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By inhibiting

enkephalinase, the metabolic degradation of the naturally-
occurring ANP are inhibited, thereby providing a potent ANP-
mediated diuretic, natriuretic, hypotensive,
hypoaldosteronemic effects. Inhibition of enkephalinase
would therefore be useful in a patient suffering from
disease states characterized by abnormalities in £luid,
electrolyte, blood pressure, intraocular pressure, renin, or
aldosterone homeostasis, such as, but nct limited to,
hypertension, renal diseases, hyperaldosteronemia, cardiac
hypertrophy, glaucoma and congestive heart failure.

In addition, the compounds of the present invention are
inhibitors of Angiotensin-Converting Enzyme (ACE). ACE is a
peptidyl dipeptidase which catalyzes the conversion of
angiotensin I to angiotensin II. Angiotensin II is a
vasoconstrictor which also stimulates aldosterone secre:ion

by the adrenal cortex. Inhibition of ACE would therefore be
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useful in a patient suffering from disease states such as
hypertension and congestive heart failure [See William W.
Douglas, “Polypeptides - Angiotensin, Plasma Kinins, and
Others", Chapter 27, in GOODMAN AND GILLMAN'S THE
PHARMACOLOGICAL BASIS OF THERAPEUTICS, 7th edition, 1985,
pp. 652-3, MacMillan Publishing Co., New York, New York].
In addition, it has been discovered that ACE inhibitors are
useful in treating cognitive disorders [German Application

No. 3901-291-A, published August 3, 1989].
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The present imention relates to certain novel mercaptoacetylamido prodaczol1.2ipynidazime, pyrazolo[ 2 pyndazine, pyrid-
azol1 2-a][1,2Jdiazepine and pyrazalo[1,2-a] 1. 2ld1azepine derivatives of formula (1) useful as mbibitors of enkephalinase and of
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NOVEL MERCAPTOACETYLAMIDO PYRIDAZO[1l,2]PYRIDAZINE,
PYRAZOLO[1,2)PYRIDAZINE, PYRIDAZO[1l,2-a][1,2])DIAZEPINE AND
PYRAZ0LO[1,2-a][1,2]DIAZEPINE DERIVATIVES USEFUL AS
INHIBITORS OF ENKEPHALINASE AND ACE

BACKGROUND OF THE INVENTION

This is a Continuation In Part Application of Serial
No. 07/884,963, Filed May 15, 1992.

Enkephalinase or, more specifically, endopeptidase-
24.11, is a mammalian ectoenzyme which is involved in the
metabolic degradation of certain circulating regulatory
peptides. This enzyme, which is a Zn*?-metallopeptidase,
exerts its effect by cleaving the extracellular peptides at
the amino group of hydrophobic residues and thus
inactivates the peptides as regulatory messengers.

Enkephalinase is involved in the metabolic degradation
of a variety of circulating requlatory peptides including
endorphins, such as B-endorphin and the enkephalins, atrial
natriuretic peptide (ANP), and other circulating regulatory
peptides.

Endorphins are naturally-occurring polypeptides which
bind to opiate receptors in various areas of the brain and
thereb provide an analgesic effect by raising the pain
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threshold. Endorphins occur in various forms including a-
endorphin, B-endorphin, y-endorphin as well as the
enkephalins. The enkephalins, i.e., Met-enkephalin and Leu-
enkephalin, are pentapeptides which occur in nerve endings
of brain tissue, spinal cord and the gastrointestinal tract.
Like the other endorphins, the enkephalins provide an
analgesic effect by binding to the opiate receptors in the
brain. By inhibiting enkephalinase, the metabolic
degradation of the naturally-occurring endorphins and
enkephalins are inhibited, thereby providing a potent
endorphin- or enkephalin-mediated analgesic effect.
Inhibition of enkephalinase would therefore be useful in a
patient suffering from acute or chronic pain. Inhibition of
enkephalinase would also be useful in providing an
antidepressant effect and in providing a reduction in
severity of withdrawal symptoms associated with termination

of opiate or morphine administration.

ANP refers to a family of naturally-occurring peptides
which are involved in the homeostatic regulation of blood
pressure, as well as sodium and water levels. ANP have been
found to vary in length from about 21 to about 126 amino
acids with a common structural feature being one or more
disulfide-looped sequences of 17 amino acids with various
amino- and carboxy-terminal sequences attached to the
cystine moiety. ANP have been found to bind to specific
binding sites in various tissues including kidney, adrenal,
aorta, and vascular smooth muscle with affinities ranging
from about 50 pico-molar (pM) to about 500 nano-molar (nM)
[Needleman, Hypertension 7, 469 (1985)]. 1In addition, it is
believed that ANP binds to specific receptors in the brain
and possibly serves as a neuromodulator as well as a
conventional peripheral hormone.
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The biological properties of ANP involve potent
diuretic/natriuretic and vasodilatory/hypotensive effects as
well as an inhibitory effect on renin and aldosterone
secretion [deBold, Science 230, 767 (1985)]. By inhibiting
enkephalinase, the metabolic degradation of the naturally-
occurring ANP are inhibited, thereby providing a potent ANP-
mediated diuretic, natriuretic, hypotensive,
hypoaldosteronemic effects. Inhibition of enkephalinase
would therefore be useful in a patient suffering from
disease states characterized by abnormalities in fluid,
electrolyte, blood pressure, intraocular pressure, renin, oOr
aldosterone homeostasis, such as, but not limited to,
hypertension, renal diseases, hyperaldosteronemia, cardiac

hypertrophy, glaucoma and congestive heart failure.

In addition, the compounds of the present invention are
inhibitors of Angiotensin-Converting Enzyme (ACE). ACE is a
peptidyl dipeptidase which catalyzes the conversion of
angiotensin I to angiotensin II. Angiotensin II is a
vasoconstrictor which also stimulates aldosterone secretion
by the adrenal cortex. Inhibition of ACE would therefore be
useful in a patient suffering from disease states such as
hypertension and congestive heart failure {See William W.
Douglas, "Polypeptides - Angiotensin, Plasma Kinins, and
Others", Chapter 27, in GOODMAN AND GILLMAN'S THE
PHARMACOLOGICAL BASIS OF THERAPEUTICS, 7th edition, 1985,
pp. 652-3, MacMillan Publishing Co., New York, New York].

In addition, it has been discovered that ACE inhibitors are
useful in treating cognitive disorders [German Application
No. 3901-291-A, published August 3, 1989].
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SUMMARY OF THE INVENTION

5 The present invention provides novel compounds of the
Formula (I)

10 H

15 CHv«wS~R3

Ri

wherein
20 B represents a methylene, ethylene or vinylene group;
R} represents a hydrogen, C1-Cg alkyl, ~CH20CH,CH,0CH3 or
an Ar-Y- group;
R, represents a hydrogen, acetyl, -CH20-C(O)C(CH3)3 or
benzoyl;
25 R3 represents a carboxyl, alkoxycarbonyl or Ar-Y-0
carbonyl group:
Ry and Rs each represent a hydrogen atom or Ry and Rsg
together represent an oxo group;
n stands for zero, 1 or 2, and
30 Pharmaceutically acceptable salts and individual optical
isomers thereof.

The present invention further provides a method of

inhibiting enkephalinase in a patient in need thereof
35 comprising administering to said patient an effective
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enkephalinase inhibitory amount of a compound of Formula
(I). The present invention also provides a method of
inhibiting ACE in a patient in need thereof comprising
administering to said patient an effective ACE inhibitory
amount of a compound of Formula (I).

In addition, the present invention provides a
composition comprising an assayable amount of a compound of
Formula (I) in admixture or otherwise in association with an
inert carrier. The present invention alse provides a
pharmaceutical composition comprising an effective
inhibitory amount of a compound of Formula (I) in admixture
or otherwise in association with one or more
pharmaceutically acceptable carriers or excipients.

DETAILED DESCRIPTION OF THE INVENTION

the claims and the descoiption
As used herein, the term "C;-Cg alkyl" refers to

saturated straight or branched chain hydrocarbyl radicals of
one to eight carbon atoms, including methyl, ethyl, propyl,
isopropyl, n-butyl, isobutyl, tertiary butyl, pentyl,
isopentyl, hexyl, 2,3-dimethyl-2-butyl, heptyl, 2,2-
dimethyl-3-pentyl, 2-methyl-2-hexyl, octyl, 4-methyl-3-
heptyl and the like.
the cloams and the description
As used herein, an alkoxy group and the alkoxy moiety of
an alkoxycarbonyl group can be straight or branched chain
and contain from 1 to 8 carbon atoms, preferably from 1 to
4, carbon atoms. Specific examples of alkoxycarbonyl groups
are methoxycarbonyl, ethoxycarbonyl, t-butyoxycarbonyl and
the like. Specific examples of alkoxy groups are methoxy,
ethoxy, t-butox: and the like.
ke cloams and the aq’sc‘:‘PE:Dr‘
As used hereina the term "Ar-Y-" refers to a radical
wherein Ar is an aryl group and Y is a Cg-Cq4 alkyl. The term
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“aAr" refers to a phenyl or naphthyl group unsubstituted or
substituted with from one to three substituents selected
from the group consisting of methylenedioxy, hydroxy, C1—C4
alkoxy, amino,, nitro, fluoro and chloro. The term "Cgp—Cq
alkyl" refers to a saturated straight or branched chain
hydrocarbyl radical of zero to four carbon atoms and
includes a bond, methyl, ethyl, propyl, isopropyl, n-butyl,
isobutyl, tertiary butyl and the like. Specifically
included within the scope of the term "Ar-Y-" are phenyl,
naphthyl, phenyluethyl or benzyl, phenylethyl, 3,4-
methylenedioxyphenyl, m-aminophenyl, m-nitrophenyl, p-
aminophenyl, p-nitrophenyl, p-methoxybenzyl, p-fluorobenzyl
and p-chlorobenzyl.
the clawms and the desc,r:\pk'\of‘\

As used hereiqy\the designation "»+" refers to a bond to
a chiral atom for which the stereochemistry is not
designated.

The compounds of Formula (I) can be prepared by
utilizing procedures and technigues well known and
appreciated by one of ordinary skill in the art. A general
synthetic scheme for preparing these compounds is set forth
in Scheme A wherein all substituents, unless otherwise
indicated, are previously defined.
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Scheme A
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In step a, the appropriate amino compound of structure
(1) is reacted with the appropriate (S)-bromoacid of
structure (2) to give the corresponding (S)-bromoamide
compound of structure (3). For example, the appropriate
amino compound of structure (1) can be reacted with the
appropriate (S)-bromoacid compound of structure (2) in the
presence of a coupling reagent such as EEDQ (1-
ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline), DCC (1,3~
dicyclohexylcarbodiimide), or diethylcyanophosponate in a
suitable aprotic solvent, such as methylene chloride to give

the appropriate (S)-bromoamide compound of structure (3).

Alternatively the appropriate amino compound of
structure (1) is reacted with the appropriate (R)-bromoacid
to give the corresponding (R)-bromoamide compound or the
appropriate amino compound of structure (l) 1is reacted with
the appropriate enantiomeric mixture of the bromoacid to
give the corresponding enantiomeric mixture of bromoamide as

described previously in Scheme A, step a.

In step b, the (S)-bromo functionality of the
appropriate (S)-bromoamide compound of structure (3) is
converted to the corresponding (R)-thiocacetate or (R)-
thiobenzoate of structure (5a).

For example, the appropriate (S5)-bromoamide compound of
structure (3) is reacted with thiolacetic acid or
thiolbenzoic acid of structure (4) in the presence of a
base, such as cesium carbonate. The reactants are typically
contacted in a suitable organic solvent such as a mixture of
dimethylformamide and tetrahydrcfuran. The reactants are
typically stirred together at room temperature for a period
of time ranging from 1 to 8 hours. The resulting (R)-
thicacetate or (R)-thiobenzoate of structure (5a) is
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recovered from the reaction zone by extractive methods as is
known in the art. It may be purified by chromatography.

Alternatively, the (R)-bromo functionality of the
appropriate (R)-bromcamide is converted to the corresponding
(S)-thioacetate or (S)-thiobenzoate of structure (5b) or the
bromo functionality of the appropriate enantiomeric mixture
of of the bromoamide is converted to the corresponding
enantiomeric mixture of thioacetate or thiobenzoate

compounds as described previously in Scheme A, step b.

As summarized in Table 1, the Rz and R3 groups on the
thioacetate or thiobenzoate compounds of structures (5a) and
(5b) can be manipulated using techniques and procedures well
known and appreciated by one of ordinary skill in the art to
g. " the corresponding compounds of structures (6a)-{10a)
ar . ,6b)-(1l0b).

For example, the t-butyl ester functionality of the
appropriate (R)-thioacetate or (R)-thiobenzoate compound of
structure (5a) can be removed using trifluoroacetic acid to
give the appropriate (R)-thioacetaze or (R)-thiobenzoate
carboxylic acid compound of structure (6a). Similarly, the
t-butyl ester functionality of the appropriate (S)-
thioacetate or (S)-thiobenzoate compound of structure (5b)
can be removed using trifluorcacetic acid to give the (S)-
thicacetate or (S)-thiobenzoate carboxylic acid compound of
structure {6b).

The (R)-thiocacetate or (R)-thiobenzoate functionality of
the appropriate (R)-thiocacetate or (R)~thiobenzoate
carboxylic acid compound of structure (6a) can be removed
with lithium hydroxide in a suitable solvent mixture such as
tetrahydrofuran and ethanol tc give the appropriate (R)-thio
carboxylic acid compound of structure (7a}). Similarly, the
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({S)-thioacetate or (S)-thiobenzoate functionality of the
appropriate (S)-thioacetate or (S)-thiobenzoate carboxylic
acid compound of structure (6b) can be removed with lithium
hydroxide in a suitable solvent mixture such as
tetrahydrofuran and ethanol to give the appropriate (S)-thio
carboxylic acid compound of structure (7b).

Alternatively, the carboxylic acid functionality of the
appropriate (R)-thioacetate or (R)-thiobenzoate carboxylic
acid compound of structure (6a) can be re-esterified using
techniques and procedures well known and appreciated in the
art. For example, a (R)-thiocacetate or {R)-thiobenzoate
compound of structure (5a) can be prepared by treating the
(R)-thioacetate or (R)-thiobenzoate carboxylic acid compound
of structure (6a) with the appropriate alkyl halide or Ar-Y
halide in a suitable aprotic solvent, such as
dimethylformamide along with a non-nucleophilic base, such
as cesium carbonate. Similarly, the carboxylic acid
functionality of the appropriate (S5)-thicacetate or (S)-
thiobenzoate carboxylic acid compound of structure (6b) can
be esterified to the appropriate (S)-thiocacetate or (S)-
thiobenzoate compound of structure (5b) as described above
for the {R)-thiocacetate or (R)-thiobenzoate compound of
structure {5a).

The (R)-thioacetate or (R)-thiobenzoate functionalities
of the appropriate (R)-thiocacetate or (R)~-thiobenzocate
compound of structure (5a) can be hydrolyzed to the
corresponding (R)~thiol compounds of structure (8a) with
ammonia in a suitable protic solvent, such as methanol.
Similarly, the (S)-thioacetate or (S)-thlobenzoate
functionalities of the appropriate (S)-thiocacetate or (S5)-
thiobenzoate compounds of structure (5b) can be hydrolyzed
to the corresponding (S)-thiol compounds of structure (8b).
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The thiol functionality of the appropriate (R)-thio
carboxylic acid compound of structure (7a) can be alkylated
using techniques and procedures well known and appreciated
in the art. For example, a (R)-pivaloyloxymethylthio
carboxylic acid compound of structure (9a) can be prepared
by treating the (R)-thio carboxylic acid compound of
structure (7a) with the appropriate with chlorcmethyl
pivalate in a suitable aprotic solvent, such as
dimethylformamide along with a non-nucleophilic base, such
as cesium carbonate. Similarly, the thiol functionality of
the appropriate (S)-thio carboxylic acid compound of
structure (7b) can be alkylated to the appropriate (S)-
pivaloyloxymethylthio carboxylic acid compound of structure
{9b) as described above for (9a).

The thiol functionality of the appropriate (R)-thiol
compound of structure (8a) can be alkylated using techniques
and procedures well known and appreciated in the art. For
example, a (R)-pivaloyloxymethylthio compound of structure
(10a) can be prepared by treating the (R)-thiol compound of
structure (8a) with the appropriate with chloromethyl
pivalate as described above for the conversion of (7a) to
(9a). Similarly, the thiol functionality of the appropriate
(S)-thiol compound of structure (8b) can be alkylated to the
appropriate (S)-pivaloyloxymethylthio compound of structure
(10b) as described above for the (R)-pivaloyloxymethylthio
compound of structure (1l0a).
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TABLE 1
MANIPULATION OF R2 AND Rj3

Compound Ry R3
5
§§_ and _S_b COCH3 or t-butyloxycarbonyl
COPh
6aand 6b COCHsz or CO2H
. COPh
10 7aand 7b H CO;H
8a and §_t_)_ ' H alkoxycarbonyl or
Ar-Y-QO-carbony!
9aand 9b -CH,0COC(CH3); COzH 7
10a and 10b | -CH,0COC(CHy); | alkoxycarbonyl or
15 Ar-Y-O-carbonyl

Starting materials for use in the general synthetic
procedures outlined in Scheme A are readily available to one
of ordinary skill in the art. For example, certain amino

20 compounds of structure (1) are described in U.S. Patent No.
4,512,924 of Attwood et al. (April 23, 1985).

The following examples present typical syntheses as

described in Scheme A, These examples are understood to be

25 illustrative only and are not intended to limit the scope of
the present invention in any way. As used herein, the
following terms have the indicated meanings: "g" refers to
grams; "mmol" refers to millimoles; "mL" refers to
milliliters; "bp" refers to boiling point; "°C" refers to

30 degrees Celsius; "mm Hg" refers to millimeters of mercury;
"uL" refers to microliters; "ug" refers to micrograms; and
*uM" refers to micromolar.

35
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Example 1
Preparation of 9-[(S8)-(1-0x0-2(S)=~acetylthio=-3-

phenylpropyl)amino]-octahydro-10-oxo-6H-pyridazo[l,6 2~

alll,?2]diazepine=1{8)=-carboxylic acid, t-butyl ester

Scheme A, step a: 9-[(S)=(1-0x0o-2(R)~bromo-3-
phenylpropyl)amino ]-octahydro-1l0-oxo-6H~pyridazo{l,2-

alll,2]diazepine~1(S)-carboxylic acid, t-butyl ester

Mix D-phenylalanine (186.4g, @ .28mol) and 49% hydrobromic
acid (372.8g), cool to -5°C ar add, by dropwise addition, a
solution of sodium nitrite (77.9g) in water (565mL) over a
period of about 1 hour (vigorous gas evolution). Stir at -
5°C to 0°C for 4 hours, extract into ethyl ether (3X1L)}, dry
(MgSO4) and evaporate the scl' :nt in vacuo. Purify by
chromatoc-aphy (5% acetic acid/95% methylene chloride) and
distilla 1 to give 3-phenyl-2(R)-bromopropionic acid
(112g, 45+); bp 128-135°C @ 0.25 torr,

Mix 3-phenyl-2(R)-bromopropionic acid (3.94g, 17.2mmol) and
9(S)-amino-octahydro~l0-oxo-6H~pyridazoll,2-
alJ(l,2)diazepine-1(S)-carboxylic acid, t-butyl ester (3.75g,
13.2mmol) in methylene chloride (50mL). Add EEDQ (4.24g,
17.7mmol). Stir at room temperature overnight, dilute with
methylene chloride, wash with saturated sodium hydrogen
carbonate, water, 1M HCL, water and brine. Dry (MgSO4) and
evaporate the solvent invacuo to give an oily residue.
Purify by silica gel chromatography (60:40 hexane/ethyl
acetate) to give the title compound as a white foam (4.86g,
74%).

1H NMR {(CDCl3) & 7.39 (4, 1, J=6.4Hz), 7.15-7.37 (m, S5), 5.23
(dt, 1, J=6.4, 8.8Hz), 4.91 (m, 1), 4.39 (dd, 1, J=6.6,
8.0Hz), 3.54-3.65 (dd, 1, J=6.7, 14.1Hz), 3.34-3.47 (m, 1),
3.03-3.24 (m, 2), 2.90-3.03 (m, 1), 2.51-2.65 (m, 1), 2.29-
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2.40 (m, 1), 2.05-2.20 (m, 1), 1.59-1.96 (m, 4), 1.27-1.59
(m, 11); 13C NMR (CDCl3) § 172.17, 169,80, 167.02, 137.19,
129.16, 128.32, 126.93, 82.06, 52.54, 51.52, 51.29, 50.85,
50.47, 41.74, 29.64, 27.98, 26.13, 24.95, 16.56.

Scheme A, step b: 9-[(S)~(l1-Ox0-2(S)-acetylthio-3-
phenylpropyl)amino]-octahydro-10~oxo-6H-pyridazo[l,2-

al}{l,2]diazepine-1(S)~-carboxvylic acid, t-butyl ester

Dissolve thiolacetic acid (0.92mL, 12.9mmol) in degassed
methanol (50mlL) and treat with cesium carbonate (2.00g,
6.lmmol). Stir the yellow solution for 30 minutes then
evaporate the solvent in vacuo and dry invacuo for 1.5 hours.
Dilute the resulting cesium salt with dimethylformamide
(50mL) and treat with a solution of a mixture of 9-{(S)-(1~-
oxo-2(R)-bromo-3~phenylpropyl)amino]-octahydro-10-oxo-6H-
pyridazo(l,2-a](l,2}diazepine~1(S)-carboxylic acid, t-butyl
ester (3.03g, 6.1lmmol) in dimethylformamide (50mL). Stir at
room temperature for 1.5 hours, dilute with ethyl acetate,
wash with water (2X) and brine. Dry (MgSOz), filter and
evaporate the solvent in vacuo to give an oily residue.
Purify by silca gel chromatography (50:50 hexane/ethyl
acetate) to give the title compound as a yellow foam (2.56q,
85%).

IR (KBr) 3389, 3086, 3065, 3030, 2974, 2933, 2863, 1738,
1690, 1655, 1499, 1447, 1427, 1368, 1154, 1127 cm-1; 1H NMR
(CDC13) & 7.12-7.37 (m, 6), 5.14-5.25 (m, 1), 4.87-4.95 (m,
1), 4.29 (t, 1, J=7.5Hz), 3.25-3.46 (m, 2), 2.88-3.15 (m,
3), 2.49-2.62 (m, 1), 2.25-2.38 (m, 4), 2.08-2.22 (m, 1),
1.32-1.94 (m, 15); 13C NMR (CDCli3) 8§ 194.28, 172.21, 169.89,
168.20, 137.55, 129.11, 128.22, 126.61, 81.96, 52.47, 51.51,
50.96, 50.72, 48.35, 36.96, 30.43, 29.63, 27.98, 26.07,
25.02, 16.59; MS (FAB) m/z 490 [M*+H], 434, 414, 392, 358,
267, 211 [base peak]; Anal. Calcd for Cys5H3g5N305S: C, 61.33;
H, 7.21; N, 8.58; Found: C, 61.20; H, 7.16; N, B.55.
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Example 2
Preparation of 9-[(8)—-{1-0x0-2(S)-thio-3~
phenylpropyl)amino]-octahydro-10-oxo-6H-pyridazoll,2-

alJll,2])diazepine-1(S)—-carboxylic acid, t-butyl ester
Dissolve 9~[(S)-(1-Ox0-2(S)=-acetylthio=3-
phenylpropyl)amino]-octahydro-10-oxo-6H~pyridazo[1l,2-

al{l,2])diazepine-1(S)-carboxylic acid, t-butyl ester (0.40g,
0.82mmol) in absolute ethanol (20mL) and saturated ethanolic
ammonia (20mL). Stir the reaction mixture at room
temperature for 2 hours, evaporate the solvent invacuo,
dilute with methylene chloride, wash with water and brine.
Dry (MgSO4), filter and evaporate the solvent invacuo to give
the title compound as a clear glass (0.30g, 82%).

IR (KBr) 3389, 3337, 2974, 2934, 2863, 1738, 1645, 1499,
1427, 1368, 1227, 1154 cm-l; 1H NMR (CDCl3) § 7.38-7.49 (br
d, 1, J=6.6Hz), 7.14-7.36 (m, 5), 4.86-4.96 (m, 1), 3.50~-
3.62 (m, 2), 3.35-3.47 (m, 1), 3.23-3.33 (dd4, 1, J=6.4,
13.9Hz), 3.02-3.17 (m, 2), 2.88-3.01 (m, 2), 2.51-2.66 (m,
1), 2.12-2.41 (m, 2), 1.99 (4, 1, J=8.7Hz), 1.58-1.96 (m,
4), 1.29-1.58 (m, 11); 13C NMR (CDCl3) 6§ 172.51, 170.57,
169.90, 137.62, 129.34, 128.31, 126.76, 82.11, 52.63, 51.61,
51,03, 50.86, 44.88, 41.51, 29.72, 28.04, 26.23, 25.01,
16.63; MS (FAB) m/z 448 [M*+H], 414, 392, 358, 211 [base
peak]; Anal. Calcd for Cz3H33N3048S: C, 61.72; H, 7.43; N,
9.39; Found: C, 61.58; H, 7.36; N, 9.34.

Example 3
Preparation of 9-[(S)=(1=-0Ox0-2(S)-acetylthio-3-

phenylpropyl)amino]-octahydro-l10-oxo-6H-pyridazoll,2-

al{l,2]diazepine-1(S)-carboxylic acid
The synthesis of 9-[(S)~{1-Oxo0-2(S)~acetylthiop-3~
phenylpropyl)amino}-octahydro-10-oxo-6H-pyridazo{l, 2-

alJl(l,2)diazepine~1(S)-carboxylic acid is the same as that of
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9-[(S)~-(1-0x0-2(S)-acetylthio-3-phenylpropyl)amino]-
octahydro-10-oxo-6H-pyridazo[l,2-a}[l,2])diazepine-1(R)-
carboxylic acid described in Example 11, but substituting 9-
[(S)-(l-oxo-2(S)-acetylthio-3-phenylpropyl)amino]-octahydro-
lO—oxo-GH-pyridazo[l,2-a][1,2]diazepine—l(S)—carboxylic
acid, t-butyl ester for 9-[(S)-(l-oxo-2(S)-acetylthio-3-
phenylpropyl)amino]-octahydro-10-oxo-6H-pyridazo(l,2-
all{l,2)diazepine~1(R)-carboxylic axid, t-butyl ester.

Yield 58%; IR (film) 3354, 3086, 3063, 3030, 2945, 2870,
1734, 1688, 1651, 1520, 1499, 1454, 1209, 1173, 912, 733 cm-
1; 1H NMR (CDCly) & 7.14-7.39 (m, 6), 5.10-5.26 (br s, 1),
4.19-4.46 (br m, 2), 3.17-3.36 (br m, 2), 2.78-3.06 (br m,
4), 2.30 (s, 3), 1.24-2.28 (br m, 11); 19F NMR (CDCl3) &
-76.30; 13C NMR (CDCl3) & 195.03, 174.62, 172.81, 170.11,
137.14, 129.07, 128.33, 126.84, 52.52, 52.07, 51.43, 50.09,
48.39, 36.48, 30.35, 28,92, 25.50, 23.98, 15.36; MS (FAB)
m/z 434 [M*+H, base peak], 392, 358, 211; HRMS Calcd for
Co1H28N305S: 434.1750; Found: 434.1744.

Example 4
Preparation of 9-[(S)=-{1-0Ox0-2(S)=thio-3~
phenylpropyl)amino]-octahydro-10-oxo-6H-pyridazo[l,2-

alll,2]diazepine-1(S)~-carboxylic acid

The synthesis of 9-[(S)-{1-Oxo0-2(S)-thio-3-
phenylpropyl)amino]-octahydro-10-oxo-6H-pyridazo(l,2-
alll,2)diazepine-1(S)~-carboxylic acid is the same as that of
9-[(S)-(1-Oxo-2(S)-acetylthio-3-phenylpropyljamino]-
octahydro-10-oxo-6H-pyridazo(l,2-a][l,2]diazepine-~1(R)~-
carboxylic acid described in Example 11, but substituting 9-
[($)-({l-0x0-2(8)-thio-3-phenylpropyl)amino}~octahydro~10-
oxo—63-pyridazo{1,2—a][l,2]diazepine‘l(S)*carboxylic acid,
t-butyl ester for 9-[(S)-(1l-oxo-2(S)-acetylthio-3~
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phenylpropyl)amino}-octahydro-10-oxo-6H~pyridazo(l,2~-
al(l,2)diazepine-1(R)-carboxylic acid, t-butyl ester.

Yield 83%; IR (film) 3318, 3066, 3063, 3030, 2938, 2864,
1728, 1630, 1452, 1211, 1173, 1155, 910, 733 cm-l; 1H NMR
(cbcl;) & 7.54-7.70 (4, 1, J=7.1Hz), 6.98-7.45 (m, 5), 5.21-
5.39 (m, 1), 4.92-5.08 (m, 1), 3.56-3.71 (m, 1), 2.86-3.43
(m, 5), 2.48-2.66 (m, 1), 2.31-2.48 (m, 1), 2.08-2.24 (m,
1), 2.04 (4, 1, J=8.7Hz), 1.66-1.95 (m, 4), 1.33-1.51 (m,
2); 19F NMR (CDCl3) § -76.30; 13C NMR (CDCl3) § 173.74,
172.95, 171.27, 136.90, 128.95, 128.00, 126.54, 51.97,
51.06, 50.72, 49.40, 44.23, 40.95, 28.97, 25.39, 24.08,
15.83; MS (FAB) m/z 392 [M'+H, base peak], 358, 211; HRMS
Calcd for CigHzeN304S: 392.1644; Found: 392.1635.

Example 5
Preparation of 9-[(S)~(1-Oxo-2(S)-acetylthio-3-

phenylpropyl)amino}-octahydro-1l0-oxo-6H-pyridazo[l,2-

alJ[l,2)diazepine-1(S)=carboxylic acid, benzvyl ester

Dissolve 9-[(8S)-(1l-oxo-2(S)-acetylthio-3~
phenylpropyl)amino]-octahydro-10-oxo-6H-pyridazo(l,2-
al(l,2)diazepine-1(S)-carboxylic acid (4.33mmol) in
methylene chloride (25mL) and dry over anhydrous MgSQOs.
Filter and wash with methylene chloride (3X200mL).
Evaporate in vacuo to a residue. Dissolve the residue in
anhydrous dimethylformamide (25mL) and place under nitrogen
atmosphere. Add cesium carbonate (1.65g, 5.0mmole) in one
portion. Stir for 45 minutes at ambient temperature. Add
benzyl bromide (550mg, 5.0mmol). Stir the resulting mixture
at ambient temperature for 18 hours. Quench the reaction
with ethyl acetate (50mL) and water (50mL). Separate the
organic phase and wash with water (7X50mL), 1/4 saturated
potassium hydrogen carbonate (50mL), water (50mL), and



W0 93/23403 PCT/USY93/03721

10

15

20

25

30

35

-18~

saturated sodium chloride (50mL). Dry (MgS0O4), filter and
evaporate tn vacuo to yield the title compounds.

Example 6
Preparation of 9-[(S})~-(1-0x0-2(S)-thio=3~-

phenylpropyl)amino]-octahydro-10-oxo-6H-pyridazo{l, 2~

all[l,2]diazepine-1{S8)-carboxvylic acid, benzyl ester

Stir 9=-[(S)-(l-ox0o-2(S)=-acetylthio~-3~phenylpropyl)amino]-
octahydro-1l0-oxo-6H-pyridazo[l,2~a][1l,2]diazepine-1(S)-
carboxylic acid, benzyl ester (4mmol) and saturated
methanolic ammonia at ambient temperature until hydrolysis
is complete. Evaporate the solvent in vacuo and purify by
silica gel chromatography to give the title compounds.

Example 7
9-[(S)-(1-0x0-2(S)-pivaloyloxymethylthio—-3-

phenylpropyl)amino]~-octahydro-l10-oxo~6H-pyridazo[l, 2~

al[l,2)diazepine-1(S)-carboxylic acid

Dissolve 9-[(S)-(1l-0x0-2(S)-thio-3-phenylpropyl)amino]-
octahydro-10-oxo-6HE-pyridazo[l,2-al[l,2]diazepine-1(S)~
carboxylic acid (0.28mmol) in methylene chloride (1lmL) and
dry over anhydrous MgSQO4 (60mg). Filter and wash with
methylene chloride (3X20mL). Evaporate in vacuo to a
residue. Dissolve the residue in anhydrous
dimethylformamide (10mL) and place under nitrogen
atmosphere. Add cesium carbonate (100mg, 0.3mmol) in one
portion. Stir for 45 minutes at ambient temperature. Add
chloromethyl pivalate (42g, 0.28mmol). Stir the resulting
mixture at ambient temperature for 18 hours. Quench the
reaction with ethyl acetate (3mL) and water (1lOmL).

Separate the organic phase and wash with water (7X10mL), 1/4
saturated potassium hydrogen carbonate (10mL), water (10mL),
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and saturated sodium chloride (10mL). Dry (MgSO0q), filter
and evaporate in vacuo to yield the title compounds.

Example 8
9-[(S)-(1-0x0-2(S)-pivaloyloxymethylthio-3-

phenylpropyl)amino]—octahydro-lO-oxo—GH-pyridazo[1,2—

alll,2]}diazepine-1(S)-carboxylic acid, benzyl ester

Dissolve 9-[(S)—(l—oxo—2(S)—thio—3—phenylpropyl)amino]-
octahydro—lO—oxo-GH—pyridazo[l,2—a][l,2]diazepine—l(S)~
carboxylic acid, benzyl ester (0.28mmol) in methylene
chloride (lmL) and dry over anhydrous MgSO4 (60mg). Filter
and wash with methylene chloride (3X20mL). Evapcrate in
vacuo to a residue. Dissolve the residue in anhydrous
dimethylformamide (10mL) and place under nitrogen
atmosphere. Add cesium carbonate (100mg, 0.3mmol) in one
portion. Stir for 45 minutes at ambient temperature. Add
chloromethyl pivalate (42g, 0.28mmol). Stir the resulting
mixture at ambient temperature for 18 hours. Quench the
reaction with ethyl acetate (3mL) and water (1l0mL).

Separate the organic phase and wash with water (7X10mL), 1/4
saturated potassium hydrogen carbonate (1l0mL), water (10mL),
and saturated sodium chloride (10mL). Dry (MgSOq), filter
and evaporate in vacuo to yield the title compounds.

Example 9
Preparation of 9-[(S)-(1-0x0-2(S)-acetylthio-3~

phenylpropyl)amino]—octahydro—10~oxo*6H-pyridazo[l,2—

al]{l,2)diazepine-1(R)-carboxylic acid, t-butyl ester

Scheme A, step a: 9-[(S)~(1-0x0-2(R)-bromo-3~
phenylpropyl)amino]-octahydro—lO—oxo-GH—pyridazo[l,2—

al[l,2}diazepine-1l(R)~carboxylic acid, t-butyl ester
The synthesis of 9-[(S)-(1-0x0-2(R)-bromo-3-
phenylpropyl)amino}—octahydro-lO-oxo—GH—pyridazo[l,2~
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alll,2]ldiazepine-1(R)-carboxylic acid, t-butyl ester is the
same as for 9-[(S)-(l—Oxo—Z(R)—bromo-3—phenylpropy1)amino]—
octahydro—lO—oxo—GH—pyridazo[l,2—a][l,2]diazepine—l(5)—
carboxylic acid, t-butyl ester described in Example 1, Step
5 a, but substituting 9(S)=-amino-octahydro-10-oxo-6H-
pyridazo[l,z—a}[1,2]diazepine—l(R)—carboxylic acid, t-butyl
ester for 9(S)-amino-octahydro-10-oxo-6H-pyridazo{l,2-
alll,2]diazepine-1(S)-carboxylic acid, t-butyl ester.

10 Yield 84%; IR (KBr) 3351, 3059, 3030, 3000, 2974, 2951,
2928, 1707, 1690, 1676, 1541, 1452, 1368, 1304, 1165, 702
cm-1; 1H NMR (CDCl3) & 7.08-7.51 (m, 6), 5.06-5.23 (br m, 1),
4.31-4.50 (br m, 1), 4.07-4.30 (br s, 1), 3.45-3.60 (m, 1),
3.14-3.38 (br m, 2), 2.76-3.07 (br m, 3), 1.15-2.28 (m, 17);

15 13C NMR (CDCli) & 171.69, 169.65, 166.78, 136.99, 129.28,
128.31, 126.98, 8l1.66, 52.82, 51.69, 51.02, 50.44, 41.87,
41.23, 29.35, 27.96, 25.96, 24.40, 15.80; Anal. Calcd for
Cp3H32BrN304: C, 55.87; H, 6.52; N, 8.50; Found: C, 56.07;
H, 6.49; N, 8.48.

20
Scheme A, step b: 9-[(S)-{1-0Ox0-2(S)-acetylthio-3-
phenylpropyl)amino]—octahydro-lO-oxo—BH-pyridazo[l,2-

alJ[l,2]diazepine-1(S)-carboxylic acid, t-butyl ester
The synthesis of 9-[(S)-(1-0x0-2(S)~acetylthio-3-

25 phenylpropyl)amino]-octahydro—lO—oxo—SH-pyridazo[1,2*
alll,2]diazepine-1(R)-carboxylic acid, t-butyl ester is the
same as for 9-[(S)-(1-Oxo-2(8)-acetylthio-3-
phenylpropyl)amino]—octahydro—lO—oxo—GH—pyridazo[l,2—
alll,2)diazepine-1(S)~carboxylic acid, t-butyl ester

30 described in Example 1, Step b, but substituting 9-[(S)~(1-
oxo—z(R)—bromo-3~phenylpropyl)amino]—octahydro—lo—oxo—6H~
pyridazo[l,z—a][l,2]diazepine—l(R)—carboxylic acid, t-butyl
ester for 9-[(S)*(1-oxo-2(R)“bromo-3-phenylpropyl)amino]—

octahydrm—lO-oxo-GH—pyridazo[1,2—a][1,2]diazepine—l(5)-
35 carboxylic acid, t-butyl ester.
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Yield 75%; IR (CHCl3) 3391, 3065, 3032, 3005, 2982, 2945,
2872, 1734, 1684, 1655, 1507, 1454, 1370, 1306, 1236, 1154,
955 cm-1; 1H NMR (CDCl3) & 7.16-7.3% (m, 6), 5.07-5.23 (br m,
5 1), 4.12-4.32 (br m, 2), 3.19-3.38 (br m, 2), 2.76-3.04 (br
m, 4), 2.28 (s, 3), 1.19-2.23 (br m, 17; MS (CI, 70ev) m/z
490 [M*+H)] 434 [base peak]; Anal. Calcd for CzsH3sN3055: C,
61.33; H, 7.21; N, B.58; Found: C, 61.23; H, 7.12; N, 8.57.

10 Example 10
Preparation of 9-[(S)-(1-0x0-2({S)-thio-3-
phenylpropyl)amino]-octahvdro-l0-oxo—-6H-pyridazo(1l, 62~

alll,2]diazepine~1(R)-carboxylic acid, t-butvl ester
The synthesis of 9-[(S)-(1-Oxo-2(8)-thio-3-
15 phenylpropyl)amino]}-octahydro-1l0-oxo-6H-pyridazo(l,2-

al{l,2]diazepine-1(R)-carboxylic acid, t-butyl ester is the
same as that of 9-[(8)-(1-0Ox0-2(S)-thio-3-
phenylpropyl)amino]-octahydro-10-oxo-6H-pyridazo(l,2-
alll,2)diazepine-1(S)-carboxylic azid, t-butyl ester

20 described in Example 2, but substituting 9~[(S)-(1-Oxo-
2(S)-acetylthio-3-phenylpropyl)amino]-octahydro-10-oxo-6H-
pyridazo[l,2-al[l,2]diazepine-1(R)-carboxylic acid, t-butyl
ester for 9-[(S)~(1-Oxo-2(5)-acetylthio-3-
phenylpropyl)amino]-octahydro-10-oxo-6H-pyridazo(1l,2-

25 alll,2]}diazepine~l(S)=-carboxylic acid, t-butyl ester.

Yield 81%; IR {(KBr) 3393, 2974, 2936, 2870, 1738, 1653,
1499, 1452, 1368, 1154 cm-1; 1H NMR (CDCl3) § 7.03-7.43 (m,
6), 5.09-5.34 (br m, 1), 4.08-4.29 (br s, 1), 3.46-3.58 (m,
30 1), 3.20-3.39 (br m, 2), 2.75-3.14 (br m, 5), 1.18-2.30 (br
m, 17); 13C NMR (CDCl3) § 172.15, 170.39, 169.70, 137.66,
129.34, 128.31, 126.78, 81.60, 53.05, 52.92, 51.34, 50.38,
44.76, 41.44, 29.61, 27.98, 26.15, 24.37, 15.79; MS (FAB)
m/z 448 [M*+H, base peak], 414, 392, 358, 211; Anal. Calcd
35
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for CpsH33N304S: C, 61.72; H, 7.43; N, 9.39; Found: C,
61.40; H, 7.35; N, 9.34.

Example 11
Preparation of 9-[(S)-(1-Oxo-2(S)~acetylthio-3-

phenylpropyl)amino]—octahydro—lO—oxo—SH—pyridazo[1,2—

alll,2]diazepine-1(R)-carboxylic acid

Dissolve 9-[(S)-(1-Oxo-2(S)-acetylthio-3~-
phenylpropyl)amino]—octahydro—lO—oxo-GH-pyridazo[1,2—
alll,2}diazepine-1{R)-carboxylic acid, t-butyl ester (1.33g,
2.7mmol) and anisole (1lmL, excess) in methylene chloride
(20mL) and treat with trifluoroacetic acid (5mL). Stir for
6 hours at room temperature, evaporate the solvent invacuo,
triturate the residue with hexane (3X) and dry invacuo
overnight. Dissolve the resulting gum in a minimal amount
of methylene chloride and precipitate from hexane. Decant
the solvent, dry invacuo and triturate from hexane to give
the title compound as a light tan powder (0.88g, 59%).

IR (film) 3335, 3088, 3065, 3030, 2940, 2864, 1780, 1734,
1694, 1634, 1522, 1454, 1356, 1211, 1171, 1130, 913, 733 cm-
l1; 1H NMR (CDCls3) & 7.40-7.50 (d, 1, J=7.1Bz), 7.13-7.35 (m,
5), 5.20-5.34 (m, 1), 4.95-5.04 (m, 1), 4.31 (t, 1,
J=7.3Hz), 3.22-3.41 (m, 2), 2.90-3.22 (m, 3), 2.48-2.64 (m,
1}, 2.35-2.47 (m, 1), 2.32 (s, 3), 2.04-2.21 (m, 1), 1.67-
1.98 (m, 4), 1.30-1.52 (m, 3); 19F NMR (CDClj) 5 ~76.28; 13C
NMR (CDCl3) & 198.65, 174.28, 173.13, 170.17, 137.13, 129.11,
128.36, 126.86, 52.20, 51.43, 51.13, 49.74, 48.43, 36.62,
30.41, 29.22, 25.61, 24.37, 16.13; MS (FAB) m/z 434 [M*+H,
base peak], 358, 211; HRMS Calcd for C21H28N3058: 434.1750;
Found: 434.1733.

Example 12
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Preparation of 9-[(S)-(1-0x0-2(S)-thio=-3-
phenylpropyl)amino]—octahydro—lO—oxo-GH—pyridazo[l,2-

all[l,2]diazepine-1(R)-carboxylic acid

The synthesis of 9-[(S)-({1-0x0-2(S)~-thio-3~-
phenylpropyl)amino]—octahydro—lO—oxo—GH-pyridazo[1,2—
al{l,2]diazepine-1(R)-carboxylic acid is the same as that of
9-[(S)-(l-Oxo—Z(S)-acetylthio—3—phenylpropyl)amino]—
octahydrc—lO—oxo—GH—pyridazo[l,2—a][l,2]diazepine—l(R)-
carboxylic acid described in Example 11, but sustituting 9-
[(S)-(l—oxo—Z(S)—thio—3-phenylpropy1)amino]-octahydro—10~
oxo-GH-pyridazo[l,Z—a][l,2]diazepine-l(S)—carboxylic acid,
t-butyl ester for 9-{{S)~(l-ox0-2(S)-acetylthio-3~
phenylpropyl)amino]—octahydro—lO—oxo—GH—pyridazo[l,2-
al[l,2)diazepine-1(R)-carboxylic acid, t-butyl ester.

Yield 74%; IR (film) 3339, 3086, 3063, 3030, 2945, 2870,
1778, 1728, 1635, 1454, 1209, 1173, 910, 733 cm-l; 1H NMR
(CbCcl3) & 7.04-7.81 (br m, 6), 5.12-5.36 (br m, 1), 4.20-4.47
(br s, 1), 3.64 (g, 1, J=7.4Hz), 2.74<3.43 (br m, 6), 1.23-
2.35 (br m, 9); 13F NMR (CDClj3) §-76.31; 13C NMR (CDCl3) &
174.24, 172.93, 171.66, 137.13, 129.32, 128.32, 126.91,
52.62, 52.16, 51.38, 55.20. 44.55, 41.17, 29.11, 25.85,
23.93, 15.35:; MS (FAB) m/z 392 [M*+H, base peak], 358, 211;
HRMS Calcd for CjgH2gN304S: 392.1644; Found: 392.1663.

Example 13
Preparation of 9-((S)-(1-Oxo0-2(S)-acetylthio=3-

phenylpropyl)amino)-octahvdro—G,lO-dioxo—GH—pyridazo[l,2f

al[l,2]diazepine-1(S)~carboxylic acid, t-butyl ester

Scheme A, step a: 9-[(S)-(1-Oxo-2{R)-bromo-3-

phenylpropyl)amino]-octahydro—ﬁ,10—dioxo—63-pyridazo[1,2-

al](l,2)diazepine-1(S)-carboxylic acid, t-butyl ester
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The synthesis of 9-[ (S)-(1-0x0-2(R)-bromo-3-
phenylpropyl)amino]—octahydro-ﬁ,lO*dioxo—GH—pyridazo[l,2—
al[l,2]diazepine~1(R)~-carboxylic acid, t-butyl ester is the
same as for 9—[(S)—(l—Oxo—Z(R)—bromo—B—phenylpropyl)amino]-
octahydro-lO—oxo—SH—pyridazo[l,2—a][l,2]diazepine-1(5)-
carboxylic acid, t-butyl ester described in Example 1, Step
a, but substituting 9(S)—amino—octahydro-6,lO-dioxo—GH—
pyridazo[l,z-a][l,2]diazepine-l(S)—carboxylic acid, t-butyl
ester for 9(S)—amino-octahydro—l0—oxo—6H—pyridazo[1,2*
alll,2)diazepine-1(S)~carboxylic acid, t-butyl ester.

Yield 84%: IR (KBr) 3385, 3337, 2978, 23936, 1736, 1676,
1518, 1456, 1445, 1425, 1370, 1339, 1310, 1273, 1250, 1235,
1157, 1132 748 cm-1; 1H NMR (CDCl3) & 7.16-7.42 (m, 3), 6.93
(d, 1, J=7.2Hz), 5.23 (d4d, 1, J=3.0, 6.0Hz), 4.75-4.89 (m,
1), 4.56-4.68 (dt, 1, J=3.6, 12.9Hz), 4.39 (&, 1, J=7.5Hz),
3.36-3.63 (m, 2), 3.13-3.25 (dd4, 1, J=7.9, 14.2Hz), 2.79~-
2.94 (m, 1), 2.58-2.76 (m, 1), 2.16-2.40 (m, 2), 1.77-1.96
(m, 1), 1.36-1.77 (m, 12); 13C NMR (CDCli) & 171.47, 168.43,
168.00, 167.39, 136.91, 129.19, 128.43, 127.13, 83.16,
53.35, 49.88, 48.98, 41.74, 41.32, 31.05, 30.02, 28.06,
25.69, 20.20; MS (FAB) m/z 508 [M'+H] 452 {base peak], 428,
408, 372, 197; Anal. Calcd for C23H30BrN3Os: c, 54.34; H,
5.95: N, 8.26; FPound: C, 54.25; H, 6.02; N, 8.41l.

Scheme A, step b: 9-f(S)~(1-0Ox0-2(S)-acetylthio=3~-
phenylpropyl)amino]—octahydro-lo—oxo-sﬂ—pyridazo[l,2~

al]ll,2]diazepine-1{S)-carboxylic acid, t-butyl ester
The synthesis of 9-[(S)~(1-Oxo-2(S)-acetylthio~3-
phenylpropyl)amino]—octahydro-e,lO—dioxo—GH-pyridazo[1,2—

al{l,2]diazepine-1(S)-carboxylic acid, t-butyl ester is the
same as for 9-[{S)-(1-0xo-2(8)~acetylthio-3-
phenylpropyl)amino]ooctahydro—lo—oxo—GH—pyridazo[1,2—
alll,2]diazepine-1(8)-carboxylic acid, t-butyl ester
described in Example 1, step b, but substituting 9-[(S)~(1-

LK}
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oxo-2(R)-bromo-3-phenylpropyl)amino]-octahydro-6,10-dioxo-
6H-pyridazo[l,2-a](l,2])diazepine-1(S)-carboxylic acid, t-
butyl ester for 9-[(S)-(1l-oxo-2(R)-bromo-3-
phenylpropyl)amino]—octahydro-lo-oxo-sH—pyridazo[1,2—

5 al(l,2)diazepine-1(S)-carboxylic acid, t-butyl ester.

Yield 84s%; IR (film) 3325, 3086, 3063, 3007, 2980, 2938,
1736, 1678, 1518, 1456, 1445, 1424, 1370, 1341, 1312, 1273,
1250, 1233, 1155, 1130, 754 cm-1; 1H NMR (CDCl3) & 7.14-7.40

10 (m, 5), 6.90-7.02 (4, 1, J=7.2Hz), 5.20-5.30 (m, 1), 4.70-
4.86 (m, 1), 4.27 (t, 1, J=7.5Hz), 3.37-3.54 (m, 1), 3.23-
3.36 (44, 1, J=7.5, l4.1Hz), 2.94-3.07 (dd, 1, J=7.8,
14.1Hz), 2.64-2.88 (m, 2), 2.15-2.41 (m, 5), 1.56-1.92 (m,
4), 1.45 (s, 9); 13C NMR (CDClj) & 195.13, 171.58, 169.43,

15 168.06, 137.27, 129.11, 128.31, 126.76, B83.04, 53,10, 48.72,
47.75, 41.25, 36.19, 30.83, 30.45, 30.02, 28.03, 25.73,
20.20; MS (CI, 70ev) m/z 504 [M*+H] 448 [base peak], 374;
HRMS Calcd for Cy5H34N30gS: 504.2168, Found: 504.2193;
Anal. Calcd for CasH33N30¢S: C, 59.62; H, 6.60; N, 8.34;

20 Found: C, 59.39; H, 6.58; N, 8.17.

Example 14
Preparation of 9-({S)-(1-0x0-2(S)-thio-3~
phenylpropvl)amino)—octahydro~6,lO-dioxo—GH—pyridazo[l,2*

25 a][l,2]diazepine—l(S)—carboxylic acid, t-butyl ester
The synthesis of 9-((S)-(1-Oxo-2(S)~thio-3-
phenylpropyl)amino)—octahydro-s,10-dioxo—6H—pyridazo[l,2—

al[l,2)diazepine-1(S)=-carboxylic acid, t-butyl ester is the
same as that of 9-[(8)-(1-Ox0-2(S)-thio=-3~

30 phenylpropyl)amino]-octahydro-10-oxo-6H-pyridazol(l,2-
alll,2)diazepine-1(S)~carboxylic acid, t-butyl ester
described in Example 2, but substituting 9-((S)-(1-0x0-2(S)-
acetylthio-3-phenylpropyl)amino]~octahydro-6,lO—dioxo-GH—
pyridazo[l,z—a][l,Z]diazepine—l(R)—carboxylic acid, t-butyl

35 ester for 9-[(S)~(1l-Oxo-2(S)-acetylthio-3~
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phenylpropyl)amino]-octahydro—lO-oxo-6H—pyridazo[l,2—
a][l,2]diazepine-1(S)-carboxylic acid, t-butyl ester.

vield 88%; IR (KBr) 3349, 2978, 2936, 1736, 1676, 1518,
1499, 1456, 1445, 1424, 1370, 1273, 1250, 1231, 1157, 1132
erm-1; 1H NMR (CDClj3) & 7.02-7.43 (m, 6), 5.18-5.29 (m, 1),
4.74-4.89 (m, 1), 4.55-4.68 (m, 1), 3.55-3.68 (m, 1), 3.36-
3.5 (m, 1), 3.10-3.30 {(m, 2), 2.66-2.92 (m, 2}, 2.17-2.40
(m, 2), 1.99 (d, 1, J=8.9Hz), 1.21-1.93 (m, 13); 13C NMR
(cpclz) & 171.58, 170.83, 169.69, 168.02, 137.08, 129.38,
128.34, 126.93, 83.15, 53.28, 48.79. 44.66, 41.35, 41.21,
31.00, 30.06, 28.07, 25.73, 20.26; MS (FA:)} m/z 462 (M*+H],
429, 406 [base peak], 372; Anal. Calecd for C23H31N30s55: C,
59.84;: H, 6.77; N, 9.10; Found: C, 59.59; H, 6.73; N, 9.10.

Example 15
Preparation of 9-((S)-(1-Oxo-2(S)-acetylthio-3-
phenylpropyl)amino)—octahydro—s,lO»dioxo-sH—pyridazo[l,2-

al{l,2)ldiazepine-1(S)-carboxylic acid

The synthesis of 9-((S)-(1-0xo0-2(S)-acetylthio-3~
phenylpropyl)amino)—octahydro—ﬁ,lO—dioxo—GH—pyridazo[1,2—
al{l,2]diazepine~1(S)~carboxylic acid is the same as that of

9-[(8)=-(1l-0Ox0-2(S)-acetylthio-3-phenylpropyl)amino]-
octahydro-10-oxo-6H-pyridazo[l,2~al(l,2]diazepine-1(R)~
carboxylic acid described in Example 11, but sustituting 9-
[(S)—(l-oxo—2(S)~acetylthio—B-phenylpropyl)amino]-octahydro—
6,10-dioxo~6H~-pyridazo(l,2-a)(1l,2]diazepine-1(S)-carboxylic
acid, t-butyl ester for 9-[(S)-(l-oxo-2(S)~-acetylthio-3~
phenylpropyl)amino]-octahydro-lo-oxo—sa—pyridazo[1,2b
alll,2}diazepine-1(R)~-carboxylic acid, t-butyl ester.

Yield 58%; IR (CHCl3) 3380, 3088, 3065, 3032, 3011, 2957,
2938, 1782, 1723, 1680, 1520, 1458, 1447, 1425, 1233, 1171,
1134 cm-1; 1H NMR (CDCl3) & 7.08-7.39 (m, 6), 5.36-5.47 (m,
1y, 4.74-4.88 (m, 1), 4.53-4.68 (m, 1), 4.29 (t, 1,
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J=7.4Hz), 3.18-3.48 (m, 2), 2.83-3.07 (m, 2), 2.58-2.79 (m,
1), 2.18-2.49 (m, 5), 1.61-2.02 (m, 4); 13C NMR (CDClj3) &
15.44, 172.87, 172.55, 170.63, 169.37, 136.83, 129.07,
128.42, 126.97, 52.62, 48.83, 47.96, 41.78, 36.12, 30.63,
30.46, 29.54, 25.15, 20.29; MS (FAB) m/z 448 [M'+H, base
peak], 406; HRMS Calcd for Cz)H2¢N306S: 448.1542; Found:
448.1523.

Example 16
Preparation of 9-((S)—-(1-0Oxo0-2{(S)-thio-3~-
phenylpropyl)amino)—octahydro-6,lO—dioxo—GH-pyridazo[1,2—

al[l,2]diazepine-1{S)-carboxylic acid

The synthesis of 9-((S)-(1-Oxo-2(S)-thio-3~-
phenylpropyl)amino)-octahydro-6,10-dioxo-6H-pyridazo{l,2-
al(l,2]diazepine-1(S)-carboxylic acid is the same as that of

9-[(S)-(1-0Ox0-2(S)-acetylthio-3-phenylpropyl)amino}-
octahydro-10-oxo-6H-pyridazo(1l,2-al(l,2]diazepine-1(R)~-
carboxylic acid described in Example 11, but sustituting 9-
[(S)-(l-ox0o-2(S)-thio-3-phenylpropyl)amino]-octahydro-6,10-
dioxo-6H-pyridazo(l,2-al[l,2]diazepine-1(§)-carboxylic acid,
t-butyl ester for 9-[(S)-(l-oxo-2(S)-acetylthio-3-
phenylpropyl)amino]—octahydro-lO-oxo-GH-pyridazo[1,2—
all[l,2]diazepine-1(R)-carboxylic acid, t-butyl ester.

Yield 95%; IR (CHCl3) 3347, 3088, 3065, 3034, 3009, 2957,
2940, 2872, 1782, 1726, 1672, 1516, 1456, 1447, 1429, 1277,
1235, 1173 cm-l; 1H NMR (CDCl3) & 7.06-7.49 (m, 6), 5.35-
5.47 (dd4, 1, J=2.7, 3.1Hz), 4.77-4.93 (m, 1), 4.53-4.71 (m,
1), 3.63-3.76 (m, 1), 3.31-3.48 (m, 1), 3.09-3.31 (m, 2),
2.82-2.98 (m, 1), 2.61-2.89 (m, 1), 2.24-2.45 (m, 2), 2.05
(d, 1, J=8.7Hz), 1.61-2.01 (m, 4); 13C NMR (CDCl3) § 172.73,
172.25, 169.59, 136.67, 129.31, 128.42, 127.08, 52.69,
48.87, 44.42, 41.79, 41.07, 30.73, 29.60, 25.16, 20.25; MS
(FAB) m/z 406 [M*+H, base peak]; HRMS Calcd for Cj19H24N305S:
406.1437; Found: 406.1427.
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The following compounds can be prepared by procedures
analogous to those described above in Examples 1 - 16:

B8-((8)-(1-0x0-2(R)-acetylthio-3-phenylpropyl)amino)-
2,3,6,7,8,9-hexahydro-5,9-dioxo-1H, 5H-pyrazolo(1l,2-
al[l,2)diazepine-l-carboxylic acid, t-butyl ester;

8~((S)-(1-Oxo-2(R)-acetylthio-3-phenylpropyl)amino)-
2,3,6,7,8,9-hexahydro-5,9-dioxo-1H,5H-pyrazolo(1l,2-
alll,2]diazepine-l-carboxylic acid;

8-((S)-(l-Oxo-2(R)~-thio~3-phenylpropyl)amino)-2,3,6,7,8,9~
hexahydro—s,9-dioxo—lH,5H-pyrazolo[1,2—a][l,2]diazepine—l-
carboxylic acid;

8~((S)-{1-0x0-2(R)-thio-3-phenylpropyl)amino)-2,3,6,7,8,9-
hexahydro—s,9—dioxo—lH,5H—pyrazolo[1,2—a][l,2]diazepine-l—
carboxylic acid, benzyl ester;

8-((S)-(1-Oxo-2(R)-pivaloyloxymethylthio-3-
phenylpropyl)amino)—2,3,6,7,8,9~hexahydro~5,9-dioxo-lH,SH-
pyrazolo(l,2-al{l,2]diazepine-l-carboxylic acid;

8-((S)-(1-0Oxo-2(R)-pivaloyloxymethylthio-3-
phenylpropyl)amino)—z,3,6,7,8,9—hexahydro—5,9-dioxo—1H,SH-
pyrazolo[l,2-a}[l,2]diazepine-l-carboxylic acid, benzyl
ester;

8-((S)-(1-0Oxo-2(R)~-acetylthio-3-(3,4-
methylenedioxyphenyl)propyl)amino)—2,3,6,7,8,9—hexahydro—
5,9-dioxo-1H,SH-pyrazolo(l,2-a][1l,2]diazepine-l-carboxylic
acid, t-butyl ester;
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8-((S)-(1-0Ox0o-2(R)-acetylthio-3-(3,4~
methylenedioxyphenyl)propyl)amino)=-2,3,6,7,8,9-hexahydro-
5,9-dioxo-1H,SH-pyrazolo[l,2-al[l,2]diazepine~-l-carboxylic
acid;

8-((S)-(1-0x0-2(R)-thio-3-(3,4-
methylenedioxyphenyl)propyl)amino)-2,3,6,7,8,9-hexahydro-
5,9-dioxo-1H,5H-pyrazolo{l,2-al[l,2]diazepine~l-carboxylic
acid;

10
8-((S)-(1-Oxo0-2(R)-thio-3-(3,4~
methylenedioxyphenyl)propyl)amino)-2,3,6,7,8,9~hexahydro-
5,9-dioxo-1H,5H-pyrazolo{1l,2~-al[l,2]diazepine-l-carboxylic
acid, benzyl ester;

15
8-((S)-(1-0x0-2(R)-pivaloyloxymethylthio-3-(3,4-
methylenedioxyphenyl)propyl)amino)-2,3,6,7,8,9-hexahydro-
5,9-dioxo—lH,SH—pyrazolo[l,Z—a][1,2]diazepine—l—carboxylic
acid;

20
8-((S)-(1-0x0-2(R)-pivaloyloxymethylthio=3-(3,4~-
methylenedioxyphenyl)propyl)amino)-2,3,6,7,8,9-hexahydro-
5,9-dioxo—lH,58-pyrazolo[l,2-a][1,2]diazepine—l—carboxylic
acid, benzyl ester;

25
8-((S)-(1-0xo-2(R)-acetylthio=3-phenylpropyl)amino)-
octahydro-6,9-dioxopyridazo[l,2-alpyridazine-l-carboxylic
acid, t-butyl ester;

30 8-(($)-({1-Oxo-2(R)~acetylthio-3-phenylpropyl)amino)-
octahydro-e,9-dioxopyridazo[l,2-a]pyridazine—l-carboxylic
acid;

8-((S)-(1-0xo0-2(R)-thio-3-phenylpropyl)amino)-octahydro-6,9-
35 dioxopyridazo[l,2-a]pyridazine-l-carboxylic acid;
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8-((S)-(l-0x0—2(R)—thio—S—phenylpropyl)amino)-octahydro—6,9*

dioxopyridazo[l,z—a]pyridazine-l»carboxylic acid,
ester;

8-((S)-(l—Oxo—2(R)—pivaloyloxymethylthio~3-

phenylpropyl)amino)—octahydro—ﬁ,9—dioxopyridazo[l,

a)pyridazine-l-carboxylic acid;

8-((S)-(1-Oxo-2(R)-pivaloyloxymethylthio-3-

phenylpropyl)amino)—octahydro-e,9—dioxopyridazo[l,

alpyridazine-l-carboxylic acid, benzyl ester;

8-((S)-(1-Oxo-2(R)-acetylthio=-3-(3,4-
methylenedioxyphenyl)propyl)amino)—octahydro-6,9-
dioxopyridazo[l,2-alpyridazine-l~carboxylic acid,
ester;

8-((S)-(1-Oxo-2(R)-acetylthio-3-(3,4-
methylenedioxyphenyl)propyl)amino)—octahydro—G,9-
dioxopyridazo[l,2-a)pyridazine~l-carboxylic acid;

8-((S)-(1-0x0=-2(R)-thio=-3-(3,4-
methylenedioxyphenyl)propyl)amino)—octahydro—ﬁ,9—
dioxopyridazo[l,2-a]pyridazine-l-carboxylic acid;

8-((S)-(1-0x0-2(R)-thio=-3-(3,4~
methylenedioxyphenyl)propyl)amino)-octahydro-s,9—
dioxopytidazo[1,2-a]pyridazine»l*carboxylic acid,
ester;

8*((S)—(l*Oxo—z(R)—pivaloyloxymethylthio—3-(3,4-

methylenedioxyphenyl)propyl)amino)—octahydro—e,9~
dioxopyridazo[l,2-a]pyridazine-l-carboxylic acid;

benzyl

2...

2~

t-butyl

benzyl
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8-((S)-(1-Oxo-2(R)-pivaloyloxymethylthio=-3-(3,4~
methylenedioxyphenyl)propyl)amino)-octahydro—6,9—
dioxopyridazo[l,2—a]pyridazine~l—carboxylic acid, benzyl

ester;

8-((S)-(l—Oxo—Z(R)—acetylthio—3—phenylpropyl)amino)—
octahydro-9-oxopyridazo[l,2-a]pyridazine—l—carboxylic acid,
t-butyl ester;

10 B8-((S)-(1-Oxo-2(R)-acetylthio-3-phenylpropyl)amino)-
octahydro-9—oxopyridazo[l,2—a]pyridazine—l-carboxylic acid;

8-((S)—(l-Oxo—Z(R)-thio—3—phenylpropyl)amino)—octahydro—9—
oxopyridazo[l,2—a]pyridazine—l—carboxylic acid;

15
8-((S)—(l—Oxo—2(R)-thio—B—phenylpropyl)amino)-octahydro—S—
oxopyridazo[l,2-alpyridazine-l-carboxylic acid, benzyl
ester;

20 8-((S)-(1-Oxo-2(R)-pivaloyloxymethylthio-3-
phenylpropyl)amino)-octahydro—Q—oxopyridazo[1,2—
alpyridazine-l-carboxylic acid;

8-((S)-(1-0x0o-2(R)-pivaloyloxymethylthio~3-
25 phenylpropyl)amino)-octahydro—9—oxopyridazo[l,2—
alpyridazine-l-carboxylic acid, benzyl ester;

8-((S)-(1-0Oxo-2(R)-acetylthio-3-(3,4-
methylenedioxyphenyl)propyl)amino)-octahydro~9-

30 oxopyridazol(l,2-alpyridazine-l-carboxylic acid, t-butyl
ester;

8-((S)-(l—Oxo—2(R)-acetylthio~3-(3'4-

methylenedioxyphenyl)propyl)amino)-octahydro-9—
35 oxopyridazo[l,2~a]pyridazine—l—carboxylic acid;
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8-((S)-(1-0x0-2(R)-thio-3-(3,4~
methylenedioxyphenyl)propyl)amino)-octahydro-9-
oxopyridazo[l,2-alpyridazine-l-carboxylic acid;

8-((S)~{1-0x0-2(R)-thio-3-(3,4~
methylenedioxyphenyl)propyl)amino)-octahydro-9-
oxopyridazo[l,2—a]pyridazine—l-carboxylic acid, benzyl
ester;

8-((S)-(1-0Oxo-2(R)-pivaloyloxymethylthio=3-(3,4-
methylenedioxyphenyl)propyl)amino)-octahydro-9-
oxopyridazo[l,2-alpyridazine-l-carboxylic acid;

8-((S)-(1-0xo-2{R)-pivaloyloxymethylthio=-3~(3,4~-
methylenedioxyphenyl)propyl)amino)-octahydro-9-
oxopyridazo[l,2-a)pyridazine~-l-carboxylic acid, benzyl
ester;

8-((S)-(1-Oxo-2(R)~acetylthio~3-phenylpropyl)amino)-
1,4,5,7,8,9-hexahydro-6,9-dioxopyridazo(1l,2-alpyridazine-1-
carboxylic acid, t-butyl ester:

B-((S)-{1-Oxo-2(R)-acetylthio-3-phenylpropyl)amino)-
1,4,5,7,8,9-hexahydro-6,9~-dioxopyridazo[l,2-alpyridazine-1-
carboxylic acid;

8~((S)-(l-0xo-2(R)~-thio~3~phenylpropyl)amino)-1,4,5,7,8,9~
hexahydro-6,9-dioxopyridazo(l,2~a]pyridazine-l-carboxylic
acid;

8-((S)=-(1-0xo-2(Rj-thio-3-phenylpropyl)amino)-1,4,5,7,8,9-

hexahydro—6,9—dioxopyridazo[l,2—a]pyridazine—l«carboxylic
acid, benzyl ester;

Y VPP Jon e
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8-((S)-(1-0x0-2(R)-pivaloyloxymethylthio-3-
phenylpropyl)amino)-1,4,5,7,8,9-hexahydro-6,9-
dioxopyridazo[l,2-alpyridazine-l-carboxylic acid;

8-((S)-(1-0Oxo-2(R)-pivaloyloxymethylthio-3-
phenylpropyl)amino)-1,4,5,7,8,9-hexahydro-6,9-
dioxopyridazo([l,2-a]pyridazine-l-carboxylic acid, benzyl
ester;

8-((S)-(1-0Ox0-2(R)-acetylthio-3-(3,4~
methylenedioxyphenyl)propyl)amino)-1,4,5,7,8,9~hexahydro-
6,9-dioxopyridazo(l,2-alpyridazine-l-carboxylic acid, t-
butyl ester;

8-((S)-(1l-Oxo-2(R)-acetylthio-3-(3,4-
methylenedioxyphenyl)propyl)amino)-1,4,5,7,8,9-hexahydro-
6,9-dioxopyridazo[l,2-alpyridazine-l-carboxylic acid;

8-((S)~(1-0Ox0-2(R)=~thio-3-(3,4~
methylenedioxyphenyl)propyl)amino)-1,4,5,7,8,9-hexahydro-
6,9-dioxopyridazo[l,2~a]pyridazine-l-carboxylic acid;

8-((S)-(1-Ox0-2(R)-thio-3~-(3,4-
methylenedioxyphenyl)propyl)amino)-1,4,5,7,8,9-hexahydro-
6,9-dioxopyridazo[l,2-alpyridazine-l-carboxylic acid, benzyl
ester;

8-((S)-(1-0xo-2(R)-pivaloyloxymethylthio-3-(3,4-
methylenedioxyphenyl)propyl)amino)-1,4,5,7,8,9-hexahydro-
6,9-dioxopyridazo(l,2~-a)pyridazine-l-carboxylic acid;

8-((S)-{1-Oxo~2(R)-pivaloyloxymethylthio-3-(3,4-
methylenedioxyphenyl)propyl)amino)-1,4,5,7,8,9-hexahydro-
6,9-dioxopyridazo(l,2-a]pyridazine-l-carboxylic acid, benzyl
ester;
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2-((S)-(1-0Oxo-2(R)-acetylthio-3-phenylpropyl)amino)-
hexahydro-3-oxo-lH—pyrazolo[l,2—a]pyridazine-s—carboxylic
acid, t-butyl ester;

2—((S)-(l—Oxo-Z(R)—acetylthio—3-phenylpropyl)amino)—
hexahydro—3-oxo—lH—pyrazolo[1.2—a]pyridazine—s—carboxylic
acid;

2—((S)—(l-Oxo—2(R)-thio—B—phenylpropyl)amino)—hexahydro—B—
oxo-1H-pyrazolo[1l,2-a]pyridazine-5-carboxylic acid;

2—((S)—(l~Oxo—2(R)—thio-B—phenylpropyl)amino)—hexahydro—B—
oxo-1lH-pyrazolo[l,2-alpyridazine-5-carboxylic acid, benzyl
ester;

2-((S)-(1-0Oxo0-2(R)-pivaloyloxymethylthio—-3-
phenylpropyl)amino)-hexahydro—3-oxo—lH—pyrazolo[l,2—
alpyridazine-5-carboxylic acid;

2-((S)-(1-0Oxo-2{R)~-pivaloyloxymethylthio=-3-
phenylpropyl)amino)—hexahydro-3-oxo—lH—pyrazolo[1,2—
alpyridazine~S5-carboxylic acid, benzyl ester;

2-((S)-({1-0Oxc-2(R)~acetylthio-3-(3,4~-
methylenedioxyphenyl)propyl)amino)-hexahydro-3-oxo-1lB-
pyrazolo[l,2-alpyridazine-5-carboxylic acid, t-butyl ester;

2-((S)-(1-Ox0-2(R)-acetylthio-3-(3,4~
methylenedioxyphenyl)propyl)amino)—hexahydro-B—oxo—lH—
pyrazolo[l,2-a]pyridazine~5~carboxylic acid;

2-((S)~(1-0xo-2(R)-thio-3-(3,4~-
methylenedioxyphenyl)propyl)amino)-hexahydro-3-oxo-1H-
pyrazolo[l,2~a]pyridazine—s—carboxylic acid;
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2-((S)-(1-0x0-2(R)-thio-3-(3,4~-
methylenedioxyphenyl)propyl)amino)—hexahydro-B-oxo-lH—
pyrazolo{l,2~alpyridazine-5-carboxylic acid, benzyl ester;

2-((S)-(1-0Oxo-2(R)~pivaloyloxymethylthio=3-(3,4~
methylenedioxyphenyl)propyl)amino)—hexahydro-B—oxo—lH—
pyrazolo[l,2-a]pyridazine-5-carboxylic acid;

2-((8)-(1-0Oxo~2(R)-pivaloyloxymethylthio~3-(3,4-
methylenedioxyphenyl)propyl)amino)—hexahydro-3-oxo-1H—
pyrazolo[l,2-a]pyridazine-5-carboxylic acid, benzyl ester;

8-((S)-(1-0x0-2(R)-acetylthio-3-phenylpropyl)amino)-
hexahydro—Q—oxopyridazo[l,2-a]pyridazine-l-carboxylic acid,
t-butyl ester;

8-((S)-(1-0xo-2(R)~acetylthio-3-phenylpropyl)amino)-
hexahydro-9-oxopyridazo[l,2~a]pyridazine~l-carboxylic acid;

8-((S)~-(1-Oxo-2(R)-thio-3-phenylpropyl)amino)-hexahydro-9-
oxopyridazo[l,2-alpyridazine-l-carboxylic acid;

8~((S)-(1=0x0-2(R)-thio-3-phenylpropyl)amino)~hexahydro-9-
oxopyridazol[l,2-alpyridazine-l-carboxylic acid, benzyl
ester;

8-{(S)~(1-0xo-2(R)-pivaloyloxymethylthio—-3-
phenylpropyl)amino)=-hexahydro-9-oxopyridazo[l,2-
alpyridazine-l-carboxylic acid;

8-((S)-(1-0x0~-2(R)-pivaloyloxymethylthio-3-
phenylpropyl)amino)-hexahydro-Q—oxopyridaZO[1,2—
alpyridazine-l-carboxylic acid, benzyl ester;
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8-((S)-(1-Oxo-2(R)~-acetylthio-3-(3,4-
methylenedioxyphenyl)propyl)amino)-hexahydro-9-
oxopyridazo[l,2-alpyridazine-l-carboxylic acid, t-butyl
ester;

8-((S)-(1-0Oxo-2(R)-acetylthio-3-(3,4-
methylenedioxyphenyl)propyl)amino)-hexahydro-9-
oxopyridazo[l,2-alpyridazine-l-carboxylic acid;

10 8-((S)-(1-Oxo-2(R)-thio-3-(3,4~
methylenedioxyphenyl)propyl)amino)-hexahydro-9-
oxopyridazo[l,2-a]pyridazine~l-carboxylic acid;

8-((S)=(1-0x0-2(R)-thio-3-(3,4-

15 methylenedioxyphenyl)propyl)amino)-hexahydro-9-
oxopyridazo(l,2-alpyridazine-l-carboxylic acid, benzyl
ester;

8-((S)-{1-0x0-2(R)-pivaloyloxymethylthio-3~(3,4-
20 methylenedioxyphenyl)propyl)amino)-hexahydro-9-
oxopyridazo[l,2-alpyridazine-l-carboxylic acid;

8~((S)-(1-0x0-2(R)-pivaloyloxymethylthio-3-(3,4-
methylenedioxyphenyl)propyl)amino)-hexahydro-9-

25 oxopyridazoll,2-alpyridazine~l-carboxylic acid, benzyl
ester;

8-((S)-(1-0Oxo-2(R)~acetylthio-3-phenylpropyl)amino)-
1,4,6,7,8,9-hexahydro-6,9-dioxopyridazo(l,2~alpyridazine-1-
30 carboxylic acid, t-butyl ester;

8-((S)-(1-0Ox0-2(R)-acetylthio-3-phenylpropyl)amino)-
1,4,6,7,8,9-hexahydro~6,9-dioxopyridazo[l,2-a}pyridazine-1-
carboxylic acid;

35
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8-((S)-(1-0Oxo0o-2(R)-thio-3-phenylpropyl)amino)-1,4,6,7,8,9-
hexahydro-6,9-dioxopyridazo[l,2-alpyridazine~l~carboxylic
acid;

5 8-((S)-(1-0x0-2(R)-thio-3-phenylpropyl)amino)-1,4,6,7,8,9-
hexahydro-6,9-dioxopyridazo[l,2~a]pyridazine-l-carboxylic
acid, benzyl ester;

8-((S)-(1-0x0-2(R)-pivaloyloxymethylthio-3-
10 phenylpropyl)amino)-1,4,6,7,8,9-hexahydro-6,9-
dioxopyridazo[l,2-alpyridazine-l-carboxylic acid;

8-((S)-{1-0Oxo-2(R)-pivaloyloxymethylthio-3-
phenylpropyl)amino)-1,4,6,7,8,9-hexahydro-6,9-

15 dioxopyridazo([l,2~alpyridazine-l-carboxylic acid, benzyl
ester;

8-((S)-(1-0x0-2(R)-acetylthio-3-(3,4~
methylenedioxyphenyl)propyl)amino)~1,4,6,7,8,9-hexahydro-

20 6,9-dioxopyridazo[l,2-a]pyridazine-l-carboxylic acid, t-
butyl ecter;

8-((S)-(1-Oxo-2(R)=acetylthio-3-(3,4-
methylenedioxyphenyl)propyl)amino)-1,4,6,7,8,9-hexahydro-
25 6,9-dioxopyridazo(l,2-alpyridazine-l-carboxylic acid;

8~((S)=(1-0x0-2(R)=thio=3-(3,4~
methylenedioxyphenyl)propyl)amino)-1,4,6,7,8,9-hexahydro-
6,9-dioxopyridazo{l,2~a]pyridazine-l-carboxylic acid;

30
8-((S)-(1-0x0-2(R)~thio=-3-(3,4-
methylenedioxyphenyl)propyl)amino)-1,4,6,7,8,9-hexahydro-
6,9-dioxopyridazo(l,2-alpytidazine-l-carboxylic acid, benzyl
ester;

35
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8-((S)-(1-Oxo-2(R)-pivaloyloxymethylthio=3-{3,4~
methylenedioxyphenyl)propyl)amino)-1,4,6,7,8,9~hexahydro~
6,9-dioxopyridazo[l,2-a)pyridazine-l-carboxylic acid;

8-((S)-(1-Oxo-2(R)-pivaloyloxymethylthio-3-(3,4-
methylenedioxyphenyl)propyl)amino)-1,4,6,7,8,9-hexahydro-
6,9-dioxopyridazo[l,2-a]lpyridazine-l-carboxylic acid, benzyl
ester;

9-((S)=(1-0Ox0-2(R)-acetylthio-3~phenylpropyl)amino)~
octahydro-6,10-dioxo-6H-pyridazo{l,2-al(l,2]diazepine-1-
carboxylic acid, t-butyl ester;

9-((S)-(1-0xc-2(R)-acetylthio-3-phenylpropyl)amino)-
octahydro-6,10-dioxo~6H-pyridazo[l,2~a][l,2]diazepine-1~
carboxylic acid;

9-((S)}~(1-0x0-2(R)~-thio~3-phenylpropyl)anino)-octahydro-
6,10-dioxo~6H-pyridazo([l,2~a]{l,2]diazepine-l-carboxylic
acid;

9-((S)-(1-0Ox0-2(R)-thio=-3~phenylpropyl)amino)~-octahydro-
6,10-dioxo-6H~-pyridazo[l,2-a][l,2]diazepine-l-carboxylic
acid, benzyl ester;

9-((8)-(1-0Ox0-2(R)-pivaloyloxymethylthio-3-
phenylpropyl)amino)-octahydro-6,10-dioxo~-6H-pyridazo[l, 2~
alj(l,2]diazepine-l-carboxylic acid;

9-((S)~(1~-Ox0-2(R)-pivaloyloxymethylthio-3-
phenylpropyl)amino)~octahydro-6,10~dioxo-6H-pyridazo[1l, 2-
alJ(l,2)diazepine-l-carboxylic acid, benzyl ester;

9-((S)—-(1-Oxo0-2(R)-acetylthio-3-(3,4-
methylenedioxyphenyl)propyl)amino)-octahydro-6,10-dioxo~6H~
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pyridazo[l,2-al[l,2]diazepine-l~carboxylic acid, t-butyl

ester;

9-((8)=(1-0Oxo-2(R)~acetylthio-3-(3,4-
5 methylenedioxyphenyl)propyl)amino)-octahydro-6,10-dioxo-6H-
pyridazo(l,2-a}[1,2)diazepine-l-carboxylic acid;

9-((S)-(1-0Ox0-2(R)~thio=-3-(3,4~-
methylenedioxyphenyl)propyl)aminc)-octahydro-6,10-dioxo-6H-
10 pyridazo{l,2-a]([l,2]diazepine-l-carboxylic acid;

9=~((S)-(1-0x0-2(R)-thio-3-(3,4-
methylenedioxyphenyl)propyl)amino)-octahydro~6,10-dioxo-6H~-
pyridazo(l,2-a][1l,2]diazepine~l-carboxylic acid, benzyl

15 ester;

9-((8S)-(1-Ox0-2(R)-pivaloyloxymethylthio-3-(3,4-
methylenedioxyphenyl)propyl)amino)=-octahydro~-6,10-dioxo-6H~
pyridazo([l,2-a){l,2])diazepine-l-carboxylic acid;

20
9-((8)-(1-Oxo-2(R)-pivaloyloxymethylthio-3~(3,4~-
methylenedioxyphenyl)propyl)amino)-octahydro-6,10-dioxo-6H-
pyridazo[l,2-a](l,2])diazepine-l-carboxylic acid, benzyl
ester;

25
8-((S)-(1-0Ox0-2(S)=acetylthio-3-phenylpropyl)amino)~-
2,3,6,7,8,9-hexahydro-5,9-dioxo~1H,5H-pyrazolo(1l, 2=
alJ[l,2)diazepine-l-carboxylic acid, t-butyl ester;

30 8-((S)-(1-Oxc-2(S)-acetylthio-3-phenylpropyl)amino)-

2,3,6,7,8,9-hexahydro-5,9~dioxo-1H,5H-pyrazolo[1, 2~
alll,2]diazepine-l~carboxylic acid;

35
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8-{((S5)-(1-0x0~2(S)-thio-3-phenylpropyl)amino)-2,3,6,7,8,9-
hexahydro-5,9-dioxo-1H, 5H-pyrazolo{l,2-a][l,2]diazepine-1-
carboxylic acid;

8-((S)-(1-0Ox0-2(S)-thio~-3~-phenylpropyl)amino)-2,3,6,7,8,9-
hexahydro-5,9-cdioxo-1H,5H-pyrazolo[1l,2~a][1,2]diazepine-1-
carboxylic acid, benzyl ester;

8-((S)-(1-0x0o-2(S)-pivaloyloxymethylthio-3-
phenylpropyl)amino)-2,3,6,7,8,9-hexahydro-5,9~dioxo-1H, 5H-
pyrazolo[l,2-al(l,2)diazepine~-l~carboxylic acid;

8-((S)-(1-0Ox0-2(S)-pivaloyloxymethylthio-3-
phenylpropyl)amino)-2,3,6,7,8,9-hexahydro-5,9-dioxo-1K, 5H-
pyrazeolo[l,2-aj[l,2])diazepine-l-carboxylic acid, benzyl
ester;

8=((8)~(1-0x0-2(S)~acetylthio~3-(3,4-
methylenedioxyphenyl)propyl)amino)-2,3,6,7,8,9-hexahydro-
5,9~dioxo-1H,5H-pyrazolo(l,2-al(1l,2]diazepine-l-carboxylic
acid, t-butyl ester;

8-((8)~(1-0x0-2(S)-acetylthio-3-(3,4-
methylenedioxyphenyl)propylj)amino}-2,3,6,7,8,9~hexahydro-
5,9-dioxo-1H,5H-pyrazolo[l,2-a]}[1l,2])diazepine-l-carboxylic
acid;

8-((S)-(1-Ox0-2(8)-thio=-3~(3,4-
methylenedioxyphenyl)propyl)amino)~2,3,6,7,8,9-hexahydro-
5,9-dioxo-1H,5H-pyrazolo(1l,2-a][1l,2]diazepine-l-carboxylic
acid;

8-((S)~-(1-0x0-2(S)~thic-3-(3,4-
methylenedioxyphenyl)propyl)amino)-2,3,6,7,8,9-hexahydro-
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S,Q-dioxo-lH,SH—pyrazolo[l,Z-a][1,2]diazepine-l—carboxylic
acid, benzyl ester;

8-((S)-(1-Ox0-2(S)-pivaloyloxymethylthio-3-(3,4-
methylenedioxyphenyl)propyl)amino)-2,3,6,7,8,9-hexahydro-
5,9—dioxo—lH,SH—pyrazolc[l,2—a)[l,2]diazepine—l—carboxylic
acid;

8-((S)-(1-Oxo-2(S)-pivaloyloxymethylthio-3~(3,4-
methylenedioxyphenyl)propy amino)-2,3,6,7,8,9~hexahydro-
5,9-dioxo-lH,SH-pyrazolo[l,Z-a][1,2]diazepine—l—carboxylic
acid, benzyl ester;

8-((S5)-(1-0x0-2(S)-acetylthio-3-phenylpropyl)amino)-
octahydro-6,9-dioxopyridazo[l,2-alpyridazine~-l-carboxylic
acid, t-butyl ester;

8-((S)-(1—0xo-2(S)—acetylthio—B-phenylpropyl)amino)-
octahydro—s,9-dioxopyridazo[l,2—a]pyridazine—l-carboxylic
acid;

8-((5)-(1-0x0-2(S)-thio-3-phenylpropyl)aminoc)-octahydro-6,9-
dioxopyridazo[l,2-alpyridazine-l-carboxylic acid;

8-((S)=(1-0x0-2(S)-thio-3-phenylpropyl)amino)-octahydro-6,9-
dioxopyridazo[l,2-a]pyridazine-l-carboxylic acid, benzyl
ester;

8-((S)-(1-Ox0o-2(S)-pivaloyloxymethylthio-3-
phenylpropyl)amino)-octahydro-6,9~dioxopyridazo(l,2-
alpyridazine~l-carboxylic acid;

8-((S)~(1-0Ox0-2(S)-pivaloyloxymethylthio~3~
phenylpropyl)amino)-oc*ahydro-6,9-dioxopyridazo[1l, 2-
alpyridazine-l-carboxylic acid, benzyl ester;
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8-((S)-(1-0x0-2(S)—acetylthio-B—(3,4-
methylenedioxyphenyl)propyl)amino)—octahydro-ﬁ,9-
dioxopyridazo[l,2-a]pyridazine—l—carboxylic acid, t-butyl
ester;

8—((S)—(l—Oxo—Z(S)—acetylthio-B—(3,4-
methylenedioxyphenyl)propyl)amino)—octahydro-G,9—
dioxopyridazo[l,2—a]pyridazine—l~carboxylic acid;

8-((S)-(1-0x0-2(S)~thio=-3~(3,4~
methylenedioxyphenyl)propyl)amino)—octahydro—s,9—
dioxopyridazo[l,2—a]pyridazine—l—carboxylic acid;

8-((S)=(1-0x0-2(S)-thio-3-(3,4-
methylenedioxyphenyl)propyl)amino)—octahydro—ﬁ,9~
dioxopyridazo[l,2—a]pyridazine-l—carboxylic acid, benzyl
ester;

8-((S)-(l—Oxo-Z(S)—pivalcyloxymethylthio—3~(3,4~
methylenedioxyphenyl)propyl)amino)-octahydro-ﬁ,9~
dioxopyridazo[l,Z—a]pyridazine-l-carboxylic acid;

8~((S)-(l—Oxo—Z(S)—pivaloyloxymethylthio-3~(3,4—
methylenedioxyphenyl)propyl)amino)-octahydro-6,9—
dioxopyridazo[l,2"a]pyridazine—l-carboxylic acid, benzyl
ester;

8*((S)-(l-Oxo-Z(S)-acetylthio-3—phenylpropyl)amino)—
octahydro-S-oxopyridazo[l,2-a]pyridazine*l-carboxylic acid,
t-butyl ester;

8-((S)*(l‘Oxo-Z(S)—acetylthio-3~phenylpropyl)amino)—
octahydro—B-oxopyridazo[1,2-a]pyridazine—l-carbokylic acid;
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8-((S)-(1-0x0-2(S)~thio-3-phenylpropyl)amino)-octahydro-9-
oxopyridazo[l,2~a]pyridazine-l-carboxylic acid;

8-((S)-(1-0x0-2(S)-thio-3-phenylpropyl)amino)-octahydro-8-
oxopyridazo(l,2-a]pyridazine-l-carboxylic acid, benzyl

ester;

8-((S)-(1-0x0-2(S)-pivaloyloxymethylthio-3-
phenylpropyl)amino)-octahydro-9-oxopyridezoll, 2-
alpyridazine-l-carboxylic acid;

8-((S)-(1-0x0-2(S)-pivaloyloxymethylthio-3-
phenylpropyl)amino)-octahydro-9-oxopyridazo(l, 2-
a]pyridazine-l-carboxylic acid, benzyl ester;

8-((S)-(1-Ox0-2(S)-acetylthio-3-(3,4-
methylenedioxyphenyl)propyl)amino)-octahydro-9-
oxopyridazo[l,2-alpyridazine-l-carboxylic acid, t-butyl
ester:

8-((S)~-(1-Ox0-2(S)-acetylthio~3-(3,4-
methylenedioxyphenyl)propyl)amino)-octahydro~9-
oxopyridazo(l,2«alpyridazine-l-carboxylic acid;

8-((S)-(1-0x0-2(S)-thio=3-{3,4~
methylenedioxyphenyl)propyl)amino)~octahydro-9-
oxopyridazo[l,2-a)pyridazine-l-carboxylic acid;

8-((S)-(1-Ox0-2(S)-thio-3-(3,4-
methylenedioxyphenyl)propyljamino)-octahydro-9~
oxopyridazo[l,2~alpyridazine~l~carboxylic acid, benzyl
ester;
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8-((S)-(1-0x0-2(S)-pivaloyloxymethylthio-3-(3,4-
methylenedioxyphenyl)propyl)amino)-cctahydro-9-
oxopyridazo[l,2-a]pyridazine-l-carboxylic acid;

5 8-((S)-(1-0x0-2(S)-pivaloyloxymethylthio-3-(3,4-
methylenedioxyphenyl)propyl)amino)-octahydro-9-
oxopyridazo[l,2-a]pyridazine-l-carboxylic acid, benzyl

ester;

10 8-((S)-(1-Oxe-2(S)-acetylthio-3-phenylpropyl)amino)-
1,4,5,7,8,9-hexahydro-6,9-dioxopyridazo(l,2-a)lpyridazine-1-
carboxylic acid, t-butyl ester;

8-((S)-(1-Oxo-2(S)-acetylthio-3-phenylpropyl)amino)=
15 1,4,5,7,8,9-hexahydro-6,9-dioxopyridazo(l,2-a]pyridazine-1-
carboxylic acid;

8-((S)-(1-0Ox0-2(S)~-thio-3-phenylpropyl)amino)-1,4,5,7,8,9-
hexahydro—~6,9-dioxopyridazo(l,2-alpyridazine-l-carboxylic
20 acid;

8-((S)-(1l-0x0-2(S)-thio-3-phenylpropyl)amino)-1,4,5,7,8,9~
hexahydro-6,9~dioxopyridazoe(l,2-alpyridazine-l-carboxylic
acid, benzyl ester;

25
B~((S)-(1-Ox0-2(S)-pivaloyloxymethylthio-3-
phenylpropyl)amino)-1,4,5,7,8,9~hexahydro-6,9-
dioxopyridazo[l,2-alpyridazine-l-carboxylic acid;

30 8-((S)-({1-0x0-2(S)-pivaloyloxymethylthio~3~
phenylpropyl)amino)-1,4,5,7,8,9-hexahydro-6,9-
dioxopyridazofl,2-alpyridazine-l-carboxylic acid, benzyl

ester;

35
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8-((S)-(1-0Ox0-2(S)-acetylthio=3~(3,4-
methylenedioxyphenyl)propyl)amino)-1,4,5,7,8,9~hexahydro-
6,9-dioxopyridazo[l,2-a]pyridazine~l~carboxylic acid, t-
butyl ester;

8-((S)-(1-Oxo0-2(S)-acetylthio-3~(3,4~
methylenedioxyphenyl)propyl)amino)-1,4,5,7,8,9-hexahydro-
6,9-diocxopyridazo[1l,2-a]pyridazine-l-carboxylic acid;

8-((S)-(1-0x0-2(S)~-thio-3-(3,4-
methylenedioxyphenyl)propyl)amino)-1,4,5,7,8,9-hexahydro-
6,9-dioxopyridazo[l,2-alpyridazine~l~carboxylic acid;

8-((S)-(1-0x0-2(S)-thio-3-(3,4-
methylenedioxyphenyl)propyl)amino)-1,4.,5,7,8,9-hexahydro-
6,9-dioxopyridazo[l,2-alpyridazine~l-carboxylic acid, benzyl
ester;

8-({S)~(1-Oxo-2(S)-pivaloyloxymethylthio-3-(3,4-
methylenedioxyphenyl)propyl)amino)~-1,4,5,7.8,9-hexahydro-
6,9-dioxopyridazo[l,2~-a]pyridazine~l~carboxylic acid;

8-((S)-(1-Ox0-2(S)-pivaloyloxymethylthio~3~(3,4~
methylenedioxyphenyl)propyl)amino)=-1,4,5,7,8,9-hexahydro-
6,9~dioxopyridazo[l,2-a)pyridazine-l-carboxylic acid, benzyl
ester;

2-((5)=(1-Oxo0-2{S)-acetylthio-3-phenylpropylj)amino)-
hexahydro-3-oxo-1H-pyrazolo[l,2-a]pyridazine~-5~carboxylic
acid, t-butyl ester;

2=((S)-(l-Ox0o-2(8)~acetylthio-3-phenylpropyl)amino)-
hexahydro-3-oxo-1H-pyrazolo[l,2-alpyridazine-5-carboxylic
acid;
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2-((S)-(1-0x0-2(S)~thio-3-phenylpropyl)amino)-hexahydro-3-
oxo-lH-pyrazolo[l,2-ajpyridazine-5-carboxylic acid;

2=-((8S)=(1-0Ox0-2(S)-thio-3-phenylpropyl)amino)-hexahydro~3-
oxo-lH-pyrazolo[l,2-a]pyridazine-5~carboxylic acid, benzyl
ester;

2-((8)=(1-0Ox0-2(S)-pivaloyloxymethylthio-3-
phenylpropyl)amino)-hexahydro-3-oxo-1H-pyrazolo[1l,2-
ajpyridazine-5-carboxylic acid;

2-((S)-(1-Oxo-2(S)~-pivaloyloxymethylthio-3-
phenylpropyl)amino)-hexahydro-3~oxo-1H-pyrazolo[1l, 2~
alpyridazine-5-carboxylic acid, benzyl ester;

2-((S)~-(1-0Ox0-2(S)-acetylthio-3-(3,4~-
methylenedioxyphenyl)propyl)amino)-hexahydro-3-oxo-1H~
pyrazolo(l,2-alpyridazine-5~carboxylic acid, t-butyl ester;

2=-((S)-{1-Oxo-2(S)-acetylthio-3-(3,4~
methylenedioxyphenyl)propyl)amino)-hexahydro-3-oxo-1H-
pyrazolo[l,2-a]pyridazine-5-carboxylic acid;

2-{(S)-(1-0x0-2(8)~-thio=-3-(3,4-
methylenedioxyphenyl)propyl)amino)-hexahydro-3-oxo-1H-
pyrazolo[l,2-alpyridazine-5-carboxylic acid;

2-((S)=(1-0x0-2(S)~-thio-3-(3,4-
methylenedié6xyphenyl)propyl)amino)-hexahydro-3-oxo-1H~-
pyfazolo[lfz—a]pyridazine—s—carboxylic acid, benzyl ester;
/
2-((S)~(1-0x0-2(S)~pivaloyloxymethylthio~3-(3,4-
methylenedioxyphenyl)propyl)amino)-hexahydro-3-oxo-1H-
pyrazoio[l,2—a]pyridazine-S—carboxylic acid;
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2-((S)~{1-0x0-2(S)~-pivaloyloxymethylthio=-3-(3,4~
methylenedioxyphenyl)propyl)amino)~hexahydro-3-oxo~1H~
pyrazolo[l,2-a]pyridazine-5~-carboxylic acid, benzyl ester;

8-((S)-(1-0Oxo-2(S)-acetylthio-3-phenylpropyl)amino)-
octahydro-9-oxopyridazo[l,2-alpyridazine~l-carboxylic acid,
t-butyl ester;

8-((8S)-(1-0x0-2(S)~acetylthio-3-phenylpropyl)amino)-
octahydro-9-oxopyridazo[l,2-alpyridazine-l~carboxylic acid;

8-((S)-(1-0x0-2(S)-thio-3-phenylpropyl)amino)-octahydro-9-
oxopyridazo(l,2-a)pyridazine-l-carboxylic acid;

8-((S)-(1-0x0-2(S)-thio-3-phenylpropyl)amino)~octahydro-9-
oxopyridazo[l,2-alpyridazine-l-carboxylic acid, benzyl
ester;

8-((S)-(1-0Oxo0-2(S)-pivaloyloxymethylthio-3-
phenylpropyl)amino)-octahydro-9-oxopyridazo(1l,2-
alpyridazine-l-carboxylic acid;

8-((8)-(1-0Oxo-2(S)-pivaloyloxymethylthio-3-
phenylpropyl)amino)-octahydro-9-oxopyridazo(l, 2~
alpyridazine-l-carboxylic acid, benzyl ester;

8-((S)-(1-0x0o-2(S)-acetylthio-3-(3,4-
methylenedioxyphenyl)propyl)amino)-octahydro-9-
oxopyridazo[l,2-alpyridazine-l-carboxylic acid, t-butyl
ester;

8-((S)-(1-Oxo0-2(S)—-acetylthio-3-(3,4-
methylenedioxyphenyl)propyl)amino)-octahydro-9-~
oxopyridazo[l,2-a]pyridazine-l-carboxylic acid;
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8-((S)-(1-0x0-2(S)~thio=-3~(3,4~
methylenedioxyphenyl)propyl)amino)-octahydro=-9-
oxopyridazo[l,2-alpyridazine-l-carboxylic acid;

5 8-((S)-(1-0x0-2(S)~thio-3-(3,4~
methylenedioxyphenyl)propyl)amino)-octahydro-9-
oxopyridazo([l,2-a]pyridazine~-l-carboxylic acid, benzyl
ester;

10 8-((S)-(1-Oxo0-2(S)-pivaloyloxymethylthio~3-(3,4-
methylenedioxyphenyl)propyl)amino)=-octahydro-9~-
oxopyridazo{l,2-alpyridazine-l-carboxylic acid;

8-((S)-(1-Oxo0-2(S)-pivaloyloxymethylthio=3~(3, 4~

15 methylenedioxyphenyl)propyl}amino)-octahydro-9-~
oxopyridazo[l,2-alpyridazine-l-carboxylic acid, benzyl
ester;

8-((S)-(1-Oxo-2(S)-acetylthio-3-phenylpropyl)amino)-
20 1,4,6,7,8,9-hexahydro-6,9-dioxopyridazo[1l,2~a)pyridazine-1-
carboxylic acid, t-butyl ester;

B-((S)-(1-Oxo-2(S)-acetylthio=-3-phenylpropyl)amino)-
1,4,6,7,8,9-hexahydro~-6,9-dioxopyridazo[l,2~alpyridazine-1-
25 carboxylic acid;

8-((8)-(1-0Ox0-2(S)-thio~3-phenylpropyl)amino)-1,4,6,7,8,9-
hexahydro-6,9-dioxopyridazo[l,2~a]pyridazine-l-carboxylic
acid;

30
8~((S)-(1-Ox0-2(S)-thio-3~-phenylpropyl)amino)-1,4,6,7,8,9~
hexahydro-6,9~dioxopyridazo[l,2-a]pyridazine~l~carboxylic
acid, benzyl ester;

35
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8-((S)-(1-0x0-2(S)-pivaloyloxymethylthio-3~
phenylpropyl)amino)-1,4,6,7,8,9-hexahydro-6,9-
dioxopyridazo[l,2-a]pyridazine-l-carboxylic acid;

8-((S)-(1-0x0-2(S)~-pivaloyloxymethylthio=-3-
phenylpropyl)amino)-1,4,6,7,8,9-hexahydro-6,9~
dioxopyridazo(l,2-alpyridazine-l-carboxylic acid, benzyl
ester;

8-((S)-(1-0Ox0-2(S)-acetylthio-3-(3,4-
methylenedioxyphenyl)propyl)amino)-1,4,6,7,8,9-hexahydro-
6,9-dioxopyridaze[l,2~-a]lpyridazine-l-carboxylic acid, t-
butyl ester;

8-((S)~(1-0x0-2(S)-acetylthio-3~(3,4-
methylenedioxyphenyl)propyl)amino)-1,4,6,7,8,9-hexahydro-
6,9-dioxopyridazo(l,2-a]pyridazine-l-carboxylic acid;

8-((S)-(1-0x0-2(S)-thio=-3-(3,4~
methylenedioxyphenyl)propyl)amino)-1,4,6,7,8,9-hexahydro-
6,9-dioxopyridazo(l,2-alpyridazine-l-carboxylic acid;

8-((S)=(1-0x0-2(S)~thio-3~(3,4-
methylenedioxyphenyl)propyl)amino)-1,4,6,7,8,9-hexahydro-
6,9-dioxopyridazo(l,2-alpyridazine-l~-carboxylic acid, benzyl
ester;

8-((S)~(1-Oxo-2(S)~pivaloyloxymethylthio-3-(3,4-
methylenedioxyphenyl)propyljamino)-1,4,6,7,8,9-hexahydro-
6,9-dioxopyridazo[l,2-a)pyridazine-l-carboxylic acid;

B-((5)~-(1-0x0-2(S)-pi loyloxymethylthio-3-(3,4-
methylenedioxyphenyl)propyl)amino)-1,4,6,7,8,9-hexahydro-
6,9-dioxopyridazo(l,2~a]pyridazine-l-carboxylic acid, benzyl
ester;
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9-((S)-(1-0x0-2(S)~thio-3-phenylpropyl)amino)-octahydro-
6,10-dioxo-6H-pyridazo[l,2~-al(l,2]diazepine-1l~carboxylic

acid, benzyl ester;

9-{(S)-(1-0x0-2(S)-pivaloyloxymethylthio=-3-
phenylpropyl)amino)-octahydro-6,10~-dioxo-6H-pyridazo[l, 2~
al][l,2)diazepine~l-carboxylic acid;

9-((S)-(1-0Ox0-2(S)-pivaloyloxymethylthio~3-
phenylpropyl)amino)-octahydro-6,10-dioxo-6H-pyridazo[l,2-
alll,2]diazepine-l-carboxylic acid, benzyl ester;

9-((S)-(1-Oxo-2(R)-acetylthio-3-phenylpropyl)amino)-
octahydro-10-oxo-6H~pyridazo[l,2-al[l,2)diazepine-1-
carboxylic acid, t-butyl ester;

9-((S8)-(1-0Ox0-2(R)~acetylthio-3-phenylpropyl)amino)-
octahydro-l0-oxo-6H-pyridazo[l,2-a][l,2]diazepine-1-
carboxylic acid;

9-((S)~(1-0x0-2(R)-thio-3-phenylpropyl)amino)-octahydro-10-
oxo-6H-pyridazo{l,2-a](l,2]diazepine~-l-carboxylic acid;

9-((S)~(1-Ox0~2(R)-thio-3-phenylpropyl)amino)-octahydro-10-
oxo-6H~pyridazo[l,2-al[l,2]diazepine~l-carboxylic acid,
benzyl ester;

9-((S)-(1-Oxo-2(R)-pivaloyloxymethylthio-3-
phenylpropyl)amino)-octahydro-10-oxo-6H~pyridazo(1l,2-
all[l,2]ldiazepine-l-carboxylic acid;

9-((S)-(1-0Ox0-2(R)~pivaloyloxymethylthio-3-
phenylpropyl)amino)-octahydro-10-oxo-6H~pyridazo(1l, 2~
alJl{l,2]diazepine-l-carboxylic acid, benzyl ester;
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9-((S)-(1-0x0-2(R)-acetylthio=3-(23,4~
methylenedioxyphenyl)propylj)amino)-octahydro-10-oxo-6H-

pyridazo[l,2-al(l,2])diazepine~l~carboxylic acid, t-butyl

ester;

9=-((S)~(1-0x0-2(R)=-acetylthio-3-(3,4~
methylenedioxyphenyl)propyl)amino)-octahydro-10~oxo-6H-
pyridazo(l,2-a][l,2}diazepine-l-carboxylic acid;

9-((S)~-(1-0x0-2(R)-thio-3-(3, 4~
methylenedioxyphenyl)propyl)amino)-octahydro-10-oxo~6H-
pyridazo[l,2-a][l,2]diazepine~l-carboxylic acid;

9-((S)-{1-0x0-2(R)-thio-3-(3,4-
methylenedioxyphenyl)propyl)amino)-octahydro-10-oxo-6H-
pyridazo[l,2-a][l,2)diazepine~l~carboxylic acid, benzyl
ester;

9-((S)-(1-Oxo-2(R)-pivaloyloxymethylthio=-3-(3,4-~
methylenedioxyphenyl)propyl)amino)~octahydro-10-oxo-6H-
pyridazo[l,2-alll,2]}diazepine~l~carboxylic acid;

9-((S)~(1-Oxo-2(R)-pivaloyloxymethylthio-3-(3,4-
methylenedioxyphenyl)propyl)amino)-octahydro-10-oxo-6H-
pyridazo[l,2-al[l,2]diazepine-l-carboxylic acid, benzyl
ester;

9-((8)-(1-Ox0o-2(S)-acetylthio~3-(3,4-
methylenedioxyphenyl)propyl)amino)-octahydro-10-oxo-6H~

pyridazo(l,2-a][l,2]diazepine-l-carboxylic acid, t-butyl

ester;

PCT/US93/03721
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9-((S)-(1-Ox0-2(S)-acetylthio-3-(3,4-
methylenedioxyphenyl)propyl)amino)~-octahydro~10-oxo-6H~
pyridazo[l,2-a][l,2]diazepine-l-carboxylic acid;

9-((S)-(1-0x0-2(S)-thio-3-(3,4-
methylenedioxyphenyl)propyl)amino)-octahydro~-10-oxo-6H-
pyridazo[l,2-a)[l,2]diazepine-l-carboxylic acid;

9-((S)~(1-0Cx0-2(S)-thio-3-(3,4~
methylenedioxyphenyl)propyl)amino)=-octahydro-10~oxo-6H~-
pyridazeo(l,2-al[l,2]diazepine-l-carboxylic acid, benzyl
ester;

9-((S)-(1-Oxo0-2(S)-pivaloyloxymethylthio-3-(3,4~
methylenedioxyphenyl)propyl)amino)-octahydro-10-oxo~6H~-
pyridazo[l,2-al{l,2]diazepine~l~carboxylic acid;

9~((S)-(1-Ox0-2(S)-pivaloyloxymethylthio-3-(3,4-
methylenedioxyphenyl)propyl)amino)-octahydro-10~oxo-6H-
pyridazo(l,2-a]{1l,2]diazepine~l-carboxylic acid, benzyl

ester;

9~((S)~(1~-0Ox0-2(S)-acetylthio-3~(3,4~
methylenedioxyphenyl)propyl)amino)~-octahydro-6,10-dioxo-6H~-
pyridazo{l,2-a][l,2]diazepine-l-carboxylic acid, t-butyl
ester;

9~((S)-(1-0Oxo0-2(S)-acetylthio-3-(3,4-
methylenedioxyphenyl)propyl)amino)-octahydro-6,10-dioxo-6H-
pyridazo{l,2-a][l,2]diazepine-l-carboxylic acid;

9~((S)-(1-O0x0=-2(S)-thio-3-(3,4-~
methylenedioxyphenyl)propyl)amino)-octahydro-6,10-dioxo-6H~-
pyridazo{l,2-a][1,2]diazepine-l-carboxylic acid;
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9-((S)-(1-0x0-2(S)-thio-3-(3,4~
methylenedioxyphenyl)propyl)amino)-octahydro-6,10-dioxo~6H-
pyridazo[l,z-a][1,2]diazepine—l-carboxylic acid, benzyl
ester;

9-((S)—(1-0xo-2(S)-pivaloyloxymethylthio-B—(3,4—
methylenedioxyphenyl)propyl)amino)-octahydro-6,10-dioxo-6H~
pyridazo[l,2-a]{1,2]diazepine-l~-carboxylic acid;

9-((S)-(1-0Ox0--2(S)-pivaloyloxymethylthio-3-(3,4-
methylenedioxyphenyl)propyl)amino)-octahydro-6,10-dioxo~6H~
pyridazo[l,2-a)(1,2]diazepine-l-carboxylic acid, benzyl
ester.

In a further embodiment, the present invention provides
a method of inhibiting enkephalinase in a patient in need
thereof comprising administering to said patient an
effective enkephalinase inhibitory amount of a compound of
Formula (I).

As used herein, the term "patient" refers to warm-
blooded animals or mammals, including mice, rats and humans.
A patient is in need of treatment to inhibit enkephalinase
when the patient is suffering from acute or chronic pain and
is in need of an endorphin- or enkephalin-mediated analgesic
effect. 1In addition, a patient is in need of treatment to
inhibit enkephalinase when the patient is suffering from a
disease state characterized by abnormalities in fluid,
electrolyte, blood pressure, intraocular pressure, renin, or
aldosterone homeostasis, such as, but not limited to,
hypertension, renal diseases, hyperaldosteronemia, cardiac
hypertrophy, glaucoma and congestive heart failure. 1In
these instances the patient is in need of an ANP-mediated
diuretic, natriuretic, hypotensive, hypoaldosteronemic
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effect. Inhibition of enkephalinase would provide an
endorphin- or enkephalin-mediated analgesic effect by
inhibiting the metabolic degradation of endorphins and
enkephalins. 1Inhibition of enkephalinase would provide an
ANP-mediated diuretic, natriuretic, hypotensive,
hypoaldosteronemic effect by inhibiting the metabolic
degradation of ANP.

In addition, a patient is in need of treatment to
inhibit enkephalinase when the patient is in need of an
antidepressant effect or a reduction in severity of
withdrawal symptoms associated with termination of opiate or
morphine administration.

The identification of those patients who are in need of
treatment to inhibit enkephalinase is well within the
ability and knowledge of one skilled in the art. A
clinician skilled in the art can readily identify, by the
use of clinical tests, physical examination and
medical/family history, those patients who are in need of an
endorphin- or enkephalin-mediated analgesic effect or who
are in need of an ANP-mediated diuretic, natriuretic,
hypotensive or hypoaldosteronemic effect.

An effective enkephalinase inhibitory amount of a
compound of Formula (I) is an amount which is effective in
inhibiting enkephalinase and in thus inhibiting the
metabolic degradation of the naturally-occurring circulating
requlatory peptides such as the endorphins, including
enkephalins, and ANP. Successful treatment is also
understood to include prophylaxis in treating a patient in
those instances such as, for example, in a pre-operative
procedure, where a patient will be suffering from acute or
chronic pain in the near future.
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An effective enkephalinase inhibitory amount of a
compound of Formula (I) is an amount which is effective in
inhibiting enkephalinase in a patient in need thereof which
results, for example, in endorphin- or enkephalin-mediated
analgesic effects or in ANP-mediated diuretic, natriuretic,
hypotensive, hypoaldosteronemic effect.

An effective enkephalinase inhibitory dose can be
readily determined by the use of conventional techniques and
by observing results obtained under analogous rircumstances.
In determining the effective dose, a number of factors are
considered including, but not limited to: the species of
patient; its size, age, and general health; the specific
disease involved; the degree of or involvement or the
severity of the disease; the response of the individual
patient; the particular compound administered; the mode of
admin’stration; the bioavailability characteristics of the
preparation administered; the dose regimen selected; and the
use of concomitant medication.

An effective enkephalinase inhibitory amount of a
compound of Formula (I) will generally vary from about 0.01
milligram per kilogram of body weight per day (mg/kg/day) to
about 20 mg/kg/day. A daily dose of from about 0.1 mg/kg to
about 10 mg/kg is preferred.

In addition, the present invention further provides a
method of inhibiting ACE in a patient in need thereof
comprising administering to said patient an effective ACE
inhibitory amount of a compound of Formula (I). A patient
is in need of treatment to inhibit ACE when the patient is
sufferihg from hypertension, chronic congestive heart
failure, hyperaldosteronemia or cognitive disorders.
Inhibition of ACE reduces levels of angiotensin II and thus
inhibits the vasoptessor, hypertensive and hyper-
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aldosteronemic effects caused thereby. An effective ACE
inhibitory amount of a compound of Formula (I) is that
amount which is effective in inhibiting ACE in a patient in
need thereof which results, for example, in a hypotensive
effect. An effective ACE inhibitory amount and an effective
ACE inhibitory dose are the same as that described above for
an effective enkephalinase inhibitory amount and dose.

In effecting treatment of a patient, compounds of
Formula (I) can be administered in any form or mode which
makes the compound biocavailable in effective amounts,
including oral and parenteral routes. For example, the
compound can be administered orally, subcutaneously,
intramuscularly, intravenously, transdermally, intranasally,
rectally, and the like. Oral administration is generally
preferred. One skilled in the art of preparing Formulations
can readily select the proper form and mode of
administration depending upon the disease state to be
treated, the stage of the disease, and other relevant
circumstances.

Compounds of Formula (I) can be administered in the form
of pharmaceutical compositions or medicaments which are made
by combining the compounds of Formula (I) with
pharmaceutically acceptable carriers or excipients, the
proportion and nature of which are determined by the chosen
route of administration, and standard pharmaceutical
practice.

In another embodiment, the present invention provides
compositions comprising a compound of Formula (I) in
admixture or otherwise in association with one or more
inert carriers. These compositions are useful, for
example, as assay standards, as convenient means of making
bulk shipments, or as pharmaceutical compositions. An
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assayable amount of a compound of Formula (I) is an amount
which is readily measurable by standard assay procedures
and technigues as are well known and appreciated by those
skilled in the art. Assayable amounts of a compound of
Formula (I) will generally vary from about 0.001% to about
75% of the composition by weight. Inert carriers can be
any material which does not degrade or otherwise covalently
react with a compound of Formula (I). Examples of suitable
inert carriers are water; aqueous buffers, such as those
which are generally useful in High Performance Liquid
Chromatography (HPLC) analysis; organic solvents, such as
acetonitrile, ethyl acetate, hexane and the like; and
pharmaceutically acceptable carriers or excipients.

More | articularly, the present invention provides
pharmaceutigal composi*ions comprising an effective amount
of a compound of Formuia (I) in admixture or otherwise in
association with one or more pharmaceutically acceptable
carriers or excipients.

The pharmaceutical compositions or medicaments are
prepared in a manner well known in the pharmaceutical art.
The carrier or excipient may be a solid, semi-solid, or
liquid material which can serve as a vehicle or medium for
the active ingredient. Suitable carriers or excipients are

well known in the art. The pharmaceutical composition may

be adapted for oral or parenteral use and may be
administered to the patient in the form of tablets,
capsules, suppositories, solution, suspensions, or the like.

The pharmaceutical compositions may be administered
orally, for example, with an inert diluent or with an edible
carrier. They may be enclosed in gelatin capsules or
compressed into tablets. For the purpose of oral
therapeutic administration, the compounds of Formula (I) may
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be incorporated with excipients and used in the form of
tablets, troches, capsules, elixirs, suspensions, syrups,
wafers, chewing gums and the like. These preparations
should contain at least 4% of the compound of Formula (I),
the active ingredient, but may be varied depending upon the
particular form and may conveniently be between 4% to about
70% of the weight of the unit. The amount of the active
ingredient present in compositions is such that a unit
dosage form suitable for administration will be obtained.

The tablets, pills, capsules, troches and the like may
also contain one or more of the following adjuvants:
binders, such as microcrystalline cellulose, gum tragacanth
or gelatin; excipients, such as starch or lactose,
disintegrating agents such as alginic acid, Primogel, corn
starch and the like; lubricants, such as magnesium stearate
or Sterotex:; glidants, such as colloidal silicon dioxide;
and sweetening agents, such as sucrose or saccharin may be
added or flavoring agents, such as peppermint, methyl
salicylate or orange flavoring. When the dosage unit form
is a capsule, it may contain, in addition to materials of
the above type, a liquid carrier such as polyethylene glycol
or a fatty oil. Other dosage unit forms may contain other
various materials which modify the physical form of the
dosage unit, for example, as coatings. Thus, tablets or
pills may be coated with sugar, shellac, or other enteric
coating agents. A syrup may contain, in addition to the
active ingredient, sucrose as a sweetening agent and certain
preservatives, dyes and colorings and flavors. Materials
used in preparing these various compositions should be
pharmaceutically pure and non-toxic in the amounts used.

For the purpose of parenteral administration, the

compounds of Formula (I) may be incorporated into a solution
or suspension. These preparations should contain at least
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0.1% of a compound of the invention, but may be varied to be
between 0.1 and about 50% of the weight thereof. The amount
of the active ingredient present in such compositions is
such that a suitable dosage will be obtained.

The solutions or suspensions may also include one or
more of the following adjuvants: sterile diluents such as
water for injection, saline solution, fixed oils,
polyethylene glycols, glycerine, propylene glycol or other
synthetic solvents; antibacterial agents such as benzyl
alcohol or methyl paraben; antioxidants such as ascorbic
acid or sodium bisulfite; chelating agents such as ethylene
diaminetetraacetic acid; buffers such as acetates, citrates
or phosphates and agents for the adjustment of toxicity such
as sodium chloride or dextrose. The parenteral preparation
can be enclosed in ampules, disposable syringes or multiple
dose vials made of glass or plastic.

As with any group of structurally related compounds
which possess a particular generic utility, certain groups
and configurations are preferred for compounds of Formula
(I) in their end-use application.

The compounds of Formula (I) wherein n=2 and B =
ethylene are preferred,

It is, of course, understood that the compounds of
Formula (I) may exist in a variety of isomeric
corifigurations including structural as well as stereo
isomers. It is further understood that the present
invention encompasses those compounds of Formula (I) in each
of their various structural and stereo isomeric
configurations as individual isomers and as mixtures of
isomers.
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The following specific compounds of Formula (1) are
particularly preferred in the end-use application of the
compounds of the present invention:

9-[(S)-(1-0Ox0o-2(R)-acetylthio-3-phenylpropyl)amino]-
octahydro-10-oxo-6H-pyridazo[l,2=a][l,2]diazepine~-1(S)~
carboxylic acid;

9-[(S)-(1-O0x0-2(R)-thio-3-phenylpropyl)amino}-octahydro-10-
oxo-6H-pyridazo([l,2~a)[1l,2]diazepine-1(S)~carboxylic acid;

9-{(S)-(1-0x0-2(S)-acetylthio-3-phenylpropyl)amino]-
octahydro~10-oxo-6H-pyridazo(l,2-a](l,2]diazepine-1(S)-
carboxylic acid;

9-[(S)~(1-Oxo-2(S)-thio-3-phenylpropyl)amino]-octahydro-10-
oxo-6H-pyridazo[l,2-aj(l,2]diazepine-1(S)-carboxylic acid;

9-{(S)-(1-0x0-2(S)-acetylthio-3-phenylpropyl)amino]}-
octahydro-l0-oxo-6H~pyridazo[l,2-a]{l,2]diazepine-1(8S)-
carboxylic acid, t-butyl ester;

9-[(S)-(1-Ox0o-2(S)-thio~3-phenylpropyl)amino)-octahydro-10-
oxo-6H-pyridazo(l,2-a][l,2]diazepine-1(S)-carboxylic acid,
t-butyl ester:

9-[(S)-(1-0x0-2(S)~acetylthio-3-phenylpropyl)amino]~-
octahydro-10-oxo-6H-pyridazo{l,2-a][l,2]diazepine-1(R)~
carboxylic acid, t-butyl ester;

9-[(S)-(1-0x0-2(S)-thio-3-phenylpropyl)amino]-octahydro-10-
oxo-6H-pyridazo[l,2-a][l,2]diazepine-1(R)~carboxylic acid,
t-butyl ester:
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9-{(S)-(1-0Ox0-2(S)~acetylthio-3-phenylpropyl)amino]-
octahydro-l0-oxo-6H-pyridazo(l,2-a](l,2]diazepine~1(R)-
carboxylic acid;

9-{(S)-(1-0x0-2(S)~thio-3-phenylpropyl)amino]-octahydro-10-
oxo-6H-pyridazo([l,2-a}(1l,2}diazepine-1(R)~carboxylic acid;

9-((S)-(1-0x0-2(S)~acetylthio=~3~-phenylpropyl)amino)-
octahydro-6,10-dioxo-6H-pyridazo(l,2-alll,2]diazepine-1(S)-
carboxylic acid, t-butyl ester;

9-((S)~(1-Oxo-2(S)-acetylthio-3~-phenylpropyl)amino)-
octahydro-6,10-dioxo-6H-pyridazo[l,2-al[l,2]diazepine~1(S)-
carboxylic acid;

9-((S)-(1-0x0-2(S)-thio-3-phenylpropyl)amino)-octahydro-
6,10-dioxo-6H~-pyridazo[l,2-a][1l,2])diazepine~1(S)-carboxylic
acid; and

9-((8)-(1-0x0-2(S)-thio~3-phenylpropyl)amino)-octahydro-
6,10-dioxo-6H-pyridazo[l,2-al[l,2}diazepine-1(S)~-carboxylic
acid, t-butyl ester.
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The following studies illustrate the utility of the
compounds of the present invention as enkephalinase
inhibitors and as ACE inhibitors.

Enkephalinase is partially purified from rat kidney.
The enzyme is extracted from the microvilli fraction by
using Triton X-100 according to the method of Malfroy and
Schwartz [J. Biol. Chem. 259, 14365-14370 (1984)] or by using a
proteolytic treatment according to the method of Almenoff
and Orlowski [Biochem. 22, 590-599 (1983)]. The enzyme is
further purified by anion exchange chromatography (Mono Q™
column, Pharmacia) using a Pharmacia FPLC system. The
enzyme activity may be measured by the fluorometric methods
of Florentin et al. [Anal Biochem. 141, 62-69 (1984)] or of
Almenoff and Orlowski [J. Neurochemistry 42, 151-157 (1984)].
The enzyme is assayed in 50mM BEPES buffer (pH 7.4) in a 3.0
nl reaction volume containing 12 uM of the substrate dansyl-
D-AlaGly(p-nitro)PheGly (Kp=40uM) at 25°C. The substrate
(and inhibitor) is added from a concentrated stock solution
in DMSO (up to 0.1 mL DMSO final volume). The enzyme in a
small volume (approximately 0.1 pug of FPLC purified protein)
is added to initiate the reaction and the rate of
fluorescence increase is recorded continuously using a
fluorometer (excitation at 339nm, emission at 562nm).

The enzymatic activity of ACE is monitored using the
spectrophotometric substrate described by Holmquist et al.
{Anal. Biochem. 95, 540-548 (1979)]) and the buffer system
described by Ryan [Methods of Enzymatic Analysis, 3rd ed., H. U.
Bergmeyer, editor; vol. V, Verlag Chemie, Weinheim, 1983,
pp. 20-34].



The clatms loetining the invention are as follows:

10 wherein

B represents a methylene, ethylene or vinvlene group;

e o Ry represents a hydrogen, C1-Cg alkyl, -CHp0CH;CH,OCH3 or
*» = e
* .oe
. o an Ar-¥Y- group;
s 8 @
i..f Ry represents a hydrogen, acecyl, —CH0-C(O)C({CH3)3 Cr
¢ & o
I 15 benzoyl;
et Ry represents a carboxyl, alkoxycarbonyl or an Ar-7-0
LJ
oo carbonyl group;
Rq and Rs each represent a hydrogen atom cor Ry and Rs
i" together represent an Ox0O Jgroup:
LX)
T 20 n stands for zero, L or 2, and
o
St s pharmaceutically acceptable salts. apd—individear—epetrcal
. L .
vesant dsomers—therestr
. L 4
sese
.
s 2. A compound according to Claim 1 wherein n = ..
*. s @
o 3 55
3. A compound according to Claim 2 wherein 3 15 an
ethylene group.
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4. A cowmpoun

phenylmethyl.

5 A compeund cf Clainm 1 ow
[{S)-(1-0xc-2(R)-acecylz
10-oxo-6d-pyridazo_ 1,2-a](1l,21di
acid,

6. A compound of Claim
[{S)-({1-0x0-2(R)-thio-3-phenylpr
oxo-b6H-pyridazoll,2-al(l,2]|diaze

7. A compcund of Claim 1 w
[(S)-(1-0x0-2(S)- o

octahydro-10-cxo~-

carboxylic acid.

((s)~

d¢ accerding to

Claim 3 wner2in Ry i3

ein the compound 13 9-

her
opyl)aminoj-acranydro-10-
epl

ne-1(S)-carboxyl:c acyd.

nereiln the conpound 13 9-

—-3-phenylpropvliamino -

2-alf{l,2]diazepine-_(38})-

8. A compound of Claim 1 wherein the compcund 13 8-

{1-0x0-2(8)

oxo-6H-pvridazoll,

((s

9. A compound of Claim 1 wherein

)....

{(1-0x0-2(S8)~

-thio-3-phenylp

2-ali{l,2]diaz

acetylthio-3-p

octahydro-l0-oxo~-6H~pyridazo(1l

carboxylic acid,

~

t(s

)_.

10. A compou
(1-0xc-2(8)

t-butyl ester.

nd of Claim 1

-thio-3-phenylp

oxc-gH-pyridazo(l,2-al{l,2]diaz

t-butyl ester.

[(s)-

11. A compou

(1-0x0-2(S5)

nle7e6a

- .
nd 3F Claim 1

-dcetylthlio-3-p

ropyl)aminoj-octahydro-10-
]

epine-:(S)-carboxy

the compound 13 9-
heny.propvl)amino, -
~a}[l,2]diacepine-1(8)-

whereln the compound is 9-

ropyl)yamino]->cranydr . ~10-

epine-i(S)~-carboxyllc ac.d,

wherein the copr el 15 J-

heny opylyamin, -



octahydro-1l0-oxo-6H-pyridazo[1l,2-al[l,2]diazepine-_(R)~

carboxylic acid, t-butyl ester.

12. A compound c¢f Claim 1 wherein the compound i3 0-
[(S)-(1-0Qxo-2 g
oxo-6H~-pvridazo(l,2-a]

t-butyl escer.

L3. A compound of Claim 1 whereln the compcund 135 9-
[(S)-(1-Oxo0-2(S)~acetylthis-3-phenylpropyl)amino]-
octanydro-10-oxo-6d-pyridacoll,2-a [1,2]diazepine-_(R)~

carboxylic acid.

14. A ccompcund of Claim 1 wherein the ccmpounad 1s J-
{(S)-(1-0x0-2(S)~tnio-3-phenylorcoy.)aminocl-octanydro-10~

C?—
oxo-6H-pyridazoll,2~alll,2}diazepine~1(R)-carboxv.ic acic.

({S)-(1l-0xo-2(S)-acetylchio-3-phenylpropvl)amino)-

e s octahydrc-6,.0-dioxo-6d-pyridazn’ 1, 2-all,2]dlazepine-1(5)-
T carboxylic acid, t-butyl =ster.
: L] . -
. .
e &8
Y 16. A compcunc of Claim I wherein the ccmpound 1s 9-
‘8o
[ ] * .
Teees® ({S)-(1l-Oxo-2(S)~acetylthio-3-phenylpropyl)anino)-

.
Lot octahydro-6,10~-dioxc-6H-pyridazo{l,2-alll,2]dlazepina-1(S)~

carboxylic acid.

L

l!(.

*
STt 17. A compound of Claim 1 wherein the ccmpeund is 9-
et ((S)—(l—Oxo-2(S)—thia~3—phenprrupy1 amino)=-rcrahyvdr b, L)
- dl
uo-.a: leXO*6H_pyrl azo{klz a ,2]di.azepiﬂP—l(S)—Ca{‘bCK‘/u;C

L] .
RITTS acid.
‘l"“

(%) [}
L] ‘« @

o 3

Lg. A compound sf Clawm 1 wherein toe o.ompo ovd 15 9-

{((S)—-{L-Dx0-2(S)-t =3-pavnylpropylianin?)-ocrany ir o, -
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dioxo-6Hd-pyridazoll,2-aj(1,2]diazepine-1(S)-caro xy]l

e . wherein
* &
[ .8 N N . N - .
R 8 represenis a mechylene, 2thyiens or vinyleng grouw;
P R represents a hydrogen, (1-Cg alkyl, -CHOCHCH,OCHy or
o0 o -
L] . .
s, an Ar—-Y- group;
940
vons® Ry represencts a hydrogen, acet.yl, -CHO-C\O)C(CTH3)3 or
L
s benzoyl;
LE RN ]
R3 represents a carboxyl, alxk»Hxycarnony. 7 an Ar-7-0
e carbonyl group;
ases
Wt R4 and Rg =2ach represent 4 hydrogen arom © Ry inag Hy
- . < P
.o
o o togecher represent an oxo group;
L] ‘e
L[] . -~
vevedt n stands for zerc, 1 or 2, and
L] »
cons pharmaceurically acceptabie salts ard tadivi izl ~p- ool
. K L
.
e, isomers therenf,
[ ] ¢ ¢
. ve
L) L]




20. A method according to Claim 19 wherein tne pazienr
s in need of an endorphin- or enkepnalin-mediated analgesic
effect.

21. A method according to Claim 19 wherein the paczl

]
o3
ot

d
in need of an ANP-mediated hypotensive =ffect.

bs
4]

22. A methcd according to Claim 19

W
is in need of an ANP-mediated diuretic eff

23. A method according to Claim 19 wherein the patien:

s suffering from congestive neart Ffailure.

24, A metnod o

&

™n

lanlpiting ACZ In a paniant in need

rhercof inclulding administering to said patlent an

effective ACE inhibitorv amount of a compcurnd of the Tormula

CH/VS-Ro

wherein
B represents a methylene, ethylene or vinylene Jroup;
Ry represents a hydrogen, Cj-Cg alkyl, -CHyOCHCHOCiiy r
an Ar-¥Y- group;
Ry represents a hydrogen, acetyl, ~CH

benzoyl;
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Ry represents a carboxyl, alkoxycarbonyl or an Ar-7-0
carbonyl group;
Ry and Rs each represent a hydrogen atom or Rg and Rs
together represent an 0Xx0 group;
n stands for zero, 1 or 2, and

pharmaceutically acceptable salts apd individual optical

isomers thereof.

25. A method according to Claim 24 wherein the patient

is in need of a hypotensive effect.

26. A method according to Claim 24 wherein the patient

is in need of a cognition enhancing effect.

27. A method according to Claim 24 wherein the patient

is suffering from congestive heart failure.

28. A pharmaceutical composition including a compound
of Claim 1 in admixture or otherwise in association with a

pharmaceutically acceptable carrier or excipient.

29. A compound according to any one of Claims 1-18 when

used in the treatment of acture or chronic pain.
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30. A compound according to any one or Claims 1-18 when
used @S a antihypotensive agent in the treatment of

congestive heart Failure.

31. A compound according to any one of Claims 1-18 when
used as an antihypotensive agent in the treatment of cardiac

hypertrophy.

32. A compound according to any one of Claims 1-18 when

used in the treatment of cardiac hypertrophy.

33. A compound according to any one of Claims 1-18 when

used as a diuretic.,

34. A compound according to any one of Claims 1-18

when used in the treatment of loss of congnitive function.

35 A method for the preparation of a pharmaceutical composition
for the treatment of hypertension, acute or chronic pain, congestive
heart failure, cardiac hypertrophy or as a diuretic including the step of
bringing a compound according to any one of claims 1-18 into a form

suitable for administration.

36. The use of a compound accoraing to any one of
claims 1-18, optionally in combination with a
pharmaceutically acceptable carrier, for the preparation of

an enkephalinase inhibitor.
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37. The use of a compound according to any one of
claims 1-18, optionally in combination with a
pharmaceutically acceptable carrier, for the preparation of
an ACE inhibitor.

38. A process for the preparation of a compound of :he

formula

R4\/RS

. CHz>n IN/\
N\/

\

0 NrCH\ﬂ/

CHvr+S—-Ro

wherein
B represents a methylene, ethylene or vinylene group;
Ry represents a hydrogen, Cj-Cg alkyl, -CH0CH3CH0CH3 or
an Ar-¥- group;
Ry represents a acetyl or benzoyl;
R3 represents a t-butyloxycarbonyl;
Rs and Rs each represent a hydrogen atom or R4 and Rjs
together represent an oxo group;
n stands for zero, 1 or 2, and
pharmaceutically acceptable salts and individual optical
isomers thereof, including reacting a compound of the

formula
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N
CH N
5 N 7
O g \(
O R3

/H"‘ Br

10 R

wherein B, R;, R3, R4, Rs and n are defined above with a
compound of the formula RySH wherein Ry is defined above in

the presence of a suitable base.

15
IR 39. A process for the preparation of a compound of the
o oel formula
:"l:. R4 RS
:.'...20
- H CHz)n
e 2t o N /CH\( \<
i N
:I:...25
T CHAYS-R3
3_.3 H R,

30
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wherein
B represents a methylene, ethylene or vinylene group;
Ry represents a hydrogen, C1-Cg alkyl, —CHOCHCH;0CH; or
an Ar-Y- group;
5 Rz represents a acetyl or benzoyl;
R3 represents a carboxyl;
Ry and Rs each represent a hydrogen atom or R4 and Rs
Cogether represent an oxo group;
n stands for zero, 1 or 2, and
10 pharmaceutically acceptable salts and individual optical
isomers thereof, comprising reacting a compound of the

formula

Ra Rs
15 \/
X (S N/\

o =

.":20
e CHArS-R)
Ry
* .n"a»
S0 25 wherein B, Ry, Rz, Rs, Rs and n are defined above and Ry is
L t~butyloxycarbonyl with suitable acid.
N 40. A process for the preparation of a compound of the
s formula
" 30
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P
H (CH)n ¥ \B
N L
5 N fCH /L —
~ i

whereln
B represents a methylene, ethylene or vinylene group;
epresants a nydrogen, Cy-Cg alkyl, -CHoOCH,CH,OCHy or

an Ar-¥- group

~

Ry represents a nydrogen;
es

e
R3 represents a carboxyl;
R4 and Rs each represent a hydrogen atom or Ry and Rg

together represent an oxo group;

n scands Zor zero, 1 or 2, and

° -y

¢ . pharmaceutically acceptable salts and individual cptical
:. .0.

:

. isomers thereof, includina reacting a compounrd of the
formula
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R Rs
i

H CHz)n

RS NrCH ( \(

CHv»S-Ro

R

wherein B, Ry, R3, R4, Rs; and n are defined above and Ry is

acetyl or benzoyl with suitable base.

41. A process for the preparation of a compound of the

formula

R4 Rs

H’ (CHZ)n N

- CH
N \ﬂ/\<

CHwvS-Rop
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wherein
B r
Ry
an
R2
R3
Ry

epresents a methylene, ethylene or vinylene group;
represents a hydrogen, C;-Cg alkyl, -CH;OCH;CH3;0CH3 or
Ar-Y- group;

represents a hydrogen;

represents a alkoxycarbonyl or Ar-Y-O carbonyl group;
and Rs each represent a hydrogen atom or Rgq and Rs

together represent an oxo group;

ns
pharmac
isomers

formula

tands for zero, 1 or 2, and
eutically acceptable salts and individual optical

thereof, idcluding reacting a compound of the

Ry -Rs

H (CH?n<N/\
o \]’CHW/\<

CHErvS-Ra

Ry

wherein B, Ri, R3, R4, Rs and n are defined above and Rp is

acetyl or benzoyl and with ammonia in methanol.
42. A process for the preparation of a compound of the
formula

MOl676A
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= A
i (CHa)p X \B
A\
AN ' J\} /
N_,—CH ///-~\\ﬁ(
O =~ \IT \
~
O R3
CH,wS-R;
Ry
wherein
3 represenzs a metnylene, ethvlena -y vinvlene orsup
R) represents a nydrogen, C1-Cg alkyl, =CHE3;0CH3CH,0CY

r
an Ar-Y- grcup;
Ry represents a -CH,0-C(0)C{CH3)s;

Ar=7-0

R3 represents a carboxyl, alkoxycarbenyl cr
carbonyl group;
Rq and Rs each represent a hydrogen atom or Ry and Rg
together represent an oxo group;
n stands for zero, 1 or 2, and

pharmaceutically acceptable salts and individual optical

isomers thereof, including reacting a compound of the
formula

MOL6764
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1

R 4 ~ -~ R 5
~
//&\\ M ///\‘\\
H (CH2)n { 8
| /
N r’CH N‘\\~/
O-\\ \Tr// \
~3
@] R3
CHrorS-Ro
/s
Ry

wherein B, Ry, R3, Rgq, Rs and n are defined above and R, 1s
nydrogen with chlorcmethyl pivalate in the presence of a

non—nuclesopnilic base,

43. A compound as claimed in claim 1 substantially as hereinbefore

described with referernce to any one of the examples.
44, A process as claimed in any onc of claims 38, 39, 40, 41 or
42 substantially as hercinbefore described with reference to

any one of the examples.

DATED: 28 March 1996
PHILLIPS ORMONDE & FITZPATRICK

Attornevs for:
MERRELL DOW PHARMACEUTICALS INC.
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