl
- “phenyl

phenyi
pheny!
phenyi
phenyl
phenyl
phenyl
phenyl
phenyl
phenyl
4-Ph-Ph
4-Ph-Ph
4-F-Ph
4-F-Ph
4-F-Ph
4-F-Ph
4-F-Ph
4-F-Ph
4-F-Ph
4-F-Ph
4-CF3-Ph
4-CF3-Ph
3-pyridyl
3-phenyl
2-quinolinyl

2-quinolinyl

2-pyridyl
2-pyridyl
2-pyridyl
2-pyridyl
2-pyridyl
2,4-di-F-Ph

2,4-di-F-Ph .

4-thiazolyl
4-thiazolyl

A11-

3-CF3-Ph
3-CI-Ph
3-Cl-thiophene
3-F-4-Cl-Ph
3-Me-Ph
4-Ci-Ph
4-pyridyl
4-thiazolyl
S-thiazolyl
benzisoxazolyl
4-pyrimidiny!
4-thiazolyl
2-pyridyl
pheny!
phenyl
3-Cl-Ph
3-Ci-Ph
3,4-di-F-Ph
3,4-di-F-Ph
2-pyridyl
2-CF3-Ph
4-CI-Ph
4-CI-Ph
phenyl
3-pyridyl
phenyl
phenyl
phenyl
phenyl
3-F-4-CI-Ph
3-Cl-thiophene
3-CF5-Ph
3,4-di-F-Ph
2-pyridyl
phenyl

| phenyl

PCTI_I_B96/01353‘

575 APCI
540 APCI
546, 548 APCI
560 -APCI
520 PB
540 PB
507 PB
513 PB
513 APCI
547 PB
508  ‘PB
589 APCI
583 APCI
524 PB
524 ‘PB
558 PB
558 PB
560  APCI
560 APCI
525 APCH
592 APCI
609 APCI
609 APCI
508 PB
508 PB
594 PB
594 PB
506 PB
506 PB
559, 561 APCI
547,549 APCI
575 PB
579 APCI
544 PB
513 APCI
513 PB
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76
77
78
79
80
81
82
83

85
86
87
88
89

91
02
93

95
96
97
98
99
100
101
102
103
104

105
106
107
108
109
110
111

d1
d1
d1,2
d1
d1,2
d1
d2
d1
d2
d1
d2
d1
d2
d1
d2
d1
d1
d2
d1
d2
d1
d2
d1
d2
d1
d2
d1
d2
d1
d2
d1,2
d1,2
d1,2
d1
d1
d2

Et
Et
Et
Et
Et
Et
Et
Et
Et
Et
Et
Et
Et
Et

“Et

Et

Et

Et
Et

Et .

Et
Et
Et
Et
Et
Et
Et
Et
Et
Et
Et

5-thiazoly!
2-pyridyl
pheny
phenyl
phenyl
2,4-di-F-Ph
2,4-di-F-Ph
2 4-di-F-Ph

2,4-di-F-Ph

2,4-di-F-Ph
2,4-di-F-Ph
2-pyridyl
2-pyridyl
4-CF3-Ph
4-CF3-Ph
4-CF3-Ph
4-CFyPh
4-CFyPh
4-CH,-Ph
4-CHy-Ph
4-CI-Ph
4-Cl-Ph
4-CI-Ph
4-Cl-Ph
4-C-Ph
4-Cl-Ph
4-F-Ph
4-F-Ph
4-F-Ph
4-F-Ph
4-Me-Ph -
4-Me-Ph

CF3CH, phenyl
CF,CH, phenyl
CF3;CH, phenyl
CF,CH> phenyl

-112-

phenyl |
phenyl

4thiazolyl
3,5-di-CF3-Ph

3,4-di-F-Ph
2,4-di-F-Ph
2,4-di-F-Ph
2-CFyPh
2-CFy-Ph
3,4-di-F-Ph
3,4-di-F-Ph
3,4-dj-F-Ph
34-di-F-Ph
2,4-di-F-Ph
2,4-di-F-Ph
3-C-Ph
4-CI-Ph
4-Cl-Ph
3-Cl-Ph
3-C-Ph
3,4-di-F-Ph
3,4-di-F-Ph
3-5-di-CI-Ph
3-5-di-CI-Ph
3-C-Ph
3-Cl-Ph
3,4-di-F-Ph
3.4-di-F-Ph
3-Cl-Ph
3-CI-Ph
2-CF3-Ph
3,4-di-F-Ph
4-thiazolyl
3-CFy-Ph
3,5-di-CPh
3,5-di-Cl-Ph

PCT/IB96/01353

513 PB
521 7 PB
541 APCI
656 PB
556 PB
593 APCI
593  APCI
625 APCI
' 625 APCI
593 APCI
593 APCI
607 PB
607 PB
625 APCI
625 APCI
‘823~ APCI
623 APCI
623 APCI
568 APCI
568  APCI
500 PB
590 PB
622 PB
622  PB
589 PB
589 PB
574 PB
574 PB
572 APCI
572 APCI
602 APCI
570 APCI
595 APCI
6423  APCI
643 APCI
' 644 APCI
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115
116
117
118
119
120
121

122

123
124
125
126
127

128

129
130
131
132
133
134
135
136
137
- 138
139
140
141
142
143
144
145
146
147

d1
d2
d1i
d2
d1
d1
d2
d1,2
d1,2
d1,2
d1
d2
d1
d2
di,2
d1
d2
d1
d2
d1
d1
d2
d1
d2
di1
d1
d1
d1,2
d1
d1
d2
d1,2
dt,2
d1,2
d1
d2

CF3CH, phenyl
CF4CH3 phenyl
CF;CH, phenyl
CF3CH, phenyl
CF;CH, phenyl
CF3;CH, phenyl
CF4aCH, phenyl
CF3CH2 phenyl

CFsCH, 2,4-di-CI-Ph
CFsCH, 2,4-di-Cl-Ph

CF,CH; 2,4-F-Ph
CF3iCH; 24-F-Ph
CF,CH; 2,4-F-Ph
CF,CH; 2,4-F-Ph

-CF3CH; 2,4-F-Ph

CF3CH, 2-pyridyl
CF3CH, 2-pyridy!

_ CF3;CH; 2-pyridyl
CFyCH, 2-pyridyl .

CF3CH; 2-pyridyl
CF,CH, 2-pyridyl

. CF3CH, 2-pyridy)

CF;CH, 2-pyridyl
CF3CH, 2-pyridyl
CFyCH, 2-pyridyl
CF,CH, 2-pyridyl
CF3CH, 2-pyridyl
CF3;CH; 2-pyridyl
CF3CH, 2-pyridyl

CF,CH, 3-pyridyl

CF3;CH, 3-pyridyl
CF5CH; 4-CH3-Ph
CF;CH; 4-CH3-Ph

e
3
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3,4-di-F-Ph

| 34-di-F-Ph

3,5-di-Cl-Ph
3,5-di-Cl-Ph
3-CF5-Ph
3,4-di-F-Ph
3.4-di-F-Ph
4-thiazolyl
2-pyridyl
4-thiazoly!
2-CF;-Ph
2-CF3-Ph
3,4-di-F-Ph
3,4-di-F-Ph
4-thiazolyl
2,4-di-CI-Ph
2,4-di-Cl-Ph
2 4-di-F-Ph
~ 2,4-di-F-Ph

 2-CFs-Ph
2-CF5-Ph
3,4-di-F-Ph
3,4-di-F-Ph
3,5-di-Cl-Ph
3-Cl-Ph

3-Cl-thiophene

3-F-4-C-Ph
3-OCF3-Ph
4-CI-Ph
4-Cl-Ph
2,4-di-F-Ph
2-CF3-Ph
4-C\-Ph
3-Cl-Ph
3-Cl-Ph

2-CFy-4-F-Ph

PCT/TB96/01353

610.2

610.2

643

642.3
610.2

610.2
595

;543

649
679

679
647

647
617
643

643
611

611
661
643
643
611
611
643

609

615, 617
627, 629
659

609
609

612

644

610

622
622

APCI
APC!
APCI
APCI
APCI.
APCI
APCI
APCI
APCl
APCI:
APCl
APCI
APCI
APCI
PB

APCI
APCI
PB

PB

APCI
PB

PB

PB

PB
APCI
PB
APCI
APCI
APCI
PB
PB
APCI
APCI
APCI
APCI
APCI
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149
150
151
152
153
154
155
156

157 -
158

159

d1

d2
d1
d2
d2
d1
d1
d2
d1
d2
d1,2
d1,2

CFiCH, 4-CHPh-

CF3CH, 4-Cl-Ph
CF4CH, 4-CI-Ph
CF4CH, 4-Cl-Ph
CF3CH; 4-Cl-Ph

CFiCH, 4-C-Ph

CF3CH, 4-F-Ph

CFiCH, 4-FPh
CF3yCHp 4-FPh

CF3sCH, 4-F-Ph
CF3CH; 4-Me-Ph
CF3CH, 4-Me-Ph

-114-

3.4-di-F-Ph
34-di-F-Ph
3,5-di-CI-Ph"
3,5-di-C-Ph |

3-Ci-Ph
3-Cl-Ph

3,4-di-F-Ph
3,4-di-F-Ph

3-CHPh
3-C-Ph

2-CF3-Ph
3,4-di-F-Ph

644

875

675
642

642

628
628
626
626

656 -

624

PCT/IB96/01353

PB
PB
PB
PB
PB
PB
PB
PB
PB
PB
APC|
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 prézalone-piperidine group;

d1 and d2 refer to isomers that were chromatographically separated d1,2 refers to a

mixture of isomers. Abbrevnatlons used in the table above are: Ph i is phenyt; PB is
particle bombardment; and APCI is a_tmosph_en_c_ _pressure ,che_mlcal ionization. The

following are NMR data for the compobnds of the above féble.as indicated. '
Example 37: 'H NMR (400 MHz, d4-MeOH):d 7.2 (m, 5H_)_,_§-.2.| (t, 1H), 4.6 (m, 3H),

3.8 (d, 2H), 3.1 (d, 1H), 3.0 (s, 3H), 2.6 (dd, 2H), 1.6 (s, 6H)

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

3.2 (s, 3H), 2.75 (m, 2H), 1.65 (s, 6H).

Example 128: 'H NMR (400 MHz, d4-MeOH):d 8.8 (s, 1H) 8.6 (s, 1H), 8.5 (t, 1H),
7.96 (t, 1H), 7.9 (d, 1H), 7.45 (d, 1H), 7.33 (d, 1H), 52 (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'.58-(dfjd,;2H), 1.6 (s, 6H).
Examples 129 & 130: "H NMR (400 MHz, d4-MeOH): d 8.76 (s, 1H), 8.50 (t, 1H),
7.92 (dt,2H), 7.43 (q, H), 8.80 (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, 2_H). 1.60 (s, 6H).

Example 137: "H NMR (300 MHz, d4-MeOH): d 8.7 (1, 1H), 8.45(, 1H), 7.9, 2
H), 7.25 (m, 4 H), 5.2 (m, 1 H), 4.95 (d, 1 H), 4.6 (s, 2H), 4.3 (m, 1 H), 3.8 (t, 2H), 3.5
(dd, 2 H), 2.8 (m, 1H), 2.8 (dd, 2 H), 1.6 (s, 6 H).
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Exampie 138: ’H NMR (400 MHz, d4-MeOH): d 8.8 (dd, 1H), 8.6 (s, 1H), 8.5 (t, 1H),
7.95 (t, 1H), 7.9 (s, 1H); 7.3 (s, 1H), 7.0 (s, 1H), 5.2 (s, 1H), 4.85 (s, 3H), 4.4m,
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: 'H NMR (300 MHz, d4-MeOH): d 8.75 (m, 1 H), 8.5 (m, 1 H),
5 7.9(m,2H),7.3(s,2H),52(m, 1H), 4.65(m, 1H),4.55(s, 2H),4.35(m, 1H),
4.20 (m, 1 H), 3.8 (t, 1 H), 3.5(dd, 2 H), 3.15 (d, 1 H), 2.8 (dd, 2 H), 1.6 (s, 2 H).
' Examples 160- 179
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 (1) (in the scheme) with the (D)-Trp derivative (Ill} (see Example 2C) in an
analogous manner to the procedures described in Examples 3E and 3F.

15

Ex. # Isomer R? MS Method
160 d1 Me | APCI

161 d1,2 Me 4-CF4-Ph 584 APCI'
162 di Me 4-F-Ph 533 PB

163 d2 Me 4-F-Ph 533 P8



WO 97724369 PCT/IB96/01353

10

-116-

164 d1 Me  4PhPh 591  APCI
165 d1.2 Et  24-diCPh 597  APCI
166 d1,2 Et  24-F-Ph 566 ~ APCI
167 d1 Et 4CFyPh 508  APCI
168 d1,2 Et 4-CF4-Ph 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 CFiCH, 24-diCPh 6515  APCI
174 d12 CFiCH, 24-diF-Ph 620 APC
175 d1 CFsCH, 4-Cl-Ph 817 PB

176 d2 CFiCH, 4-Cl-Ph 617 PB

177 d1 CF,CH, 4-F-Ph 601 - APCI
178 d2 CF,CH, 4-F-Ph 601  APCl
179 d1,2 CF4CH, 4-Me-Ph 597 APC

Note: in the above table, the isomer designation refers to the stereochemistry

at the C-3 position (indicated by the “* in the s'ttid_cture)' of the pyrazalone-

piperidine group; d1 and d2 refer to isomers that were chromatographically
separated; d1,2 refers to a mixture of isomers.
Examples 180 - 183

Examples 180 to 183 shown in the table below were prepared according to

the scheme iliustrated below by coupling the appropriately substituted pyrazalone-

_piperidine | with the acid intermediate IV in an analogous manner to the procedures

described in Examples 3E and 3F.

N—-N
(525 1. EDC HOAT'
J>< “2na J><
The acid intermediate (IV) was prepared by treating an amino acid with the product
from Example 5D using the established procedure described in Example 5F.
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Ar

o)

8 A

Ex.# lsomer R? R'=-CH,A' Ar MS  -Method
180 d1,2 Me Phenyl  (CHp)Ph 504  PB
181 d1,2 Me Phenyl  SCH,Ph 559 PB
182 d1 Me  Phenyl 2-Naphthalenyl 527 APCI
183 d1,2 Me Phenyl CH,O-(4-F-Ph) 524 PB

Note: in the above table, the isomer designation refers to the stereochemistry- at the-

C-3 position (indicated by the “*" in the structure) of the pyrazalone-piperidine group;
5 d1 and d2 refer to isomers that were chromatographically separated; d1,2 refers to a

mixture of isomers. '
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1. Acompound of the formula

®

" the racemic-diastereomeric mixtures and optical isomers of said compounds and the
pharmaceutically-acceptable salts and prodrugs thereof,

wherein ' ' '

eisOor1,;
n and w are each independently O, 1 or 2;
provided that w and n cannot both be 0 at the same time;
Y is oxygen or suifur; _
R! is hydrogen, -CN, ~(CHz)N(X®)C(O)X®, -(CHo)N(X®)C(O)(CH,)-A', -
{(CH2)NOCISOLCH,)-A', -(CH2)N(XHS0X®, -(CH)N)CIOINOC)CH)EA',
L(CH2)NOEIC(OINOEKXY), -(CH),CIOINCX)(XY), -(CH2)CIOINOC)(CH)AA',
~(CH2)C(O)OX®, -(CH,)(C(O)O(CH,)-A", ~(CHR)OX®, -(CH,)OCO)X®, -
-(CH),OC(O)(CHZ)-A', (CH2)0C(OIN(X®)(CHo)-A", «(CH,)OCIOINCC)XY),
~(CHZ)C(O)X®, -(CH,)qC(ONCH)rA", -(CHZ)N(X*)C(0)OX°,
~(CH)NOBISONONXE), -(CH2)gS(O)mX®, (CH2)gS(OIm(CH)-AY,
{(C1-Cro)alkyl, ~(CHz)A', -(CHz)q~(C3-Cr)cycioalkyl, -(CHz)y-Y'-(C1-Ce)alkyl,
~(CH2)¢-Y'-(CHo)A" or «(CHp)g-Y'-(CHa)(C5-Cr)cycloalkyl;
where the alkyl and cycloalkyl groups in the definition of R! are optionally
substituted with (C4-C,)alkyl, hydroxy!, (C4-C¢)alkoxy, carboxyl, -CONH_,
-S(0)m(C4-Ce)alkyl, -CO,(C4-C,)alkyl ester, 1H-tetrazol-5-yl or 1, 2 or 3 fluoro;
Y' is O, S(O)m. ~C(OINXE-, -CH=CH-, -C=C-, -N(X¥)C(0)-, -C(O)NX"-,
-C(O)O-, -OC(O)N(X®)- or -OC(O)-;
qis0,1,2,30r4;
tis0,1,20r3;
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said (CH,), group and (CH,); group may each‘be optionaily substituted with
hydroxyl, (C-C,)alkoxy, carboxyl, <CONH,, -S(O)n(C4-Ce)alkyl,
-CO,(C4-C,)alkyl ester, 1H-tetrazol—5¥yl, 1. 20r3 ﬂuo_ro. or 1 or 2 (Cy-
C,)alkyl;

R? is hydrogen, (C4-Cg)alkyl, -(Cq-Cs)alkyl-(C3-Cg)cycloalkyl, -(C,-C.)alkyl-ﬂ\1 orA';
where the alkyl groups and the cycloalkyl groups in the definition of R? are
optionally substituted with hydroxyl, -C(O)OXE, -C(OIN(X®)(X®), -N(X®)(X®),
-S(O)m(C1-Coalkyl, -C(O)A', -C{O)(X®), CFa, CN or 1, 2 or 3 halogen;

R3is A', (C1-Cqg)alkyl, -(C4-Cg)alkyl-A', (C4-Cg)alkyl-(C3-C7)cycloalkyl,

~(C1-Cs)alkyl-X'-(C,-Cs)alkyl, -(C4-Cs)alky-X'-(Co-Cs)alkyl-A" or

~(C4-Cs)alkyt-X'-(C,-Cs)alkyl-(C3-C;)cycloalkyl;
where the alkyi groups in the definition of R? are opfionally substituted with
-S(0)m(C1-Cg)alkyl, -C(0)0X3, 1, 2, 3,4 or 5 halogens, or 1,2 0r 3 ox3;
X' is O, S(O)y, -N(X*)C(O)-. -C(O)N(X?)-, -OC(0)-, -C(0)O-, -CX*=CX%,
-N(X3)C(0)O-, -OC(O)N(X?)- or -C=C-~;

R* is hydrogen, (C4-Cg)alkyl or (C5-C;)cycloalkyl, or R* is taken together with R® and-

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

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

1 to 4 heteroatoms. independently. selected from the group c_onsistin of oxygen,.

sulfur and nitrogen, or is a bicyclic ring system consisting of a partially saturated or

fﬂlly 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 gfo_up consisting of nitrogen, sulfur and oxygen;

X* is hydrogen or (C4-Cg)alkyl or X* is taken together with R* and the nitrogen atom

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

to seven membered ring; |

x5 Sa
N
i O
R®is a bond or is (CH2a  (CH2 .
where a and b are independently 0, 1, 2 or 3;
X° and X% are each independently selected from the group consisting of

hydrogen, trifluoromethyl, A' and optionally substituted (C4-Cg)alkyl;
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" the optionally substitited (Cr-Co)alkyi in the definition of X° and X™ is
| optuonally substltuted with a substituent selected from the group
consisting of A', OX2 -S(O)m(Ci-Celaikyl, -C(O)OX%, (Cs
C;)eycloaliyl, -N(X2)(X?) and -C(O)N(XA)(X?): '

or the carbon bearing X® or X* forms one or two alkylene bridges with the
nitrogen atom bearing R” and R® wherein each alkylene bridge contains 1 to
5 carbon atoms, provided that when one alkylene bridge is formed then X® or
X5 but not both may be on the carbon atom and R” or R® but not both may
be on the nitrogén atom and further provided that when two alkylene bridges
are formed then X® and X5 cannot be on the carbon atom and R’ and R®
cannot be on the nitrogen atom;
or )_(5 is taken togetﬁer with X** and the carbon atom to which they are
attached and form a partially saturated or fully saturated 3- to 7-membered
ring, or a pattially saturated or fully saturated 4- to &membefed ring having 1
to 4 heteroatoms independently selected ‘from the group consnstmg of
oxygen sulfur and nitrogen; o .
or X5 is taken together with X** and the carbon atom to which they are
attached and form a blc_ycllc ring system consisting of a partla“y"saturated or
fully saturated 5- or 6-membered ring, optionally having 1 or 2 heteroatoms
independently selected from the group consisting of nitrogen, sulfur and
oxygen, fused to a partially saturated, fully saturated or fully unsaturated 5-.or
6-membered ring, optionally having 1 to 4 heteroatoms independently
selected from the group consisting of nitrogen, sulfur and oxygen;
Z' is a bond, O or N-X2, provnded that when a and b are both O then Z' is not
N-X2 or O;

R" and R? are independently hydrogen or optionally substituted (C,-Cg)alkyl;

where the optionally substituted (C4-Cg)alky! in the definition of R and R®is
optionally independently substituted with A', -C(0)O-(C4-Cg)altkyt,
-S(0O)m(C4-Celalkyl, 1 to 5 halogens, 1 to 3 hydroxy, 1 to 3 -O-C(O)(C;-
Cyo)alkyl or 1 to 3 (C4-Cg)alkoxy; or

R’ and R® can be taken together to form -(CHz),-L-(CHz),-,

where L is COP)0O), S(O)m or N(X);
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A' for each occurre_ncé is independently (Cs-C7)cycloalkenyl, phenyl or a pa_:_-tially
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, sulft.ir and nitrogen, a bicyclic ring system consisting of a partially saturated,
fully unsaturated or fully saturated 5- or 6-membered ring, optiona!ly having 1 to 4
heteroatoms independently selected from the group consisting of nitrogen, sulfur and
oxygen, fused to a partially saturated, fully saturated or fully unsaturated 5- or 6-
membered ring, optionally having 1 to 4 heteroatoms independently selected from
the group consisting of nitrogen, sulfur and oxygen,
A'! for each occurrence is independently optionally substituted, in one or
optionally both rings if A‘_ is a bicyclic ring system, with up to three
substituents, each substituent independently selected from the group
consisting of F, Cl, Br, I, OCF3, OCF,H, CF3, CH;, OCH, o) of
-COIN(CE)(X®), -C(O)OX®, oxo, (C4-Ce)alkyl, nitro, cyano, benzyl,
-S(O)m(C1-Ce)alkyl, 1H-tetrazol-5-yi, phenyl. phenoxy, phenylalkyloxy,
halophenyl, methylenedioxy, -N(X®)(X®), -N(X®)C(0)(X®), -SONC)(X®), |
-N(X*)SOz-phenyl, -N(X*)SO,X’, -CONX"X2, -SO,NX"'X"2, -NX®S0,X"2,
NXPCONX''X'2, -NX®SONX''X"?, -NXPC(O)X'2, imidazolyl, thiazolyl and
tetrazolyl, provided that if A'! is optionally substituted with methylenedioxy
then it can only be substituted with one methylenedioxy;
where X' is hydrogen or optionally substituted (C;-Cg)alkyl;
the optionally substituted (C,-Cealkyl defined for X' is
optionally independenfly substituted with phenyl, phenoxy, (C4-
. Ce)alkoxycarbonyl, -,S(O),._,(Crcs)alkyl. 1 fo 5 halogens, 1to 3
hydroxy, 1 to 3 (C-Csg)alkanoyloxy o 1 to 3 (C-Ce)alkoxy;
X' is hydrogen, (C;-Cg)alkyl, phenyl, thiazolyl, imidazolyl, furyl or
thienyl, provided that when X' is not hydrogen, X'? is optionally
substituted with one to three substituents independently selected from
the group consisting of Cl, F, CH;, OCH;, OCF; and CFy3;
or X' and X2 are taken together to form <(CH,),-L'-(CH,)r;
where L' is C(X)0%), O, S(O)m or NOX);
r for each occurrence is independently 1, 2 or 3; |
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X2 for each occurrence is independently hydrogen, optionally substituted (Ci-
Ce)alkyl, or optnonally subst:tuted (C;,-C-,)cycloalkyl where the’ optlonally substituted

(C,-Ce)alkyl and optuonally substltuted (03-07)cycloalkyl in"the definition of X? are
optionally independently’ substituted wnh -S(O),..(C1-C5)alkyl -C(O)OX®, 1t 5
halogens or 1-3 ox’ | '
X3 for each occurrence is independently hydrogen or (C1-Ce)alkyl
X%is mdependently hydrogen, optionally substitited (C1-Cs)alkyl (Cz-Cs)halogenated
alkyl, optionally substituted (03-07)cyc|oa|kyl (03-07)-halogenatedcycloalkyl where
optionally substituted (C,-Cs)alkyl and optionally substrtuted (C3-C;)cycloalkyl in the
definition of X° is optlonally independently substntuted by 1 or 2 (C,-C,)alkyl,
hydroxyl, (C1-C4)alkoxy, carboxyl, CONH,, -§(0),(Cq-Ce)alkyl, carboxylate (C,-
C.,)alkyl ester, or 1H-tetrazol-5-yl; or o |
when there are two x8 groups on one atom and both X6 are independently (C,-
Ce)alkyl, the two (C,-cs)alkyl groups may be optlonally ;omed and, together with the
atom to which the two Xs groups are attached form a 4- to 9- membered ring
optlonally having oxygen, sulfur or NX';
7 is hydrogen or (C,-Ca)alkyl optlonally substatuted with hydroxyl and

m for each occurrence |s mdependently 0,10r2; '
with the proviso that: . .

® and X' cannot be hydrogen when it is attached to C(O) or SO, in the form
C(O)x6 (o7(0)) 48 sozxs or SO,X'% and
when R® is a bond then L is N(xz) and each rin the definition -(CHp)-L-(CH,)- is
mdependently 2o0r3. _

2. A compound according to claim 1 wherein

X* is hydrogen; | | ' '
R* is hydrogen or methyl;
R is hydrogen or (C-Ca)alkyk; |
R® is hydrogen or (C1-C3)élkyl' optionally substituted with one or two hydroxyl groups;

’\/

(CHz)a (CHz)b

Réis where 2 is a bond andaisOor1;
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x5 and X* are -eaéﬁfﬁiﬁdependently hydrogen, trifludromethyi, phenyl, or optionally
substituted (C,-Cs)alkyi;
where the optionally substituted (C;-Ce)alkyl is optionally substituted with
OX?, imidazolyl, phenyl, indolyl, p-hydroxyphenyl, (Cs-C7)cycloalkyl,
-S(0)m(C1-Celalkyl, -N(X2)0OC) or -CLOINO)E);
or X® and R’ are taken together to form a (C-Cs)alkylene bridge.
3. A compound according to claim 2 wherein b is 0; X° and X are each
independently hydrogen, (C4-Cs)alky! or hydroxy(C,-Cj)alkyl;
R? is selected from the group consisting of 1-indolyl-CH,-, 2-indolyl-CH,-, 3-indolyl-

:CHop-, 1-naphthyI-CH2-, 2-naphthyl-CHg-, 1-benzimidazonI-CHz-.' 2-benzimidazolyl-_

CH,-, phenyl-(C4-C,)alkyl-, 2-pyridyl-(C4-C4)alkyl-, 3-pyridyl-(C4-C,)alkyl-, 4-pyridyl-
(C4-Cy)alkyl-, phenyl-CH,-S-CH,-, thienyl-(C4-Cy)alkyl-, phenyl-(Co-Ca)alkyl-O-CHo-,
phenyi-CH,-O-phenyl-CH,- and 3-benzothienyl-CH;-;
| where the aryl portion(s) of the groups defined for R® are optionally
substituted with one to three Substituents, each substituent being
independently selected from the group consisting of methylenedioxy, F, Cl,
CH,, OCH;, OCF,, OCF,H and CF,. | "
4. A compound according to claim 3 wherein
R* is hydrogen;
ais0; |
nis 1or2;
wisOor1; ,
x5 and X5 are each independently, hydrogen, methyl or hydroxymethyl, provided
that when X is hydrogen then X is not hydrogen; .
R’ and R® are each hydrogen; and
R® is phenyl-CH,-O-CH,-, phenyi-CH,-S-CH,-, 1-naphthyl-CH,-, 2-naphthyl-CHg-,
phenyl-(CH,)3- or 3-indolyl-CH,-,
‘where the aryl portion of the groups defined for R® is optionally substituted
with one to three substituents, each substituent being independently selected
from the group consisting of fluoro, chioro, methyl, OCH;, OCF,H, OCF; and
CF,. |
5. A compound according to claim 4 wherein
R' is -(CH,)rA", -(CH,)-(C5-Cr)cycloalkyl or (C4-Cro)alkyl;
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* where A’ in the definition of R" is optionally substituted with one to three
substituents, each substituent being mdependently ‘selected from the group
consisting of ﬂuoro, chloro methyl OCH3. OCFzH OCF;, and CFg;
the cycloalkyl and alkyl groups in the definition of R1 are optnonal!y substltuted
with (C,-C4)alkyl hydroxyl (C1-C4)alkoxy, carboxyl CONHz,
-S(O)m(C1-C3)alkyl -002(01-04)alkyl ester 1H-tetrazol-5-yl or 1to 3 fluoro;

YisO;
2is hydrogen -(Co-cs)alkyl-(cs-ca)cycloalkyl phenyl or (C,-Ca)alkyl where the (Cy-
Cg)alkyl group is optlonally substituted wnth hydroxyl -CF3 or 1 to 3 halogen.

6. A oompound according to claim 5 wherein 1 w |s o and nis 1.
7. A compound accordmg toclaim5 wherem e is 0; nand w are each 1;
Yis -(CH)A; | :

- “where A' in the definition of R! is phenyl, ihieny! thiazolyl, pyridyl or
: pynmldyl whlch is optlonally substituted wnth one to three substltuents
each substttuent besng mdependently selected from the group
conslstmg of F Cl, Me. OMe CFa. OCF3 and OCFzH
tis0, 1 or 2;
and R® is phenyI-CHz-O-CHz- phenyl-(CH,)s- or 3-mdolyl-CHz. where the aryl
portion is optionally substituted with one to three substltqents, each substituent being
independently selected from the group consisting of ¥, Cl ‘Me, OMe, CF3', OCF, and
OCF,H. o
8. A compound according to claim 7 wherem X% and X* are each
methyl; R'is -CHz-phenyI -CH2-4-ﬂuoro-phenyI -CHz-pyndyl or -CHz-thlazonI and
R? is hydrogen, methyl, ethyl, t-butyl or -CH,CF;.
9. A compound according to claim 8 wherein R1 is -CH,-phenyl and Rlis
pheny-(CHg)s-. - |
10.  The diastereomeric mixture of a combeur\d according to claim 9

~ where said compound ls 2-amino-N-[{1-(3a-(R, S)-benzyl-z-methy|—3-oxo-2 3,3a,4,6,7-

hexahydro-pyrazolo[4 3-c]pynd|ne-5-carbonyl)~4-phenyl-(R)-butyl]-nsobutyramude

11. The compound accordmg to claim 10 where the compound is 2-
amino-N-{1-(3a-(R)-benzyl-2-methyl-3-oxo0-2,3,3a,4,6,7-hexahydro-pyrazolo-[4,3-
clpyridine-5-carbonyl)-4-phenyl-(R)-butyll-isobutyramide. -
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12.  The compound according to claim 10 where the compound is 2-
amino-N-[1 -(3a-(S)-Bénzyl-z-methyl-s-oxo-z 3,3a4,6 7-hexahydro-pyrazolo-[4 3-
c]pyndlne-5-carbonyl)-4-phenyl-(R)-butyI]-|sobutyramlde

13. A compound according to claim 8 wherein R'is -",CHg-phenyl or -CHo-
4-fluoro-phenyl and R? is 3-indolyl-CH-.

14. The dsastereomenc mixture of a .compound according to claim 13
where said compound is 2-amino-N-[2-(3a-(R,S)-benzyl-2-methyl-3-0x0-2,3,3a,4,6,7-
hexahydro-pyrazolo-[4.3-c]pyridin-5—yl)-1 ~-(R)-(1H-indol-3-yimethyl)-2-oxo-ethyl}-
isobutyramide. _

15. The compound according to claim 14 where- the compound is 2-
amino-N-[2-(3a-(R)-benzyl-2-methyl-3-ox0-2,3,3a,4,6,7-hexahydro-pyrazolo-[4,3- |
c]pyridin-5-yl)-1-(R)-(1H-indol-3-yimethyl)-2-oxo-ethyl]-isobutyramide. |

16. The compound accbrding to claim 14 where the compound is 2-
amino~N-[2-(3a-(S)—benzyl-z-methyl-a-oxo-z 3,3a,4,6,7-hexahydro-pyrazolo-[4,3-
cjpyridin-5-yl)-1-(R)-(1H-indol-3-yimethyl)-2-oxo-ethyi}-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-ox0-2,3,3a,4,6,7-
hexahydro-pyrazolo[4,3-c]pyridin-5-yl)-1-(R)-(1 H-indol—3-ylmethyl)-z-o_xo-ethyl]-
isobutyramide. _

. 18. The compound according to clalm 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-
cJpyridin-5-y1)-1-(R)-(1H-indol-3-yimethyl)-2-oxo-ethyll-isobutyramide.

19. The compound according to claim 17 where the compound is 2-
amino-N-[2-(3a-(S)-benzyl-2-ethyl-3-ox0-2,3,3a,4,6,7-hexahydro-pyrazolo[4, 3-
c]pyridin-5-yl)-1-(R)~(1H-indol-3-ylmethyl)-2-oxo-ethyl}-isobutyramide.

20. The diastereomeric mixture of a compound according to claim 13
where said compound |s_ 2-amino-N-{2-[3a-(R,S)-(4-fluoro-benzyl)-2-methyl-3-oxo-
2,3,3a,4,8, 7-hexahydro-pyrazolo[4,3-c]pyridin-5-yl}-1-(R)-(1H-indol-3-yimethyl)-2-
oxo-ethyl}-isobutyramide.

21. The compound according to claim 20 where the compound is 2-
amino-N-[2-{Sa-(R)-(4-ﬂuom—ben?yl)-zemethyl-&oxo-z,3,3a,4.6.7_-hexahydro- _
pyrazolo{4,3-c]pyridin-5-yl}-1-(R)-(1 H-indol-3-yimethyl)-2-oxo-ethyl}-isobutyramide.
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22. | The compound accordlng to claim 20 where the compound is 2-
amlno-N-[2-[3a-(S)-(4-ﬂuoro-benzyl)—2-methyl-3—oxo 2,3, 3a 46 7-hexahydro—

yrazolo[4 3-c]pynd|n-5-yll-1 -(R)-( 1 H-mdol-3-y|methyl)-2-oxo-ethyl]-|sobutyram|de

23. A compound accordmg to claim 8 wherem R'i is -CHz-phenyI or
-CH,-4-fluoro-phenyl and R*is phenyl-CHz-O-CHz-

24, The dtastereomenc mixture of a compound accordlng to claim 23
where said compound is 2-am|no-N-[2-(Sa-(R S)-benzyl—z-methyl-3-oxo-2 3, 33 46,7-
hexahydro-pyrazolo[4.3-c]pynd|n-5-yl)- -(R)-benzyloxym_e_thyl-2-oxo-ethyl]-
isobutyramide.

25. The compound according to claim 24 where the compound is 2-
amino-N-[Z-(3a-(R)-benzyl-2-methy(-3—oxo-2.3,3a,4.6,7-hexahydro-pyra:olo-[4,3- :
cJpyridin-5-yl)-1 '-(R)-ben'zyloxy'm'et'hyl-2-oxo-ethyl]-is‘obutyramide.

26. 'The"compound eccordih to claim 25 where the compound is- 2-
amino-N-[2-(3e-(R)Lbenzyl-z-methyl-&oxo-z 3,33, 4 6 7;hexohydro-pyrazolo-[4 3
c]pyndm-s-yi)-1 -(R)-benzyloxymethyl-z-oxo-ethyl]-nsobutyramlde L-tartaric acid salt.

27. The compound accordmg to claim 24 where the compound is 2-
ammo-N-[Z-(3a-(S)-benzyl-z-methyl-s-oxo-Z 3, 3a 4,6 7-hexahydro-pyrazolo-[4 3
clpyridin-5-yl)-1 -(R)-benzyloxymethyl-Z—oxo—ethyl]-|sobutyramlde

28.  The diastereomeric mixture of a compound according to ‘élaim 23
where said compound is 2—ammo-N-[2-(Sa-(R S)—benzyl-2-ethyl—3-oxo—2 3,3a,4,6,7-
hexahydro—pyrazolo[4 3-c1pynd|n-5-yl)— -(R)-benzyloxymethyl-z-oxo-ethyl]-
|sobutyram|de '

29. The compound according to claim 28 where the compound is 2-
amino-N—[2-(3a-(R)-bethI-Z-ethyI—S-oxo-z.a,3a,4.6,7-hexahydro-pyrazolo[4,3—
clpyridin-5-yl)-1-(R)-benzyloxymethyl-2-oxo-ethyl}-isobutyramide. |

30. The compound according to claim 28 whiere the compound is 2-

_amino-N-[2-(3a-(S)-benzyl-2-6thyl-3-0x0-2,3,3a,4,6,7-hexahydro-pyrazolo[4,3-

cJpyridin-5-yl)-1-(R)-benzyloxymethyl-2-oxo-ethyl]-isobutyramide.

31. The diastereomeric mixture of a compound according to claim 23
where said compound is 2-amino-N-{2-[3a-(R,S)-benzyl-3-ox0-2-(2,2,2-trifluoro-
ethyl)~2 3,3a, 4 6 7-hexahydro-pyrazolo[4 3-c]pyndm-5-yl]— -(R)-benzyloxymethyl-z-
oxo-ethyl}-isobutyramide.
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32. The compound accordmg to claim 31 where the compound is 2-

' amino-N-:{2-[_3a—(R)-benzyl-3-oxo-2-(2,2.2_-triﬂuoro-efhyl)-,2,3,3a.4.6.7-hexahydro-

pyrazolo[4,3-_,c]pyridin-5-yl]—1-(R)-ben_zyloxymethyl-2-0xo-ethyl}-isqbutyramide.

33. The compound -according' to claim 31 where the corhpound is 2-
amino-N-{Z—[3a—(S)—benzyl—_3-oxo-2-(2,2,2-triﬂuoro-ethyl)-2,3,3a.4.6,7-hexahydro-
pyrazolo[4,3-c]pyridin-5-y|]-1-(R)-benzyloxymethyl-z-oxo-ethyl}-iéobmyramide.

34. The diastereomeric mixture of a compound according to claim 23
where said compound is 2-amino-N—{1-_(R)-benzyloxymethyl-z-[Sa-(R,S)—(4-ﬂuoro-
benzyl)-2-methyl-3~oxo-2,3.3a,4,6,7-h§xahydro-.pyra'zolo[4.3-'c]pyridin-5-y|]~2-oxo—
ethyl}-isobutyramide. '

35. The compound according to claim 34 where the compound is 2-
amino-N-{1-(R)-benzyloxymethyi-2-[3a-(R)-(4-fluoro-benzyl)-2-methyl-3-oxo-
2.3,3a,4,6,7-hexahydro-pyrazolo[4,3-c]pyridin-5-yl]-2-oxo-ethyl}-isobutyramide.

36. The compound according to claim 34 where the compound is 2-
amino-N-{1-(R)-t_senz_yloxymethyl-2-[33-(S)-(4-ﬂuoro-benzyl)—2-methyl—3-oxo— |
2,3,3a.4,6_,7-hexahydro—pyrézolo[4.3-c]pyridin-5-yI]-2-oxo-ethyl}-isobutyramide.

37. The diastereomeric mixture of a compound according to claim 23
where said compound is 2-amiho-N-[z-(3a-(R,S)Qbenzyl'-z-ten-butyl-3-oxo- :
233346 7-hexahydro-.pyr_azolo[4,_3-_c]pyridin-s-yl)-1 -(R)-benzyloxymethyl-2-oxo- -
ethyl]-isobutyramide. | | _

38. The compound according to claim 37 where the compound is 2-
amino-N-{2-(3a-(R)-benzyl-2-tert-butyl-3-0x0-2,3,3a,4,6,7-hexahydro-pyrazoloj4,3-
c]pyﬁdin-s-yl)-‘l-(R}benzyloxymethyl-z-oxo-ethyl]-isobutyramide

39.  The compound according to claim 37 where the compound is 2-
am|no~N-[2-(3a-(S)-benzyl-2-tert—butyl-3-oxo-2 3,3a,4,6,7-hexahydro-pyrazolo[4,3-
clpyridin-5-yl)-1- (R)-benzyloxymethyl-z-oxo-ethyl]-|sobutyram|de

40. A compound according to claim 5 whereineis 1, nis 1_: wis 1;

R'is -(CH)AY; |
where A' in the deﬁmtlon of R1 is phenyl, thienyl, thiazolyl, pyndyl 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, OCF; and OCFH; |
tis0,10r2;
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' and R3 is phenyI-CHz-O-CHz- phenyl-(CHz)a or 3-mdolyI-CH2- ‘where the aryl

portion is optlonaﬂy substituted with one to three substrtuents each substltuent being

_ mdependently selected from the group conslstong of F, Cl, Me, OMe, CF;, OCF; and

OCF,H.
41. A compound according to claim 40 wherein X° and X*® are each
methyl R'is -CHz-phenyl -CH2-4-ﬂuoro-phenyl -CHz-pyndyl or -CHy-thiazolyl and

_R is hydrogen methyl ethyl, t-butyl or -CH,CF,.

42. The dlastereomenc mixture of a compound accordmg to claim 23
where said compound is 2-ammo-N-[2-(3a-(R.S)—benzyl-3—oxo-2.3.33,4.6,7-
hexahydro-pyrazolo[4,3-c]pyridin-5-yl)-1-(R)—benzyonymethYl-Z-oio‘-'ethyl]-
|sobutyram|de |

43, A compound accordlng to claim 42 where the compound is 2-amino-

N—[2—(33—(R)—benzyl—3-oxo—2 3,33,4,6,7- hexahydro-pyrazolo[4 3-cJpyridin-5-yl)-1-(R)-

benzyloxymethyl-2-oxo-ethyl]-|sobutyramlde _
4. A compound aocordlng to claim 42 where the compound is 2-amino-
N-{2-(3a-(S)-benzyl-3-0x0-2,3, 3a,4,6,7- hexahydro-pyrazolo[4 3-c]pyr|dm-5-yl)-1 -(R)-

| benzyloxymethyl-z-oxo-ethyll-rsobutyramlde

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
effective amount of a compound of claim 1. S |

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 camier and an effective amount of a compound of claim 1.

47. A pharmaceutical composition useful for increasing the endogenous
production or release of growth hormone in a human or other animal which
comprises an inert cafrrier, an effective amount of a compound of claim 1 and a
growth hormone secretagogue selected from the group consisting of GHRP-6,
Hexarehn GHRP-1 growth hormone releasmg factor (GRF), IGF-1, IGF-2 and B-
HT920 oran analog thereof.

48. A method for treatmg or preventmg osteoporosus 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.
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49. A method for treatmg or preventmg diseases or condmons which may
be treated or prevented by growth hormone which comprises admlnlstenng toa
human or other animal in need of such treatment or prevention an amount of a
compound of claim 1 which is effective in.promoting release of endogenous growth
hormone.

50. A method according to claim 49 wherein the disease or condition is

congestive heart failure, frailty associated 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
to chronic iliness, accelerating wound healing, or accelerating the recovery of burn
patients or patients having undergone major surgery, which method comprises
administering to a mammal iri 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 muscie strength, mobility, maintenance of skin
thickness, metabolic homeostasis or renal homeostasis, which method comprises

. administering to a human or other animal in need of such treatment an amount ofa

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
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 bisphosphohate compound is alendronate.

55. 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 claim 1 and optionally progesterone.

56. A compound according to claim 2 wherein b is 0; X® and X** are each
independently hydrogen, (C4-C)alkyl or hydroxy(C4-Cs)alky!; '
R® is selected from the group consisting of 1-indolyl-CHo-, 2-indonI-CH2-. 3-indolyl-
CH,-, 1-naphthyl-CH,-, 2-naphthyl-CH,-, 1-benzimidazo|yl—_CH2-, 2-benzimidazolyl-
CH,-, phenyl-(C,-Cy)alkyl-, 2_—pyridyl-(c1-c4)alkyl-, 3-pyridyt-(C4-Cy)atkyl-, 4-pyridyl-
(C4-Co)alkyl-, phenyl-CH,-S-CH,-, thienyl-(C4-C,)alkyl-, phenyl-(Cq-Cs)alkyl-O-CH,-,
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phenyl-CHz-O-phenyl-CHz , 3-benzoth|enyl-CHz- thlenyl-CHz-O-CHz- thlazolyl-CHz
O-CHg- , pyndyl-CHz-o-CHz- pynmsdyI-CHz-O-CHz- and phenyl-0-CH,-CH,;

where the aryl portion(s) ‘of the groups defined for R® are optionally

substitted with one to three substituents, each - substituent being

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

CHj;, OCHa, OCF3, OCF,H and CF,.

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. '

58. A method to increase IGF-1 levels in a human or other animal
deficient in 1IGF-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 -ostéoporosis which comprises
adininisfeﬁng to a human or other animal with osteoporosis a combination of an
estrogen agonist or antagonist and a compound of claim 1.

60. - A method according to claim 59 wherein the estrogen agomst or
antagomst is tamoxifen, droloxifene, raloxifene or idoxifene. '

61. A compound of the formula

CHz)e (CH2)I‘I

\r 'r"

(CHalw

(1)
the racemic-diastereomeric mixtures and optical isomers of said compounds and the
pharmaceutlcally-acceptable salts thereof, wherem
eisOor1,;
n and w are each independently 0, 1 or2, provnded that w and n cannot both be O at
the same time; '
R is hydrogen, -CN, -(CH)NOE)C(0)X°, -(CH;).,N(X“)C(O)(CH;).—A
~(CHa)NOGISO,(CH)A!, -(CH)N(XH)S02X, -(CH2)N(XICIOINC)CH)-A',
ACHNOCICIOINGXT)(X), HCH)CIOINDXHX), (CHz)COINOCNCHo)AA',
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~(CH2),C(O)OX’, <(CH2)yC(O)O(CH)-A", -(cnz)..OX‘i -(CHz)E.OC(O)x“.
<(CH2){OC(ONCH2)-A’, {CH2);OC(OIN(NCHZ)-A', -(CHz)OCOINGE(X®),
~(CH2)(C(0)X®, ~(CH),C(ONCH,)-A’, (CH)N(X®)C(0)OX",
{CH)N(X*)SON(XE)(X®), «(CH)S(0)mX’, -(CH)gS(OIm(CHa)-A',
«(C1-Cro)alkyl, -(CHo)-A', ~(CHg)q-(C4-C7)cycloalkyi, -(CHz)q-Y’-(C1-Cs)aIkyl.
~(CHy)-Y'-(CH,)-A" or -(CH,),Y'«(CH )~(Ca-Cr)cycloalkyl;
where the aikyl and'cycIOalkyl__groups in the definition of R' are optionally
substituted with (C,-C,)alkyl, hydroxyl, (C4-C,)alkoxy, carboxyl, CONH,,
-S(0)m(Cs-Ce)alkyl, -CO,(C4-C)alkyl, 1H-tetrazol-5-yi or 1 to 3 fluoro;
Y'is O, S(O)m, -C(OINX®, -CH=CH-, -C=C-, -N(X®)C(O}-, -C(O)NX"-,
-C(0)O-, -OC(O)N(X’)- or -OC(0)-;
qis0,1,2,30r4;
tis0,1,20r3;
said (CH), group and (CH,); group may each be optionally substituted with 1
to 3 fluoro, 1 or2 (C,-C..)atkyl,_ hydroxyl, (C4-C,)alkoxy, carboxyl, -CONH,,
-S(O)m(C+-Ce)alkyl, -CO,(C4-C,)alkyl ester, or 1H-tetrazol-5-yl;
R? is hydrogen, (C-Cg)alkyl, -(Cq-Cs)alkyl-(Cs-Cg)cycloalkyl, -(C4-Coalkyl-A’ or A'; -
where the alkyl groups and the cycloalkyl groups in the definition of R? are optionally
substituted by hydroxy!, ~-C(0)OX, -C(OIN(X®)(XE), -N(XE)(X®), -S(O)m(C+-Cs)alkyl,
-C(O)A', -C(O)(X®), CF;, CN or 1 to 3 halogen;
A' for each occurrence is independently (Cs-C-,)cycloalkenyl phenyl or a partnally
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
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;
Al for each occurrence is independently optionally substituted, in one or
optionally both rings if A' is a bicyclic ring system, with up to three
substituents, each sm_nbstituent independently selected from the group
consisting of £, Cl, Br, {, OCF3, OCF,H, CF3, CH,, OCH3, -OX?,
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COINOEXE), -C(O)OX®, oxo, (C4-Ce)alkyl, nitro, cyano, b_enzyl,I
-S(O)m(Cs-Ce)alkyl, 1H-tetrazol-5-yl, phenyl, phenoxy, phenylaliyloxy,
halophenyl, methylenedioxy, -N(X)(X®), -NDE)IC(O)X®), -SON(E)XE),
-N(Xs)Soz-phenyl -N(X®)SO,XE, -CONX''X"2, -SO,NX"'X"2, -NX®SO,X"2,
-NXBCONX''X'2, - x‘*sozmx"x12 NXEC(O)X"2, |m|dazo|yl thiazoly! -and
tetrazolyl, provided that if A' is optionally substituted with methylenedioxy
then it can only be substituted by one methylenedioxy;

-132-

where X' is hydrogen or optionally substituted (C,-Cq)alkyl;
the optionally substituted (Ci-Co)alkyl defined for X" is
6ptionally independently substituted with phenyl, phenoxy, (C+-
Ce)alkoxycarbonyl, -S(O)m(C+-Cg)alkyl, 1 to 5 halogens, 1to 3
hydroxy, 1 to 3 (C4-Cso)alkanoyloxy or 1 to 3 (C,-Ce)alkoxy:
X2 is hydrogen, (C4+-Ce)alkyl, pheny!, thiazolyl, imidazolyl, furyt or
thienyl, provided that when X'2 is not hydrogen, X'? is optionally
substltuted with one to three substltuents independently selected from
the group consnstmg of Cl, F, CH;, OCHs, OCF; and CF5;
or X" and X2 are taken together to form -(CH,),-L’ -(CHz), ;
tis CO3)(X?), O, S(O) or N(X?); -
| 'f for each occurrence is independently 1, 2 or 3; F
X2 for each occurrence is independently hydrbgen. opﬁonally substituted (C,-
Ce)alkyl, or optionally ‘substituted (Cs-C;)cycloalkyl, where the optionally ‘substituted
(C4-Ce)alky) and optionally substituted (C,-C;)cycloalkyl in the definition of X2 are
opﬂonally independentiy substituted with -S(O),,.(C1-Cs)a|kyl -C(0)0X3 1t0o6b
halogens or 1 to 3 ox3;
X3 for each occurrence is independently hydrogen or (C4-Cg)alky!;
X® for each occurreiice is independently hydrogen, optionally substituted (Cq-
Ce)alkyl, (C-Ce)halogenated alkyl, optionally substituted (C-C;)cycloalkyl, or (Cs-
Cﬁ-halogenatedcydoalkyl, where optionally substituted (C,-Cg)alkyl and optionally
substituted (C4-C;)cycloalkyt in the definition of X° is optionally independently
substituted with hydroxyl, (C,-C,)alkoxy, carboxyl, CONH,, -S(O)n(C;-Cs)alkyl,
-CO,(C4-Cy)alkyl, 1H-tetrazol-5-yt or 1 or 2 (C-C,)alkyl; or
where there are two X® groups on one atom and both X® are (C;-Cg)alkyl, the two
(C4-Cs)alkyl groups may be optionally joined and, together with the atom to which the
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sulfur or NX7;-.

X' is hydrogen or (C4-Cg)alky! optmnally substituted with hydroxyl; and
m for each occurrence is independentiy 0, 1 or 2;
with the proviso that: |
X& and X' cannot be hydrogen when it is attached to C(O) or SO, in the form
C(O)XE, C(0)X"2, SO,XE or SO,X'% and |
when R? is hydrogen then R’ is not -CH=CH-pheny!.

62. A compound according to claim 61 wherein
wisOor 1, '
nis 1; _
R' is hydrogen, ~(CH,),-(C3-Cr)cycloalkyl, ~(CH,)-A" or (C1-Cyg)alkyl where the (C4-
Cio)alkyl and (C;-C;)cycloalkyl groups are optionally substituted with 1 to 3 fluoro
and A' in the definition of R' is optionally substituted with 1 to 3 substituents
independently selected from the group consisting of F, Cl, Me, methoxy, CF;, OCF,
and OCF;H
R? is hydrogen, (C,-Ce)alkyl (Co-C3)alkyl-{C3-C;)cycloalkyl, phenyl, or (C;-Cj)alkyl-
phenyl where the alkyl and phenyl groups are optionally substituted with 1 to 3 -
substituents independently selected from the group consisting of F, CFs, OH and
methoxy. o - | |

63. A compound according to claim 62 whereinwis 1; eis O; R' is -
-CHz-pyridyl, -CHy-thiazolyl, or -CH,-pheny! optionally substituted with 1 to 3
substituents independently selected from the group consisting of fluoro and chloro;
and R? is hydrogen, (C4-C,)alkyl or phenyl where the (C4-C,)alkyl or phenyl groups in
the definition of R? is optionally substituted with 1 to 3 substituents 'independen'tly
selected from the group consisting of fluoro, hydroxy or methoxy.

64. A compound according to claim 63 wherein R’ is _-CHz-phenyI and R?
is methy! or hydrogen.

65. A compound according to claim 64 wherem the compound is the 3a-
(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 _6__ptica| _' isohes of sei_d compounds,

wherein N

2'™ is methyl, BOC, CBZ, CF,C(O)-, FMOC, TROC, trityl, tosyl, CHyC(O)- or
optionally substituted benzyl which is optionally substitufed with methoxy, dimethoxy
or nitro; | |

eisOor1; _ _ R

nand w are each_ iridepenc_lently O, 1 er 2, provided thatwand n .cahnot both be 0 at
the same time; | | S o

R! is hydrogen, -CN, -(CHz).,N(x")C(O)x“ -(CHz).,N(X")C(O)(CHz).-A

* {CH)N(X®)SO,(CHR)-A", (CHN(X")SO,X?, -(cHz).,N(X“)C(ow(xs)(cm).-A‘ :

HCHINOCICIOINGXYOX), -CH)CONGIX), -(CH) CIONOCHCH)-A',
~(CH,)C(0)OX’, ~(CH2),C(O)O(CH,)-A', -(CHz)qox" “(CH)OCOX®,
~(CH2)OC(O)(CH)-A', -(CHy) OCIOINOG)CH A", {(CH2)OCOINOEX),

' ~(CH2)qC(O)X®, -(CH2)qC(O)(CHa)rA', -(CHZ),.N(X“)C(O)OX6

-(CHR)NOXASON(XB)(X?), (CH2)S(O)mX®, ~(CH) S(O)m(CH)-A",
~«(C1-Cqo)alkyl, «(CH)A", ~(CH2) (ca-c-,)cycloalkyl -(CHz)q-Y'-(C1-C6)a!kyl
-(CHz)q—Y -(Cl—lz),-A1 or -(CHz)q-Y -(CHz).-(Cs-C7)cycloaIkyl '
where the alkyl and cycloalkyl groups in the deﬁmtnon of R1 are optionally
substituted with (C1-C4)alkyl hydroxyl (C,-C..)alkoxy. carboxyl CONHz,
-S(O)m(C,-Ca)alkyl -002(01-04)alkyl 1H-tetrazol-5-y| or 1 to 3 fluoro;
Y'is O, S(0),,, -CO)NXE, -CH=CH-, -C=C-, -N(X°)C(0) -C(O)NXE,
-C(0)0, -OC(ON(X®) or -OC(O);
qis0,1,2,30r4;
tis0,1,20r3; _
said (CHy)q group and (CH2), group may each be optionaliy subststuted with
hydroxyl, {C4-Cy)alkoxy, carboxyl, -CONH,, -S(O)m(c,-cs)alkyl
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© -CO,(C+-Ca)aikyl, 1H-tetrazol-5-yl, 1 to 3 fluoro or 1 .or 2 (C1-C.)alkyl;

R? is hydrogen, (Ci;GaJalkyl, -(Cq-Ca)alkyl-(Cs-Ce)cyeloalkyl, -(Cy-Cy)alkyl-A' or A';

where the alkyl gror.__lps and the cycloalkyl groups in the definition of R? are ‘optionally
substituted with hydroxyl, -C(0)OX?, ~C(OIN(X®)(X®), -N(X®)(X®), -S(O)m(Cs-Ce)alkyl,
-C(O)A", -C(O)(X®), CF5, CN or 1 to 3 halogen;
A’ for each occurrence is independently (Cs-Cy)cycloalkenyl, phenyl or.a partially
saturated, fully saturated or fully unsaturated 4- to 8-membered rihg- optionally
having 1 to 4 heteroatoms independently selectéd from the group t:onsisting of
oxygen, sulfur and nitrogen, or a bicyclic ring systém consisting of a partially
saturated, fully unsaturated or fully saturated 5- or 6-membered ring, optionally
having 1 to 4 heteroatoms independently selected from the group consisting of
nitrogen, sulfur and oxygen, fused to a partially saturated, fully saturated or fully
unsaturated 5- or 6-membered ring, optionally having 1 to 4 heteroatoms
independently selected from the group consisting: of nitrogen, sulfur and oxygen; -
| A' for each occurrence is independently optionally substituted, in one or
optionally both rings if A' is a bicyclic ring system, with up to three
substituents, each substituent independently selected from the group
consisting of F, Cl, Br, I, OCF3, OCF,H, CF3, CH3, OCHs, -OX¢,
-C(OIN(C)(XB), -C(O)YOX®, oxo, (C1-Ce)alkyl, nitro, cyano, benzyl,
-S{(O)m(C1-Cg)alkyl, 1H-tetrazol-5—yl, phenyl, phenoxy, phenyialkyioxy,
halophenyl, methylenedioxy, -N(X®)(X5), -N(X®)C(O)(X®), -SO,N(XE)(XE),
-N(X%)SO,-phenyl, -NOC)SO,X?, -CONX''X™2, -SO,NX''X"2, -NX®SO,X",
-NXPCONX''X"2, -NX®SONX''X"?, -NX°C(O)X'?, imidazolyl, thiazolyl and
tetrazolyl, provided that if A' is optionally substituted with .meth_ylenedioxy
- then it can only be substituted with one methylenedioxy;
where X! is hydrogen or optionally substituted (C,-Cg)alky:
the optionally substituted (C,-Cg)alkyl defined for X'' is
optionally independently substituted with phenyl, phenoxy, (C4-
Ce)alkoxycarbonyl, -5(O)n(C+-Ce)alkyl, 1 to 5 halogens, 1 to 3
hydroxy, 1 to 3 (C4-Cso)alkanoyloxy or 1 to 3 (C4-Cg)alkoxy;
X' is hydrogen, (Ci-Ce)alkyl, phenyl, thiazolyl, imidazolyl, fury! or
thienyl, provided that when X'2 is not hydrogen, X'2 is optionally
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substrtuted with one to three substltuents rndependentl
the group consrstmg of CI, F, CH, OCH;. OCF3 and CF5;
or X'1 and X'2 are taken together to form' -(CHZ),-L -(CHz), :

'is COA(A), O, 3(0).,, or N(Xz), ' |
r for each occurrence is mdependently 1,20r3;
X2 for each occurrence is mdependently hydrogen optronally substituted (C;-
Cs)alkyl, or optionally substituted (Cs~C7)cycloaIkyl where the: optionally substituted
(C4-Cglalkyl and optronally substituted (03-07)cycloalkyl m the definition of X are
optionally lndependently substituted with -S(O),..(C,-Cs)alkyl -C(O)OX3 1to 5
halogens or 1103 OX%,

-136-
ed from

X3 for each occurrence is independently hydrogen or (C-Cg)alkyl;

X® for each occurrence is independently hydrogen, optionally substituted (C;-
Ca)alkyl, (C-Co)halogenated alkyl, optionally substituted (Cy-Cr)cycloalkyl, or (Cy-
Cﬂ-halogenatedcycloalkyl where optionally substrtuted (C,-Cs)alkyl and optionally
substituted (Cs-c-,)cycloatkyl in the definition of x‘ is optionally independently
substituted with- hydroxyl (C4+-C,)alkoxy, carboxyl, CONHZ,'-S(O),,.(C,-Cs)alkyl,
-002(01-04)alkyl 1H-tetrazol-5-yl or 1 or 2 (C4-C,)alkyl: or - _

where there aré two X° groups on one atom and both X° are (C,-cs)alkyl ‘the two
(C4-Ce)alkyl groups may be optronally joined and, together with the atom to whlch the

“two X8 groups are atlaohed form a 4- to 9- membered nng optronally having oxygen

sulfur or NX7
X is hydrogen or (C,-Cs)alkyt optionally substrtuted with hydroxyl; and
m for each occurrence is rndependently 0,1o0r2;
with the proviso that: : :
x5 and X'2 cannot be hydrogen when it is attached to C(O) or SO; in the form
C(O)X8, C(O)X "™, SO,X° or SO, X%
when R? is hydrogen then R' is not -CH=CH-pheny!;
when R?is H and R’ is -CHz-CH=CH-Ph, then Z'® is not BOC;
when R?is H and R’ is then Z1°° is not BOC;
when R2is H and R" is -CH,-C(CH3)=CH,, then 2" is not BOC; and
when R%is phenyl and R! is -CH;, then Z'® is not CH,C(0)-.
68. A compound aocordrng to claim 67 whereln
wisOor1,;
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nis 1;

Z'" is BOC, methyl;: benzyl or-CBZ;
R' is hydrogen, -(CHﬂ.,—(C;—C,)cyoloalkyl -(CHz),-A1 or (C,-C,o)a!kyl where
Ciolalkyl and (Ca-Cq)cycloalkyl -groups are optionally substituted wsth_ 1 to 3 fluoro
and A' in the definition of R' is optionally substituted with 1 to 3 substituents
independently selected from the group consisting of F, Cl, Me, OMe, CF,, OCFa and
OCF3H;

R? is hydrogen, (C4-Cg)alkyl, -(Co-C3)alkyl-(C3-Cy)cycloalkyl, pheny! or -(C,-Cg)a!kyl-
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
OMe. | |
" 89. A compound according to claim 68 wherein Z2'® is BOC; wis 1; e is 0;
R! is -CH,-pyridyl, -CH,-thiazolyl, or -CH,-phenyl optionally substituted with 1 to 3
substituents independently selected from the group consisting of fluoro and chioro;
and R? is hydrogen, (C,-C4)aikyl or phenyl where the (C4-C,)alkyl-or phenyl groups in
the definition of R2 is. optionally substituted with 1 to 3 substi_tuents' independently
selected from the group consisting of fluoro, hydroxy or methoxy. -

70. A compound according to claim 69 wherein R'is -CH,-phenyl and R?
is methyl or hydrogen |

71._ A compound accordlng to claim 70 wherein the compound is the 3a-
(R) enantnomer _

72. A compound according to claim 70 wherein the compound is the 3a-
(S) enantiomer.

73. A compound of the formula

0 4
| w
(cnz)._ B | ~ N
ﬁ/ TS,
(CHZ)w R¢ 0
(V)
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 the racemlc:—dlastereomenc mixtures and optucal |somers of said compounds

wherem
7% is t-BOC, CBZ, CF,C(O)-, FMOC, TROC, ftrityl, tosyl or optionally substituted
benzyl whlch is optlonally substotuted with methoxy. dlmethoxy or mtro

eisOor1; ' '
n and w are each independently 0, 1 or 2, provided that w and n cannot both be 0 at
the same time;
Y is oxygen or sulfur;
R is hydrogen, -CN, -(CHz)N(X®)C(0)X®, -(CH,);NOC)C(ONCH,)-A", |
~(CH)GN(X®)SOZ(CH)-A", -(CH2)N(X3)S0XS, ~(CHo)N(XBICOINGE)CH,) A",
-(CH)NOCICIOINCE)(X®), <(CH2)eCOIN(XBY(X®), CH2).COINOE)(CH,)-A',
~(CH2),C(0)OX°, -(CHz)qC(O)O(CHz).éA‘ -(CH2),0X5, “-(CH,).,OC(O)x"
-(CH2)OC(O)(CHZ)eA", -(CHz)qOC(OIN(X®)(CHo)-A', -(cuz)qocm)mx“)(x“
~(CHR)C(O)X®, -(CH2)eC(O)(CH AT, -(CH)MNEC(O)OXS,

 <(CHZ)NOG)SONXE)(X®), {CH2)S(0)mX%, ~(CHo)S(O)m(CHICA",

~(C+-Cio)alkyl, -(CH2)A', (CHy)q~(Ca-Cr)cycloalkyl, ~(CHy)¢-Y'-(C-Cealkyl,
~(CHy)q Y '-(CHa) A" of -(CH,)e-Y'-(CH,)(C5-Cr)cycioalkyl; : .
where the alkyl and cycloa!kyl groups in the definition of R’ are: optionally
substituted with (C4-C,)alkyl, hydroxyi, -(C,-C_.)alkd:'(y, carboxyl, CONH,,
-S(O)m(C-Ce)alkyl, -CO2(C4-C,)alkyl ester, 1H-tetrazol-5-y! or 1 to 3 fluoro;
Y'is O, S(O)pm, -C(O)NXs -CH=CH-, -C=C- -N(XG)C(O) -C(O)NX6
-C(0)O, -OC(O)N(XS) or -0C(0),
qis0, 1,2 3o0r4,
tis0,1,20r3;
said (CH,), group and (CH_) group may each be eptionally substituted with
hydroxyl, (C4-C,)alkoxy, carboxyl, -CONH,, -S(O),(C4-Cg)alkyl,
-CO,(C4-Cy)alkyl, 1H-tetrazol-5-yl, 1t0 3 ﬂuprp or 1 or 2 (C4-C,)alkyl;
R? is hydrogen, (C-Cg)alkyl, ~(Co-Ca)alkyl-(Cs-Co)cycloalkyl, -(C4-Co)alkyl-A' or A":
where the alkyl groups and the cycloalkyl groups in the definition of R? are optionally
substituied with hydroxyl, -C(O)OXE, -CIOINOKEY(X®), -NOE)OE), -S(0)m(C1-Celalkyl,
-C(O)A!, -C(0)(X®), CF,, CN or 1 to 3 halogen;
R3is A', (C1-Cyp)alkyl, -(C1-Cg)alkyl-A’, -(Cy-Ce)alkyl-(C3-Cr)cycloalkyl,
°(C1-Cs)alkyl-x‘-(CrCs)alkyl, -(C1-Cs)alkyl-x1—(C;,-C;,):«.!Ikyl—A1 or
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-(C1-Cs)alkyl-X'-(C1-Cy)alkyl-(Ca-Cricycioalkyt; T———
where the alkyl groups in the deﬁnmon of R is optionally substituted with
-S(0)m(C1-Ce)alkyl, -0(0)oxa 1 to 5 halogens or 1 to 3 OX%;

X' is O, S(O)m, -N(XA)C(O)-, -C(OIN(X?)-, -OC(O)-, -C(0)O-, -CX*=CX*-
NOA)C(0)O-, -OC(O)NO)- or -C=C-;

R* is hydrogen, (C4-Cg)alkyl or (Ca-C})cycIoalkyI. or R* is taken together with R® and

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

-139- -

C;)cycloalkeny), a partially saturated or fully saturated 4- to 8-membered ring having
1 to 4 heteroatoms indépendently sélected from the group. consisting of oxygen,
sulfur and nitrogen, or is a bicyclic ring system consisting of a partially saturated or
fully saturated 5- or 6-membered ring, fused to a partially saturated. fully unsaturated
or fully saturated 5- or 6-membered ring, optionally having 1 to 4 heteroatoms
independently selected from the group consisting of nitrogen, sulfur and oxygen;

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

5 XSa
r ARG X\c/ -

v
Reisabondoris -~ (CH2a - (CHap ..

‘where a and b are independently 0, 1, 2 or 3;
X3 and X% are each independently selected from the group consisting of
hydrogén, trifluoromethyl, A! and optionally substituted (C-Cg)alky};
the optionally substituted (C-Cg)alkyl in the definition of X° and X* is
optionally substituted with a substituent selected from the group
consisting of A', -OX2 -S(O)m(Ci-Colalkyl, -C(O)OX? (Cs
Cy)eycloalkyl, -N(X3)(X?) and -C(O)N(X3)(X?);
or the carbon bearing X° and X5 forms an alkylene bridge with the nitrogen
atom bearing 2> and R® where the alkylene bridge contains 1 to 5 carbon
atoms provided that X3 or X3 but not both may be on the carbon atom and
Z% or R® but not both may be on the nitrogen atom;
or X® is taken together with X*® and the carbon atom to which they are
attached and form a partially saturated or fully saturated 3- to 7-membered
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ring, or a partially saturated or fully saturated 4- to 8-membered ring having 1
to 4 heteroatoms independently selected from the group consisting of
oxygen, sulfur and mtrogen o S
or X5 is taken together with X5 and the carbon atom to which. they are
attached and form a blcycllc ring system conslstmg ofa partially saturated or
fully saturated 5- or 6-membered nng, optionally- havmg 1 or 2 heteroatoms
independently selected from the group conslstlng of nttrogen sulfur and
oxygen, fused to a partlatly saturated fully saturated or fuily unsaturated 5- or
6-membered rlng. opttonally havnng 1 to 4 heteroatoms mdependently :
selected from the group conslstlng of mtrogen sulfur and oxygen |
2'isa bond 0 or N-X2, 'prowded that when a and b are both 0 then Z' is not .
N-X? or O; S
R%is hydrogen or optlonally substituted (C,-Cs)atkyl
where the optaonally substituted (C,-Ce)atkyl in the definition of R® is
optionally mdependently substituted with A", -C(Q)O-(C,-Cs)alkyl —S(O),,.(c1- :
Ce)alkyl, 1 to 5 halogens, 1 to 3 hydroxy, 1t0 3 QO—C(O)(C1-C1o)alkyl orito3d . -
(C+-Cg)alkoxy; or | o
A' for each occurrence is mdependently (05-07)cycloalkenyl phenyl or” ‘& partlalty
saturated, fully saturated or fully unsaturated 4- to B-membered ring optnonally :
having 1 to 4 heteroatoms independently selected from the group conslstmg of
oxygen, sulfur and nltrogen. or a bicyclic ring system consisting of a partially
saturated, fully unsaturated or fully satu_rated 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 fulty
unsaturated  5- or Sfmembered ring, Op.tibnalty_- ‘having 1 to 4 heteroatoms
independently selected from the group consisting of nitrogen, sulfur and oxygen;
A' for each occurrence is independently optionatly substituted, in one or
optionally both rings 'if Alis a bioyclic -ring . system, with up to three
substituents, each substituent independently selected from the group
consisting of F, Cl, Br, |, OCFs, OCF2H, CF3, CHs, OCHy, -OX’,
-C(OIN(X®)(X®), -C(O)OX®, oxo, (C4-Ca)aliyl, nitro, cyano, benzyl,
-S(O)m(C+-Ce)alkyl, 1H-tetrazol-5-yl, phenyl, phenoxy, phenylalkyloxy,
halophenyl, methylenedioxy, -N(X®)(X%), -N(X*)C(0)(X)), -SONCXEXE),
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-N(x“)soz-phenyt N(X®)S0,XE, -coNX'X"2, -soznx"x‘z -NX®S0,X"?,
-Nx°conx{3gg§?, NXESO,NX'IX", - NXEC(0)X'2, imidazolyl, thiazolyl and
tetrazolyl, p_roﬁided that if A’ is optionally subshtuted with methylenedioxy
then it can only be substituted with one methylenedioxy; _
~ where X" is hydrogen or optionally substituted (C-Ce)alky;
the optionally substituted (C;-Cg)alkyl defined for X" s
optionally independently substituted with phenyl, phenoxy, (Cs-
Ce)alkoxycarbonyl, -S(O)n(C-Ce)alkyt, 1 to 5 halogens, 1 to 3
hydroxy, 1 to 3 (C4-C,p)alkanoyloxy or 1 to 3 (C4-Cg)alkoxy;

2 is hydrogen, (C-Cg)alkyl, :phenyl, thiazd!yl, imidazolyl, furyl or
thienyl, provided that when X' is not hydrogen, X' .is optionally
substituted with one to three substituents independently selected from
the group consisting:of Cl, F, CH,;, OCH3, OCF; and CF3;
or X'" and X'? are taken together to form -(CH,),-L'-(CH,)-;

L' is COG)X?), O, S(O)m or N(X3);

~ rfor each occurrence is independently 1, 2 or 3;

X2 for each occurrence is independently hydrogen, optionally substituted (C-
Ce)alkyl, or optionally substituted. (C5-C;)cycloalkyl, where the: optionally substituted
(C+-Ce)alkyl and optionally substituted (C5-Cy)cycloatkyl in the definition of X? are
optionally independently . substituted with -S(0)n(C4-Cg)alkyl, -C(0)OX%, 1 to 5
halogens or 1 to 3 -OX,

X3 for each occurrence is independently hydrogen or (C4-Cg)alkyt;

X8 for each occurrence is independently hydrogen, optionally substituted (C-
Ce)alkyl, (C,-Cg)halogenated alky!, optionally substituted (C3-C;)cycloalkyl, or (Cs-
C,)-halogenatedcycloalkyl, where optionally substituted (C4-Cg)alkyl and optionally
substituted (C,-C;)cycloalkyl in the definition of X® is optionally independently
substituted with hydroxyl, (C4-C,)alkoxy, carboxyl, CONH,, -S(O)n,(C4-Cg)alkyl,
-CO,(C,-C,)alkyl, 1H-tetrazol-5-yl or 1 or 2 (C4+-C,)alkyl; or

when there are two X® groups on one atom and both X8 are (C4-Cg)alkyl, the two (Cy4-
Cs)alkyl groups may be optionally joined and, together with the atom to which the two
X8 groups are attached, form a 4- to 9- membered ring optionally having oxygen,
sulfur or NX7;

X is hydrogen or (C4-Cg)alky! optuonally substltuted by hydroxyl; and
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m for each occurrence is rndependently 0, 1 or 2
 with the proviso that: ° ' ' :
X% and X'2 cannot be hydrogen when it is atlached to C(O) or SO, in the form
C(O)XE, c(O)X™?, so,x'B or SO, X" and
5 whenR®isa bond then Lis N(X?) and each r in the deﬁmtlon «(CHo)-L-(CH,)- is 2 or
3. o
74. A compound accordmg to claim 73 wherem eis0;YisO;R'is
-CHz-phenyl R?is methy! or hydrogen nist,wis1; R3 is -CH,-O-CH,-phenyl; R* is
hydrogen; X* is hydrogen RE is -C(CHy)~ 22 is BOC and R® is hydrogen.
10 75. A compound according to claim 56 wherem
R'is hydrogen: aisO; nis 1; wis 1;eis0; =~
X5 and X5 are each mdependently, hydrogen methyl 'or ‘hydroxymethyl, provided
that when X is hydrogen then X5 is not hydrogen;
R and R® are each hydrogen.
16 Yis oxygen,
R? is hydrogen, methyl ethyl propyl, |—propyl t-butyl -CchFs. CF; or -CHz-
cyclopropyl
'is CHp-A': *
where A’ in the definition of R' is phenyl, thlenyl thiazolyl; pyridyt-or pynmldyl_
20 " which is optlonally substituted with one to three substituents, each substituent
being independently selected from the group consrstmg of F, Cl Me, OMe,
CF3, OCF3 and ‘OCF;H; and
"R® is phenylCH,-O-CH,-, phenyl-(CHy)s-, 3-indoly_l-CH2-,  thienyl-CH,~O-CH,-,
thiazolyl-CH-O-CHy- , pyridyl-CH,-O-CHy- , pyrimidyl-CHz-O-CHy- or phenyl-O-CHy-
25 CH,, where the aryl portion is optionally substituted with one to three substituents,
each substituent bemg mdependently selected from the group conslstmg of F, Cl,
Me, OMe, CF;, OCF3 and OCF,H.
76. A compound according to claim 75
wherein X and X® are each methyl;
30 R%is methyl, ethyl, or -CH,CF3;
A' is phenyl optionally substituted with one to three substituents, each substituent
being mdependently selected from the group consrstmg of F, Cl, Me, OMe, CF;,
OCF; and OCFH;
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R® is phenkaHz-O-CHz, phenyl-(CH,),- or thlEHY|-CH2-O'CH2 where the aryl
portion is optnonally 5ubsmuted with one to three substltuents each substituent being

independently selected from the-group consisting of F, Cl, Me, OMe, CF;, OCF3; and
OCFH. |

77. A compound according to claim 75
wherein X® and X™ are each methyl; R? is methyl, ethyl, or'CH,CFs;
Alis 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, CF;, OCF; and OCFH;
R is phenyl-CH»-O-CH,-, phenyl-(CH,)s- or thienyl-CH>-O-CH,- 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, CF;, OCF; and
OCF;H.

78. A compound according to claim 75
wherein X and X are each methyl; R? is methy, ethyl, or CH,CFs;
Alis phenyl optionally substituted wnth one to three submtuents, each substituent
being independently selected from the group consisting of F, Cl, Me, OMe, CF;,
OCF3; and OCF,H; R® is 2-pyridyl-CH,-O-CHz-, or 3-pyridyl-CH,-O-CH,- where the
aryl portion is optionally substituted with. one to two subs_tituents. each substituent
being independently selected from the group consisting of F, Cl, Me, OMe, CF,, -
OCF; and OCF,H. |

79. A compound according to claim 77 having the formula

/N\ R® 0o -
R2—N
N_ NH
o Al 0O H

the racemic-diastereomeric mixtures and optical isomers of said compounds wherein
R? is methyl; A' is 2-pyridyl; and R® is -CH,-O-CH,-phenyl; |

R?is CH,CF3; A' is 2-pyridyf; and R is -CH,-O-CH,-3-chloro-phenyi;

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

R? is CH,CF,; A' is 2-pyridyl; and R® is -CH»-0O-CH,-2,4-di-chioro-phenyl;

R? is CH,CF; A’ is 2-pyridyl; and R® is -CH;-0-CHy-3-chioro-thiophene; or
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R? |s CHchs, Alis 2-pyndyl and RYis -CHz-O-CHz-Z 4-d|-ﬂuoro-phenyl
80. " The dlastereomenc mlxture of a compound ‘according to claim 79

' where the compound is 2-am|no-N-[1-(R)-benzyloxymethyl-z-(z-methyI-3-oxo-3a- '

(R,S)-pyridin-2-yimethyl-2,3,3a 4 6 7-hexahydro-pyrazolo[4 3-c]pynd|n-5-yl)-2-oxo-
ethyl}-2-methyl-propionamide. '

81. The compound accordlng to claim 80 where the compound is
2-ammo—N-[1-(R)-benzyloxymethyl-2-(2-methyl-3-oxo-3a-(R)-pyndm—Z-yImethyl—
2,3,3a,4,6 7-hexahydro—pyrazolo[4 3-c]pynd|n-5-yl)-2-oxo-ethyl]-2-methyl-
propionamide. _

82. The compound aocordlng to claim 80 where the compound is

' 2-Ammo-N-[1—(R)-benzyIoxymethyl-2-(2-methyl~3-oxo-3a-(S)—pynd|n-2-yImethyl-

2,3,3a2,4,6 7-hexahydro-pyrazolo[4,3-c]pynd|n-5-y|)-Zroxo-ethyl]-z-methyl-
propionamide. o

83. The dlastereomenc mlxture ofa oompound according to claim 79
where the compound ls 2-am|no-N—{1-(R)-(3-chIoro-benzyloxymethyI)-2-oxo-2-[3-

| oxo-3a-(R, S)-pyrldtn-z-ylmethyl-z-(z 2 2-tnﬂuoro-ethyl)-2 3,3a,4,6 7-hexahydro-

pyrazolo[4 3-c ]pyndln-5-yl]-ethyl}-2-methyl-prop|onam|de
84. The compound accordlng to claim 83 where the compound is 2-

| amlno-N—{1-(R)-(s-chloro-benzyloxymethyl)-z-oxo-2-[3-oxo-33-(R)-pynd|n—2-ylmethyl- '

2-(2,2 2-tr|ﬂuoro-ethyl)-2 3.3a,4,6 7-hexahydro-pyrazolo[4 3-c ]pyndun-5-y|]-ethyl}-2-
methyl-propionamide.

85. The compound according to claim 83 where the compound is 2-
amino-N-{1 -(R)—(3-ch|oro—benzyloxymethyl)-2-oxo-2-(3-oxo—3a—(S)-pyrld|n-2-ylmethyl-
2-2,2 2-tnfluoro-ethyl)-2 3,3a,4,6,7- hexahydro-pyrazolo[4 3-c Jpyridin-5-yl}-ethyl}-2-
methyi-propionamide. ,

86. The dlastereomenc mixture of a compound according to claim 79
where the compound is 2-amino-N-{1-(R)~(4-chloro-benzyloxymethyl)-2-oxo-2-[3-
oxo-3a-(R,S)-pyridin-2-ylmethyl-2-(2,2 2-tnﬂuoro-ethyl)-2 33246 7-hexahydro-
pyrazolo[4,3-c ]pyﬂd|n-s-y!]-ethy|}-2-methyl-prop|onam|de

87. The compound according to claim 86 where the compound is 2-
amino-N-{1 -(R)-(4-chloro-benzyloxymethyl)-2-’oxo‘-2{3-d§(o—3a-(R)-pyridin-2—yl

" methyl-2-(2,2,2-trifluoro-ethyl)-2,3,3a,4,6,7-hexahydro-pyrazolo[4,3-c Jpyridin-5-yl}-

ethyli}-2-methyl-propionamide.
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88. The _compound accordmg to claim:86 where the compound is 2-
ammo-N-{1-(R)-(4-chloro—benzyonymethyl)-2-oxo~2-[3-oxo-3a-(S)-pyndm-z-yl
methyi-2-(2,2 2-tnﬂuorooethyl)—2 3,3a,4,6 7-hexahydro—pyrazolo[4 3-c Jpyridin-5-yl)-
ethyi}-2-methyl-propionamide.

89.  The diastereomeric mixture of a compound according to claim 79 -
where the compound is 2-amino-N-{1 -(R)-(2,4-dichlo_ro-benzyloxymethyl)-2-oxo-2~[3-
oxo-3a-(R, S)-pyridin-2-yimethyl-2-(2,2,2-trifluoro-ethyl)-2,3,3a,4, 6,7-hexahydro-
pyrazolo[4, 3-c]pyridin-s-yl]-ethyl}-z-methyl-propionamide.

80.  The compound according to claim 89 where the compound is 2-
amino-N-{1-(R)~(2,4-dichloro-benzyloxymethyl)-2-oxo-2-[3-0x0-3a-(R)-pyridin-2-
yimethyl-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-ox0-3a-(S)-pyridin-2- -
ylmethyi-z-(z,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-am|no-N-{1 -(R)-(4-chloro—th|ophen-2-y|methoxymethyl)-2-
oxo-2—[3—oxo-33-(R S)-pyndln-2—ylmethyl-2—(2 2 2-tnﬂuoro—ethyl)-2 3,3a,4,5,7-
hexahydro-pyrazolo[3,4-c]pyndln-6-yl]~ethyl}-z-me_t_hy!-proptonam|de.

93. The compound according to claim 92 where the compound is 2-
amino-N-{1-(R)-(4-chloro-thiophen-2-yimethoxymethyl)-2-oxo-2-[3-0x0-3a-(R)-
pyridin-2-yimethyl-2-(2,2,2-trifluoro-ethyl)-2,3,3a,4,5,7-hexahydro-pyrazolo[3,4-
c]pynd|n~6-yl]-ethyI}-2-methyl-prop|onam|de

94. The compound according to claim 92 where the compound is 2-
amino-N-{1 -(R)-(4-ch|oro-th|ophen-2-ylmethoxymethyl)-Z-oxo—Z-[3-oxo-3a-(S)-
pyridin-2-yimethyl-2-(2,2,2-trifluoro-ethyl)-2,3,3a,4,5,7-hexahydro-pyrazolo[3,4-
clpyridin-6-yl}-ethyl}-2-methyl-propionamide.

95.  The diastereomeric mixture of a compound according to claim 79
where the compound is 2-amino-N-{1-(R)-(2,4-difluoro-benzyloxymethyl)-2-oxo-2-[3-
oxo-3a-(R,S)-pyridin-2-yimethyl-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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96, The cempddnd a"‘é.cerding to claim 95 where the compound is 2-
ammo—N—{1 -(R) (2, 4-d|f|uoro-benzyloxymethyl)-z-oxo-2—[3-oxo~33—(R)-pyndln-2-
yimethyl-2-(2, 2 2-tnﬂuoro-ethyl)-2 3,3a,4, 6 7- hexahydro-pyrazolo[4 3-c]pyridin-5-yi}-
ethyl}-2-methyl-prop|onamlde e

5 97. The compound accordlng to claim 95 where the compound is 2-

' am|no-N-{1-(R)-(2 4-dmuoro-benzyIoxymethyl)-2-oxo-2—[3-oxo-3a-(S)—pyndm—z-
yimethyl-2-(2,2 2-tnﬂuoro—ethyl)-2 3,33,4,6 7-hexahydro-pyrazolo[4 3-cjpyridin-5-yi}-
ethyI}-2-methy|-prop|onam|de

98. A compound according toclam 8 havmg the formula

10
" the racemic-diastereomeric mixtures and optical isomers of said compounds wherein
R! is -CHz-phenyl, R? is methyl and R® is -(cug)a-pheﬁyl-
R' is -CH,-phenyl, R is methyl and R®is 3-|ndonI-CH2-,
R'is -GHz-phenyI R? is ethyl and R® is 3-indolyl-CHy-:
15 R'is -CHz-4-fluoro-phenyl, R? is methyl and R%is 3-|n_donI-CH2-;
" R'is -CHp-phenyl, R? is methyl and R® is 4CH2-0-CHZQ§hEnyI;'
R! is -CH-phenyl, R? is ethyl and R® is -CH,-O-CHy-phenyt;
R' is -CH,-phenyl, R? is -CH,CF; and R® is -CHz-O-CHz-phenyl
R'is -CH2-4-ﬂuoro-phenyI R? is methyl and R3is -CHz-O-CHz-phenyl
20 R is -CH,-phenyt, R? is t-butyl and R® is -CH,-O-CH,-phenyi; or
! is -CHo-phenyl, R? is methyl and R? is -CH,-O-CH,-3,4-di-fluoro-pheny.
~ 99. The diastereomeric mixture of a compound according to claim 98
where the compound is 2-amino-N-[2-(3e-(R S)-benzyliz?methyl-3-05(o-2 3,3a,4,6,7-
hexahydro-pyrazolo [4, 3-c]pyndm—5-yl) 1-(R)-(3 4-d|ﬂuoro-benzyloxymethyl)-z-oxo-
25 ethyl}-2-methyl-propionamide.

100. The compound according to claim 99 wh'ere the compound is
2-am|no-N-[2-(3a-(R)-benzyl-z-methy|-3-oxo-2 3,3a,4,6,7-hexahydro-pyrazolo [4,3-
c]pyrldtn-5-yl)-1-(R)-(3 4-d|ﬂuoro-benzyloxymethyI)-2-oxo-ethyl]-2-methyl-
propionamide.
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101.  The compound according to claim 99 where the compound is
2-aminooN-[2-(3aj..‘—;,_(gga_)-benzyl-z-methyl-s-oxo-z,3.3a;4,6,7—hexahydro-pyrazolof[4.3—
c]pyridin-s-yl)-1-(R)-(3,-4-diﬂuoro'-benzyonymethyl)-Z-Oxo-ethyI]—Z—m'ethyl-
propionamide.

102. A compound according to claim 41 wherein R’ is -CHa-phenyl; R? is
hydrogen or methyl and R® is -CH,-O-CH,-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.

107. A method for increasing muscle maés; 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 relea‘ée of endogenous growth
hormone.

108. A rhethod for the treatment of osteoporosis according to claim 53
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-é-phenyl-S—[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)-
phenyl]-5,6,7 8-tetrahydro-naphthalene-2-ol; cis-1-[6'-pyrrolodinoethoxy-s'-pyridyl]-z-
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-ethéxy)—phenyl]—5,6,7,&tetrahydro-naphthalene-z-ol; or
1 -(4'-pyfrolidinolethoxyphenyl)-z-phenyl—6-hydroxy-1 ,2,3,4-tetrahydrd-isoquinoline.

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.
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