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DUAL ACTION INHIBITORS 

This invention is directed to novel compounds 
possessing both angiotensin converting enzyme 

5 inhibitory activity and neutral endopeptidase 
inhibitory activity and methods of preparing such 
compounds. This invention is also directed to 
pharmaceutical compositions containing such dual 
inhibiting compounds or pharmaceutically acceptable 

10 salts thereof and the method of using such 
compositions. The dual inhibitory compounds of this 
invention are those of the formula 

15 

20 

(I) 

and pharmaceutically acceptable salts thereof 
wherein: 

0 

u 
R1 -is hydrogen, Rl -c - or R1a-s._ 

R2 and Ri9· are independently selected from 
hydrogen, alkyl, cycloalkyl-(CH2>m-, substituted 
alkyl, aryl-(CH2>m-, substituted 

aryl-(CH2>m-· and heteroaryl-(CH2>m- . , 

. 
I 

n is zero or one provided that n must be zero 
25 when R2 and R19 are both other than hydrogen; 

m is zero or an integer from 1 to 61 

R3 is alkyl, substituted alkyl, 
cycloalkyl-(CH2>m~, aryl-(CH2>m-, substituted 
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aryl-(CH2)m-· orheteroaryl-(CH2)m- : 
R18 is alkyl, substituted alkyl, 

cycloalk.yl-CCH2>m-,aryl-(CH2>m-, 

tIA599a 

substituted aryl-(CH2>m-, heteroaryl-(CH2>m-
5 or -s-R1s completes a symmetrical disulfide 

wherein Rl8 is of the formula 
{II) 

10 
X1 is of the formula 

(III) 

15 

(IV) 
(O)s R 

!~8 Rg 
/ R6 

(CH2>r O 

~ ....-N R7 II 
-N c ~c -(CH) -c-OR12 

I II / ' 2 b 
H . 0 Rio Ru 

20 
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(V) 

5 (VI) 

(VII) 

10 
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(VIII) 

5 (IX) 

(X) 

Y2 
\ 

-N 1
_...NyCHalw 

I 
10 H 0 COOR12 

(XI) 

-N I . 
H 
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(XII) 

{XIII) 

~1AS99a 

, or 

. 
I 

R4 is hydrogen, alkyl, substituted alkyl, 
alkenyl, substituted alkenyl, hydroxy, cycloalkyl 
-(CH2>m-. aryl -(CH2)m-, substituted aryl -(CH2)m-, 
or heteroaryl -(CH2>m-; 

RS is hydrogen, alkyl, substituted alkyl, 
15 alkenyl, cycloalkyl-(CH2)m-. a:ryl-(CH2>m-, 

substituted aryl-(CH2)m-, hydroxy, or R4 and RS taken 

20 

together with the carbon to which they are attached 
complete a saturated cycloalkyl ring of 3 to 7 
carbons or R4· and RS together with the carbon ~o 

which they are attached complete a keto substituent, 

' c=o 
i.e. I / 

. 
I 
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R6, Ra and RlO are independently selected from 
hydrogen, alkyl, substituted alkyl, alkenyl, 
substituted alkenyl, cycloalkyl -(CH2)m-, 
aryl-(CH2>m-. substituted aryl-(CH2)m-. and 

5 heteroaryl-(CH2)m-; 
R7, R9 and Rll are independently selected from 

hydrogen, alkyl, substituted alkyl, alkenyl, 
substituted alkenyl, cycloalkyl -(CH2)m-. 
aryl-(CH2)m, and substituted aryl -(CH2)m-, or R6 and 

10 R7 taken together with the carbon to which they are 

attached complete a saturated cycloalkyl ring of 3 to 
7 carbons or Ra and Rg taken together with the _carbon 

to which they are attached complete a saturated 
cycloalkyl ring of 3 to 7 carbons; 

15 

20 

25 

b is zero or one; 
q is an integer from 1 to 4; 

r is one or two; 
s is zero, one or two; 
t is one, two, or three; 
v is one or two; 
w is one or two; 

(O) s 

I 
Yl is -ca2-, -(CH2>2-, -(CH2)3-, -o-, -s-

(O)s 

I 
-CH2-o-, or -CH2-S -

Y2 is -CH2-, 

. , 

(Ola 

I 
-s-

(O)a 

I . 
Y3 is -CH2- or -s -

or o ; 

; 
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Y4 is -CH2-. -(CH2)2-. -(CH2)3-, -o-, or 

-CH2-0- ; 
z is O or two hydrogens; 
Rl2 is hydrogen, alkyl, substituted alkyl, 

5 aryl-{CH2>m-, substituted aryl-{CH2>m-, 

heteroaryl-{CH2)m-

10 

0 
u 

- CH-O-C-R1s 
I 
Ru or 

Rl3 is hydrogen, lower alkyl, or substituted 

lower alkyl; 
Rl4 is hydrogen, lower alkyl, cycloalkyl, or 

phenyl; 
15 R15 is hydrogen, lower alkyl, lower alkoxy or 

phenyl; 
R16 is lower alkyl or aryl-{CH2)m-; and· 

R17 is hydrogen, alkyl, substituted alkyl, 

alkenyl, substituted alkenyl, cycloalkyl-{CH2)m-, 

20 aryl-(CH2)m-, substituted aryl-(CH2)m-, or 
heteroaryl-(CH2)m-· 

The term •alkyl• refers to straight ·or 

branched chain radicals having up to seven carbon 

atoms. The term •lower alkyl• refers to straight or 

25 branched radicals having up to four carbon atoms and 

is a preferred subgrouping for the term alkyl. 

The term •substituted alkyl• refers to such 

straight or branched chain radicals of 1 to 7 carbons 

wherein one or more, preferably one, two, or three, 

3 0 hydrogens have been replaced by a hydroxy, amino, 

····~ 
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halo, trifluoromethyl, cyano, -NH(lower alkyl), 
-N(lower alkyl)2, lower alk~xy, lower alkyl~hio or 
carboxy. 

The term •substituted lower alkyl• refers to 
5 such straight or branched chain radicals of 1 to 4 

carbons wherein one hydrogen has been replaced by a 
hydroxy, amino, halo,.trifluoromethyl, cyano, 
-NH(lower alkyl)'· -N(lower alkyl)2, lower .a~k~xy, 
lower alkylthio, or carboxy. 

10 The term •alkenyl• refers to straight or 
branched chain radicals of 3 to 7 carbon atoms having 
one or two double bonds. Preferred •alkenyl• groups 
are straight chain radicals of 3 to 5 carbons having· 
one double bond. 

15 The term •substituted alkenyl• refers to such 
straight or branched radicals of 3 ·to 7 carbons 

·having one or two double bonds.wherein a hydrogen has 
been replaced by a hydroxy, amino, halo, 
trifluoromethyl, cyano, -NH(lower alkyl), 

20 -N(lower alkyl)2, lower alkoxy, lower alkylthio, or 
carboxy. 

The terms •lower alkoxy• and •lower alkylthio• 
ref er to such lower alkyl groups· as defined above 
attached to an oxygen or sulfur. 

25 The term •cycloalkyl• refers to saturated 
rings of 3 to 7 carbon atoms. 

The term •halo• refers to chloro, bromo, 
fluoro, and iodo. 

The term •aryl• refers to phenyl, 1-naphthyl, 
30 and 2-naphthyl. The term •substituted aryl• refers 

to phenyl, 1-naphthyl, and 2-naphthyl having a 
substituent selected from lower alkyl, lower alkoxy, 

·1ower alkylthio, halo, hydroxy, trifluoromethyl, 
amino, -NH(lower alkyl), or -N(lower alkyl)2, di- and 
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tri-substituted phenyl, 1-naphthyl, or 2-naphthyl 
wherein said substituents are selected from methyl, 
methoxy, methylthio, halo, hydroxy, and amino. 

The term •heteroaryl• refers to unsaturated 
5 rings of 5 or 6 atoms containing one or two o and s 

atoms and/or one to four N atoms provided that the 
total number of hetero atoms in the ring is 4 or 
less. The heteroaryl ring. is attached by way of an 
availahle carbon or nitrogen atom. Pref erred 

10 heteroaryl groups include 2-, 3-, or 4-pyridyl, 4-
imidazolyl, 4-thiazolyl, 2- and 3-thienyl, and 2- and 
3-furyl. The term heteroaryl also includes bicyclic 
rings wherein t~e five or six membered ring 
containing O, S, and N atoms as defi~ed above is 

15 fused to a benzene or pyridyl ring. Preferred 
bicyclic rings are 2- and 3-indolyl and 4- and 5-
quinolinyl. The mono or bicyclic heteroaryl ring can 
also be additionally substituted at an available 
carbon atom by a lower alkyl, halo, hydroxy, benzyl, 

20 or cyclohexylmethyl. Also, if the mono -or bicyclic 
ring has an available N-atom such N atom can also be 
substituted by an N-protecting group such as 

25 

-CH2 -O -CH2 ---® , 

2,4-dinitrophenyl, lower alkyl, benzyl, or 
benzhydryl. 

The compounds of this invention.wherein Rl is 

i 
R3-C-

hydrogen or and R19 is hydrogen can be 
30 prepared by coupling the acylmercapto containing 

sidechain of the formula 

THIS SHEET HAS BEEN 
REPLACED 



HA599a 
- 10 -

(XIV) 

i i 
R3-C-S-(CH2ln-CH-C -OH 

I 
R2 

with the intermediates of the formula 
5 (XV) 

to give the product of the formula 
10 (XVI) 

w i 
R3-c-S-(CH2>n-CH-C-X1 

I 
R2 

wherein R12 in the definition of X1 is preferably an 
15 easily removable ester protecting group such as 

methyl, ethyl, or benzyl. The above reaction can be 
·performed in an organic solvent such as dimethyl­
formamide and in the presence of a coupling reagent 
such as benzotriazol-l-yloxytris(dimethylamino)-

20 phosphonium hexafluorophosphate, 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide, dicyclohexyl­
carbodiimide, or carbonyldiimiciazole. Alternatively, 
the acylmercapto carboxylic acid of formula XIV can 
be converted-to an activated form prior to coupling 

25 such as an acid chloride, -mixed anhydride, 
symmetrical anhydride, activated ester, etc. 

The product of formula XVI can be converted to 
the mercaptan product of formula I wherein R1 is 
hydrogen and R12 is hydrogen by methods known in t_he 
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art. For example when R3 is methyl and R12 is methyl 
or ethyl treatment with methanolic sodium hydroxide 
yields the product wherein Ri and R12 are hydrogen 
and when R3 is methyl and R12 is t-butyl treatment 

5 with trifluoroacetic acid followed by ammonia yields 
the product wherein R1 and R12 are hydrogen. 

The compounds of this invention wherein both 
R2 and R19 are other than hydrogen and n is zero can 
be prepared by coupling the s~bstituted mercapto 

10 containing sidechain of the formula 

(XVII) 

15 with the intermediate of formula XV as described 
above to give the compound of the formula 

20 

(XVIII) 

Treatment of the compound of formula XVIII with 
strong acid such as trifluoromethanesulfonic acid 
removes the methoxybenzyl protecting group and gives 

25 the corresponding product of formula I wherein Rl is 

hydrogen. 
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The substituted mercapto containing compounds 
of formula XVII can be prepared by reacting the 
disubstituted carboxylic acid of the formula 

5 (XIX) 

10 

0 
II -

HC-C-OH 

/' Ru R2 

with bis([(4-methoxy)phenyl]methyl]disulfide in the 
presence of lithium diisopropylamide. 

The products of formula I wherein x1 contains 
a sulf~xide or sulfone can be prepar~d by employing 
the intermediate of XV as the merc~ptan, .i.e. , s is 
zero, during the coupling reaction. The resulting 
product of formulas XVI or XVIII is then oxidized 

15 with a known oxidizing reagent such as meta chloro 
perbenzoic acid, peracetic acid, or monoperoxy­
phthalic acid, magnesium salt hexahydrate, etc. By 

controlling the amount of oxidizing reagent and the 
time of the reaction, the products are obtained 

20 wherein s is one or two. 

25 

The products of formula I wherein Ri is 
hydrogen can be acylated with an acyl halide or 
anhydride of the formula 
(XX) 

or 

wherein halo is Cl or Br to give other products of 
formula I wherein R1 is 
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i . 

The products of formula I wherein Rl is -s-R1a 
5 and R18 is alkyl, substituted alkyl, substituted 

cycloalkyl~(CH2)m-, aryl-(CH2)m-, substituted aryl­
(CH2>m- or heteroa:ryl-CCH2>m- can be prepared by 

reacting the products of formula I wherein Rl is 
hydrogen with a sulfonyl compound of the formula 

10 (XXI) 

in an aqueous alcohol solvent to yield the desired 
15 products. The compounds of formula XXI are known in 

the literature or can be prepared by known methods, 
see for example, Smith et al., Biochemistry, lJ., p. 

766 - 771 (1975). 
The symmetrical disulfide products of formula 

20 I can be prepared by direct oxidation of the product 
of formula I wherein Rl is hydrogen with iodine as 

25 

note, for example, ondetti et al. U.S. Patent 
4,105,776. 

The ester products of formula I wherein R12 is 

0 
II 

- CH-O-C-R15 
I 
R14 

or 

-CH2 
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can be prepared by treating the product of formula I 
wherein R12 is hydrogen wieh a compound of the 
formula 
(JOCII) 

0 
II 

L-CH-O-C-R1s 
I 
R14 

~. 
O·· ·· 0 ,._/ or 

wherein L is a leaving group such as chloro, bromo, 
or tolylsulfonyloxy. 

The acylmercaptoalkanoic acids of formula XIV 
are described in the literature. See·, for example, 
Ondetti et al. U.S. Patents 4,105,776 and 4,339,600, 

Haslanger et al. U.S. Patent 4,801,609, etc. 
The intermediates of formula XV are also 

15 described in the literature or are obtained by 

modifications of known procedures. For example, the 
intermediates of formula XV wherein Xl is as defined 
in formula III are disclosed by Thorsett et al., J. 
Med. Chem.,~, p. 251 - 260 (1988), Harris et al. in 

20 u.s. Patents 4,587,050, 4,587,238, 4,629,787 and 
Yanagisawa et al. in U.S. Patent 4,734,410. The 
intermediates of formula xv wherein x1 is as defined 
in formula IV are disclosed by Yanagisawa et al., J., 

Med. Chem., J.Q., p. 1984 - 1991 (1987) and .Jl., p. 
25 422 - 428 (1988), Karanewsky in u.s. Patent 

4,460,579, Cheung et al. in U.S. Patent 4,594,341~ 
and Yanagisawa et al. in u.s. Patent 4,699,905. The 
intermediates of formula xv wherein Xl is as defined 
in formula V are disclosed by Karanewsky in U.S. 

3 0 Patents 4, 4 60, 579 and 4, 711, 884. · The intermediates . 
of formula XV wherein Xl is as defined in formula VI 
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and Yl is -cH2-, -(CH2>2- of -(CH2)3- are disclosed 
by Watthey et al., J. Med. Chem., za, p. 1511 - 1516 

(1985) and Watthey in u.s. Patents 4,410,520, 
4,470,988, 4,473,575, 4,537,885 and 4,575,503 and 

5 also by Parsons et al., Biochemical & Biophysical 
Research Comm., .lll, p. 108 - 113 (1983) and in U.S. 

Patent 4,873,235. The intermediates of formula XV 
wherein Xi is as defined in formula VI and Yl is s or 
o are disclosed by Slade et al., J. Med. Chem., 2.8., 

10 p. 1517 - 1521 (1985) and in u.s. Patent 4,477,464 
and Itoh et al., Chem. Pharm. Bull., J.i, p. 1128 -
1147 (1986) and J.J., p. 2078 - 2089 (1986) as well as 

Sugihara et al. in u.s~ Patent 4,548,932 (Y is 0) and 
Katakami et al. in U.S. Patent 4,539,_150 (Y is S). 

15 The intermediates of formula xv wherein x is as 
defined in formula VII can be prepared by reduction 
of the corresponding intermediates wherein x1 is as 
defined in formula VI. The intermediates of formula 
XV wherein Xl is as defined in formula VIII are 

20 di~closed by Flynn et al. in u.s. Patent 4,973,585. 
The intermediates of formula xv wherein x is as 
defined in formula IX and Y2 is s, -so, or -so2 are 

disclosed by Harris et al. and Patchett et al. in 
U.S. Patents 4,415,496 and 4,617,301, The 

25 intermediates for formula rv wherein x1 is as defined 
in formula IX and Y2 is CH2 is disclosed by Thorsett, 
Actual. Chim. Ther., lJ., p. 257 - 268 (1986). The 
intermediates of formula rv wherein x1 is as defined 

in formula XI are disclosed by Attwood et al., 
30 Federation of European Biochemical Studies, .W,, p. 

201 - 206 (1984) and in u.s. _Patent 4,512,994 and. 

Natoff et al., Drugs Of The FUture, l.2., p. 475 - 483 
(1987). The intermediates of formula XV wherein Xl 

is as defined in formula XII are disclosed by Huang 
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et al. in u.s. Patent 4,465,679. The intermediates 
of formula XV wherein Xl is as defined in formula 
XIII are disclosed by Bolos et al. in Tetrahedron, 
JB., p. 9567 - 9576. (1992). 

5 The intermediates of formula XV wherein Xl is 
as defined in formula III and q is one or two and R7 

is hydrogen can be prepared according to the 
following process which is also part of this 
invention. 

10 The N-phthalimido a-amino acid of the formula 

{XXIII) 
Rs 
I 

~-y-CH20~ 

0 (CH2)q 

'· N-CH-COOH 

Q. 

and the amino acid ester of the formula 
15 

(XXIV) 

wherein R12 is an easily removable ester protecting 

20 group such as methyl, ethyl, or benzyl are coupled to 
give the peptidyl compound of the formula 
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(XXV) 

Rs 
I 

R4- y-CH20H 

0 (CH2)q ' . N -CH -,f-~C,(CH2 )b~COOR12· 

0 Rlo Ru 
0 

5 This coupling reaction is preferably carried. out in 
the presence of a coupling reagent such as 
benzotriazol-1-yloxytris(dimethylalnin~)phosphonium 

hexafluorophosphate or ethyl-3-(3-~imethyl­
amino)propyl carbodiimide. 

10 The compound of formula xxv is oxidized such 

15 

20 

as by treatment with oxalyl chloride and dimethyl­
sulfoxide or tetra-n-propyl ammoniulli perruthenate and 
N-methylmorpholine N-oxide to give the compound of 
the formula 

(XXVI) 

Rs 
. I H 

R4- c-c==o 
I 

0 

0 

The compound of formula XXVI is cyclized by 

treatment with a non-aqueous acid such as 
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trifluoroacetic acid, trifluoromethanesulfonic, 
hydrochloric acid, etc., to give the compound of the 
formula 
(XXVII) 

The intermediate of formula.xv wherein x1 is 
as defined in formula III and q is one or two and R6 

10 and R7 are.both hydrogen can be prepared by treating 
. . 

the compound of formula XXVI with a silyl hydride 
such as triethylsilane, diphenylmethylsilane, 
phenylmethylsilane, etc., and a Lewis acid catalyst 
such as stannic chloride, titanium tetrachloride, 

15 stannic bromide, boron trifluoride etherate, etc., 
followed by esterification of the carboxyl group and 
subsequent treatment with hydrazine hydrate to remove 
the N-phthalciyl protecting group. 

The intermediate of formula xv wherein Xl is 
20 as defined in formmula III and q is one or two, R7 is 

hydrogen, and R6 is other than hydrogen can be 
prepar~d from the compound of formula XXIV. For 
example, when R6 is alkenyl or substituted alkenyl of 
3 to 7 carbons, treatment of compound XXIV with an 

25 alkenyl or substituted alkenyl silane in the presence 
of a Lewis acid catalyst as exemplified above 
followed by esterif ication of the carboxyl group and 
subsequent removal of the N-phthaloyl. protecting 
group as described above gives the desired 

~~~~~~~~-
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intermediate. The alkenyl moiety may be hydrogenated 
to give the desired intermediate wherein R6 is alkyl 
or substituted alkyl of 3 to 7 carbons. When R6 is 

other than alkenyl or substituted alkenyl, treatment 
5 of compound XXVII with the corresponding R6 

containing aluminum or titanium compound in the 
presence of a Lewis acid catalyst followed by 

esterif ication of the carboxyl group and subsequent 
removal of the N-phthaloyl protecting group gives the 

10 desired intermediate. 
The intermediates of formula xv wherein x1 is 

· as defined in formula IX or X, Y2 is -CH2- and v is 

two can be prepared according to the following 
process which is also part of this i~vention~ 

15 · The N-phthalimido a-amino acid of the formula 

(XXVIII) 

0 

0 

/CH=-CH2 

CH2 

' N-CH-COOH 

20 is coupled with the a-amino acid .ester.of the formula 

(XXIX) 
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in the presence of a coupling catalyst as described 
above to give the alcohol of the formula 

5 (XXX) 

CH=CH2 

/ 

)CB2-0B 
.. ,;.· 

CH2 (CH2)w 

' ' N-CH-C-N -CH-COOR12 
· II I 

O H . 
·o 

The alcohol of formula 21'.XX is oxidized such as 
10 by treatment with oxalyl chloride to give the 

corresponding aldehyde which is then treated with an 
acid ·such as trif luoroacetic acid or hydrochloric 
acid to give the carboxylic acid ester of the formula 
(XXXI) 

15 
CH=CH2 /. 

CH2 

' F\ N - CH- c-N fCH2)w 
. n Y 0 . 

0 · COOR12 

Cyclization of the compound of formula XXXI 
with a strong acid such as trifluoromethanesulfonic 

20 acid followed by reesterification by conventional 
means and treatment With Sodium iodide gives a I . 

mixture of the compounds of the formulas 

This·~heet i-l~s Been Replaced 

11m1~a111111111 . 
. ·· . ...:::· .· •, 
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(XXXII) 

and 

(JOCXIII) 

Removal of the N-phthaloyl protecting group 
from the intermediate of formula XXXIII as described 
above gives the desired compound of formula X!il 

wherein Xl is as defined in formula X and Y2 is 
-CH2-· 

15 Treatment of the intermediate of formula XXXII 
with tris(trimethylsilyl) silane or tri-n-butyltin 
hydride in the presence of a catalytic amount of 
azobisisobutyronitrile removes the iodo group. The 
N-phthaloyl group is subsequently removed as 

20 described above to give the desired compound of·. 
formula X!il wherein Xl is as defined in formula IX, v 
is two, and Y2 is -CH2-. Similar procedure can be 
employed to give the corresponding compound of 

. . ~ .. 
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formula x.v wherein Xl is as defined in formula IX, v 
is one, and Y2 is -CH2-. 

Other procedures for preparing the 
intermediates of formula x.v appear in the examples. 

. The compounds of formula I contain one or more 
asymmetric centers. Thus, these compounds can exist 
in diastereoisomeric forms or in mixtures thereof and 
all of such forms are within the scope of this 
invention. The above described processes can utilize 

10 racemates, enantiomers, or diastereomers as starting 
materials. When diastereomeric compounds are 
prepared, they can be separated by conventional 
chromatographic or fractional crystallization 
methods. 

15. The compounds of formula I ~herein R12 is 
hydrogen can be isolated in the ·form of a 
pharmaceutically acceptable salt. suitable salts for 
this purpose are alkali metal salts such as sodium 
and potassium, alkaline earth metal salts such as 

20 calcium and magnesium, and salts derived from amino 
acids such as arginine, lysine, etc. These salts are 
obtained by reacting the acid form of the compound 
with an equivalent of base supplying the desired ion 
in a medium in which the salt precipitates or in 

25 aqueous medium and then lyophilizing. 
The compounds of formula I are dual inhibitors 

possessing the ability to inhibit both the 
angiotensin converting enzyme and neutral endo­
peptidase. Thus, the compounds of formula I 

30 including their pharmaceutically acceptable salts are 
useful in the treatment of physiological conditions 
in which either angiotensin converting enzyme 
inhibitors or neutral endopeptidase inhibitors have 
been shown to be useful. such conditions include 
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cardiovascular diseases, particularly, hypertension, 
congestive heart failure, renal failure, and hepatic 
cirrhosis, as well as analgesic activity. Diuresis, 
natriuresis, and blood pressure reduction are 

5 produced in a mammalian host such as man by the 
administration of from about 1 mg. to about 100 mg. 
per kg. of body weight per day, preferably from a~ut 
1 mg. to about 50 mg. per kg. of body weight per day, 
of one or more of the dual inhibitors of formula I or 

10 a pharmaceutically acceptable salt thereof. The dual 
inhibitors of formula I are preferbly administered 
orally, but parenteral routes such as subcutaneous, 
intramuscular, and intravenous can also be employed. 
The daily dose can be administered si~gly or can be 

15 divided into two to four doses administered 
throughout the day. 

The dual inhibitors of formula I can be 
administered in combination with human ANF 99 - 126. 
such combination would contain the inhibitor of 

20 formula I at from about 1 to about 100 mg. per kg. of 
body weight and the human ANF 99 - 126 at from about 
O. 001 to about 0. 1 mg·. per kg. of body weight. 

The dual inhibitors of formula I can be 
administered in combination with other classes of 

25 pharmaceutically active compounds. For example, a 
calcium channel blocker, a potassi~ channel 
activator, a cholesterol reducing agent, etc. 

The dual inhibitors of formula I or a 
pharmaceutically acceptable salt thereof and other 

30 pharmaceutically acceptable ingredients can be 
formulated for the above described pharmacetical 
uses. Suitable compositions for oral administration 
include tablets, capsules, and elixirs, and suitable 
compositions for parenteral administration include 

• 

11ifiiiEf 
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sterile solutions and suspensions. About 10 to 500 

mg. of active ingredient is compounded with 

physiologically acceptable vehicle, carrier, 

excipient, binder, preservative, stabilizer~ 

5 flavoring, etc. , in a unit dose form as call_ed for by 

accepted pharmaceutical practice. 

10 

15 

Preferred compounds of this. invention with 

respect to the mercapto containing sidechain portion 

of formula I, i.e. 

i 
R1-s- (CHa>n /c;:- c-

R19 Ra 
I . 

include those wherein: 

0 
II 

Rl is hydrogen, R3-c - , or Rls-s-, 

R3 is lower alkyl of 1 to 4 carbons or phenyl, 

R18 is lower alkyl of 1 to 4 carbons, 

n is zero or one, 
R2 is aryl-CH2-, substituted aryl-CH2-, 

20 heteroaryl-CH2-, or straight or branched chain alkyl 

of 1 to 7 carbons. and 

25 

R19 is hydrogen. 

Mas~ pref erred are the above mercapto 

containing sidechains wherein: 

Rl is hydrogen or 

hydrogen: 
n is zero: and 

, especially 
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R2 is penzyl, (2-thienyl)methyl, or straight 
or branched chain alkyl of 1 to 5 carbons, especially 
benzyl. 

Preferred compounds of this invention with 
5 respect to Xl include those of formula III wherein: 

q is one or two; 
R4 is hydrogen, methyl, or phenyl; 
Rs·is hydrogen; 
R6 and R7 are both hydrogen or are both 

10 methyl, or R6 is lower alkyl of 1 to 4 carbons, mono 
sUbstituted lower alkyl of 1 to 4 carbons, or alkenyl 
of 3 to 5 carbons having one double bond and R7 is 
hydrogen or R6 and R7 taken together with the carbon 
to which they are attached.complete· a cycloalkyl of 3 

15 to 5 carbons: 
RlO and Rll are both hydrogen or one is 

hydrogen and the other is lower alkyl of 1 to 4 
carbons; 

b is zero or one: and 
20 R12 is hydrogen or lower alkyl of 1 to 4 

25 

carbons. 
Most pref erred are the above compounds of 

formula III wherein: 
q is two: 
R4 and RS are both hydrogen; 
R6 and R7 are both methyl or R6 is propyl, 

allyl, or 2-hydroxyethyl and R7 is hydrogen; 
b is zero; 
RlO and Rll are both hydrogen or one is 

30 hydrogen and the other is methyl; and 
R12 is hydrogen. 
Preferred compounds of this invention with 

respect to Xl include those of formula "IV wherein: 
r is one; 

· . . ·. : 

· . This.Sheet ii&s Been Replaced 

11111111 11111111111111111 
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s is zero; 
· RS is hydrogen, phenyl, or lower alkyl of 1 to 

4 carbons; 
Rg is hydrogen; 
R6.and R7 are both hydrogen or are both methyl 

or R6 is lower alkyl of 1 to 4 carbons or phenyl and 
R7 is hydrogen; 

RlO and Rll are both hydrogen or one is 
hydrogen and the other is lower alkyl of l to 4 
carbons; 

b is zero; and . 
R12 is hydrogen or lower alkyl of 1 to 4 

carbons. 
Most pref erred are the above compounds of 

15 formula IV wherein: 
RS is hydrogen or phenyl; 
R6 and R7 are both hydrogen or R6 is phenyl 

and R7 is hydrogen; 
Rto. Rll and R12 are all hydrogen. 

20 Pref erred compounds of this invention with 
respect to Xl include those of formula v wherein: 

s is zero; 
t is one or two; 
R6 and R7 are both hydrogen or are both methyl 

25 or R6 is lower alkyl of 1 to 4 carbons or phenyl and 
R7 is hydrogen; 

30 

RlO and Rll are both hydrogen or one is 
hydrogen and the other is lower alkyl of 1 to 4 
carbons: 

b is zero: and 
R12 is hydrogen or lower alkyl of 1 to 4 

carbons. 
Most pref erred are the above compounds of 

formula V wherein: 
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t is two; 
R6 is phenyl and R7 is hydrogen; and 
Rio, Rll· and R12 are all hydrogen. 
Preferred compounds of this invention with 

5 respect to Xl include those of formula VI wherein: 
Yl is 0, S, or CH2; 
R6 and R7 are both hydrogen or R6 is lower 

alkyl of 1 to 4 carbons and R7 is hy~ogen; 
RlO and Rll are both hydrogen or one is hydro-

10 gen and the other is lower alkyl of 1 to 4 carbons; 
b is zero; and 
R12 is hydrogen or lower alkyl of 1 to 4 

carbons. 
Most preferred are those above compounds of 

15 formula VI wherein: 
. Yl is CH2; 

R6 and R7 are both hydrogen; and 
Rio, Rll· and R12 are all hydrogen. 
Pref erred compounds of this invention with 

20 respect to Xl includes those of formula VII wherein: 
Y4 is -CH2-; 
R6 and R7 are both hydrogen; 
RlO and Rll are both hydrogen or one is 

hydrogen and the other is lower alkyl of 1 to 4 
25 carbons, especially where both are hydrogen; 

b is zero; and 
R12 is hydrogen or lower alkyl of 1 to 4 

carbons, especially hydrogen. 
Pref erred compounds of this invention with 

30 respect to Xl include those of formula VIII wherein: 
R6 and R7 are both hydrogen or one is hydrogen 

and the other is lower alkyl of 1 to 4 carbons; 
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RlQ and Rll are both hydrogen or one is 
hydrogen and the other is lower alkyl of 1 to 4 
carbons, especially where both are hydrogen; 

b is zero, and 
R12 is hydrogen or lower alkyl of 1 to 4 

carbons, especially hydrogen. 
Pref erred compounds of this invention with 

res~ect to Xl include those of .formula IX wherein: 
v is one or two, especially two; 
w is one or two; 
Y2 is s or CH2; and 
R12 is hydrogen or lower alkyl of 1 to 4 

carbons, especially hydrogen.· 
Preferred compounds of this i~vention with 

15 respect to x1 include those of formula x wherein: 

20 

25 

30 

Y2 is CH2; 

w is one or two, especially two; and 
R12 is hydrogen or lower alkyl of 1 to 4 

carbons, especially hydrogen. 
Preferred compounds of this invention with 

respect to Xl include those of formula XI wherein: 
v is one or two, especially two; 
z is o or two hydrogens, especi_ally two 

hydrogens; and 
R12 is hydrQgen or lower alkyl of 1 to 4 

carbons, especially hydrogen. 
Pref erred compounds of this invention with 

respect to Xl include those of formula XII wherein: 
z is o or two hydrogens, especially O; 
R17 is lower alkyl of 1 to 4 carbons, 

especially methyl; 
RlO and Rll are both hydrogen or one is 

hydrogen and the other is lower alkyl of 1 to 4 
carbons, especially where both are hydrogen;; 
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b is zero; and 
R12 is hydrogen or lower alkyl of 1 to 4 

carbons, especially hydrogen. 
Preferred compounds of this invention with 

5 respect to Xl include those of formula XIII wherein: 
Y3 is CH2 or S, especially CH2; 
Rl3_is hydrogen: 
RlO and Rll are both hydrogen or. one is 

hydrogen and the other.is lower alkyl of 1 to 4 
10 carbons, especially where both are hydrogen; 

b is zero; and 
R12 is hydrogen or lower alkyl of 1 t~ 4 

carbons, especially hydrogen •. 
The following examples are illustrative of. the 

15 invention. Temperatures are given in degrees 
centigrade. 

Example 1 

C3R(S*ll-3.4-Dihysiro-3-£f2-<mercaptomethyll-1-oxg-3-
20 phenylpropvllaminol-4-oxg-l.5-henzothiazepine-5(2Hl­

acetic acid 

a> (Sl-2-CCAcetylthiglmethyllbenzenepropangic aqid. 

ephedrine salt 

A solution of (1R,2S)-(-)-ephedrine (17.3 g., 

25 105 mmol.) in diethyl ether (175 ml.) was added in 
one portion to a solution of 2-[(acetylthio)­
methyl]benzenepropanoic acid (50.0 g., 210 mmol.) in 
diethyl ether (175 ml.). After standing at room 
temperature for 16 hours, the ceystallized ephedrine 

30 salt was co~lected by filtration (19.7 g.); m.p. 114 
- 125°; [a]D = -40.6° (c = l, methanol). An 

additional amount of solid [8.9 g., m.p. 121 - 126°; 
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[aJ 0 = -47.2°, Cc= 1, methanol)] separated from the 
filtrate after remaining at room temperature for 20 
hours. The solids were combined and recrystallized 
from acetonitrile (1500 ml.). After 16 hours at room 

5 temperature, 20.8 g. of solid was collected;-m.p. 125 
-130°C; [aJ 0 = -47 .5° {c = l, methanol). This 
material was recrystallized in the same manner from 
acetonitrile (300 ml.) to give 18.74 g., m.p. 
128 - 130°C; Calo= -48.9° (c = 1, methanol). A 

10 third recrystallization from acetonitrile (225 ml.) 
afforded 17.4 g. of solid {S)-2-[(acetylthio)methyl]­
benzenepropionic acid, ephedrine salt; m.p. 128 -
129°; [aJ 0 = 150 .1° Cc = 1, methanol). 
Anal. calc. d. for C12H1403S ..• C10H1sNO; . 

15 C,65.48; H,7.24; N,3.47; S,7.95 
Found: C,65.46; H,7.34;"N,3.21; S,8.00. 
bl [3R(S*ll-3.4-Dihydrg-3-CC2-£(acetylthio>methyll-
1-oxg-3-phenylpropyllaminol-4-oxo-1.5-
benzothiazepine-5(2Hl-acetic acid. ethyl ester 

20 . (S)-2-[(Acetylthio)methyl)benzenepropanoic acid, 
ephedrine salt (3.34 mmoles, 1.01 eq.) was suspended in 
ethyl acetate (65 ml.), washed with dilute HCl (65 ml. 
water+ 4.7 ml. 1.0 H hydrochloric acid then 31 ml. water 
+1.6 ml. 1.0 H hydrochloric acid), brine (10 ml.), dried 

25 (anhydrous magnesium sulfate), filtered and evaporated to 
dryness. The colorless 8yrup was dried in vacuo for 1.0 
hour to afford a quantitative amount of the free acid 
(836 mg.). 

The free acid was dissolved in dry dimethylformamide 
30 (19 ml.), cooled down to 0° {ice-salt bath), treated with 

1-hydroxybenztriazole hydrate (470 mg., 3.48 mmoles) and 
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (690 mg., 
3.60 mmoles) and stirred at 0° under argon for 1.0 hour. 
The clear solution was treated with (R)-3,4-dihydro-3-
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amino-4-oxo-1,5-benzothiazepine~5(2H)-acetic acid, ethyl 
e~ter [prepared according to the procedure of Slade et 
al., J. Med. Chem·. la, p 1517 - 1521 (1985) l 
(1.2 g., 3.32 mmoles) and 4-methylmorpholine (0.37 ml., 

5 3.32 mmoles) and stirring was continued at 0° for 1.0 hour 
and at room temt>erature for 1.0 hour~ The reaction mixture 
was diluted with ethyl acetate (80 ml.), washed 
successively with water (12 ml.), St potassium bisulfate 
(12 ml.), water (12 ml.), saturated sodium 

10 bicarbonate C 12 ml. ) and brine ( 12 ml. ) , dried 
(anhydrous magnesium sulfate), filtered, evaporated 
to dryness and.dried in vacuo The crude product was 
chromatographed on a silica gel column (Merck), 
eluting the column with ethyl acetate:hexanes (1:4) 

15 to give 1. 5 g. of the product as a syrup: Rf = 0. 68 
(ethyl acetate:hexanes, 1:1). 
c) C3RCS*ll-3.4-Dibydrg-3-CC2-<mercaptomethyll-1-
gxo-3-phenylpropyllaminoll-4-ox6-1.5-henzothiazepine­
SC2H>-aqetic aqid 

20 A .solution of the ethyl ester product from part (a) 
(1.5 g., 2.996 mmoles) in dry methanol (15 ml.) was purged 
with argon for 15 minutes, cooled down to 0° (ice-salt 
bath) then treated dropwise with a previously purged 
(argon, 30 minutes) solution of 1.0 H sodium hydroxide 

25 (12 ml., 4 eq.) maintaining the bubbling of.argon 
throughout the addition and the length of the reaction. 
The reaction mixture was stirred at 0° for 1.0 hour, 
acidified at 0° with St potassium bisulfate (50 ml.) to pH 
1.0 then extracted with ethyl acetate (2 x 100 ml.). The 

30 organic extract was washed with brine (25 ml.), dried 
(anhydrous sodium sulfate), filtered, evaporated to 
dryness and dried in vacuo. The crude product was 
dissolved in a mixture of methylene chloride (10 ml.) and 
ethyl ether (5.0 ml.) then treated portionwise with hexane 

--·----·--·-----·---
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(30 ml.), scratching the mixture to form a soli4. The 
·precipitates were filtered off, washed with hexane 
(50 ml.) and evaporated from pentane (4 x 50 ml.). 
The solid was then stirred with pentane (50 ml.) for 

5 48 hours at room temperature under argon, filtered 
and dried in yacuo for 6 hours to give 1.01 g. of .the 
product as an amorphous solid; Rf = 0.62 (methylene 
chloride:methanol:acetic acid, 20:1:1); [a]o = 
-171.4° (c = 0.74, methanol). 

10 lH NMR (CDCl3): 2.47-2.90 (m, 6H), 3.84 (dd, lH), 
4.13 (d, lH, J = 17 Hz), 4.71 (m, lH), 4.85 (d, lH, 
J = 17 Hz), 6.88 - 7.67 (m, 9H). 
Anal. calc'd. for C21H22N204S2: 

C,58.59; H,5.15; N,6.51; S,14.89; SH,7.68 
15 Found: C,58.55; H,5.35; N,6.20; S,14.56; SH,7.54. 

EUMPLE 2· 
CR-(R*.S*ll-3.4-Dihvd,ro-3-£(2-mercapto-l-oxo-3-
phenyl-propyl>aminol-4-oxo-l.5-benzothiazepine-SC2Hl-
acetic acid 

20 al <s>-2-CA<;etylthio>henzenepropanoic acid. 
dic;vclghexylamine salt 

Sodium nitrite (10.3 g., 280 mmol.) was added 
to a solution of D-phenylalanine (30.0 g., 181 mmol.) 
and potassium bromide (7~.5 g.) in sulfuric acid 

25 C 2. 5 N, 3 65 ml. ) over a period of one hour while 
maintaining the temperature of the reaction mixture 
at 0°C. The mixture was stirred for an additional 
hour at 0°c and then for one hour at room 
temperature. The reaction solution was extracted 

30 with ether, the ether was back extracted with water, 
and the ether layer was dried over sodium sulfate. 
Ether was removed in vacuo, and distillation of the 
oily residue afforded 25.7 g. of (R)-2-bromo-3-
benzenepropanoic acid; b.p. 141° (0.55 mm of Hg.); 

,---------·---
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[«lo = +14.5° (c = 2.4, chloroform). 

A mixture of thioacetic acid (7 ml., 97.9 
mmol.) and potassium hydroxide CS.48 g., 97.9 mmol.) 
in acetonitrile (180.5 ml.) was stirred under argon 

5 at room temperature for 1 3/4 hours. The mixture was 
cooled in an ice-bath, and a solution of (R)~2-bromo-

3-benzenepropanoic acid (20.4 g., 89 mmol.) in 
acetonitrile (20 ml.) was added over a ten minute 
period. The reaction was stirred under argon at room 

10 temperature for 5 hours, filtered, and the 
acetonitrile was removed .in vacuo. The oily residue 

was redissolved in ethyl acetate and washed with 10% 
potassium bisulfate and water. Removal of the ethyl 
acetate in yac;uo ~£forded 19.6 g. of ~rude product. 

15 The crude product was purified via its dicyclo­
hexylamine salt using isopropyl ·ether as solvent for 
crystallization. An analytical sample of (S)-2-
(acetylthio)benzenepropanoic acid, dicyclohexylamine 
salt was prepared by recrystallization from ethyl 

20 acetate; m.p. 146-147°; [«JD = -39.6° (c = 1.39, 

chloroform). 
Anal. calc • d. for C11H1203S • · C12H23N: . 

C,68.11; H,8.70; N,3.45; S,7.91 
Found: C,67.93; H,8.71; N,3.37; S,7.94. 

25 bl [R-CR*.S*ll-3.4-Dihydrg-3-[[2-Cacetylthiol-1-oxo-
3-phenylpropylJ aminol-4-oxg-1. 5-benzothiazepine-
5 C2Hl -acetic acid. ethyl ester 

A suspension of (S)-2-(acetylthio)benzene­
propanoic acid, dicyclohexylamine salt (1,76 g., 

30 4. 34 mmoles., 1. 01 · eq.) was suspended in ethyl acetate 
(123 ml.), washed with St potassium bisulfate 
(5 x 19 ml.) and brine (25 ml.), dried (anhydrous 
magnesium sulfate), filtered, evaporated to dryness 
and dried in yacug. 

-----------------
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The free acid was dissolved in dry methylene 
chloride (25 ml.) , cooled down to 0° (ice-salt bath) , 
treated with 1-hydroxybenztriazole hydrate (611 mg. , 
4.52 mmoles) and 1-ethyl-3-(3-(dimethylaminopropyl)-

5 carbodiimide (897 mg., 4.68 mmoles) and stirred at 0° 
for 1.0 hour. The solution was treated with (R)-3,4-
dihydro-3·-amino-4-oxo-1, 5-benzothiazepine-5 (2H)...; 

acetic acid, etbYl ester [prepared according to the 
procedure of Slade et al., J. Med. Chem., Vol. 2.8., 

10 p 1517 - 1521(1985)] (1.55 g., 4.29 mmoles) and 4-
methylmorpholine (0.48 ml., 4.37 mmoles) and stirring 
was continued at 0° for 1.0 hour and at.room 
temperature for 1.0 hour. The reaction mixture was 
diluted with ethyl acetate (104 ml.) , washed . . 

.15 successively with water (16 ml.), 5_% potassium 
bisulfate (2 x 16 ml.), saturated sodium bicarbonate 
(16 ml.) and brine (16 ml.), dried (anhydrous· 
magnesium sulfate), filtered, evaporated to dryness 
and dried in vacuo. The crude product was 

20 chromatographed on a silica gel column (Merck), 
eluting the column with ethyl acetate:hexane (1:4) to 
give 1.347 g. of product as a syrup: Rf = 0.80 (ethyl 

acetate:hexane, 1:1). 
c> CR-<R*.S*)l-3.4-pihydro-3-[(2-mercapto-1-oxo-3-

25 phenylpropyllaminol-4-oxg-1.S-henzothiazepine-SC2Hl-

acetic aqid 

A solution of the ethyl ester product of part 
(b) (1.347 g., 2.768 mmoles) in methanol (14 ml.) was 
purged with argon for 30 minutes, cooled down to 0° 

30 (ice-salt bath) then treated dropwise with a 
previously purged {argon, 30 minutes) solution of 
1 •. 0 H sodium hydroxide C 11 ml. , 4 eq. ) maintaining 
the bubbling of argon throughout the addition and the 
length of the reaction. The reaction mixture was 

-----·-------. 
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stirred at 0° for 1. 0 hour, acidified at 0° with 5% 
potassium bisulfate (46 ml.) to pH 2.0 then extracted 
with ethyl acetate (2 x 100 ml.). The organic 
extracts were washed with brine (25 ml.), dried 

5 (anhydrous sodium sulfate), filtered. evaporated to 
dryness and dried in vacuo. The crude product was 

dissolved in methylene chloride (10 ml.) and treated 
portionwise with hexane (50 ml.), scratching the 
mixture to form a solid. The supernatant was 

10 decanted and the solids triturated with additional 
hexane (SO ml.) and pentane (2 x 100 ml. r I stirring . 
with the first 100 ml. of pentane for 4 hours and the 
next 100 ml •. overnight under argon. The product 
obtained was then dried .in vacuo for 12 hours· to give 

15 1.048 g. of product as an amorphous solid; Rf = 0.57 
(methylene chloride:methanol: acetic acid, 20:1:1); 
[aJo = -169.9° Cc= 0.61, methanol). 
lH NMR (CDCl3): 1.99(d,1H), 2.76 (t, lH, J = llHz), 

3.10 (m, 2H), 3.54 (m, lH), 3.76 (m, lH), 4.10 Cd, 
20 lH, J = 17 ~z) 4.65 (m, lH), 4.86 (d, lH, J = 17 Hz), 

7 .12 - 7. 68 (m, 9H) • 
Anal. calc'd for c20H22N204s • 0.17 C5H12 • 

0.52 H20: 
C,57.15; H,5.30; N,6.40; S,14.64; SH,7.55 

25 Found: C,57.15; H,4.99; N,6.14; S,14.72; SH,8.02. 
EXAMPLE 3 

(S.Sl-1.3.4.5-Tetrabydro-4-CC2-(mercaptomethyll-1-
oxo-3-phenylprgpyllaminol-3-gxo-2H-2-henzazepine-2-
acetic acid 

30 al N-CN-Phtbaloyl-L-phenylalanvllglycine. ethyl 

ester 

Hydroxybenztriazole hydrate (1.42 g., 10.5 
mmol.) and 1-ethyl-3-(3-dimethylaminopropyl)carbo­
diimide hydrochloride (2.10 g., 11.0 mmol) were added 



----------------------------------------------

HA599a 
- 36 -

to a solution of N-phthaloyl-L-phenylalaninamide 
{2.95 g., 10.0 mmol.) in dry methylene chloride (30 
ml.) at 0° under argon. After stirring at 0°c for 30 
minutes, the resulting mixture was treated with 

5 glycine, ethyl ester, hydrochloride (1.675 g., 12.0 
mmol.) and N-methylmorpholine (1.32 _ml., 12.0- mmol). 
After stirring at 0°C for 1 hour and at room 
temperature for 3 hours, the mixture was partitioned 
between ethyl acetate-5% potassium bisulfate. The 

10 org~ic phase was washed successively with 5% 
potassium bisulfate, saturated sodium bicarbonate and 
saturated sodium chloride solutions; dried (sodium 
sulfate) and evaporated to dryness. Trituration of 
the crude product with ethyl ether gave 3.542 g. of 

15 product as a white, crystalline solid; m.p 158-159°C; 
Rf= 0.33 (acetone:hexane, 2:3}; Calo= -99.7° Cc= 
0.61, chloroform). 
bl (Sl-l.3,4.5-Tetrabvdro-4-phthalimido-3-oxg-2H-2-
benzazepine-2-acetic acid, ethyl ester 

20 A mixture of phosphorus pentoxide (9.6 g, 68 
mmol) and 85% phosphoric acid (6.0 ml) was heated 
with stirring until all of the phosphorus pentoxide 
had dissolved. The resulting viscous liquid was 
taken up in glacial acetic acid (36 ml), treated 

25 successively with N-(N-phthaloyl-L-phenyl­
alanyl)glycine, ethyl ester (2.241 g., 5.90 mmol.) 
and trioxane (0.75 g., 8.3 mmol.), and heated at 80°C 
(bath temperature) under an argon atmosphere. After 
stirring at 80°C for 6". 5 hours the mixture was 

30 treated with an additional portion of trioxane 
(0.75 g, 8.3 mmol). After stirring at 80°C for an 
additional 16 hours, the reaction was quenched with 
an ice-water mixture and extracted with ethyl 
acetate. The ethyl acetate extract was washed with 

----------------
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water (3X), saturated sodium bicarbonate (until 
washes were basic) and saturated sodium chloride 
solutions, dried (sodium sulfate) and evaporated to 
dryness. The crude product was purified by flash 

5 chromatography on silica gel (Whatmann LPS-1) eluting 
with ethyl acetate-hexane (35:65) to give 1.718 g. of 
product as a colorless foam; Rf = 0.38 (ethyl 
acetate:to"luene, 3:7). 
c) CS) -1. 3 • 4 . 5-Tetrabydro-4- r r CphenylmethoXY) -

10 carbonyllaminol-3-oxo-2H-2-benzazepine-2-acetic acid. 

ethvl ester 

A solution of (S)-l,3,4,5-tetrahydro-4-
phthalimido-3-oxo-2H-2-benzazepine-2-acetic acid, 
ethyl ester (1.67 g., 4.26 mmol.) in 1.0 M hydrazine 

15 hydrate in ethanol (9.0 ml., 9.0 mmol.) was stirred 
at room temperature under. argon ·for 3 6 hours. The 
mixture was diluted with an equal volume of ethyl 
acetate, filtered and filtrate evaporated to dryness. 
The residue was taken up in toluene and again 

20 evaporated to dryness. The colorless, semi-solid 
residue (1.81 g.) was taken up in dry methylene 
chloride (20 ml.), placed in an ice bath and treated 
successively with triethylamine (0.80 ml., 5.8 mmol.) 
and benzylchloroformate (0.77 ml., 5.4 mmol.). After 

25 stirring at O°C for 2 hours, the mixture was 
partitioned between ethyl acetate-St potassium 
bisulfate. The organic phase was washed successively 
with St potassium bisulfate, saturated sodium 
bicarbonate and saturated sodium chloride solutions, 

30 dried (sodium sulfate), and eval)orated to dryness. 
PUrif ication of the crude product by flash 
chromatography on silica gel (Whatmann LPS-1) eluting 
with ethyl acetate:hexane (1:2) gave 1.0747 g. of 
product as a colorless foam; Rf = 0.52 (ethyl 
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acetate:toluene, 3:7). A sample crystallized from 
hexane had m.p. 80 -82°C; [a]o = +87.2° Cc = 0.53, 

chloroform) . 
dl CSl-1.3.4.5-Tetrabydrg-4-amino-3-QXQ-2H-2-

5 benzazepine-2-acetic acid. ethyl ester 

20% Palladium hydroxide/carbon catalyst was 
. . 

added to a solution _of· (S)"."1,3,4,S-tetrahydro·-4-

[ [ (phenylmethoxy)carbonyl]amino]-3-oxo-2H-2-

benzazepine-2-ace~ic acid, ethyl ester (1.037 g., 

10 2.62 mmole) in absolute ethanol (20 ml.) and the 

resulting suspension was stirred under a hydrogen 

atmosphere (balloon) for 2 hours. The mixture was 

filtered through Celite and filtrate was evaporated 

to dryness. The semi-solid residue was triturated 
15 with hexane to give 0.63 g. of product as a white, 

crystalline solid; m.p. 7~-73° C; Rf = 0.38 
(methanol:methylene chloride, 1:9); [aJ 0 = 77.5° 

Cc= 0.59, chloroform). 
e> CS. S) -1. 3. 4. 5-Tetrahydro-4- C £2- C Cacetylthio) -

20 methyll-1-oXQ-3-phenvlprgpyllam,ingl-3-QXo-2H-2-

ben,zazepine-2-acetic acid. ethyl ester 

(S)-2-((Acetylthio)methyl]benzenepropanoic acid 

(obtained from the ephedrine salt as described 

previously) was reacted with the product from part 
25· (b) according to the procedure of Example 1 part (b), 

affording the title product as a colorless foam; 
Rf= 0.30 (ethyl acetate:hexane; 1:1). 
f) CS.Sl-1.3.4.5-Tetrahydro-4-CC2-Cmercaptomethyll-

1-oxg-3-phenvlpropyllamingl-3-oXQ-2H-2-henzazepine-2-

30 acetic aqid 

A solution of the product from part (e) in 

methanol was treated with lN sodium hydroxide 
according to the procedure of Example 1 part (c) to 

give the title product as a white solid; m. p. 149 -
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151°C Cdecomp). Rf= 0.47 (methylene chloride:acetic 
acid:methanol, 20:1:1); [a]o = +112.2° Cc= 0.58, 

methanol) 
Anal. calc'd for c22H24N204S: 

C,64.06; H,5.86; N,6.79; S,7.77; SH,8.02 
Found: C,64.20; H;6.09; N,6.43; S,7.68; SH,8.33. 

EXAMPLE 4 

CS.$1-1.3.4.5-Tetribydro-4-f C2-mercapto-1-oxo-3~ 

pbenylpropyllaminol-3-oxo-2H-2-benzazepine-2-acetic 

10 ~ 
a) CS.S)-1.3.4.S-Tetrahydrg-4-f f2-Cacetylthio>-1-

oxo-3-phenylpropyllaminol-3-QX0-2H-2-b~nzazepine~2-

acetic acid. ethyl ester 

(S)-2-(Acetylthio)benzenepropanoic acid 
15 (obtained from the dicyclohexylamine salt as 

described previously) was reacted with the product 
from Example 3 part (dJ according to the procedure of 
Example 2 part Cb) affording the title product as a 
colorless foam; Rf = 0.35 (ethyl acetate:hexane, 

20 1:1). 
bl (S.Sl-1.3.4.5-Tetrahydro-4-£C2-mercapto-1-oxo-3-

pbenylpropyllam,inol-3-oxg-2H-2-benzazepine-2-acetic 

A solution of the product from part {a) in 
25 methanol was treated with lN sodium hydroxide 

according to the procedure of Example 2 part (c), 
affording the title product as a white solid; m.p. 
181 - 183° (decomposition); Rf= 0.49 (methylene 
chloride:acetic acid:methanol, 20:1:1); CaJo = 

30 +103. 4° (c = 0. 57, methanol) • 
Anal. calc'd for c21H22N204s: 

C,63.30; H,5.56; N,7.03; S,8.05; SH,8.30; 
Found C,63.35; H,5.65; N,6.87; S,8.07; SH,9.40. 
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BXAMfLE 5 

CS-(R*.R*ll-2.3.4.5-Tetrabydro-3-CC2-(mercapto-
metbyll-1-oxo-3-phenylpropyllaminol-2-oxo-lH-
henzazepine-1-acetic a¢id 

5 a) rs- (R* IR*) 1-2 I 3 I 4 I 5-Tetrahvdro-3- rt2-
[ (acetylthio)metbyll -1-oxo-3-phep,ylpropyll aminol -2-
oxo-lH-benzazepine-1-acetic acid. ethyl ester 

CS) -2- [ (Acetylthio)methyl]benzenepropanoic acid, 
ephedrine salt (1.547 g., 3.83 mmoles, 1.01 eq.) was 

10 suspended in ethyl acetate (72 ml.), washed with 
dilute hydrochloric acid (72 ml. water + 5.4 ml. 
1. O H hydrochloric acid then 3 6 ml. water + 1 .. 8 ml. 
1.0 H hydrochloric acid), brine (12 ml.), dried 
(anhydrous magnesium sulfate), filtere~ and 

15 evaporated to dryness. The colorless syrup was dried 
in yacµo for 1.0 hour to give 1.062 g.of (S)-2-
[ (acetylthio)methyl]benzenepropanoic acid. 

The free acid was dissolved in dry dimethyl­
·formamide (21.8 ml.), cooled down to 0° (ice-salt 

20 bath), treated with 1-hydroxybenztriazole hydrate - . 

(540 mg., 3.99 mmoles) and 1-ethyl-3-(3-
dimethylaminoprol>Ylcarbodiimide (792 mg., 4.13 
mmoles) and stirred at 0° under argon for 1.0 hour. 
The clear solution was treated with (S)-2,3,4,5-

25 tetrahydro-3-amino-2-oxo-lH-benzazepine-1-acetic 
acid, ethyl ester [prepared as described by Watthey 
et al., J. Med. Chem., .2.a., p. 1511 - 1516 (1985)] 
(1.0 g., 3.81 mmoles) and stirring was continued at 
0° for 1.0 hour and at room temperature for 1.0 hour. 

30 The reaction mixture was diluted with ethyl acetate 
(100 ml.), washed successively with water (15 ml.), 
5% potassium bisulfate (2 x 15 ml.), saturated sodium 
bicarbonate (15 ml.) and brine (15 ml.), dried 
(anhydrous magnesium sulfate), filtered, evaporated 
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to dryness and dried in vacuo. The crude product was 
chromatographed on a silica gel column (Merck), 
eluting the column-with ethyl acetate:hexane 
mixtures (1:4; 1:2) to give 1.725 g.of product as a 

5 syrup; Rf= 0.42 (ethyl acetate:hexane, 1:1). 
b) CS-CR*.R*)J-2.3.4.5-Tetrahydro-3-£[2-Cmercapto­

methyll-l-oxo-3-phenylpropyllaminol-2-oxo-lH-benz-
azepine-1-acetic acid 

A solution of the ethyl ester product from part 
10 (a) (1.725 g., 3.574 mmoles) in methanol (18.0 ml.) 

was purged with argon for 30 minutes, cooled down to 
0° (ice-salt bath) then treated dropwise with a 
previously purged (argon, 30 minutes) solution of 
1. 0 H sodium hydroxide ( 14. 3 ml., 4 eq._) maintaining 

15 the bubbling of argon throughout the addition and the 
length of the reaction. The reaction mixture was 
stirred at 0° for 1.0 hour, acidified at 0° with 5% 
po.tassium bisulfate ( 60 ml·.) to pH 1. 0 then extracted 
with ethyl acetate (2 x 120 ml.). The organic 

20 extracts were washed with brine (30 ml.), dried 
(anhydrous sodium sulfate), filtered, and evaporated 
to dryness. The crude product was dissolved in 
methylene chlorid~ (10 ml.) and treated portionwise 
with h~e (50 ml.), scratching the mixture to form 

25 a solid. The supernatant was decanted and the solids 
triturated with additional hexane (2 x 50 ml.) and 
pentane (2 x 100 ml.), sti~ring with the first 100 

ml. of pentane for 4.0 hours and the next 100 ml. 
overnight under argon. The product obtained was then 

30 dried in yacuo for 12 hours to give 1.438 g. of 
product as an amorphous solid Rf = 0.53 (methylene 
chloride:methanoi:acetic acid, 20:1:1); 
[a.JD = -140.4° Cc = 0.76, methanol) 

···,_ .. -,. ····.:·.···:' .. 
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Anal. calc'd for c22H24N204s •.0.11 C5H12: 
C,64.42; H,6.07; N,6.66; S,7.63; SH,7.87 

Found: C,64.07; H,6.13; N,6.34; S,7.25; SH,7.14 . 
lNMR(CDCl3) 1.42 (t, lH), 1.95 (m, lH), 2.44 - 2.90 

(m, 7H), 3.27 (m, lH), 4.37 (d, lH, J = 17 Hz), 4.52 
(m, lH), 4.67 (d, lH~ J = 17 Hz), 6.86 - 8.00 
(m, 9H) • 

EX!MPLE 6 

[S-(R*.R*ll-2.3.4.5-Tetrahydro-3-£(2-mercapto-1-oxo-

10 3-phenylpropyllaminol-2-oxg-lH-benzazepine-1-acetic 

15 

al rs- {R* IR*) -2 I 3 I 4, 5-Tetrahydro-3- [[2- (acetyl­

thiol -2-oxo-3-phenylpropyllaminol -2-oxo-lH-

benzazepine-1-acetic acid. ethyl ester 

A suspension of (S)-2-(acetylthio) 
benzeneproparioic acid, dicyclohexylamine salt (1.70 
g., 4.19 mmoles) was suspended in ethyl acetate (120 
ml.), washed with 5% potassium bisulfate (S x 20 ml.) 
and brine (25 ml.), dried (anhydrous magnesium 

20 sulf~te, filtered, evaporated to dryness and dried in 
yacuo to give 954 mg. of the free acid as a syrup. 

This free acid was dissolved in dry methylene 
chloride (25 ml.) and cooled down to 0° (ice-salt 
bath) treated with 1-hydroxybenztriazole hydrate 

25 (594 mg., 4.40 mmoles) and l-ethyl-3-(3-dimethyl­
aminopropyl)carbodidimide (870 mg., 4.54 mmoles) and 
stirred at 0° for 1.0 hour. The solution was treated 
with a solution of (S)-2,3,4,5-tetrahydro-3-amino-2-
oxo-lH-benzazepine-l-acetic acid, ethyl ester 

30 [prepared as described by Watthey et al., J. Med. 
Chem., .as., p 1511 - 1516 (1985)) (1.0 g., 3.81 

mmoles) in dry methylene chloride (10 ml.) and 
stirring was continued at 0° for 1.0 hour and at room 
temperature for 1.5 hours. The reaction mixture was 
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diluted with ethyl acetate (100 ml.), washed 
successively with water (15 ml.), 5% potassium 
bisulfate (2 x 15 ml.), saturated sodium bisulfate 
(15 ml.) and brine (15 ml.), dried (anhydrous sodium 

5 sulfate), filtered, evaporated to dryness and dried 
in yacuo. The crude product was chromatographed on a 

silica gel column (Merck), eluting the column with 
ethyl acetate:hexane mixtures (1:4; 1:2) to give· 
1.632 g. of product as a syrup. An additional 

10 127 mg. of the isomer mixture (1:1 ratio} was also 
obtained from the column; Rt = 0.50 (ethyl 
acetate:hexane, 1:1). 
bl CS-CR*.R*ll-2.3.4.5-Tetrahydrg-3-CC2-mercapto-1-
oxo-3-phenylprgpvllaminol-2-gxo-lH-benzazepine-1-

15 acetic acid 

A so_lution of the ethyl ester product from part 
(a) (1.57 g., 3.35 mmoles) 'in methanol (17.0 ml.} was 
purged with argon for 30 minutes, cooled down to 0° 
(ice-salt bath) then treated dropwise with a 

20 previously purged (argon, 30 minutes) solution of 
1.0 N sodium hydroxide (13.4 ml., 4.0 eq.) 
maintaining the bubbling of argon throughout the 
addition and length of the reaction. The reaction 
mixture was stirred at 0° for 1.0 hour, acidified at. 

25 0° with St potassium bisulfate (60 ml.) to pH 1.0 
then extracted with ethyl.acetate (2x110 ml.}. The 
organic extract~ were washed with brine (30 ml.}, 
dried (anhydrous sodium sulfate), filtered, 
evap9rated to dryness and dried.in yacµo. The crude 

30 p~oduct was dissolved in methylene chloride (10 ml.) 
and treated portionwise with hexane (50 ml.), 
scratching the mixture to form a solid. The 
supernatant was decanted and the solids triturated 
with additional hexane (2 x 50 ml.) and pentane (2 x 
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100 ml.), stirring with the·first too ml. of pentane 
for 4 hours and the next 100 ml. overnight under 
argon. The product obtained was then dried in vacuo 
for 12 hours to give 1.237 g. of product; Rf = 0.58 

5 (methylene chloride:methanol:acetic acid, 20:1:1); 
[aJ 0 = -155.5° (c = 0.73, methanol). 
Anal.calc'd.for C21H22 N204S • 0.1 C5H12 • 0.18 H20: 

C,63.14; H,5.81; N,6.85; S,7.84; SH,8.09 
Found: C,63.14; H,5.85; N,6.58; S,7.50; SH,7.05. 

10 lH-NMR-{CDCl3): 1.88.(m, lH), 1.97 (d,lH), 2.62 
(m, 2H) , 3. 07 (m, 2H) , 3. 25 (m, lH) , 3. 51 (m, lH) , 
4.39 (d, lH, J = 17 Hz), 4.45 (m, lH), 4.64 
Cm, lH, J = 17 Hz), 7.07 - 7.41 Cm, 9H). 

Example 7 
15 C2s- C2a. Sa(R*l 11-s·. 6-Dibvsiro-s-r (2-mercapto-1-oxo-3-

phenylpropvllaminol -4-oxo-2-phenyl-2H-1. 3-thiazine-3 C4H>-
acetic acid 

a> (2S-cis>-5.6-Dihvdro-5-phthalimido-4-oxo-2-phenyl-2H-
1.3-thiazine-3(4H1-acetic acid. etl]yl ester 

20 Following the procedure of u.s. Patent 
4,460,579 Example l(a) through l(c), 15.6 g., of the 
diastereomeric product mixture was obtained. The 
mixture was refluxed in ether (500 ml.) for 4 hours, 
cooled in an ice-bath, and filtered to yield 5.9 g. 

25 of (2R-trans)-5,6-dihydro-5-phthalimido-4-ox~-2-
phenyl-2H-1,3-thiazine-3 (4H)-acetic acid, ethyl 
ester; m.p. 166 - 168°C; Rf = 0.40 Chexanes:ethyl 
acetate, 1:1); [aJo = -72.9° (c = 1, chloroform). 
Anal. calc'd. for C22H20N20sS: 

30 C,62.25; H,4.75; N,6.60; S,7.77 
Found: C,62.21; H,4.82; N,6.63; S,7.52. 

Trituration of the remainder of the product mixture 
with refluxing ether (125 ml.) afforded a second batch of 
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0.9 g. of the (2R-trans) isomer product. The residue was 
triturated again with refluxing ether to give 0.75 g. of 
insoluble substance [largely (2R-trans) isomer] and 7.1 g. 

of material enrich~d in (2S-cis) isomer. 6.0 g. of the 
5 enriched (2S-cis) isomer material was chromatographed on 

two connected Waters Prep L C columns and eluted with 
hexanes:ethyl acetate (3:1). Pooling of the product 
containing fractions yielded 4.8 g. of (2S-cis)-5,6-
dihydro-5-phthalimido-4-oxo-2-phenyl-2H-1,3-thiazine-

10 3 (4H) -acetic acid, ethyl ester, m. p. 66 - 68°C; 
[U]o = -101.2°. TLC same as isomer A. 

Anal. calc'd. for C22H20N20sS • 0.2 H20: 
C,61.83; H,4.79; N,6.55; S,7.50 

Found: C,61.83; H,5.07;_ N,6.25; S,7.42. 
15 bl <2S-cisl-5.6-pihydro-S~amino-4-oXQ-2-phenyl-2H-l.3-

thiazine-3C4H)-acetic acid. ethyl ester 

A solution of the (2S-cis) isomer product from part 
(a) (approximately 85t diastereomerically pure, 3. 03 g., 
7.1 mmol.) in chloroform (15 ml.) was treated with methyl 

20 hydrazine {850 µl., 736 mg., 16.0 mmol.). After stirring 

at room temperature for 24 hours, the mixture was diluted 
·with ethyl acetate and ethyl ether and filtered. The 
filtrate was extracted twice with 0.5 N hydrochloric acid 

-and the pooled aqueous extracts were made basic with 1 N 
2 5 sodium hydroxide. The aqueous mixture was extracted three 

times with methylene chloride and the pooled methylene 
chloride extracts were dried (sodium sulfate), filtered, 
and stripped to give 1..648 g., of product as a pale yellow 
oil; Rf = 0.43 { methylene chloride:acetic acid:methanol, 

3 0 8: 1: 1) • NMR analysis showed the product was obtained in 
approximately 84t diastereomeric purity. 

--·--·- ---------
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cl r2s- r2a,. 5g CR*) 11-5 I 6-Dihvdro-5- [ [2- Cacetylthiol -1-oxo-
3-phenylpropyllaminol-4-oxo-2-phenyl-2H-1.3-thiazine-
3 C4H)acetic acid. ethyl ester 

(S)-2-(Acetylthio)benzenepropanoic acid, 
5 dicyclohexylamine salt (1.318 g., 3.25 mmol.) was 

partitioned between ethyl acetate and 5% potassium 
bisulfate·. The ethyl acetate layer was washed with water 
and brine, then dried {sodium sulfate), filtered and 
stripped to give the free acid as a colorless oil. A 

10 mix;ure of acid this free acid and the (2S-cis) product 
from part Cb) (84% diastereomeric purity, 960 mg., 3.26 
mmol.) was dissolved in methylene chloride {25 ml.) and 
treated with 1-hydroxybenztriazole hydra~e {622 mg.·, 4.6 
mmol.) then cooled to -10°C. The mixture was subsequently 

15 treated with 1-ethyl-3- {3-dimethyl-aminopropyl) -
carbodiimide (687 mg., 3.58 ~l.). After slowly warming 
to 0°c over a one hour period, the mixture was 
subsequently warmed to room temperature. After 4 hours, 
the solution was diluted with ethyl acetate and washed 

20 successively with water, 5% potassium bisulfate, water, 
saturated sodium bicarbonate, and brine, then dried 
(sodium sulfate), filtered, and stripped. The residue was 
flash chromatographed {Merck silica gel, 1:1-ethyl 
acetate:hexane) to give 804 mg. of product as a colorless 

25 foam; Rf = 0.33 {50% ethyl acetate in hexanes). NMR 
analysis indicated the material was 91% diastereomericaily 
pure with respect to acetylthio center. 
d) r2s- C2g. 5gfR*) _11-5 I 6-Dihydro-5-( (2-mercapto-1-oxo-3-
phenylpropyllaminol-4~oxo-2-phenyl-2H-1.3-thiazine-3C4H)-

30 acetic acid 

A solution of the ethyl ester product from part {c) 
{500 mg., 1.0 mmol.) in methanol (5 ml., deoxygenated via 
argon bubbling) at 0°C was treated with ice cold 1 N 
sodium hydroxide (5 ml., deoxygenated via argon bubbling) 

-----··-·---
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and the resulting mixture was -stirred at.0°C under argon 
for 30 minutes. The solution was·acidified with 10% 
potassium bisulfate (15 ml.), diluted with water and 
extracted with ethyl acetate. The ethyl acetate extract 

5 was washed with water and brine, then dried (sodium 
sulfate), filtered and stripped to afford.an oil/foam. 
This material was flash chromatographed (Merck silica gel, 
20:1:1-methylene chloride:methanol:acetic acid). The 
fractions containing the product were pooled and stripped, 

10 and the residue was taken up in ethyl acetate and washed 
successively with water, 0.5 N hydrochloric acid, and 
brine, then dried (sodium sulfate), filtered and stripped 
again. The resulting oil was dissolved in a small amount 
of ethyl acetate and ethyl ether and triturated with 

15 hexane. The mixture was stripped to chyness, slurried in 
hexane, stripped to chyness again, and dried in vacuo to 
give 392 mg., of product as a white foam; Rf = 0.24 
(methylene chloride:methanol:acetic acid, 20:1:1); (a]o = 
-13.2° (c = 0.5, chloroform). 

20 HPLC: 'YMC S3 ODS column ( 6. 0 x 150 mm) ; eluted with 
44% A: 90% water- 10% methanol-0.2% phosphoric acid and 
56% B: 10% water-90% methanol-0.2% phosphoric acid; flow 
rate 1.5 ml/min detecting at 220 nm; tR = 26.22 min. and 
tR = 24.64 min {9.3% 5U(S*) isomer). 

25 Anal. calc'd.for C21H22N204S2 • 0.17H20: 
C,58.18; H,5.19; N,6.46; S,14.79; SH,7.63 

Found: C,58.20; H,5.51; N,6.44; S,14.46; SH,6.60. 
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EXAMPLE 8 

C2S-C2a.5aCR*lll-5.6-Dihv4ro-5-CC2-<mercaptomethyll-1-oxo-

3-phenylpropyllaminol-4-QXQ-2-phenyl-2H-l.3-thiazine-

3 C4Hl-acetic acid 

5 al f2S- C2g.. SQ.CR*) 11-5,6-Dihvdro-5- [ C-2- [ Cacetvlthio) -

metby11-1-oxo-3-phenylpropyllamingl-4-oxo-2-phenyl-2H-1.3-

thiazine-3(4Hl-acetic acid. ethyl ester 

CS)-2- ["(Acetylthio)methyl]benzenepropanoic acid 

(obtained from the ephedrine salt as described previously) 
10 was reacted with the product from ExamPle 7 part (b) 

according to the procedure of Example 1 part (b), 

affording the title product as a white 
foam; Rf = 0.29 (50% ethyl acetate in hexanes). 

NMR analysis indicated that the product was 
15 diastereomerically pure. 

bl f 2S- rag.. sa. (R*) 11-5I6-Dihydro-.s-rf2- tmercaptomethyll -1-

oxg-3-phenylprQpyllaminoJ-4-oxo-2-phenyl-2H-1.3-thiazine-

3C4Hl-acetic acid 

A.solution of the product from part (a) in methanol 
20 was t~eated with lN sodium hydroxide according to the 

procedure of Example 1 part (c), affording the title 

p~oduct as a relatively hard white foam; 
Rf = 0.29 (methylene chloride:~ethanol:acetic acid, 
20:1:1); [a]o = +42.9° (c = 1.0, chloroform). 

25 HPLC: YMC SJ ODS column (6.0 x 150 mm); eluted with 

30 

44% A: 90% water-10% methanol-0.2% phosphoric acic and 56% 
B: 10% water-90% methanol-0.2% phosphoric acid; flow rate 
1.5 ml/min detecting at 220 nm; tR = 33.45 min (99.1%). 

Anal. calc•d. for c22H24N204S2: 
C,59.44; H,5.44; N,6.30; S,14.42; SH,7.44 

Found: C,59.63; H,5 .. 84; N,S.99; S,14~54; SH,6.83·. 

--·-·-------······---··- ---

1111iii1i11inr 
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EXN(pLE 9 

CS.Sl-Hexahydro-3-CC2-Cmercaptomethyll-1-oxo-3-

phenylpropyllaminol-2-oxo-lH-azepine-1-acetic acid 

a) N2-[(1.1-Dimetbylethoxy>carhony1J-N6-

5 f (phenylmethoxy)carbonyll-L-lysine. methyl ester 

Cesium.carbonate (4.28 g., 13.1 mmoles) was 
added to a mixture of N2-[(l,l-dimethylethoxy)carbonyl]­
N6-[(phenylmethoxy)carbonyl]-L-lysine {10 g., 
26.3 mmoles) and 20 % water-methanol {60 ml.). The 

10 solution became homogeneous within 5 minutes so the 
solvent was stripped and the residual water removed 
azeotropically with acetonitrile (3x). The resulting oil 
was dried in vacuo , dissolved in dry dimethyl-formamide 
and treated with methyl iodide (3.2 ml., 2.0 eq.). The 

15 reaction mixture was stirred at room temperature for 1.5 
hours under argon, diluted with ethyl acetate (200 ml.) 
and washed successively with water (2 x 25 ml.), saturated 
sodium bicarbonate (25 ml.) and brine (25 ml.). The 
organic phase was dried (anhydrous magnesium sulfate), 

20 filtered, evaporated to dryness and dried in vacuo to give 
10.11 g., of product as a light yellow syrup; Rf= 0.30 
(ethyl acetate:hexanes, 1:2). 
bl <s>-3-f f Cl.1-Dimethylethoxylcarbonyllaminol-hexahvdro-

2H-azepin-2-one 

25 A solution of the methyl ester product from part 
(a) (8.532 g., 21.63 mmoles) in dry methanol (100 
ml. ) was treated with 10% palladium on carbon 
catalyst (2.13 g.) and hydrogenated at 50 psi for 2 
hours. The mixture was diluted with methanol (100 

30 ml.) and filtered through a celite pad in a millipore 
unit, washing the pad well with methanol (3 x 100 
ml.). The clear filtrate was evaporated to dryness, 
dried in yaquo and the resulting oil was dissolved 
in dry xylene (70 ml.). The solution was refluxed 

-----~··-------·---
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under argon for 20 hours, cooled down to room 
temperature, diluted with ethyl acetate (425 ml.), 
and washed successively with 5% potassium bisulfate 
(85 ml.); saturated sodium bicarbonate (85 ml.) and 

5 brine (85 ml.). The organic phase was dried 
(magnesium sulfate), filtered, evaporated to dryness 
and dried in vacuo. The crude product was 
chromatographed on a silica gel column (Merck), 
eluting the column with ethyl acetate:hexane (1:1) to 

10 give 2.76 g. of product as a white solid; ·m. p. 
146-147°; Rf= 0.58 (ethyl acetate); [U]o = +4.5° 
Cc = 1. 0, methanol) • 
Anal. calc'd. for C11H20N203: 

C~57.87; H,8.83; ~,12.27 
15 Found: C,58.12; H,8,63; N,12,26. 

c) CS)-3-££(1,l-nimetbvlethoxvlcarbonyllaminol­

hexahvdro-2-QXo-lH-azepine~l-acetic acid, ethyl ester 

A suspension of the 2H-azepine-2-one product 
from part (b) (2. 966 g., 12. 99 mmoles) in cb:y 

20 tetrahydrofuran (21.0 ml.) was treated with 1.0 H 
potassium t-butoxide/tetrahydrofuran (16.9 ml., 1.3 
eq.) and stirred under argon at room temperature for 
5 minutes. The clear light brown solution was 
treated dropwise with ethyl bromoacetate (2.34 ml., 

25 1.7 eq.) , stirred at room temperature for 1.0 hour 
then diluted with ethyl acetate (100 ml.). The 
mixture was washed with saturated sodium bicarbonate 
(20 ml.), 5 % potassium bisulfate (15 ml.) and brine 
(15 ml.), dried (anhydrous magnesium sulfate), 

30 filtered, evaporated to dryness and dried in yacug. 

The crude product was chromatographed on a silica gel 
column (Merck), eluting the column with hexane and 
ethyl acetate:hexane- mixtures (1:6; 1:3) to give 

------·--------
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3.387 g. of product as a syrup; Rf = 0.55 (ethyl 
acetate: hexane, 1:1) 
d) Cs>-3-Am,ino-hexahydro-2-ox:o-lH-azepine-1-acetic 
acid. ethyl ester. hydrochloride salt 

5 A solution of the ethyl ester product from 
part Cc) (3,278 g., 10.13 mmoles) in dry dioxane (80 
ml.) was treated with •• 0 M hydrochloric acid/dioxane 
(31 ml., 0.124 mole, 12 eq.) and stirred at room 
temperature under argon for 20 hours. The reaction 

10 mixture was stripped to dryness, evaporating the 
product several times from ether, then dried in vacuo 
to give 2.541 g. of product as a white crystalline 
hygroscopic solid; Rf = 0.32 (methylene 
chloride:methanol:acetic acid, 8:1:1). 

15 e) CS.Sl-3-CC2-CiAcetylthiolmethyll-1-oxo-3-
phenylpropvllaminol-2-oxo-lH-azepine-1-acetic acid. 
ethyl ester 

(S)-2-[(Acetylthio)methyl]benzenepropanoic 
acid, ephedrine salt (1.625 g., 4.028 mmoles, 

20 1.01 eq.) was suspended in ethyl acetate (75 ml.), 
washed with dilute hydrochloric acid (75 ml. water + 
5.7 ml. 1.0 H hydrochloric acid then 40 ml. water+ 
1. 9 ml • 1. 0 H hydrochloric acid)., brine ( 15 ml. ) , 
dried (anhydrous sodium sulfate), filtered and 

25 evaporated to dryness. The colorless syrup ~as dried 
in vacuo for 1.0 hour to afford 1.05 g.of the free 
acid. 

This free acid was dissolved in dry 
dimethylformamide (25 ml.), cooled down to 0° (ice-

30 salt bath), treated with 1-hydroxybenztriazole 
hydrate (567 mg., 4.20 mmoles.> .. and 1-ethyl-3-(3-
dimethylaminopropylcarbodiimide (832 mg.,4.34 mmoles) 
and stirred at 0° under argon for 1.0 hour. The 
clear solution was treated with a solution of the 



HA599a 
- 52 -

ethyl ester hydrochloride salt product of part (d) 
(1.0 g., 3.988 mmoles) in.dry dimethylformamide (3.0 
ml.) and 4-methylmorpholine (0.45 ml., 1.0 eq.) and 
stirring was continued at 0° for 1.0 hour and at room 

5 temperature for 2.0 hours. The reaction mixture was 
diluted with ethyl acetate (100 ml.), washed 
successively with water (15 ml.), 5 % potassium 
bisulfate (2 x 15 ml.), saturated sodium bicarbonate 
(15 ml.) and brine (15 ml.), dried (anhydrous sodium 

10 sulfate), filtered, evaporated to dryness and dried 
in yacuo. The crude product was chromatographed on a 
silica gel column (Merck), eluting the column with 
ethyl acetate:hexane mixtures (1:4; 1:2) to give 
1. 618 g., of product as a syrup; Rf = o .• 030 (ethyl 

15 acetate:hexane, 1:1). 
·fl CS.Sl-Hexabvdro-3~(£2-Cmercaptrnnetbyll-1-QXQ-3-

phenylprogyllaminol-2-oxo-lH-azepine-1-acetic acid 
A solution of the ethyl ester product from 

part (e) (1.537, ·3.53 mmoles) in methanol (18 ml.) 
20 was purged with argon for.30 minutes, cooled down to 

0° (ice-salt bath) then treated dropwise with a 
previously purged (argon, 30 minutes) solution of 1.0 
H sodium hydroxide (14.2 ml., 4 eq.) maintaining the 
bubbling of argon throughout the addition and the 

25 length of the reaction. .The reaction mixture was 
stirred at 0° for 1.0 hour, acidified at 0° with 5% 
potassium bisulfate (60 ml.) to pH 2.0 then extracted 
with ethyl acetate ( 2 x 100 ml.). The organic 
extracts were washed with brine (25 ml.), dried 

30 (anhydrous sodium sulfate), filtered. evaporated to 
dryness and dried in vacuo. The crude product was 
dissolved in methylene chloride (5 ml.) and treated 
portionwise with hexane (50 ml.), scratching the 
mixture to form a solid. The supernatant was 

lilii1ii1il1ii . 
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decanted and the solids were triturated with more 
hexane (3 x 50 ml.) and the solids were evaporated 
from pentane (4 x 40 ml.). The resulting product 
was dried in yacuo 12 hours to give 1.261 g., of 

5 product as an amorphous solid: Rf = O. 43 (methylene 
chloride:methanol:acetic acid, 20:1:1): 
[a]o = +20.2° (c = 0.61, methanol). 

lH-NMR (400 MHz, CDCl3}: 1.46 (t,3H), 1.81, (m,6H), 
2.60(m,2H), 2.87 (m,3H), 3,21 (m,lH), 3.71 (m,lH), 

. 10 4 .17 ( s, 2H) , 4. 68 (m, lH) , 7 .13 - 7 • 27 (m, SH) • 
Anal. calc'd. for C1sH24N204S • 0.2CsH12 • 0,45 H20: 

C,58.96; H,7.11; N,7.24; S,8.28; SH,8.54; 
Found: C,58.96; H,6.86; N,7.07; S,8.31; SH,8.43. 

EXAMPLE 10 

15 (S.Sl-Hexabyciro-3-CC2-mercapto-1-oxo-3~phenyl-

prgpvllaminol-2-oxo-lH-azepine-1-acetic acid 
a> <s.s>-3-CC2-(Acetylthio>-1-oxo-3-phenyl-
prgpvllam,inol-2-oxo-lH-azepine-1-acetic acid. et]Jyl 
ester 

20 A suspension of (S)-2-(acetylthio)-
benzenepropanoic acid, .dicyclohexylamine salt 
(2.81 g., 6.93 mmoles or 1.01 eq.) was suspended in 
ethyl acetate (200 ml.), washed with 5% potassium 
bisulfate (5 x 30 ml) and brine (40 ml.), dried 

25 (anhydrous magnesium sulfate), filtered, evaporated 
to dryness and dried in yacuo to give 1.737 g. of the 

free acid as a clear syrup. 
This free acid was dissolved in dry methylene 

chloride (30 ml.) and cooled down to 0° (ice-salt 
30 bath) treated with 1-hydroxybenztriazole hydrate . 

(978 mg., 7 .23 mmoles) and 1-ethyl-3-(3-dimethyl­
aminopropyl) carbodiimide (1.435 mg., 7.49 mmoles) and 
stirred at 0° for 1.0 hour. The solution was treated 
with a solution of (S)-3-amino-hexahydro-2-oxo-lH-

-··-·--·-----·-·· 
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azepine-1-acetic acid, ethyl ester, hydrochloride 
salt {1.58 g., 6.30 mmoles) in dry methylene chloride 
{10 ml) _and 4-methylmorpholine {0.77 ml., 7.01 
mmoles) and stirring was continued at 0° for 1.0 hour 

5 and at room temperature for 1.5 hours. The reaction 
mixture was diluted with ethyl acetate (170 ml.) , 
washed successively with water (25 ml.), 5% potassium 
bisulfate (2 x 25ml.), saturated sodium bicarbonate 
{25 ml.) and brine {25 ml.), dried (anhydrous 

10 magnesium sulfate), filtered, evaporated to dxyness 
and dried in yac;uo. The crude product was 
chromatographed on a silica gel column (Merck), 
eluting the column with ethyl acetate:hexanes {3:7) 
to give 2.045 g. of product as a syrup. An 

15 additional 261 mg. of the isomer mixture (1:1 ratio) 
was obtained from the column; Rf·= 0.45 (ethyl 
acetate:hexane, 1:1). 
b) CS.S)-Hexabvdro-3-£(2-mercapto-1-QXo-3-phen,yl-
propyl>aminol-2-oxo-lH-azepine-1-acetic acid 

20 A solution of the ethyl ester product from part _.:.c 

(a) (2.044 g., 4.86 mmoles)- in methanol (25 ml_.) was 
purged with argon for 30 minutes, cooled down to 0° 
{ice-salt bath) then treated dropwise with a 
previously purged (argon, 30 minutes) solution of 1.0 

25 li sodium hydroxide (19.55 ml., 4 eq.) maintaining the 
bubbling of argon throughout the addition and the 
length of the reaction. The reaction mixture_was 
stirred at 0° for 1.0 hour, acidified at 0° with 5% 
potassium bisulfate (85 ml.) to pH 2.0 then extracted 

30 with ethyl a~etate (2 x 140 ml.). The organic 
extracts were washed with brine (35 ml.), dried 
(anhydrous sodium sulfate), filtered, evaporated to 
dxyness and dried in yacuo The crude product was 
dissolved in methylene chloride (10 ml.) and treated 
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portionwise with hexane (50 ml.), scratching the 
mixture to form a solid. The supernatant was 
decanted and the solids triturated with more hexane 
(2 x 50 ml.) and pentane (2 x 100 ml.), stirring with 

5 the first 100 ml. of pentane for 4 hours and the next 
100 ml. overnight under argon. The product obtained 
was then dried in vacuo for 12 hours to give 1.618 
g.of product as an amorphous solid; Rf = 0.53 
(methylene chloride:methanol:acetic acid,.10:1:1)1 

10 [aJo = +8.04° {c = 0.56, methanol). 

15 

lHNMR (400 MHz, CDCl3): 1.71 (m,6H), 2.02 (d~lH), 

3.16 (m,3H), 3.61 Cm, lH), 3.70 {m,lH), 4.17 cs,2H), 
4.65 (m,lH), 7.18 - 7.72 (m,SH). 
Anal. calc'd. for c17H22N204S: 

C,58.27; H,6.33; N,7.99; S,9.15; SH,9.44 
·Found: C,58.43; H,6.56; N,7.S5; S,8.96; SH,10.27. 

EXAHPI;E 11 
f3R-C3a.6aCS*l.9a~JJ-octahvdro-6-f C2-mercapto-1-oxo-3-

gh@nyl,progyllaminol-5-oxgthiazoloC3.2-allazepine-3-
20 · carhoxylic acid 

a) N2-Pbthaloyl-L-lvsine 

A mixture of N6-[(1,l-dimethylethox.y)carbonylJ-L­
lysine (10.827 g., 43.9 mmol.) and sodium carbonate (4.665 
g., 44.0 mmol.) was stirred in 170 ml of ethanol:water 

25 (1:3) for 2.5 hours. The ethanol was removed by rotary 
evaporation and the aqueous solution was treated with N­
carbethox.y phthalimide (9.66 g, 44.0 mmol). After 
stirring at room temperature for 1.5 hours, the solution 
was filtered, treated with.methylene chloride (200 ml), 

30 and the aqueous layer was acidified with 6 N hydrochloric 
acid (to pH 2 • 8) . The layers were shaken and separated. 
The aqueous layer was extracted again with ethyl acetate 
and the pooled organic layers were dried (magnesium 

-----------
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sulfate), filtered, and stripped to give a near colorless 
oil/glass (19.510 g)._ 

The residue was cooled to O °C, treated with 
trifluoroacetic acid (150 ml.), and the mixture was let 

5 stir at room temperature for 3 hours. The trifluoroacetic 
acid was removed by rotary evaporation and the residue was 
azeotroped twice with toluene. The crude product was 
taken up in water and run on a Dowex AG 50-X2 (100-200 
mesh, 300 ml, acidic form) column eluting in succession 

10 with 1:1 methanol:water (600 ml.), water (500 ml.), and 
finally 5:95 pyridine:water (1000 ml.). The desired 
fractions were pooled, stripped, taken up in water and 
lyophilized to give 7.850 g. of product as a white solid; 
Rf = 0.57 (n-butanol:water:acetic acid:ethyl acetate, 

15 1: 1:1: 1) 
b) C2CSl.4Rl-4-CMethoxycarbgnyl>-a-phthalimido-2-

thiazolidinepentangic acid 

A slurry of N2-phthaloyl-L-lysine (7.710 g., 

27.9 mmol.) in dry dimethylformamide (135 ml.) was 
. . . . 

20 treated with 4-formyl-1-methylpyridinium benzenesulfonate 
(7 .320 g, 26.2 mmol). The resulting dark mixture 
gradually became homogeneous. After stirring at room 
temperature for 1 hour, the mixture was treated with 1,8-
diazobicyclo[5.4.0Jundec-7-ene (8.15 ml, 8.30 g, 54.5 

25 mmol.) followed 5 minutes later with L-cystei~e, methyl 
ester, hydrochloride (4.53 g, 26.3 mmol). The dark 
solution was stirred for 2.5 hours, then diluted with 
aqueous hydrochloric acid (pH 1.7, 300 ml.) and chloroform 
(150 ml.). The aqueous layer was adjusted to pH 4.3-4.4 

30 with 0.5 N hydrochloric acid and subsequently extracted 
five times with chloroform. The pooled chloroform 
extracts were washed with water (50 ml.), dried (sodium 
sulfate), filtered and stripped. The residue was taken up 
in ethyl acetate, filtered through Celite, and concentated 
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to give 1.84 g. of crude product as a dark orange-red oil. 
Rf= 0.58 major spot (acetic acid:ethyl acetate, 15:85). 
NMR shows a 2:1 ratio of isomers. 
c> C3R-C3a.6a>J-octahy<iro-6-phthalimid9-S-

5 oxothiazoloC3.2-alazepine-3-carboxylic acid. methyl 
.ester 

A solution of the product from part (b) 
(1.84 g._, 4. 7 mmol) in tetrahydrofuran (70 ml.) was 
treated with 2-ethoxy-l-ethoxycarbonyl-1,2-

10 dihydroquinoline ( l • 4 00 g. , 5 • 67 mmol. ) and the mixture 
was stirred at room temperature for 3 days. The 
tetrahydrofuran was removed by rotary evaporation and the 
residue was taken up in ethyl ace.tate and washed in 
succession with 0.5 N hydrochloric acid (2X), 50% 

15 saturated sodium bicarbonate, water, and brine, then dried 
(sodium sulfate), flitered, and stripped. The resulting 
orange oil was flash chromatographed (Merck silica gel, 
40-50% ethyl acetate in hexanes) to give 1.126 g. of 
product as a 1:1 mixture of diastereomers: Rf = 0.22 and 

20 0.20 (40% ethyl acetate in hexane). 
d) C3R-C3a.6~.9a0>J-Octahydro-6-phthalimido-S-· 

gxothiazoloC3.2-alazepine-3-carboxylic acid. methyl 
ester 

A mixture of the methyl ester product from part 
25 (c) (1.110 g.) and p-toluenesulfonic acid hydrate (2.33 g) 

in benzene· (20 ml.) was refluxed with removal of water 
(Dean-stark trap) for 2.5 hours. The cooled mixture was 
diluted with ethyl acetate and washed with 50% saturated 
sodium bisulfate, water, and brine, then dried (sodium 

30 sulfate), filtered, and stripped. The residue was flash 
chromatographed (Merck silica gel, 10-20i ethyl acetate in 
methylene chloride) to give nearly pure product as an off­
white foam. The foam was dissolved in hot ethyl 
acetate/hexanes, cooled and seeded to give fine white 

--------·----· 
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needles (845 mg). An additional 50 mg of solid product 
was obtained from the mother liquor bringing the total 
amount .of pure product to 895 mg; m.p. 154-155 °C; [a]o = 
-31.8° (c = 0.52 .• chloroform); Rf = 0.22 (40% ethyl 

5 acetate in hexane). 
e) [3R-C3a.6u.9aD>l-6-Am,ino-octahydro-5-oxothiazolo~ 

C3.2-alazepine-3-carboxylic acid. methyl ester. 
hydrochloride salt 

A slurry of the methyl ester product from part 
10 (d) (875 mg., 2.34 mmol.) in absolute ethanol (50 

ml.) was treated with hydrazine hydrate (115 µl, 

118 mg., 2.37 mmol) and the solution was periodically 
warmed for the first two hours to effect 
solubilization. After stirring at room temperature 

15 for 3 days, additional hydrazine hydrate (80 µl., 

82.6 mg., 1.65 mmol) was added and the mixture was 
stirred for one more day. The reaction was stripped 
to dryness and the white residual solid was stirred 
in cold (0°C) 0.5 N hydrochloric acid (60 ml.) for 

20· 3.5 hours. The solid was removed by filtration and 
the filtrate was made basic with 1 N sodium hydroxide 
to pH 11-12 and extracted with methylene chloride 
(3X) and ethyl acetate. The pooled organic extracts 
were dried (sodium sulfate), filtered and stripped to 

25 yield a near colorless oil (approx. 600 mg). The oil 
was treated with water ClO ml.) and 1.0 N 
hydrochloric acid (3.0 ml.), swirled until no more 
oil was present and the mixture was lyophilized to 
give 674 mg. of product as a light yellow solid; 

30 Rf = 0.64 major spot (n-butanol: water: acetic 
acid:ethyl acetate, 1:1:1:1). 
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fl £3R-£3a.6afS*l.9a~JJ-Octabydro-6££2-(acetylthio)-

1-QXo-3-phenylpropyllaminol-5-oxothiazoloC3.2-

alazepine-3-carboxylic acid. ethyl ester 

The methyl ester, hydrochloride salt product 
5 from part (e) (374 mg., 1.33 mmol.) was partitioned 

between saturated sodium bicarbonate and methylene 
chloride. The methylene chloride extract was dried 

- (sodium sulfate), filtered and stripped to give the free 
amine as a pale yell~w oil (302 mg., 1.16 mmol.). 

10 Additionally, (S)-2-Cacetylthio)benzenepropanoic acid, 
dicyclohexylamine salt (648 mg., 1.60 mmol) was 
partitioned between ethyl acetate and 5% potassium 
bisulfate. The ethyl acetate layer was washed with water. 
and brine, then dried (sodium sulfate), filtered and 

15 stripped to give the free acid as a colorless oil. A 
mixture of the free-amine and the· free acid in methylene 
chloride C.9 ml.) was treated with hydroxybenztriazole 
hydrate (550 mg., 4.07 mmol.), cooled to 0°C, and 
subsequently treated with 1-ethyl-3-(3-dimethyl-

20 · aminopropyl)carbod,iimide (313 mg, 1.63 mmol.). The 
mixture was stirred at 0°c·for 1 hour, then at room 
temperature for 3 hours. Additional 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (100 mg) was added and 
stirring continued overnight. The solution was diluted 

25 with ethyl acetate and washed successively with water, 5% 
potassium bisulfate, water, 50% saturated sodium 
bicarbonate, and brine, then dried (sodium sulfate), 
filtered and stripped. The resulting yellow oil was 
flashed chromatographed (Merck silica gel, 30t acetone in 

30 hexane) to give 396 mg, .of product -as a 87:13 mixture of · 
side chain diastereomers. This mixture was again flash 
chromatographed (Merck silica gel, 35-40% ethyl acetate in 
heJ(ane) to affor.d 318 mg., of product as a white foam (94-
95% diastereomerically pure); Rf= 0.29 major and 0.26 
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minor, [6U(R*) isomer]; [a] 0 = -84.4° Cc = 0.36, 

chloroform) . 
q> C3R-f3a. 6qCS*). 9apJ 1-0ctfihydro-6- r C2-mercapto-1-

oxo-3-phenylpropyll aminol -5-oxothiazoloC3. 2-al -
5 azepine-3-carboxylic acid 

A solution of the ethyl ester product from 
part (f) (308 mg., 0.68 mmol.) in methanol (4 ml., . . 

deoxygenated via argon bubbling) was treated with 1 N 

sodium hydroxide (3.5 ml., deoxygenated via argon 
10 bubbling) and the homogeneous mixture was stirred under 

argon for 2 hours. The mixture was acidified with 10% 
potassium bisulfate (15 ml.), diluted with water, and 

.·extracted with ethyl acetate. The ethyl . acetate extract 
was washed with brine, dried ·csodium sulfate), filtered, 

15 and stripped to give a solid. The solid was dissolved in 
dimethylformamide (1 ml.), dil~ted with ethyl acetate, and 
flash chromatographed (Merck silica gel, 5% acetic acid in 
ethyl acetate} to give the desired product as a white 
solid which was triturated with ethyl acetate/ethyl ether. 

20 collected by fitration, and dried to give 144 mg., of 
product; m.p. 217 - 220°C; Rt = 0.52 (5% acetic acid in 
ethyl acetate); [U]o = -64.3° (c = 0.36, 

dimethylformamide). NMR analysis indicated the product 
was 93% diasteromerically pure with 7% of the 

25 corresponding 6U(R*) isomer. 

HPLC: YMC S3 ODS column (6.0 x 150 mm); eluted with 
44% A: 90% water-10% methanol-0.2% phosporic acid and 56% 
B: 10% water-90% methanol-0.2% phosporic acid; flow rate 
1.5 ml/min dectecting at 220 nm; tR = 12.27 min indicates 

30 a purity of ::>95% (no separation of 6a(S*) and 6a(R*) 

isomers dectected by HPLC) 
Anal. calc'd. C1aH22N204S2 • 0 • 4 H20: 

C,53.82; H,5.72; N,6.97; S,15.96; SH,8.21 
Found: C,53.8Q; H,5.67; N,6.78; S,15.37;- SH,4.91. 

--·- --------
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EXAMPLE 12 
r 3R~ C3a. 6a CS*) -9aP11 -octahvdro-6- r [2 _;. Cmercapto-

methyl l -1-oxo-3-phenylpropyl J aminol -5-oxo-
thiazoloC3.2-alazepine-3-carboxylic acid 

5 Following the procedure of Example 11 but 
employing (S)-2-[(acetylthio)methyl]benzenepropanoic 
acid in part (f), the title product was obtained as a 
white solid; m.p. 212 - 213° C; 
Rf = 0.55 (5% acetic acid in ethyl acetate); 

10 [a]o = -36.5° (c = 0.36, dimethylformamide). 

HPLC: YMC S3 ODS column (6.0 x 150 mm); eluted with 44% A: 

90% water-10% methanol-0.2% phosphoric acid and 56% B: 10% 
water-90% methanol-.0.2% phosphoric acid flow rate at 1.5 
ml. /min detecting a.t 220 run; tR = 15. 9~ indicates a purity 

15 of 99.2%. 
Anal. calc'd. for C19H24N204S2: 

C,55.86;.H,5.92; N,6.86; S,15.70; SH,8.09 
Found: C,55.99; H,6.01; N,6.75; ·s,15.70; SH,7.81. 

EXAHPLE 13 
... 

20 CS-(R*.R*)-3.4-DibVdro-3-CC2-<mercaptomethyll-1-oxo-

3-phenylpropyllaminol-4-QXo-1.S-benzoxazepine-SC2H)-
acetic aqid 

a> N-CCl.1-oimethylethoxv>carhonylJ-o-<2-
nitrophenyll-L-serine 

25 A solution of N-((1,1-dimethylethoxy)carbonyl]-
L-serine (24.3 g., 0.118 mole) in dry dimethyl­
formamide (25 ml.) was added dropwise over a period 
of 1.0 hour to a cooled (0°, ice-salt bath) 
suspension of 60% sodium hydride (10.1 g., 0.25 mole) 

30 in dry dimethylformamide (200 ml.) and stirring was 
continued at 0° until the frothing subsided (about. 
2.0 hours). The reaction mixture was treated 
dropwise with 1-fluoro-2-nitrobenzene (14.3 ml., 0.13 
mole) over a period of 20 minutes, stirred at 0° 
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under argon for 4.0 hours then poured into ice-water 
(750 ml.) and extracted with ethyl acetate (2 x 100 
ml.). The aqueous phase was. brought to pH 1.0 with 6 
?:I hydrochloric acid (70 ml.), extracted with ethyl 

5 acetate (3 x 500 ml.) and the combined organic 
extracts were washed with brine (100 ml.), dried 
{anhydrous sodium sulfate), filtered, evaporated to 
dryness and dried in vacµo. The crude product 
mixture was chromatographed on a silica gel column 

10 (Merck), eluting the column with methylene 
chloride:methanol:acetic acid (100:5:0.2) to give 
27.22 g. of product ·as a thick yellow syrup; 
Rf = 0.27 (methylene chloride:methanol:acetic acid, 
100:5:0.5). 

15 bl N-f ll.1-Dirnetbylethoxy>carhonyll-0-(2-

aminophenyll-L-serine 

A solution of the product from part (a) (27.1 
g., 83 mmoles) in dry methanol (500 ml.) was treated 
with 10% palladium on carbon catalyst (900 mg.) and · 

20 hydrogenated at 40 psi for 2.0 hours. The reaction· 
mixture was filtered through a celite pad in a · 
millipore unit, washing the pad well with methanol 
(5 x 100 m~.). The dark filtrate was evaporated to 
dryness and dried in yacuo to give a dark solid. 

25 The crude product was triturated with methylene 
chloride:hexane (1:4) to give 17.69 g. of product as 
a light tan solid; Rf = 0.15 (methylene chloride: 
methanol:acetic acid, 20:1:1). 
c> · (Sl-3-CCCDimetbvlethoxylcarhonvllaminol-2.3-

30 dihydro-1.5-benzoxazepin-4C5Hl-gne 

A solution of the product from part (b) 
(16.69 g., 56.3 mmoles) in dry dimethyformamide 
(121 ml.) was treated with l-ethyl-3-(3-dimethyl­
aminopropyl)carbodiimide (10.64 g., 55.S mmoles) and 
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stirred at room temperature for 3.0 hours. The 
reaction mixture was partitioned between ethyl 
acetate (2 x 492 ml.)" and 1.0 H sodium bicarbonate 
(492 ml.), and the combined organic extracts were 

5 washed with water (3 x 492 ml.), brine (492 ml.), 
dried (anhydrous lna.gnesium sulfate), filtered~ 
evaporated to dryness and dried in yacuo. The crude 
product was chromatographed on a silica gel column 
(Merck), eluting the column with ethyl acetate:~exane 

10 mixtures (1:4; 1:2; 1:1) to give 10.5 g. of product 
as off-white crystals; Rf = 0.40 (ethyl acetate: 
hexane, 1:4). 
dl <sl-3-CC<nimethylethoxvlcal:bonyllaminol-3.4-
dihydro-4~oxg-1.5-benzoxazepine-S<2Hl-acetic acid. 

15 ethvl ester 

A solution of the product from part (c) 
(1.0 g., 3.59 mmoles) in dry tetrahydrofuran 
(10 ml.) was cooled down to 0° (ice-salt bath) under 
argon, treated with powdered potassium hydroxide 

20 (259 mg., 4. 6 mmoles) and tetrabutyiammonium bromide 
(172 mg., 0.53 mmole), stirred for 5 minutes then 
treated with ethyl 2-bromoacetate (0.50 ml., 1.2 
eq.). The reaction mixture was stirred at room 
temperature under argon for 19.0 hours, partitioned 

25 betweeen methylene chloride (2 x 25 ml.) and water 
(13 ml.) and the combined organic extracts were 
washed with water (2 x 13 ml.), brine (10 ml.), dried 
(anhydrous sodium sulfate), filtered, evaporated to 
dryness and dried in yacuo. The crude product 

30 mixture was chromatographed on a silica gel (Merck), 
eluting the column with ethyl acetate:hexane mixtures 
(1:9; 1:4) to give 860 mg. as a syrup1 Rf = 0.67 
(ethyl acetate:hexanes, 1:1). 
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eY CSl-3-A1Dino-3.4-dihydro-4-oxo-1.S-benzoxazepine­
SC2H>-acetic acid. ethyl ·ester. hydrochloride salt 

A solution of the product from part (d) (4.0 
g., 11 mmoles) in dry dioxane (85 ml.) was treated 

5 with 4.0 H hydrochloric acid/dioxane (33.6 ml., 0.134 

mole or 12.2 eq.) and stirred at room temperature for 
20_ hours. The reaction mixture was evaporated to 
dryness, evaporating the resulting syrup from toluene 
(2x) and ethanol (lx) then dried in yacuo to.give 

10 3.466 g. of product as a light gold-colored syrup; 
Rf = 0.48 (methylene chloride:methanol, 9:1) 

15 

f) [$, (R*.R*ll-3-f [2-[{Acetylthiolmethyll-1-oxo-3-
phenylpropyllam,inol-3.4-dihydro-4-oxo-1.5-
henzoxazepine-5C2H>-acetic agid. ethyl ester 

(S)-2-((Acetylthio)methyl)benzenepropanoic acid 
(obtained from the ephedrine salt· as described 
previously) was reacted with the product from part 
(e) according to the procedure of Example 1 part (b), 

affording the title product as a white syrupy 
20 foam; Rf= 0.62 (ethyl acetate:hexanes, 1:1). 

q) [S- (R*. R*) 1-3. 4-DiJiydro~3-[ £2- fmercaptomethyll -1-
gxo-3-phenylprOD,Yllaminol-4-oxg-1.5-benzazepine­
SC2H)-acetic acid 

A solution of the product from part (f) in 
25 methanol was treated with 1~0 N sodium hydroxide 

according to the procedure of Example 1 part (c), 
affording the title product as an amorphous solid; 
Rf = 0.62 (methylene chloride:methanol:acetic acid, 
20:1:1:1); [aJo = -140.2° (c = 0.61, methanol). 

30 lH NMR (400 MHz, CDCl3): 1.43 (t,lH), 2.51 - 2.90 (m, 

SH), 4.17, (t,lH, J = 10 Hz)' 4.29 (d,lH, J = 17 Hz)' 

4.69 (t, lH, J = 7 Hz), 4.71 {d, lH, J = 17 Hz), 6.76 
(d,lH), 7.05 - 7.26 (m,9H). 

-------------
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Anal. calc'd. for c21H22N205s: 
C,60.86; H,5.35; N,6.76; S,7.74; SH,7.98 

Found: C,60.85; H,5.54; N,6.74; S,7.66; SH,6.29. 
EXAHPLE 14 

5 [S. (R*.R*ll-3.4-pihydro-3-f C2-mercapto-l-oxg-3-

pheuylprgpyllaminol-4-oxo-l.5-benzoxazepine-5(2H)-

acetic acid 

al [$, (R*R*l-3-[[2-(Acetylthiol-l-oxo-3-

phenylpropyllaminol-3.4-dibydrg~4-QXQ-l.5-

10 henzoxazepine-5(2H)-acetic acid. etbyl ester 

(S)"-2-(Acetylthio)benzenepropanoic acid, 
dicyclohexyiamine salt (1.35 g., 3.81 mmoles>. was 
suspended in ethy~ acetate (120 ml.), washed with 5% 
potassium bisulfate (5 x 20 ml.) and brine (25 ml.), 

15 dried (anhydrous magnesium sulfate), filtered, 
evaporated to dryness and dried in vacuo to give the 
free acid. 

This free acid was dissolved in dry methylene 
chloride (25 ml.), cooled down to 0° (ice-salt bath), 

20 treated with 1-hydroxybenztriazole_hydrate (541 mg., 
4.0 mmoles) and 1-ethyl-3-(3-dimethylamino­
propyl)carbodiimide (792 mg., 4.13 mmole.s) and 
stirred at 0° for 1.0 hour under argon. Th~ solution 
was treated with (S)-3-amino-3,4~dihydro-4-oxo-1,5-

25 benzoxazepine-5(2H)-acetic acid, ethyl ester 
Cl.147 g., 3.81 mmoles) and 4-methylmorpholine 
(0.47 ml.,· 4.2 mmoles) and stirring was continued at 
0° for 1.0 hour and at room temperature for 1.0 hour. 
The reaction mixture was diluted with ethyl acetate 

30 (100 ml.), washed successively with water (15 ml.), 
5% potassium bisulfate (2 x 15 ml.), water (15 ml.), 
saturated sodium bicarbonate (15 ml.) and brine 
(15 ml.), dried (anhydrous sodium sulfate), filtered, 
evaporated to dryness and dried in vacuo. The crude 
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product was chromatographed on a silica gel column 
(Merck), eluting the column with ethyl acetate:hexane 
(1:4) ·to give 1.21 g. of the product as a syrup~ An 

additional 409.6 mg. of product (isomer mixture 1:1 
5 ratio) was also obtained; Rf = 0.67 (ethyl · 

acetate:hexanes, 1:4 then 1:1). 
b) [S. (R*.R*)J-3.4-dihydro-3-[{2-mercapto-1-oxo-3-

phenylpropyl)arninol-4-oxo-1.S-benzox;azepine-SC2Hl-

acetic acid 

10 A solution of the ethyl ester product from part 
(a} (1.81 g., 2.51 nunoles) in methanol (13 ml.) was 
purged with argon for 30 minutes, cooled down to 0° 
(ice-salt bath) then treated dropwise with a 
previously purged (argon, 30.minutes) solution of 1.0 

15 li sodium hydroxide (10 ml., 4.0 eq.) maintaining the 

bubbling of argon throughout the addition and length 
of the reaction. The reaction mixture was stirred at 
0° for 1.0 hour, acidified at 0° with St potassium 
bisulfate (45 ml.) to pH 1.0 and extracted with ethyl 

20 acetate (2 x 80 ml.) . The combined organic extracts 
were-washed with brine (20 ml.), dried (anhydrous 
sodium sulfate), filtered, evaporated to dryness and 
dried in vacuo. The crude product was dissolved in 

methylene chloride (10 ml.) and treated portionwise 
25 with hexane {100 ml.), scratching. the mixture to form 

a solid. The supernatant.was decanted and the solids 
triturated with hexane (50 ml.) and pentane (2 x 
100 ml.), stirring with the first 100 ml. of pentane 
for 4.0 hours and the next 100 ml. overnight under 

3 0 argon. The product was then dried in vacuo for 6. 0 

hours to give 969.7 mg. as an amormphous solid; 
Rf = 0.47 (methylene chloride:methanol:acetic acid, 
20:1:1); [aJ 0 = -143.3° Cc= 0.54, methanol). 

----~------

ii1i11 i11nr 
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lH NMR (400 MHz, CDCl3): 2.02 (d,lH), 3.07 (m,2H), 
3.59 (m,lH), 4.09 (t, lH, ~ = 10 Hz), 4.24 (d, lH, J 

= 17 H.z), 4,63 (t, lH, J = 8 Hz), 4.73 (d, lH, J = 17 
Hz), 4.93 {m, lH,) 7 .04 - 7 .26 (m, 9H), 7 .42 (d, lH). 

5 Anal.calc'd. for C20H20N20sS • 0.147 CsH12 • 0.43 H20: 
C,59.46; H,5.44; N,6.69; S,7.65; SH,7.89 

Found: C,59.46; H,5.25; N,6.65; S,7.88; SH,7.84 
EXAMfLE 15 

C3S-ClCR*l.3qCR*ll-3-fC2-Mercapto-1-oxo-3-
10 phenylpropyllaminol-q-methyl-2-oxobexahydro-lH-

azepine-1-acetic acid 
a) C3S-£1CR*l.3afR*lll-3-CC2-<acet;ylthio>-1-oxo-3-
phenylpropyllaminol-q-methyl-2-oxghexahydro-lH-

azepine-1-acetic acid. methyl ester 

15 A cold (0°) solution of [S-(R*,R*)]-3-
aminohexahydro-u-methyl-2-oxo-lH~azepine-1-acetic 

acid, methyl ester (374 mg., 1.75 mmol) [prepared as 
described by Thorsett et al., •peptides:Structure and 
Function•, Proceeding 8th American Peptide Symposium, 

20 p 555 (1983)] and (S)-2-(acetylthio)benzenepropanoic 
acid (393 mg., 1.75 mmol) in methylene chloride (10 
ml.) was treated with triethylamine (245 µl, 178 mg., 

1.76 mmol) followed by benzotriazol-1-yloxy­
tris(dimethylamino)phosphonium hexafluoro-phosphate 

25 (775 mg, 1. 75 mmol). The clear, nearly colorless 
solution was stirred at ·0°c for one hour and then at 
room temperature for 3 hours. The mixture was 
partitioned between ethyl acetate and 0.5 N 
hydrochloric acid and the ethyl acetate extract was 

30 washed successively with water, half saturated sodium 
bicarbonate and brine. The solution was dried 
(sodium sulfate), filtered and stripped. The residue 
was flash chromatographed (Merck silica gel, 70:30 
ethyl acetate:hexanes) to give 590 mg. of pure 



HA599a 
- 68 -

product as a colorless oil/foam; Rf = 0.43 (ethyl 
acetate:hexanes, 75:25). 
bl £3S-Cl CR*), 3a(R*) 11-3- r (2-Mercat)to-l-oxg.-3- · 

phenylpropyl>aminol-a-metbYl-2-oxohexabydrg-lH- · 

5 azepine-1-acetic acid 

An ice cold solution of _the product from part 
{a) (570 mg., 1.36 mmol) in methanol (7 ml., 
deoxygenated via argon bubbling) was treated with 1 N 
sodium hydroxide (5.5 ml., deoxygenated via argon 

10 bubbling). After stirring at 0°C for 1.25 hours, the 
solution was acidified with 1 N hydrochloric acid (9 
ml) and extracted with ethyl acetate. The ethyl 
acetate extract was washed with water and brine, then 
dried (sodium sulfate), filtered and ~tripped to 

15 afford an oil. The material was flash 
chromatographed (Merck silica gel, 2% acetic acid in 
ethyl acetate). The product containing fractions 
were pooled and stripped, and the residue was taken 
up in ethyl acetate and washed successively with 

20 water and brine, then dried (sodium sulfate), 
filtered and stripped again. The resulting oil'/foam 
was triturated first with ethyl ether and then with 
hexane to produce a white oil/foam. The mixture was 
stripped to dryness, slurried in hexane, stripped to 

25 dryness again, and dried in yaC:uo to give 470 mg. of 
product as a white foam; (>98% diastereomeric purity 
as determined by NMR a:n.alysis); Rf= 0.49 (5% acetic 
acid in ethyl acetate): Ca.lo= -37.1° Cc= 0.6, 
chloroform) • HPLC: YMC SJ ODS column ( 6. 0 x 150 

30 mm); eluted with 44% A: 90% water - 10% methanol-0.2% 
phosphoric acid and 56% B: 10% water-90% methanol-
0. 2% phosphoric acid; flow rate 1.5 ml/min detecting 
at 220 nm; tR = 11.02 min (98.0%). 

111ii111rr········ .. · 
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Anal. calc'd. for c21H22N204s2: 
C,St.32; H,6.64; N,7.69; S,8.80; SH,9.07 

Found C,59.27; H,6.92; N,7.37; S,8.36; SH,8.75. 
EXAMPLE 16 

5 C6RCS*)-2.3.6.7-k'etrabydro-6-£C2-(mercaptomethyll-1-
axo-3-phenylpragyllaminol-5-oxo-1.4-thiazgoine-4<SHl-
acetic acid 

a)· C2-f (Methylsulfonyllmcyletb,yllcarbamic acid. 1.1-
dimethylethvl ester 

10 Di-tert -butyldicarbonate (21.8 g., 100 mmol) 
was added in portions to a stirred solution of 
ethanolamine (6.1 g., 100 mmol) in dichloromethane 
(100 ml.) at 0-5° c. After addition was complete,· 
the cooling bath was removed and the solution was 

15 stirred at room temperature for five hours. The 
solvent was removed in vacuo and·the resulting 
material was dissolved in dichloromethane (100 ml.) 
and triethylamine (21 ml., 150 mmol), cooled to -10°C 
and treated dropwise, over a period of 10 minutes, 

20 with methanesulfonyl chloride (9.25 g., 150 mmol). 
The mixture was diluted with ethyl acetate (200 ml.) 
and washed with lN hydrochloric acid and water. The 
ethyl acetate layer was dried (magnesium sulfate}, 
filtered, and freed of solvent in vacuo to give the 

25 product as a viscous oil which was used without 
purification. 
bl s-r2-rrc1.1-nimethyletboxvlcarbgnyllaminoletbyll-
N-f <phen.ylmethoxvlcarbonyll-L-cysteine. diphenyl-
methyl ester 

30 A solution of N-[{phenylmethoxy)carbonyl]-L-
cysteine, diphenylmethyl ester (12.7 g., 30.1 mmol.) 
and the product from part (a) (7.20 g., 30.1 mmol) in 
dimethylformamide (190 ml.) was treated with spray 
dried potassium fluoride (25 g., 430 mmol) and 

---------
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stirred at 70 - 75°C, under an atmosphere of argon, 
for 20 hours. After cooling, the mixture was 

partitioned between ethyl acetate (800 ml.} and water 
(400 ml.). The organic layer was washed with brine 

5 (300 ml.), dried (magnesium sulfate), filtered, and 
-. 

freed of solvent in vacuo leaving an oil. This was 

chromatographed on silica gel (Merck, -1000 ml.), 
eluting with mixtures of ethyl acetate and hexane 
(1:4, 1:3 and 1:2), to give 9.13 g. of product; 

10 Rf = 0.35, (ethyl acetate:hexanes, 1:2). 
c) {R) -Tetrahydro-6~ [ C Cghenylmethexyl carbonyll -

aminol-1.4-thiazegin-5f4Hl-one 

A solution of the product from part (b) (6.13 

g., 10.86 mmol) in anisole (30 ml.) and 
15 trifluoroacetic acid ( 45 ml.) was stirred at room 

temperature for two hours and then concentrated in 
vacuo. The residual oil was dil~ted with isopropyl 

ether (40 ml.), stirred, and the isopropyl ether 
layer was decanted. This process was repeated once 

20 more and the residue was dried in vacuo. A mixture 

this material and diphenylphosphoryl azide (4.4 g., 

16 mmol) in dry dimethylformamide (75 ml.) under an 

argon atmosphere was cooled in an ice bath and, 
while stirring, 4-methylmorpholine (4.45, 44 mmol) 

25 was added dropWise. After addition was complete, the 
mixture was allowed to warm to room temperature and 
left stirring for 20 hours. The mixture was 
partitioned between ethyl acetate (150 ml. and water 
(100 ml.). The layers were separated and the aqueous 

30 layer was reextracted with ethyl acetate (50 ml.). 
The combined organic layers were washed with 
saturated potassium bisulfate solution (30 ml.), 

saturated sodium bicarbonate solution (50 ml.), and 
brine (50 ml.), dried (magnesium sulfate), and freed 
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of solvent in vacuo. The remaining material was 
triturated with isopropyl ether to give 2.45 g. of 
white solid product. Rf= 0.27, (ethyl acetate: 
hexanes, 1:1). 

5 dl (R)-Tetrahydro-5-oxo-6-f f CphenylmethOxy)­

carbonyllaminol-l.4-thiazepine-4(5Hf-acetic acid. 

ethyl ester 

A solution of the product from part (c) (3.55 
g., 12.68 mmol) in distilled tetrahydrofuran (40 

10 ml.), under an atmosphere of argon, was cooled to 0°C 
and treated with powdered potassium hydroxide (2.16 
g., 40 mmol) and tetrabµtylammonium bromide (420 mg.; 

1.3 mmol). Ethyl bromoacetate (2.58 g., 15.43 mmol) 
was added dropwise. The mixture was ~tirred cold for 

15 two hours and then diluted with ethyl acetate (50 
ml.), and anhydrous magnesium sulfate was added. The 
reaction mixture was filtered through a magnesium 
sulfate pad and the pad was washed several times with 
ethyl·acetate. The filtrate was treated with lN 

20 hydrochloric acid solution (50 ml.) and the layers 
were separated. The organic· layer was dried 
(magnesium sulfate); filtered and freed of solvent in 
yacuo leaving an oil which was purified by 

chromatography on silica gel, eluting with 10-30% 
25 ethyl acetate in hexane to give 3.22 g. of product as 

a viscous oil; Rf = 0.60· (ethyl acetate:hexanes, 
1:1). 
e> CRl-6-Am,inotetranvdro-5-oxg-1.4-thiazepine-4CSH>-

acetic acid. ethyl ester. hydrobromide salt 

30 The product from part (d) (3 .17 g., 8.65 mmol) 
was treated with 30% hydrogen bromide in acetic 
acid (14 ml.). The mixture was stirred at room 
temperature for one hour and then diethyl ether (200 
ml.) was added. After stirring at room temperature 

---------------
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for one hour, the precipitated salt was harvested by 
filtration and washed several times with ether. The 
slightly gummy material was dissolved in hot ethanol 
and the solvent was removed in yacuo. This process 

5 was repeated once. Diethyl ether was added to the 
remaining material and the hy~robromide salt product 

. (2. 52 g.) was harvested by filtration as a yellow 
solid. 
fl r 6RCS* l 1-2. 3. 6. 7-Tetranvdro-6- rr2- r Cacetylthiol -

10 methyll-1-oXo-3-phenylpropyllaminol-5-oxo-1.4-
thiazepine-4{5H)-acetic aqid. ethyl ester 

(S)-2-[(Acetylthio)methyl]benzenepropanqic acid 
(obtained from the ephredine salt as described 
previously) was reacted with the produ~t from part 

15 Ce) according to the procedure of Example 1 part Cb) , 
affording the title.product: Rf= 0.40 (ethyl 

acetate:hexanes, 1:1). 
gl C6RCS*ll-2.3.6.7-Tetrahydro-6-CC2-Cmercapto­
methyll-1-oxo-3-phenylpropyllaminol-5-oxo-1.4-

20 thiazepine-4C5Hl-aqetiq acid 

A solution of the product from part (f) in 
methanol was treated with lN sodium hydroxide 
according to the procedure of Example 1 part (c), 
affording the title product as a white solid foam: 

25 m.p. 85 - 101° c.: 
Rf = 0.35 (8% methanol in dichloromethane plus 2 
drops acetic acid/5 ml.); [«lo= -9.5° (C = 0.6, 

methanol). HPLC:RT = 13.2 min., SO t aqueous 

methanol containing 0.2% phosphoric acid, 1.5 ml./ 
30 min., detected at 220 mm, YMC s-3 (ODS), 6.0 x 150 

mm., 3 micron spherical end capped column. H.I. = 
>95% •. 
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Anal.calc'd.for Cl7H22N204S2 • 0.15 H20 • 0.15 C6H14: 
C,60.24; H,5.71; N,6.11; S,13.98 

Found: C,60.01; H,5.77; N,5.94; S,13.64. 
EXAHPLE 17 

5 [6RCS*)J-2.3.6.7-Tetrahydro-6-£(2-merpapto-1-oxo-3-
phenylpropvllamiuol-5-oxg-1.4-thiazepine-4C5Hl-acetic 

~ 
al £6R(S*ll-2.3.6.7-Tetrahydro-6-£[2-Cacetylthio>-1-
oxo-3-phenylpropyllaminol-5-oxo-L 4-thiazepine-4 CSH)-

10 acetic acid. et:Qyl ester 

(S)-2-(Acetylthio)benzenepropanoic acid 
(obtained from the dicyclohexylamine salt as . 
described previously) was reacted with the product 
from Example 16 part (e) according to .the procedure 

15 of Example 2 part (b), affording th~ title product; 
Rf= 0.29 (ethyl acetate:hexane, ·1:1). 
b) [6RCS*)J-2.3.6.7-Tetrabvdro-6-£f2-rnercapto-1-oxo-
3-phenylpropyllaminol-5-oxo-1.4-thiazepine-4C5Hl-
apetic acid 

20 A solution of the product from part (a) in 
methanol was treated with 1.0 N sodium hydroxide 
according to the procedure of Example 2 part (c), 
affording the title product as a solid foam: 
m.p. 69-76°C. Rf = 0.29, (Slfi methanol in 

25 dichloromethane plus 2 drops acetic acid/5 ml.). 
Anal. ca1·c • d. for c22H24N204s2 • O .1 C4Ha02: 

C,52.21; H,5.56; N,7.43: S,17.00 
Found: C,52.27; H,5.54; N,7.35; S,16.98. 

------·-·· ----···--·------·------------ ... --



HA599a 
- 74 -

EXAMPLE 18 

[3R-[3g.6aCS*)JJ-Tetrahydro-6-[(2-mercapto-1-oxo-3-

phenylpropyllaminoJ-5-oXQ-3-phenyl-1.4-thiazepine-
4CSHl-acetic acid 

5 a> C3R-cisl-Tetrahy4ro-5-oxo-3-phenyl-6-CCCphenyl-
methoxylcarbonyllaminol-1.4-thiazepine-4(5Hl-acetic 
acid. ethyl ester 

A solution of (3R-cis)-tetrahydro-3-phenyl-6-
([(phenylmethoxy)carbonyl]amino]-1,4-thiazepin-5(4H)-

10 one (1.16 g., 3.25 mmol) [prepared as described by 

Yanagisawa et al., J. Med. Chem., Vol. 30, p. 1984 -
1991 (1987)] in distilled tetrahydrofuran CJQ ml.), 
under an atmosphere of argon, ·was cooled to 0°C and 
treated with powdered potassium hydro~ide (540 mg., 

15 10 mmol) and tetrabutylammonium bromide ( 97 mg, 0. 3 
mmol). Ethyl bromoacetate (501 mg., 3 mmol) was 
added dropwise with stirring. The mixture was 
stirred cold for two hours and then additional ethyl 
.bromoacetate (501 mg., 3 mmol) was added. The 

20 mixture was stirred cold for an additional two hours 
and then diluted with ethyl acetate (50 ml) and 
arihydrous magnesium sulfate was added. The reaction 
mixture was filtered through a magnesium sulfate pad 
and the pad was washed several times with ethyl 

25 acetate. The filtrate was poured into cold lN 
hydrochloric acid solution (40 ml) and the layers 
were separated. The organic layer was dried 
(magnesium sulfate}, filtered and freed of solvent in 
yacuo leaving an oil which was purified by 

30 chromatography on silica gel, eluting with 10-30% 
ethyl acetate in hexane to give 730 mg. of product: 
Rf= 0.32 (ethyl acetate:hexanes, 1:2). 
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bl (3R-cisl-6-Aroinotetrabydro-5-oxo-3-phenyl-1.4-
thiazepine-4(5Hl-acetic acid. ethyl ester. hysiro­
bromide salt 

The product from part (a) (1.43 g., 3.23 mmol) . 
5 was treated with 30% hydrogen bromide in acetic 

acid (5.5 ml.). The mixture was stirred at room 
temperature for two hours and then diethyl ether (100 
ml.) was added. After stirring at room temperature 
for one hour, the precipitated salt was harvested by 

10 filtration and washed sever~! times with.ether to 
give 1.08 g. of the hydrobromide salt product as a 
beige solid. 
c) C3R-C3a.6aCS*lll-6-£C2-CAcetylthiol-l-oxo~3-

phenylpropvlJaminol-tetrabydro-5-oxo-3-phenyl-1.4-
15 thiazepine-4(5H)-acetic acid. ethyl ester 

A suspension of the dicyclohexylamine salt of 
(S)-2-(acetylthio)benzenepropanoic acid (736 mg., 
1. 81 mmol) in ethyl acetate ( 3 0 ml. ) was washed twice 
with O.lN hydrochloric acid (40 ml., 20 ml.) and once 

20 with brine (20 ml.), dried (magnesium sulfate), 
filtered, and freed of solvent in vacuo leaving the 
free acid as an oil. 

The hydrobromide salt product from part (b) (640 
mg., 1.65 mmol) was dissolved in dichloro~ethane (30 

25 ml.), washed with sodiuin bicarbonate solution (2 x 20 
ml.), then brine (20 ml.), dried (magnesium sulfate), 
filtered, and freed of _so"ivent in yac;uo leaving the 
free amine as a viscous oil (495 mg.). This and the 
free acid above were dissolved in dichloromethane (20 

30 ml.) under _an atmosphere of argon and cooled to 0°c. 
1-Hydroxybenzotriazole hydrate (256 mg., 1.90 mmol) 
and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide 
(362.5 mg., 1.90 mmol) were added. The mixture was 
stirred cold for three hours and then diluted with 
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dichloromethane (30 ml.). The solution was washed 
with water (15 ml.), 5% potassium bisulfate solution 
(15 ml.), sodium bicarbonate solution (15 ml.), and 
water (15 ml.). The dichloromethane solution was 

5 dried (magnesium sulfate), filtered and freed of 
solvent in yacug. The remaining material was 
chromatographed on silica gel (Merck, approximately 
150 ml.),.eluting with 25% ethyl acetate in hexane.to 
give 610 mg. of product; Rf = 0.53 (ethyl 

10 acetate:hexanes, 1:1). 
dl [3R- [ C3q. 6a (S*) 11-Tetrahydrg-6- r <2-mercapto-1-

oxo-3-phenylpropyllam,inol-5-ox;o-3-phenyl-1.4-

thiazepine-4(5Hl-acetic acid. mixture pf methyl and 
.ethyl esters 

15 A solution of the product from part (c) (610 
mg., 1.185 mmol) in methanol (~2 ml.) was purged 
with argon for 15 minutes, cooled in an ice-salt bath 
and, while stirring and continuing the argon purge, 
treated dropwise with lN sodium hydroxide solution 

20 (4. 75 ml.) which had been purged with argon for 30 
minutes just before use. The mixture was stirred 
cold for 75 minutes and then acidified to pH 1 with 
5% potassium bisulfate solution. The product was 
extracted into ethyl acetate (2 x 40 ml.). The 

25 combined organic extracts were washed with brine, 
dried (magnesium sulfate), filtered and freed of 
solvent in yagug leaving 533 mg. of product that 
slowly crystallized. The NMR and mass spectra of 
this material indicated it was a mixture of methyl 

30 and ethyl esters. Rf = 0.76 (5% methanol in 
methylene chloride plus 2_drops acetic acid/5 ml.) 
e> [JR-[Jq. 6q<S*) 11-Tet.rabydrg-6-[ C2-mercapto-1-oxo-

3-phenylpr9pyl>aminol-5-gXQ-3-phenyl-1.4-thiazepine-

4 f5Hl-acetic acid 

_______________ , __ 
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The product from part (d} (480 mg., 
approximately 1.03 mmol) was added to methanol (12 
ml.}. The material crystallized out .. Distilled 
tetrahydrofuran ( 5 ml. ) was added and the mixture 

5 became a clear solution which was purged with argon 
for 15 minutes, cooled in an ice-salt bath and,_ while 
stirring and continuing the argon purge, treated 
dropwise with lN sodium hydroxide solution (4 ml.} 
which had been purged with argon for 30 minutes just 

10 before use. The mixture was kept cold and under 
argon for 27 hours. At this time TLC indicated that 
the hydrolysis of the ester was complete. The 
mixture was acidified to pH 1 with St potassium 
bis~lfate solution. The product was extracted into 

15 dichloromethane {2 x 30 ml.). The combined organic 
extracts were washed with brine; dried (magnesium 
sulfate), filtered and freed of solv~nt in vacuo 

leaving a white solid foam. This was dissolved in 
dichloromethane and hexane was added to turbidity. 

20 The mixture was freed of solvent in yacuo leaving a 

solid. This was triturated with 20% hexane in ether. 
White solid was harvested by filtration, washed with 
cold 50' hexane in ether to give 350 mg. of product; 
m.p.175 - l82°C; Rf = 0.42 (5% methanol in methylene 

25 chloride plus 2 drops acetic acid/S ml.}; [a]o = 

. +2 6. 7° ( c = 0 • 8, methanol) • HPLC =· RT = 8 • 0 min. I 

66.St aqueous methanol containing 0.2% phosphoric 
acid, 1.5 ml./min., detected at 220 mm, YMC s-3 
(ODS), 6.0 x 150 mm, 3 micron spherical end capped 

30 column. H.:C. = >95%. 
Anal. calc•d. for c22H24N204s2: 

C,59.44; H,5.44, N,6.30; S,14.42 
Found: C,59.52; H,5.54; N,6.08; S,14.14. 

----·---- ------------ ---·---
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EXAHPLE 19 

C3R-C3a~6aCS*lll-Tetrahvciro-6-CC2-Cmercaptometh,vll-1-

oxo-3-phenylpropyllaijtinol-5-oxg-3-phenyl-1.4-

thiazepine-4f5H)-acetic acid 
5 -a) C3R-C3a. 6aCS*) > 1 l-Tetrahydro-6-C C2-C Cacetvl­

thiolmethyll-1-oxo-3-phenylpropyll aminol -5-oxo-3-

phenyl-1.4-thiazepine-4(5Hl-acetic aCid. mixture of 

methyl and ethyl esters 

A suspension of the ephredrine salt of (S)-2-
10 [(acetylthio)methyl]benzenepropanoic acid (853 mg., 

2.11 mmo~.) in ethyl acetate (40 ml.) was washed 
twice with 0.1 N hydrochloric acid (40 ml., 20 ml.), 
once with brine (20 ml.), dried (magnesium sulfate), 
filtered, and freed of solvent in yacuO leaving the 

15 free acid as an oil. 
(3R-cis)-6-Aminotetrahydro-5-oxo-3-phenyl-1,4-

thiazepine-4(5H)-acetic acid, mixture of methyl and 
ethyl esters, hydrobromide salt (320 mg. of ethyl 
ester, 0.82 mmol. and 410 mg. of methyl ester, 1.09 

20 mmol) [prepared as described in Example 18(b)] were 
dissolved in dichloromethane (30 ml.), washed with 
sodium bicarbonate solution (2 x 20 ml.), brine (20 
ml.), dried (magnesium sulfate), filtered and freed 
of solvent in yacuo leaving the free amine as a 

25 viscous oil (495 mg., 98%). This and the free acid 
described above were dissolved in dichlo~omethane (20 
ml.) under an atmospnere of argon and cooled to 0°C. 
1-Hydroxybenzotriazole hydrate {285 mg., 2.11 mmol) 
and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide 

3 0 ( 403 mg. , 2 .11 mmol) were added. The mixture was 
stirred cold 3.5 hours and then diluted with 
dichloromethane · (30 ml.). The solution was washed 
with water (15 ml.), 5% potassium bisulfate solution 
{15 ml.), sodium bicarbonate solution {15 ml.), and 
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water (15 ml.). The dichloromethane solution was 
dried (magnesium sulfate), filtered and freed of 
solvent in vacuo. The remaining material was 
chromatographed on silica gel (Merck, 170 ml.), 

5 eluting with 25% ethyl acetate in hexane to give 535 
mg. of product; Rf = 0.68 and 0.63, (ethyl acetate: 
hexanes, 1:1). 
b) f 3R-C3a. 6a CS*> 1J-Tetrahydro-6-rf2- <mercapto-

methyll -1-oxg-3-ghenylgropyll aminol -5-oxo-3-phenyl-

. 10 1. 4-thiazepine-4 (SH> -acetic acid 

The product from part (a) (493 mg., 
approximately 0.98 mmol) was dissolved in 
methanol (12 ml.) and purged with argon for 15 
minutes, cooled in an ice-salt bath and, while 

15 stirring and continuing the argon purge, treated 
dropwise with lN sodium hydroxide solution (4 ml.) 
which had been purged with argon fo~ 30 minutes just. 
before use. The mixture was kept cold and under 
argon for 48 hours. At this time TLC indicated that 

20 the hydrolysis of the ester was complete. The 
mixture was acidified to pH 1 with St potassium 
bisulfate solution. The product was extracted into 
dichloromethane (2 x 30 ml.). The combined organic 
extracts were washed with brine (20 ml.), dried 

25 (magnesium sulfate), filtered and freed of sqlvent ·in 
vacuo leaving a white glassy foam. 25% Hexane in 

ether (20 ml.) was added and, on stirring, a white 
solid formed. This was harvested by filtration and 
washed with 50% hexane in ether to give 342 mg., of 

30 product; m.p. 170-174°C, Rf = 0.43, (St methanol in 
methylene chloride plus 2 drops acetic acid/5 ml.); 
[aJo = +32.8° (c = 0.9, methanol). HPLC: RT= 8.6 

min., 66.8% aqueous methanol containing 0.2% 
phosphoric acid, 1.5 ml./min., detected at 220 min. 
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YMC s-3 (ODS), 6.0 x 150 mm, 3 micron spherical end 
capped column. H.I. = >9St. 
Anal. calc' d. for c23H26N204s2: 

C,60.24; H,5.71, N,6.11; .S,13,98 
5 Found: C,60.25; H,5.77; N,6.06; S,13.85. 

EXAMpLE 20 

C2R-{2a.6L\<S*lll-Tetrahydro-6-CC2-(mercaptometbyll-1-

oxo-3-phenylpropyllaminol-5-oxg-2-phenyl-1.4-

thiazepine-4C5Hl-acetic acid 

10 al C2R-transll-Tetrabydro-2-phenyl-6-CC<phenyl-

methoxylcarbonyllamingl-1.4-thiazepin-SC4Hl~one 

A suspension of (2R-trans)-6-aminotetrahydro-
1, 4-thiazepin-5(4H)-one (5.82 g.) [prepared as 
described by Yanagisawa et al., J. M~d Chem., Vol. 

15 30, p. 1984 - 1991 (1987)] in a mixture of 
dichloromethane (125 ml.) and triethylamine (11 ml.) 
was treated with di-tert- butyl dicarbonate (6 g.) 
and stirred at room temperature four hours. The 
mixture was diluted with dichloromethane (100 ml.) 

20 and wa~hed with water. The dichloromethane solution 
was dried (magnesium sulfate), filtered and freed of 
solvent in yacµg leaving a pale yellow solid. This 
was chromatographed on sili~a gel, eluting the 
product with ethyl acetate:hexane (1:1) followed by 

25 ethyl acetate to give 2.01 g. of product as a white 
solid. 
bl C2R-transl-Tetrabydr9-5-QXp-2-phenyl-6-

. Cf Cphenylmethgxylcarhgnyllamingl-1.4-thiazepine-

4CSHl-acetic acid. methyl ester 

30 A solµtion of the product from part (a) (1.95 
g., 6.05 mmol) in distilled tetrahydrofuran, under an 
atmosphere of argon, was cooled to 0°C and treated 
with powdered potassium hydroxide (1.10 g., 18.15 
nunol, 3 eq.) and tetrabutylammonium bromide (195 

111111inr 
[. 
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mg.). Ethyl bromoacetate (800 µl., 7.26 mmol, 1.2 

eq) was added dropwise over a period of 30 minutes. 
The mixture was stirred cold for two hours and then 
diluted with dichloromethane (300 ml.} and water (50 

5 ml.). Dilute hydrochloric acid solution (75 ml.) was 
then added and the layers were separated. The 
aqueous layer was reextracted with dichloromethane 
(100 ml.). The combined organic layers were dried 
(magnesium sulfate), filtered and freed of solvent .in 

10 vacuo leaving a white foam. The foam was dissolved 

in a mixture of ethyl acetate and dichloromethane and 
treated with an excess of a solution of diazomethane 
in ether. The resulting methyl ester was purified by 

chromatography on silica gel, eluting_ with ethyl 
15 acetate:hexane (1:1) to give 2.193 g. of product; 

Rf= 0.49 (ethyl acetate:hexanes, 1:1). 
c) C2R-trans)-6-A1Binotetrahydro-5-oXQ-2-phenvl-1.4-
thiazepine-4(58)-acetic acid. methyl ester. 
hydrochloride salt 

20 The product from part (b) (2.19 g., 5.56 mmol) 
was cooled in an ice bath and treated with a 4N 

solution of hydrochloric acid in dioxane (15 ml.). 
The mixture was stirred cold for one hour, during 
this period a gel formed. The cooling bath was 

25 removed and the mixture was stirred at room 
temperature for one hour. The solvent was removed 
in vacuo and toluene was added once and removed .in 
vacuo leaving 1.84 g. of product as a solid. 
dl £2R-£2a. 6L\fs•>) 11 -Tetrahvdro-6-rra-r Cagetyl-

30 thiolmethyll-l-oxo-3-phenylpropyllaminol-1-oxo-2-

phenyl-1.4-thiazepine-4<5Hl-acetic acid. methvl ester 

S)-2-[(Acetylthio)methyl]benze~epropanoic acid 
(obtained from the ephredine salt as described 
previously) was reacted with the product from part 
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Cc) according to the procedure of Example 1 part (b), 
affording the title product: Rf = 0.51 (ethyl 
acetate: hexanes, 1:1). 
e) C2R-C2a.6PCS*)JJ-Tetrahyciro-6-CC2-Cmercapto-

5 methyll~l-oXQ-3-phenylpropyllaminol-5-QXo-2-phenyl-

1.4-thiazepine-4C5Hl-acetic acid 

A solution of the product from part (d) in 
methanol was treated with lN sodium hydroxide 
according to the procedure of Example 1 part (c), 

10 affording the title product; m.p. 197 - 199° C.; 
Rf = 0.41 {5% methanol in dichloromethane plus 2 
drops acetic acid/5 ml.); [aJo = +27.1° (c = 0.5, 

methanol). 
Anal. calc'd. for C23H26N204S2: 

15 C,60.24) H,5.71; N,6.11; S,i3.98 
Found: C,60.01; H,5.77; N,S.94; S,13.64. 

EDMPLE 21 
[2R-C2a.6~CS*lll-Tetrahydro-6-CC2-mercapto-1-QXQ-3-

phenylprqpyllaminol-5-oxo-2-phenyl-1.4-thiazepine-

20 4 <SH> -acetic acid 
al C2R-C2q.6pCS*lll-Tetrabydro-6-CC2-Cacetylthiol-1-

oxo-3-phenylpropyllam,inol-5-oxo-2-phenyl-1.4-

thiazepine-4 C_SHl-acetic acid. methyl ester 

A suspension of the dicyclohexylamine salt of 
25 (S)-2-(acetylthio)benzenepropanoic acid (1.13 g., 2.8 

mmol) in ethyl acetate (50 ml.)was washed twice with 
0 . lN hydrochloric acid ( 50 ml. , 25 ml. >-, once with 
brine (25 ml.), dried (magnesium sulfate), filtered 
and freed of solvent in vacuo leaving the free acid 

30 as an oil. This was dissolved in dichloromethane (15 
ml.) under an atmosphere of argon and cooled to 0°c. 
1-Hydroxybenzotriazole hydrate (405 mg., 3.0 mmol) 
and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide 
(592 mg, 3.1 mmol) were added. The mixture was 

-------·-------
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stirred cold one hour before the amine hydrochloride 
salt product from Example 20(c) (920 mg., 2.79 mmol, 
was added followed by 4-methylmorpholine (306 µl., 

2.79 mmol). The mixture was stirred cold for one 
5 hour and one hour at room temperature, then diluted 

with dichloromethane (70 ml.). The solution was 
washed with water (15 ml.), .5% potassium bisulfate 
solution (15 ml.), sodium bicarbonate solution (15 
ml. ) , and water { 15 ml. ) • The dichloromethane 

10 solution was dried (magnesium sulfate), filtered and 
freed of solvent in yac;uo. The remaining material 
was chromatographed on silica gel (Merck, 160 ml.), 
eluting with mixtures of ethyl acetate and hexane 
(1:3 followed by 1:2) to give 880 mg. of product; 

15 Rf= 0.57 (ethyl acetate:hexanes 1:1)~ 
bl £2R-£2a. 6Drs•> 11-Tetrtabydro-6-·r (2-mercapto-1-

oxo-3-phenylpropyllaminol-5-gxo-2-pbenyl-1.4-
thiazepine-4<5Hl-aqetic aqid 

A solution of the product from part (a) (880 
20 mg., 1. 75 mmol) in methanol (12 ml.) was purged with 

argon for 15 minutes, cooled in an ice-salt bath and', 
while stirring and continuing the argon purge, 
treated dropwise with lN sodium hydroxide solution 
(7.0 ml.) which had been purged with argon for 30 

25 minutes just before use. The mixture was stirred 
cold for 70 minutes and then acidified to pH 1 with 
5% potassium bisulfate solution. The product was 
extracted into ethyl acetate (2 x 40 ml.). The 
combined organic extracts were washed with brine, 

30 dried (magnesium sulfate), filtered and freed of 
solvent in yaquo leaving a white partially solid 

material. Ether was added and a white solid was 
harvested by filtration and washed with additional 
ether to give 494 mg. of product; m.p.181-183°C, 

--------·-··-·-·----
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Rf = 0.43 (5% methanol in dichloromethane + 2 drops 
acetic acid/5 ml.); [a]n = + 6.7° Cc= 0.7, 
methanol). HPLC: RT= 9.6 min., 66.8% aqueous 
methanol containing 0.2% phosphoric acid, 1.5 

5 ml./min., detected at 220 mm, YMC S-3 (ODS), 6.0 x 
150 mm, 3 micron spherical end capped column. H.I. 
= 98%. The NMR indicates approximately 0 .·1 M of 
trapped ethyl acetate. 
Anal.calc'd •• for c22H24N204s2 • 0.1 C4Ha02: 

10 C,59.34; H,5.51; N,6.18; S,14.14 
Found: C,59.22; H,5.41; N,6.12; S,13.72. 

EXAMPLE 22 

CR-<R*.S*>l-2.3.4.5-Tetrabydro-3-f <2-mercapto-1-oxo-

3-phenylpropyl>aminol-2-oxo-lH-benzazepine-1-acetic 

15 .acisi 
a> <R>-2.3.4.5-Tetrabydrg-3-amino-2-oxo-lH-

benzazepine-1-acetic aqid. ethyl ~ster 

2,3,4,S-Tetrahydro-3-amino-2-oxo-lH-~zazepine­

l-acetic acid, ethyl ester [prepared as described by 
20 Watthey et al., J. Med Chem., 2.fl, p 1511-1516 (1985)] 

(14.8 g., 56.4 mmoles) was resolved via its L­
tartaric acid salt by the method described in the 
aforementioned reference to give the s-amine (3.927 
go I m.p o 105-107°; [a.Jo : -277° (c : 0 o 99 I ethanol) o 

25 The residue from the combined mother liquors (21.5 
g., 52.1 mmoles) was suspended in ethyl acetate (340 
ml.}, washed twice with 10 % NH40H (41 ml. then 30 

ml.) and brine (25 ml.), dried (anhydrous sodium 
sulfate), filtered, evaporated to dryness, and the 

30 resulting product dried in yaguo to give the amine 
mixture (7.01 g.) enriched with the R isomer. A 

solution of the isomer mixture (2.285 g., 8.71 
mmoles) in absolute ethanol (18 ml.). was treated with 
D-tartaric acid (1.31 g., 8.73 mmoles) and heated on 

11iiiH1iiW1f 
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a steam bath until solution was effected. The clear 
solution was cooled down to room temperature, allowed 
to stand for two days then-cooled down to 0° (ice­
salt bath) and scratched until crystals ~ormed. The 

5 cnide salt (2.585 g.) was recrystallized once from 
absolute ethanol (14 ml.) to give the desired salt 
[2.158 g., [aJo = +154.1°, (c = 0.6, methanol)]. The 

salt was then suspended in ethyl acetate (35 ml.), 

washed with lOt NH40H (2 x 4 ml.) and brine (6 ml.), 
10 dried (anhydrous sodium sulfate), filtered, 

evaporated to dryness and dried in yacuo to give 
1.31 g. of product; Rf = 0.60 (methylene 
chloride:methanol, 9:1); [a]o = + 273.1°, 

(c = 0.677, methanol). 
15 b) CR- (R* IS*) 1-2 I 3, 4, 5-Tetrahydrn-3- rr2-

Cacetylthio) -1-oxo-3-phenylprgpyl l aminol -2-oxo-1H-
henzazepine-1-acetic acid. ethyl ester 

(S)-2-(Acetylthio)benzenepropanoic acid 
(obtained from the dicyclohexylamine salt as 

20 described previously) was reacted with the product 
from part Ca) according to the procedure of Example 2 
part (b), affording the title product as a syrup; 
Rf= 0.57 (ethyl acetate:hexanes, 1:1). 
c> [R-(R*.S*ll-2.3.4.5-Tetrabydro-3-CC2-mercapto-1-

25 oxo-3-pheovlpropyl>aminol-2-oxo-lH-benzazepine-1-
agetic agid 

A·solution of the product from part (b) in 
methanol was treated with lN sodium hydrioxide 
according to the procedure of ~ample 2 part Cc) 

30 affording the title product as an amorphous solid: 
Rf = 0.67 (methylene chlor~de:methanol:acetic acid, 
20:1:1): {a]o = +230.9° Cc = 0.57, methanol). 

-------------
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Anal.calc'd. for C21H22N204S: 

C,63.30; H,5.56; N,7.03; S,8.05; SH,8~30 
Found: C,63.23"; H,5.80; N,6.76; S,7.99; SH,7.67. 
la-NMR (400 MHz, CDCl3} B 1.65 (m, 1 H}, 2.06 

5 {d, 1 H) , 2. 51 Cm, 2 H) , 2. 94 (dd, 1 H, J= 7, 13 Hz) ,· 

3.17 (m, 2 H), 3.40 (m, 1 H}, 4.39 (d, 1 H, J= 17 
Hz), 4.45 (m, 1 H), 4.67 (d, 1 H, J= 17 Hz), 7.05-
7.31 (m, 9 H). 

EXAMPLE 23 

10 CR-CR*.S*ll-2.3.4.5-Tetrabydro-3-££2-Cmercapto-

methyll-1-o;xo-3-phenylpropvllaminol-lH-benzazepine-1-

acetic acid 

Following the procedure of Example 22'but 
employing (S)-2-[(acetylthio)methyl]benzenepropanoic 

15 acid in part (b), the title product is obtained as an 
amorphous solid; Rf = 0.53 (methylene 

chloride:methanol:acetic acid, 20:1:1); 

20 

[U]o = + 253.9° (c = 0.38, methanol). 

Anal. calc'd. for c22H24N204S : 

Found: 
lH-NMR 

C,64.06; H,5.86; N,6.79; S,7.77 

C,63.83; H,6.08; N,6.40; S,7.75. 
(400 MHz, CDCl3): 3 .1.51 (m, 2 H), 2.32-2.52 

(m, 4 H), 2.77 (m, 3 H), 3.17 (m, 1 H), 4.36 (d, 1 H, 
J= 17 Hz)., 4.48 (m, l H), 4.70 (d, 1 H, J=·17 Hz), 

25 6.53 (d, 1 H), 7.11-7.30 (m, 9 H). 

EXAHPLE 24 

fS-CR*.S*ll-2.3.4.5-Tetrahydro-3-£(2-mercapto-1-oxo-

3-phenylprogyl>aminol-2-QXo-lH-1-benzazapine-1-acetig 

30 al CS>-g-Bromobenzeneprgpanoig agid 

A solution of L-phenylalanine {30.0 g., 0.175 
mole) and potassium bromide (73.5 g., 0.618 mole} in 
2.5 H sulfuric acid (365 ml.) was cooled down to 0° 

(ice-salt bath) and treated portionwise with sodium 

1iii1ii1Hr 
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nitrite (19.3 g., 0.28 mole) over a period of 1.0 
hour. Stirring was continued for 1.0 hour at 0° and 
at room temperature for 1.0 hour after which the 
reaction mixture was extracted with ether (3 x 250 

5 ml.). The combined organic extracts were washed with 
water (100 ml.) and brine (50 ml.), dried (anhydrous 
magnesium sulfate), filtered, evaporated to dryness 
and dried in yacuo to give 34.46 g., of product; 
Rf= 0.45 (toluene:acetic acid, 95:5). 

10 bl CRl-a-(Acetylthiolbenzenepropanoic acid. 

dicyclobexylamine salt 

A suspension of potassium thioacetate .( 19 • 25 
g., 0.168 mole) in dry acetonl.trile (300 ml.) was· 
cooled down to 0° {ice-salt bath) and.treated 

15 dropwise with a solution of the product from part (a) 
(34.462 g., 0.15 mole) in dry acetonitrile (35 ml.) 
over a period of 15 minutes. The reaction mixture 
was warmed up to room temperature, stirred for 5.0 
hours under argon then filtered, washing the solids 

20 thoroughly with acetonitrile (125 ml.). The clear 
filtrate was evaporated to dryness and dried in 
vacuo. The free acid ( 3.9 • 717 g. , orange syrup) was 

dissolved in ether (400 ml.), treated with 
dicyclohexylamine (30.2 ml.,1.0 eq.) and stirred for 

25 30 minutes at room temperature under argon. The 
white precipitates were filtered off, washed 
thoroughly with ethyl ether (2 x 100 ml.) and dried 
in yacuo overnight at room temperature to give 41.0 
g.of product; Calo= +31.8° (c = 1.4, methanol). 

30 c) CS-CR*.S*ll-2.3.4.S-Tetrabydrg-3-CC2-Cacetyl­

thio>-1~oxo-3-phenylpropyllaminol-2-oxg-1H-1~henza-

zepine-1-acetic acid. ethyl ester 

A suspension of the dicyclohexylamine salt of 
(R)-a-(acetylthio)benzenepropanoic acid (850 mg., 2.1 

-------------· 
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mmoles) in ethyl acetate (60.ml.) was washed with 5% 
potassium bisulfate (5 x 10 ml.) and brine {10 ml.), 
dried (anhydrous magnesium sulfate), filtered, 
evaporated to dryness and dried in yacuo to give the 

5 free acid as a clear syrup (497 mg.) in quantitative 
yield. 

The free acid was dissolved in dry methylene 
chloride (12 ml.), cooled down to 0° (ice-salt bath) 
and treated with 1-hydroxybenzotriazole hydrate (297 

10 mg., 2.20 mmoles) and 1-ethyl-3-(3-dimethyl­
aminopropyl)carbodiimide (435 mg., 2.27 mmoles). The 
reaction mixture was stirred at 0° under argon for 
1. 0 hour, treated with ( s) -2, 3 , 4, .S-tetrahydro-3-
amino-2-oxo-lH-benzazepine-1-acetic a~id, ethyl ester 

15 [prepared as described by Wat they et al. , J. Med. 
Chem., 2.8., p 1511 - 1516 {1985) ]" (500 mg., 

1.91 mmoles) and stirring was continued at 0° for 1.0 
hour and at room temperature for 1.0 hour. The 
solution was diluted with ethyl acetate (50 ml.) , 

20 washed successively with water {8.0 ml.), St 
potassium bisulfate (2 x 8 ml.), water (8.0 ml.), 

saturated sodium bicarbonate (8.0 ml.) and brine (8.0 

ml.), dried (anhydrous sodium sulfate), filtered, 
evaporated to dryness and dried in yacµo. The crude 

25 product was chromatographed on a silica gel column 
(Merck), eluting the column with ethyl acetate: 
hexanes (1:4) to give 714 mg. of product as a clear 
syrup; Rf= 0.62 (ethyl acetate:hexanes, 1:1). 
dl CS-CR*.S*ll-2-3.4.5-Tetrahydro-3-CC2-mercapto-1-

30 oxo-3-phenvlpropvllaminol-2-QXQ-lH-l-henzazepine-l-

acetic acid 

A solution of the product from part (c) (714 
mg., 1.52 mmoles) in.methanol (9.0 ml.) was purged 
with argon for 30 mintues, cooled down to 0° (ice-



HA599a 
- 89 -

salt bath) then treated dropwise with a previously 
purged solution of 1.0 H sodium hydroxide (6.0 ml., 4 

· eq.), maintaining the bubbling of argon throughout 
the addition and length of the reaction. The 

5 reaction mixture was stirred at 0° for 1.0 hour, 
acidified to pH 2.0 with Si potassium bisulfate (26 
ml.) and then extracted with ethyl acetate {2 x SO 
ml.). The combined organic extracts were washed with 
brine (14 ml.), dried {anhydrous sodium sulfate}, 

10 filtered, evaporated to dryness and dried in yacuo. 

The crude product was dissolved in methylene chloride 
(5.0 ml.) and treated protionwise with hexane -(50 
ml. ) ·' scratching to form a solid. The supernatant 
was decanted and the solids triturated with 

15 additional hexane CSO ml.) and pentane (2 x 100 ml.), 
stirring with the first 100 ml. of pentane for 4.0 
hours and the next 100 ml. overnight under argon. 
The product obtained was then dried in yacuo to give 
the product as an amorphous solid; Rf = 0.47 

20 {methylene chloride: methanol:acetic acid, 20:1:1); 
[a]o = -228° Cc= 0.51, methanol). 

Anal.calc'd. for C21H22N204S•0.26 C5H12•0.176 CH2Cl2: 
C,62.46; H,5.94; N,6.48; S,7.42 

·Found: C,62.81; H,5.87; N,6.53; S,7.29. 
25 lH-NMR (400 MHz, CDCl3): S 1.65 (m, 1 H}, 2.06 (d, 1 

H), 2.51 Cm, 2 H), 2.95 (dd, l H, J= 7, 14 Hz), 3.17 
Cm, 2 H), 4.39 (d, 1 H, J= 17 Hz), 4.46 Cm, 1 H), 
4.67 Cd, 1 H, J= 17 Hz), 7.02-7.ll {m, 9 H). 
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EXAMPLE 25 

CS-(R*.R*ll-Hexabydro-3-f (2-mercapto-1-oxo-3-

phenvlprowllaminol-2-oxo-1C2H>-:-azocineacgtic acid 

a) rs-CR*.R*ll-Hexahydro-3-C£C2-acetylthio>-1-QXo-3-

5 phenylpropyllaminol-2-oxo-1C2Hl-azocineacetic acid. 

1.1-dimethylethyl ester 

A suspension of the dicyclohexylamine salt of 
(S)-2-(acetylthio)benzenepropanoic acid (2.63 g, 6.6 
mmol) in ethyl acetate (50 ml.) was washed twice with 

10 O.lN hydrochloric acid (50 ml., 25 ml.} and once with 
brine (25 ml.), dried (magnesium sulfate), filtered 
and freed of solvent in yac;µo leaving the free acid 

as an oil. This· free acid and (S)-3-aminohexahydro-
. 2-oxo-1(2H)-azocineace~ic acid, 1,1-dimethylethyl 

15 ester [prepared according to the procedure of 
Thorsett et al., J. Med. Chem •• 21,. 2si-60 (1986) J 
(1.66 g, 6.5 mmol) were dissolved in dichloromethane 
(30 ml.) under an atmosphere of argon and cooled to 
0°C. 1-Hydroxybenzotriazole hydrate (891 mg, 6.6 

20 mmol) and 1-ethyl-3-(3-dimethylamino-propyl)­
carbodiimide (l.26 g., 6.6 mmol) were added. The 
mixture was stirred cold for four hours. The mixture 
was diluted with dichloromethane (100 ml.). The 
solution was washed with water (50 ml.), St potassium 

25 bisulfate solution (50 ml.), sodium bicarbonate 
solution (50 ml.), and brine (SO ml.). The 
dichloromethane solution was dried (magnesium 
sulfate), filtered and freed of solvent in vacuo. 

The remaining foam was chromatographed on silica gel 
30 (Merck, 500 ml.), eluting with 25-50' ethyl acetate 

in hexane to give 2.252 g. of product; Rf = 0.35, 

(ethyl acetate:hexane, 1:1). 
h> rs-<R*.R*>l-Hexabydro-3-££<2-aqetylthiol-1-0XQ-3-

phenylpropyllaminol-2-oxo-1C2H)-azgcineacetic acid 

------·------
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The product from part (a) was dissolved in 
trifluoroacetic acid (20 ml. and stirred at room 
temperature for 1.75 hours, under an argon 
atmosphere. The trifluoroacetic acid was removed in 

5 yacuo and toluene was added twice and removed in 
yacµo to leave the acid product as a white foam. 
cl CS-(R*.R*ll-Hexahydro-3-C(2-mercapto-1-gxo-3-

phenylprgpvllaminol-2-gxo-1C2Hl-azgcineacetic acid 

A solution of the product from part (b) 

10 (5.45 mmol) in methanol (30 ml.) was purged with 
argon for 15 minutes, cooled in an ice-salt bath and, 
while stirring and continuing the argon purge, 
treated dropwise with concentrated ammonium·hydroxide 
solution (2.0 ml.). After stirring cold for 6.5 

15 hours, additional ammonium hydroxide ·solution (1.0 
ml.) was added and the mixture ~as ·capped and left in 
the refrigerator for 18 hours. The mixture was 
acidified to pH 2 with St potassium bisulfate 
solution. The product was extracted into 

20 dichloromethane {3 x 50 ml.). The combined organic 
extracts were dried (magnesium sulfate), filte~ed and 
freed of solvent in yaquo leaving a white foam. 

Ether and hexane were added and the suspe~sion was 
stirred under an argon atmosphere for 1 hour. A 

25 white solid was harvested by filtration. washed with 
more ether and hexane, and dried in vacuo to give 
1.531 g. of product as a white foam; m.p. 71-90°C; 
Rf = 0.41 ClO i methanol in methylene Chloride + 2 
drops acetic acid/5 ml.); [aJ 0 = +3.5° Cc= 0.75, 

30 methanol). 
Anal. calc•d. for c1sH24N204s: 

C,59.32; H,6.6.4; N,7.69; S,8.80 
Found: C,59.02; H,6.77; N,7.67;- S.r8.70. 
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HPLC: RT= 6.1 min., 62% aqueous methanol containing 
0.2% phosphoric acid, 1.5 ml. min., detected at 220 
mm, YMC S-3 (ODS), 6.0 x 150 mm, 3 micron spherical 
end capped column. H.I. >95%. 

5 EXAMPLE 26 

(3Sl-2.3.4.5-Tetrabvdro-3-[CC2-mercapto-3-Cl­

naphthalenyl>-1-oxopropyllaminol-2-oxo-1H-

henzazepine-1-acetic acid 

al CAcetylamino) Cl-naphthalenylmethyllpropanedioic. 

10 diethyl ester 

To a solution of sodium ethoxide (21% in 
ethanol, 4.613 gm, 67.8 mmol) in ethanol (100 ml) was 
added diethyl acetamidomalonate (14.74 gm, 67.8 
mmol), then 1-(bromomethyl)napthalene. (10.0 gm, 45.2 

15 mmol). The solution was stirred at room temperature 
for one hour. The reaction mixture was then 
concentrated to an orange oil. ·The oil was dissolved 
in ethyl acetate and washed with 50% saturated 
ammonium chloride water and brine, then dried over 

20 sodium sulfate, filtered and concentrated to afford 
an orange solid. The solid was recrystallized from 
ethyl acetate and hexane to afford beige crystals 
contaminated with malonate. The solid was dissolved 
in 50% ethyl acetate in hexane and purified by flash 

25 chromatography on Merck silica gel in 50% ethyl 
acetate in hexane. Those fractions containing pure 
product were-combined and concentrated to afford 
10.225 g. of product as a white solid; m.p. 
105-108°C; Rf= 0.57 (50% ethyl acetate in hexane). 

30 bl a-Au\ino-1-naphthalenepropanoic acid 

A solution of the product from part (a) (16.182 
gm., 47.5 mmol) was suspended in 48% hydrogen bromide 
(100 ml) and refluxed under argon for 14 hours. The 
hydrogen bromide salt of the product was filtered out 

--- ---------- -·--- - -------
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of solution as a white solid, then taken up in hot 
(50 °C) wat_er (500 ml) and the solution neutralized 
with concentrated ammonium hydroxide. The product 
precipitated out of solution as a fine white solid. 

5 Upon filtration and drying under high vacuum 
overnight (18 hours), 8.335 g. of product was 
obtained as a fluffy white solid: m.p. 264 °C. 
c) a-Bromo-l-nap9thalenepropanoic acid 

To a solution of the product from part (b) 
10 ( 4. 000 g., 18. 6 mmol) and potassium bromide (7. 63 g., 

63.2 mmol) in 2.5 N sulfuric acid (35 ml) kept at 0 
0c was added sodium nitrite (1.92 g., 27.8 mniol) 
over one hour. The mixture was stirred for an 
additional hour at 0° c, then was warmed to room 

15 temperature and stirred for 2.5 hours. The reaction 
mixture was then extracted with ether (3x). The 
ether layers were combined and washed with water and 
brine, then dried over sodium sulfate, filtered and 
concentrated to give an orange oil. The oil was 

20 purified by flash chromatography on Merck silica gel 
in 70% ethyl acetate in hexane with 1% acetic acid 
added to reduce· tailing. Those fractions containing 
the bromide were combined and concentrated to afford 
slightly contaminated product as an orange oil which 

25 solidified upon sitting overnight. Rf = 0.40 (40% 

ethyl acetate in hexane with 1% acetic acid). 
d) a~CAcetylthio)-1-naphtbalenepropanoic acid 

To a slurry of potassium thioacetate (0.912 g., 

. 8.00 mmol) in acetonitrile (300 ml) at 0°C was added 
30 the product from part (c) (2.030 g., 7.27 mmol) as a 

solution in acetonitrile (3 ml). The solution was 
stirred for one hour at 0°C, then was warmed to room 
temperature and stirred for 15 hours. Potassium 
bromide was then filtered out of the reaction mixture 
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and the filtrate concentrated to afford an orange 
oil. The oil was dissolved in ethyl acetate and 
washed with 10% potassium bisulfate and brine, then 
dried over sodium sulfate, filtered and concentrated 

5 to afford an orange oil. The oil was purified by 

flash chromatography on Mer~k silica gel in 50% ethyl 
aceeate in hexane with 1% acetic acid added to reduce 
tailing. Those fractions containing product were all 
contaminated with a compound with an Rf = 0.43. 

10 Those fractions were pooled and concentrated to give 
an. orange oil. The crude product was purified via the 
dicyclohexylamine salt by dissolving the orange oil 
in ether and adding an equivalent of 
dicyclohexylamine (18.13 g., 100 mmol) to the 

15 solution. The. dicyclohexylamine salt was obtained in 
2 crops of brown crystals (1.450 gm) still slightly 
contaminated with impurity. The crystals were 
suspended in ethyl acetate and shaken with 10% 
potas~ium bisulfate (3x). The organic layer was then 

20 washed with water and brine, then dried over sodium 
-sulfate filtered and concentrated to afford 875 mg. 
of product as a ye~low oil; Rf = 0.40 (40% ethyl 

acetate in hexane with 1% acetic acid). 
el C3Sl-2. 3. 4. 5-Tetrahydro-3-C £2- <acetylthiol -3- <1-

25 naphth@lenyl>-1-oxgpropylJamingl-2-oxo-lH-1-

benzazepine-1-acetic acid 

The racemic acid product from part (d) (338 mg., 

1.23 mmol) and (S)-2,3,4,5-tetrahydro-3-amino-2-oxo­
lH-l-benzazepine-1-acetic acid, ethyl ester [prepared 

30 as described by Watthey et al., J. Med. Chem., .3,8., p 

1511 - 1516 (1985)] (321 mg., 1.23 mmol) were 
dissolved in methylene chloride Cll ml) at room 
temperature under argon. The mixtur~ was cooled to 
ooc and treated with hydroxybenzotriazole hydrate 
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(166 mg, 1.23 mmol) and 1-ethyl-3-(3-dimethyl­
aminopropyl)carbodiimide {259 mg, 1.35 mmol). After 
stirring for 1 hour, the mixture was warmed to room 
temperature and stirred an additional 4 hours. The 

5 volatiles were evaporated and the residue was 
dissolved in ethyl acetate and washed successively 
with 1 H hydrochloJ:"ic acid, water, saturated sodium 
bicarbonate, and brine. The organic layer was dried 
(sodium sulfate), filtered, and concentrated and the 

10 residue was flash chromatographed (Merck silica gel) 
eluting with sot ethyl acetate in hexanes to give 
510 mg. of product as an oil Cl:l mixture of 
diastereomers). Rf= 0.40 (St acetic acid in ethyl 
acetate). . 

15 fl (3S)-2.3,4.5-Tetrahydrg-3-CC2-mercapto-3-(1-

naphthalenyl>-1-oxopronvllaminal-2-QXQ-1H-1-

benzazepine-1-acetic acid 

A solution of the product form part (e) (508 
mg., 0.98 mmol) in methanol (6 ml., deoxygenated via 

20 argon bubbling) was cooled to oo c and treated with 1 
H sodium hydroxide (6 ml., deoxygenated via argon 
bubbling). The resulting mixture was stirred under 
argon for 1 hour. The solution was acidified with 
10% potassium bisulfate and extracted with ethyl 

25 acetate. The organic layer was washed with .brine, 
dried (sodium sulfate), filtered and concentrated to 
give a clear oil. This residue was flash 
chromatographed (Merck silica gel) eluting with lt 
acetic acid in 1:1 hexanes/ethyl acetate. The 

30 fractions containing pure product were combined, 
concentrated, azeotroped with ethyl acetate, and 
washed with water to· remove the acetic acid. The 
organic layer was dried (sodium sulfate), filtered 
and concentrated. The residue was taken up in ethyl 
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acetate and triturated with ethyl ether and hexane. 
The solvent was removed and the residue was slurried 
in hexane, stripped, and dried in yacuo to give 327 

mg of product as a white powdery foam; Rf = 0.64 
5 C5t acetic acid in ethyl acetate); Calo= -187.3° 

(c = 0.43, chloroform). 
Anal. calc • d for c2 5H23N204S • 0. 42 H20 _: 

C,65.98; H,5.28; N,6.16; S,7~05 
Found: C,66.291 H,5.291 N,5.85; S,6.65. 

10 HPLC: tR = 12.3 min (48.lt) and 14.4 min (51.8 %) <4= 

220 run), ~c S-3 ODS (C-18) 6.0 x 150 mm; 68% (10% 
water-90% methanol-0.2 % phosphoric acid)/32% (90% 
water-10% methanol.2% phosphoric acid), flow rate·= 
1.5 ml/min, isocratic. 

15 2xample 27 
fS-CR*.R*ll-3-££2-CAc;etylthiol-l-oxo-3-pheJJyl­

propvllaminol-2.3.4.S-tetrahydro~l-oxg-lH­

benzazapine-1-acetic acid 

The product from Example 6 (799 mg., 2.0 
20 mmol.) was added to a de-oxygenated (argon bubbling) 

solution of potassium bicarbonate. (378 mg., 3. 8 
mmol.) in water (25 ml.) • Upon dissolution of the 
starting material, acetic anhydride (1.5 ml., 1.62 
g., 15.9 mmol.) was. added. A milky white solution 

25 was obtained which eventually produced a gum. · After 
stirring at room temperature for minutes, the mixture 
was acidified with 10% hydrochloric acid and 
extracted with ethyl acetate. The ethyl acetate 
extract was washed with water (3 times) and brine, 

30 then dried (sodium sulfate), filtered, and stripped. 
The residue was flash chromatographed (Merck silica 
gel, lt acetic acid in ethyl acetate) and the desired 
fractions were stripped, azeotrophed with ethyl 
acetate (3 times), taken up in a small volume of 
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ethyl acetate and triturated with hexane. The 
solvent was stripped and the residue was slurried and 
stripped twice from hexane to give the title compound 
as a hard white foam. TLC (1% acetic acid in ethyl 

5 acetate) Rf = 0.41; [aJo = -190.8° (c = 0.68, 

chloroform) • 
Anal.calc'd. for C23H24N205S • 0.13 C4H802 • 0.5 H20: 

C, 61.28; H, 5.69; N, 6.08; S, ·6.96 
Found: C, 61.18; H, 5.64; N, 5.90; S, 6.70 •. 

10 Etamples 28 - 30 

Following the procedure of Example 27 but 
employing benzoyl chloride as the acylating agent, 
[S-(R*,R*)J-[3-[[2-(benzoylthio)-1-oxo-3-
phenylpropylJaminoJ-2,3,4,5-tetrahy~o-2-oxo-lH-

15 benzazepine-1-acetic acid was obtained; m.p. 170 -
171°C; [U]o = -244° (c = 0.30, chloroform). TLC 

(hexane:ethyl acetate:acetic acid, 40:60:1) Rf = 
0.31. 
Anal. calc•d. for c20H26N205s • 0.1 C4H902 • o.2a20: 

20 C, 66.24; H, 5.32; N, 5.44; S, 6.23 
Found: C, 66.28; H, 5.23; N, 5.40; s, 6.18. 

Following the procedure of Example 27 but 
employing propionic anhydride as the acylating agent, 
[S-(R*,R*)]-2,3,4,5-tetrahydro-3-[[1-oxo-2-[(1-

25 oxpropyl)thioJ-3-phenylpropyl]amino]-2-oxo-lH-
benzazepine-l-acetic acid was obtained; m.p. 156 -
157°C; Calo= -210° (c = 0.31, chloroform). TLC 

(hexane:ethyl acetate:acetic acid, 40:60:1) 
Rf = 0.34. 

30 Anal. calc'd. for c24H26N205s • 0.07 c4aao2: 
C, 63.30; H, 5.81; N, 6.08; S, 9.96 

Found: C, 63.32; H, 5.77; N, 5.90; S, 6.96. 
Following the procedure of Example 27 but 

employing trimethylacetic anhydride as the acylating 
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agent, [S-(R*,R*)]-3-[[2-((2,2-dimethyl-1-
oxopropyl)thio]-1-oxo-3-phenylpropyl]amino]-2,3,4,5-
tetrahydro-2-oxo-lH-benzazepine-l-acetic aciQ was 
obtained; m.p. 86 - 90°C; Calo = -190° (c = 3.06, 

5 chloroform) • TLC (hexane: ethyl acetate: acetic acid, 
30:70:1) Rf = 0.42. 

10 

Anal. calc'd. for c26H30N205s • 0.2 C6H14 • 0.25 H20: 
C,. 64. 781 H, 6.651 N, 5.501 S, 6.36 

Found: C, 64.79; H, 6.56; N, 5.53; S, 6.30. 
Exa1ml~ 31 

[S-(R*.R*)J-3.4-Dibvdro-3-£(2-mercapto-1-oxo-3-. 

phenylprapyl>aminol-4-oxo-1.5-benzoxazenine-SC2Hl-
propanoic acid 

a> <s>-3-CCCDimetbvlethox;y>carbonyllaminoJ-3.4-. . 
15 dibvciro-4-oxg-1.S-ben,zoxazepin@-S<2Hl-grgpangic acid. 

etbyl ester 

A solution of (S)-3-[[(dimethylethoxy)­
carbonyl]amino]-2,3-dihydro-1,5-benzoxazepin-4(5H)­
one [prepared as described in Example 13(c), 1.49 g., 

20 5.35 mmol.) in tetrahydrofuran:t-butanol (2:1, 21 
ml. ) was cooled to oo c. and treated with ethyl 
acrylate (0.81 ml. 7.50 mmol., 1.4 eq.) and then 1.0 
N t-butanol, potassium salt (535 µl., 0.1 eq.). The 
reaction mixture was stirred at oo c for 15 minutes 

25 then at room temperature for 2.5 hours under argon. 
An additional amount of 1.0 N t-butanol, potassium 
salt/tetrahydrofuran (270 µl., 0.05 eq.) was added to 
the reaction. The reaction wa$ stirred at room 
temperature for 45 minutes and then heated to 600 c 

30 for 2 hours. The reaction was quenched with 25t 
ammonium chloride (50 ml.) and extracted with ethyl 
acetate (2 x 100 ml.). The combined organics were 
washed with 25i ammonium chloride (50 ml.), water (50 
ml.), and brine {50 ml.), dried over magnesium 

-·----------------
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sulfate, filtered and concentrated to yield a clear 
syrup. The residue showed two spots by TLC. 

-The reaction was restarted by treating a 
solution of the mixture {l.42 g., 5.10 mmol.) in 

5 tetrahydrofuran:t-butanol {2:1, 15 ml.) cooled to oo 
c., with ethyl acrylate (0. 77 ml., 7 .14 mmol., 1.4 
eq.) and then 1.0 N t-butanol, potassi'lim 
salt/tetrahydrofuran (510 µl., 0.1 eq.). The 
reaction mixture was stirred at oo c. for 15 minutes 

10 then at room temperature for 3 hours. The reaction 
was quenched with 25i ammoniwn chloride (50 ml.) and 
extracted with ethyl acetate (2 x 100 ml.). The 
combined organics was washed with 25% ammonium 
chloride (50 ml.), water (50 ml.), ~d brine (50 

15 ml. ) , dr_ied over magnesium sulfate, filtered and 
concentrated to yield a yellow syrup. The residue 
was purified by chromatography on a 5 x 15 cm. silica 
gel column eluting with 30i ethyl acetate/hexane 
mixture (2 1.). The desired fractions were combined 

20 and concentrated to afford 1.40 g. of the title 
compound as a clear syrup. TLC (Si methanol/ 
chloroform) Rf = 0.63. 
bl <sl-3-J\mino-3.4-dihydro-4-QXQ-l;S-benzoxazepine-

5C2Hl-propanoic acid. ethyl ester. hydrgchloride salt 

25 The product from part Ca) Cl.4 g., 3!7 mmol.) 
was treated with 4.0 H"hydrochloric acid/dioxane (20 
ml., 80 mmol.) and cooled to 0° c. The resultant 
solution was stirred at 0° c. for 30 minutes, then at 
room temperature for 2 hours. The reaction mixture 

30 was concentrated, stripped with ethyl ether (twice), 
azeotroped with toluene (three times) and dried in 
vacuo for 4 hours affording 1.05 g. of title 
compound. 
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-cl rcs-<R*.R*)J-3-££2-<Acetylthiol-1-oxo-3-

pheovlpropyl]amino1-3.4-dihydro-4-oxo-1.5-

benzoxazepine-5C2Hl-propangic acid. ethyl ester 

(S)-2-(Acetylthio)benzenepropanoic acid, 

5 dicyclohe:xylamine salt (1.8 g., 4.40 mmol.) was 

suspended in ethyl acetate (100 ml.) and washed with 

St potassium bisulfate (S x 2S ml.) and brine (30 

ml.), dried (anhydrous magnesium sulfate), filtered, 

evaporated to dryness and dried in vacuo to give the 

10 free acid. 
This free acid was dissolved in dry methylene 

chloride ( 10 ml. ) , cooled to 0° c. (ice - salt bath) 

and treated with a solution of the product from part 

(b) (1.05 g., 3.33 mmol.) in dry methylene chloride 

lS (2S ml.), followed by triethylamine (0.62 ml., 4.44 

mmol., 1.3 eq.) and benzotriazol:-1-yloxytris­

(dimethylamino)phosphonium hexafluorophosphate (1.96 

g. ,. 4. 44 mmol. , 1. 3 eq. ) • The reaction mixture was 

stirred at 0° c for 1 hour then at room temperature 

20 overnight. The reaction mixture was concentrated to 

dryness, diluted with ethyl acetate (150 ml.) and 

washed with 5% potassium bisulfate (2 x SO ml.), 

water (2 x SO ml.), and brine (50 ml.), dried 

(anhydrous magnesium sulfate), filtered, and 

25 evaporated to dryness. The crude product was 

chromatographed on a si~ica gel column (5 x 15 cm), 

eluting with 30% ethyl acetate/hexane. The desired 

fractions were combined and.concentrated, affording 

740 mg. pure product. TLC (10% methanol in 

30 chloroformm) Rf= 0.74. 
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dl [S-(R*.R*)1-3.4-Dihyciro-3-f (2-mercapto-1-oxo-3-

phenylpropyllaminol-4-oxo-1.5-benzoxazepine-5C2H)-

pronartoic acid 

A solution of the product from part Cc) (740 
5 mg., 1. 53 mmol.) in methanol (15 ml.) was cooled to 

oo c (ice-salt bath), purged with argon for 30 
minutes and then treated dropwise with a previously 
purged (argon, 30 minutes) solution of 1.0 N sodium 
hydroxide (6.1 ml., 4 eq.) maintaining the bubbling 

10 of argon throughout the addition and length of the 
reaction. The reaction mixture was st_irred at oo c 
for 1 hour, acidified at oo c with 5% potassium 
bisulfate (150 ml.) to pH 1.5 and then extracted with 
ethyl acetate (3 x 100 ml.). The comJ?ined organic 

15 extracts were washed with brine (100 ml.), dried 
(anhydrous sodium sulfate), filtered, evaporated to 
dryness and dried in vacuo to a white foam (612 mg.). 

The residue was purified by column chromatography on 
a 5 x 15 cm. silica gel column eluting with 0.5% 

20 acetic acid in ethyl acetate. The residue was 
dissolved in methylene chloride (5 ml.) and stripped 
with hexane (5 times) on th! rotovap, scratching the 
mixture to form a white foam/solid. The solid was 
dried in vacuo overnight to give 590 mg. of product. 

25 TLC (1% acetic acid in ~thyl acetate) Rf = 0.42. 
[aJo = -127.6° (c = 1.12, methanol) • 

. Anal. calc'd. for c21H22N205s • 0.03 H20: 
C, 60.86; H, 5.36; N, 6.75; S, 7.73 

Found: C, 61.08; H, 5.68; N, 6.45; S, 7.51. 

--~--------- ---=-=====-
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Example 32 
C2R-C2a.3g(S*l11-3.4-pibydro-3-CC2-mercapto-l-oxo-3-

pheriylproqyl>amino1-2-metbyl-4-oxo-l.S-benzoxazepine-
5 C2H)-acetic acid 

5 al N-f Cl.1-PimethylethoxylcarbonYll-o-<2-

nitroph,enyll-L-threonine 

A solution of N-[(1,1-dimethylethoxy)­
carbonyl]-L-threonine (5.02 g., 22.9 mmol.) in dry 
dimethylformamide (10 ml.) was added dropwise over a 

10 period of 3 0 minutes ·to a cooled C 0° c) suspension of 
60% sodium hydride (1.93 g., 48.25 mmol., 2.11 eq.) 
in dry dimethylformamide (40 ml.). The reaction was 
stirred at 0°c until the frothing subsided (about 3.5 
hours). The reaction mixture was treated dropwise 

15 with 1-fluoro-2-nitrobenzene (2.67 ml •. , 25.2 mmol., 
1.1 eq.) over a period of 20 minutes and stirred at 
0°C under argon for 2 hours. The reaction mixture 
was then placed in the cold room ( 5° c) and stirred 
overnight. The reaction mixture was poured into ice-

20 water (500 ml.) and extracted with ethyl ether (2 x 
200 ml.). The aqueous phase was brought to pH 1.0 
with 6 N hydrochloric acid (200 ml.) and extracted 
with ethyl acetate (3 x 300 ml.). The combined ethyl 
acetate extracts were washed with water (2 x 300 

25 ml.), and brine (300 ml.), dried (anhydrous sodium 
sulfate), filtered, evaporated to dryness and dried 
in vacuo. The crude residue was loaded onto celite 
and purified by chromatography on a 10 x 20 cm. 
silica gel column. Elution with methylene chloride 

30 (31.), 99:1 methylene chloride:methanol (21.), 95:5 
methylene chloride:methanol, and 100:5:0.5 methylene 
chloride:methanol:acetic acid (5 1.) gave 6.07 g. of 
title compound. TLC (methylene 
chloride:methanol:acetic acid, 100:5;0.5) Rf = 0.16. 

--------------
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bl N-CCl.1-Dimethylethoxy>carbonyll-0-(2-

aminopheIJ¥ll-L-threonine 

A solution of the product from part (a) (1.0 
g., 2. 94 mmole) ·in dry methanol (20 ml.) was treated 

5 with 10% palladium on carbon catalyst (35 mg.) and 
hydrogenated at 40 psi for 5.5 hours. The reaction 
was not complete so an additional 50 mg. of 10% 
palladium on carbon catalyst was added and the 
reaction mixture was hydrogenated for an additional 

10 1.5 hours. The reaction mixture was filtered through 
a celite pad in a miliipore unit, washing the pad 
with methanol. The dark filtrate was evaporated to 
dryness and dried in yac;µo to give.0.856 g. of title 
product as a dark solid. TLC {methyl~e chloride: 

15 methanol:acetic acid, 20:1:1) Rf = 0.16. 
cl (2R-cisl-3-CCCpimethvlethoxvlcarbonyllaminol-2.3-

dihydro-2-methvl-1.5-benzoxazepin-4C5Hl-one 

A solution of the product from part (b) (0.8 
g., 2~58 mmol.) in dry dimethylformamide (6 ml.) 

20 was .treated with l-ethyl-3-(3-dimethylamino­
propyl)carbodiimide (495 mg., 2.58 mmol.) and stirred 
at room temperature for 3 hours. ·The reaction 
mixture was partitioned betw~en ethyl acetate (SO 
ml.) and sot sodium bicarbonate solution {50 ml.). 

25 The aqueous layer was separated and extracted with 
ethyl acetate (2 x 50 ml.-). The combined organic 
extracts were washed with water (3 x SO ml. ) and 
brine (50 ml.), dried (anhydrous magnesium sulfate), 
filtered, evaporated and dried in vacuo to yield a 

30 crude yellow solid. The crude product was 
chromatographed on a silica gel column(S x 15 cm.), 
eluting with 25% ethyl acetate/hexane to give 568 mg. 
of title compound as an off white solid. TLC (ethyl 
acetate:hexane, 1:1) Rf = 0.47. 
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dl . C2R-cisl -3-C r Cnimetbylethoxvl carhonvll amino] -3. 4-
dihydro-2-methyl-4-oxo-l.S-henzoxazepine-5(2Hl-acetic 

.acid. ethyl ester 

A solution of the product from part (c) (319 
5 mg., 1.09 mmol.) and ethyl bromoacetate (151.3 µl. 

1.36 mmol., 1.25 eq.) in dry _tetrahydrofuran.C3 ml.) 
was added to a cooled 0°C suspension of 60% sodium 
hydride (53 mg., 1.32 mmol., 1.21 eq., washed with 
hexane, 3 times) in dry tetrahydrofuran (2 ml.) over 

10 a period of 5 minutes. The reaction mixture was 
stirred at 0°c for 1 hour and then at room 
temperature for 30 minutes. The reaction mixture was 
quenched with 25% ammonium chloride solution (5 ml.) 
and extracted with methylene chloride (2 x 20 ml.). 

15 The combined organics were washed with 25% ammonium 
chloride solution (10 ml.) and brine (10 ml.), dried 
(anhydrous magnesium sulfate), filtered. concentrated 
and dried in vacuo to yield 400 mg. of title product. 
TLC (ethyl acetate:hexane, 1:1) Rf = 0.55. 

20 el CSl-3-AIQino-3.4-dihyciro-2-metbyl-4-oxo-l.S-
henzoxazepine-5(2Hl-acetic acid. ethyl ester. 
bydrgchloride salt 

4.0 M Hydrochloric acid in dioxane (5.5 ml., 
22 mmole, 20.8 eq.) was added to the product from 

25 part (d) (400 mg., 1.06 mmol.) cooled to 0° ~.. The 
resultant solution was stirred at 0° c. for thirty 
minutes, then at room temperature for 3 hours. The 
reaction mixture was removed by rotovap, concentrated 
with ethyl ether ( 3 x 10 ml.) and dried in vacuo 

30 over sodium hydroxide pellets overnight to yield 350 
mg. of title product. TLC (methylene 
chloride:methanol, 9:1) Rf = 0.49. 

. ~.: ~4~~.--:·:~ ._:= •• 
. -.. . ·.· 
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f) [2R- [2q.. 3q. (S*) 11 -3- [ [2- (Acetylthio) -1-oxo-3-

phenylpropyl l aminol -2-methyl-4-oXQ-l. S-benzoxazepine­

SC2H)-acetic acid 

A suspension of (S)-2-Cacetyl-
5 thio)benzenepropanoic acid, dicyclohexylamine salt 

(495 mg., 1.22 nunol., 1.1 eq.) in ethyl acetate (30 
ml.) was washed with 5% potassium bisulfate CS x 5 
ml.) and brine (10 ml.), dried (anhydrous magnesium 
sulfate), filtered, evaporated to dryness and dried 

10 in vacuo to give the free acid as a clear syrup (278 
mg.) in quantitative yield. 

This free acid was dissolved in dry methylene 
chloride (10 ml.), cooled to oo c. (ice-salt bath) 
and treated with a solution of the product from part 

15 (e) (350 mg., 1.11 mmol.) in dry methylene chloride 
(2 ml.), followed by triethylamine (163 µ.l., 1.17 

mmol., 1.05 eq.) and benzotriazol-1-yloxytris­
(dimethylamino)phosphonium hexafluorophosphate (515.5 
mg., 1.17 mmol., 1.05 eq.). The reaction mixture was 

20 stirred at oo c for 1 hour then at room temperature 
for 3.5 hours. The reaction was not complete by TLC 

so an additional amount of triethylamine (54 µ.l., 
0.389 mmol.) and benzotriazol-1-yloxytris(dimethyl­
amino)phosphonium hexa~luorophosphate (172 mg., 0.389 

25 mmol.) was added and the reaction was stirred for 1 
hour. The reaction mixture wa$ concentrated to 
dryness, washed with 0.5 N hydrochloric acid (2 x 10 
ml.), water (10 ml.), and brine (10 ml.), dried 
(anhydrous magnesium sulfate), filtered, and 

30 evaporated to dryness. The crude product was 
chromatographed on a silica gel column (3 x 16 cm.), 
eluting with 20% ethyl acetate/hexane. The desired 
fractions were combined and concentrated, affording 

------=-------------
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378 mg. of pure title product. TLC (ethyl 
acetate:hexane, 1:1) Rf = 6.48. 
g> f2R-f2a.3alS*)JJ-3.4-pihydro-3-f C2-mercapto-1-
oxg-3-phenylpropyllaminol-2-methyl-4-oxo-1.5-

5 benzoxazepine-5C2Hl-acetic.acid 

A solution of the product from part (f) {297 
mg., 0.61 mmol.) in methanol (4 ml.) was purged with 
argon for 30 minutes, cooled to 0° c (ice-salt bath) 
then treated dropwise with a previously purged 

10 (argon, 30 minutes) solution of 1.0 N sodium 
hydroxide (2.45 ml., 4 eq.) maintaining the bubbling 
of argon throughout the addition and length of the 
reaction. The reaction mixture was stirred at 0°C 
for 1 hour, acidified at 0° c with 5% potassium 

15 bisulfate (20 ml.) to pH 1.5 and then extracted with 
ethyl acetate (2 x 50 ml.). Th& combined organic 
extracts were washed with brine (25 ml.), dried 
(anhydrous sodium sulfate), filtered, evaporated to 
dryness and dried in vacuo to yield a glassy oil (351 

20 mg.). The crude residue was dissolved in methylene 
chloride (5 ml.) and treated portionwise with hexane 
(50 ml.), scratching the mixture to form a solid. 
The supernatant was decanted and the solids 
triturated with more hexane (50 ml.) and pentane (2 x 

25 100 ml.), stirring with the first 100 ml. of pentane 
for 4 hours and the next 100 ml. overnight under 
argon. The pentane was decanted and the white 
amorphous solid was dried in vacuo overnight to give 
240 mg., of title product.· TLC (2% acetic acid in 

30 ethyl acetate) Rf = 0.48; [uJo = -101.1 (c = 1, 
methanol). 
Anal.calc'd.for C21H22N20SS • 0.40 C4H902 • 0.08. H20: 

C, 60.36; H, 5.65; N, 6.23; S, 7.13 
Found: C, 60.17; H, 5.57; N, 6.16; S, 7.45. 
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Example 33 

Following the procedure of Example 32 but 
starting with allo-L-threonine, [2S-[2a,3~(R*)]]-3,4-

dihydro-3-[ (2-mercapto-1-oxo-3-phenylpropyl)amino]-2-

S methyl-4-oxo-1,5-benzoxazepine-5(2H)-acetic acid was 
obtained~ [a]o = -174.3° (c = 0.89, methanol) TLC (1% 

acetic acid in ethyl acetate) Rf = 0.43. 
Example 34 

C2Sl-3-CC2-Mercapto-1-oxo-3-phenylpropyl>aminol-

10 3. 4. S. 6-tetrahydro-2-oxo-1-benzazocine-1 C2Hl -acetic; 

al 1-Benzosµberone. oxime 

A solution of hydroxylamine hydrochloride 

(2.39 g., 34.33 mmole, 1.1 eq.) in wa~er (16 ml.) was 

15 added to a solution of 1-benzosuberone (4.67 ml., 

31.21 nunole) in pyridine (9.0 ml·.) and ethanol (16 

ml.). The reaction mixture was refluxed (bath 

temperature 1050 C) for 35 minutes. The reaction 

mixture was cooled, diluted with ethyl acetate (100 

20 ml.) and water (40 ml.) and the layers were 

separated. The aqueous layer was extracted with 

ethyl acetate (2 x SO ml.). The combined organic 

extracts were washed with lN hydrochloric acid (3 x 

100 ml.), dried (anhydrous magnesium sulfate), 

25 filtered, and concentrated to obtain a crude off­

white solid (5.60 g.). The residue was purified by 

chromatography on 10 x 20 cm. silica gel column. 

Elution with hexane (21), followed by 10% ethyl 

acetate/hexane (5 1.) afforded 4.40 g. of title 

30 compound as.an off-white solid. TLC (10% ethyl 
acetate/hexane) Rf = 0.35. 
bl 3.4.S.6-Tetrahvdro-1-benzazocin-2C1Hl-gne 

Concentrated sulphuric acid (8.8 ml.) was 

added in one portion to a suspension of the product 

---·-----------···· 
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from part {a) (4.33 g., 24. 71 mmol.) in glacial 
acetic acid (4.4 ml.). The temperature rose to 
83° c. and the reaction mixture was heated to 1600 c. 
Coil bath) for 10 minutes. The reaction mixture was 

5 allowed to cool to room temperature and was then 
poured into ice-water ( 100 ml. ) . The reaction 
mixture was adjusted to pH 11 with 10 N sodium 
hydroxide solution. The mixture was diluted with 
ethyl acetate (250 ml.) and water {100 ml.) and the 

10 layers were separated. The aqueous layer was 
extracted with ethyl acetate (3 x 100 ml.). The 
combined ethyl acetate extracts were washed with 
water C 150 ml. ) and brine ( 150 ml. ) , dried C anhydrous 
sodium sulfate), filtered and concent~ated to yield 

15 2.8 g. of title product. TLC (ethyl acetate) Rf = 
0.33. 

· c) 3.4.5.6-Tetrahydro-3-brgmo-1-ben,zazocin-2C1H)-one 

A solution of the product from part (b) (8.31 
g., 41.42 mmole) in chloroform (115 ml .• ) was cooled 

20 to ~o C, treated with phosphorus pentachloride (11.36 
g., 54.53 mmole, 1.15 eq.) and iodine (114 mg.) and 
stirred for 30 minutes at oo c. under argon. The 
yellow reaction mixture was treated with bromine 
(2.92 ml., 56.90 mmole, 1.2 eq.), warmed to room 

25 temperature and refluxed under argon for 3.5 hours. 
The reaction mixture was allowed to cool to room 
temperature and added to ice-water (100 ml.). The 
layers were separated and the chloroform layer was 
washed with water (100 ml.), dried over magnesium 

30 sulfate, filtered and concentrated. The crude 
residue w~s recrystallized from hot 
affording 8.69 g. of title product. 
acetate:hexane, 1:1) Rf = 0.36. 

ethyl acetate· 
TLC (ethyl 

i iilllUr 
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d) 3.4.S.6-Tetrahydro-3-azido-l-benzazocin-2C1Hl-one 

A solution of the product from part (c) (6.87 
g., 27.03 mmole) and sodium azide (2.28 g., 35.14 
mmole, 1.3 eq.) in dimethylsulfoxide (130 ml.) was 

5 stirred at 600 c (oil bath) under argon for 5 hours. 
The reaction mixture was cooled to room temperature 
and poured into cold water (400 ml.) and stirred for. 
15 minutes. The precipitate was filtered, washing 
the solids with water C 11. ) and dried overnight. in 

10 vacuo over drierite to give the title product. TLC 
(ethyl acetate:hexane, 1:1) Rf = 0.63. 
el 3-Azido-3.4.S.6-tetrahydrg-2-gxo-1-benzazocine-

1C2H)-acetic acid. ethyl ester 

A solution of the product from part (d) (5.454 
15 g., 25.22 mmole} and ethyl bromoacetate (3.5 ml., 

31.53 mmole, 1.25 eq.) in dry teerahydrofuran (50 

ml.) was added to a cooled coo C.) suspension of 60' 

sodium hydride [1.23 g., 30.77 mmole, 1.22 eq.; 
washed with hexane (3 x 10 ml.)] in dry tetra-

20 hydrofuran ( 15 ml. ) over a period of 15 minutes. The 
mixture was stirred at oo c. for 1 hour and then at 
room temperature for 30 minutes. The reaction 
mixture was quenched with 25t ammonium chloride 
solution (100 ml.) and extracted with ethyl acetate 

25 (2 x 250 ml.). The combined ethyl acetate ~tracts 
were washed with 25% ammonium chloride solution (100 
ml. > and brine C 100 ml • ) , dried (anhydrous magnesium 
sulfate), filtered, and concentrated to yield the 
title compound as a yellow oil. TLC (35% ethyl 

30 acetate/hexane) Rf = 0.35. 
f) 3-A1Dino-3.4.5.6-tetraby4rg-2-gxo-1-benzazocine-

1C2H)-acetic acid. ethyl ester 

A solution of the product from part (e} (9.0 g., 

29. 83 mmole) in absolute ethanol ( 50 ml. ) was 
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treated with 10% palladium on carbon catalyst {900 
mg.) and hydrogenated at 45 psi for 5 hours, venting 
the Parr bottle twice in the first 1. 5 hours. The 
mixture was filtered through a millipore·unit, 

5 washing thoroughly with ethanol. The clear filtrate 
was evaporated to dryness and dried in vacuo to 
afford 7.59 g. of the title product as a thick yellow 
syrup. TLC (10% methanol/methylene chloride) Rf = 
0.29. 

10· g> (2S>-3-CC2-{Acetylthiol-1-oxo-3-phenylprgpyll­

aminol-3.4.5.6-tetrabvdro-2-oxo-1-benzazocine-1(2Hl-

acetic acid. ethyl ester 

A suspension of (S)-2-(acetylthio)benzene­
propanoic acid dicyclohexylamine salt.<2.1 g., 5.18 

15 mmole. 1.1 eq •• ) in ethyl acetate (100 ml.) was 
. . 

washed with 5% potassium bisulfate (5 x 25 ml.) and 
brine {30 ml.), dried {anhydrous magnesium sulfate), 
filtered, evaporated to dl:yness and dried in vacuo to 
give the free acid as a clear syrup (1.24 g.) in 

20 quantitative yield. 
This free acid was dissolved in dry methylene 

chloride (45 ml.), cooled to oo c. (ice-salt bath) 
and treated with a solution of the product from part 
{f) (1.3 g., 4.71 mmole) in dry methylene chloride 

25 (10 ml.), followed by triethylamine (723 µl., 5.18 
mmol., 1.1 eq.) and benzotriazol-1-yloxytris­
{dimethylamino)phosphonium hexafluorophosphate (2.29 
g., 5.18 mmol., 1.1 eq.). The reaction mixture was 
stirred at oo c. for 1 hour then at room temperature 

30 overnight. The reaction mixture was concentrated to 
dryness~ diluted with ethyl acetate- (125 ml.), washed 
with 0.5 N hydrochloric acid (2.x 2~ ml.), water (25 
ml. ) , and brine (_25 ml.) , dried (anhydrous magnesium 
sulfate), filtered, and evaporated to dryness. The 
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crude product was chromatographed on a silica gel 
column (3 x 16 cm.}, eluting with 30 % ethyl 
acetate/hexane. The desired fractions were combined 
and concentrated, affording 1.77 g. of pure title 

5 compound. Cl:l mixture of diastereoisomers). TLC 
(ethyl acetate:hexane, 1:1) Rf = 0.39. 
hl C2Sl-3-[C2-MercApto-1-oxo-3-phenvlprqpvllaminoJ-
3.4.5.6-tetrabydro-2-qxo-1-benzazqcine-1(2Hl-acetic 

~ 

10 A solution of the product from part (g) (1.75 
g., 3.62 mmole) in methanol (25 ml.) was ·purged with 
argon for 3 0 minutes, cooled to oo c (ice-salt bath) 
then treated.dropwise with a previously purged 
(argon, 30 minutes} solution of 1.0 N sodium 

15 hydroxide (14.5 ml., 4 eq.) maintaining the bubbling 
of argon throughout the addition·and length of the 
reaction. The reaction mixture was stirred at oo c. 
for 1 hour, acidified at oo c with 5% potassium 
bisulfate (200 ml.) to pH 1.5 and then extracted with 

20 ethyl acetate (2 x 200 ml.). The combined organic 
extracts were washed with brine (200 ml.), dried 
(anhydrous sodium sulfate), filtered, evaporated to 
dryness and dried in yacuo to yield a white foam 
(1.67 g.}. The crude residue was dissolved in 

25 methylene chloride (10 ml.) and treated portionwise 
with hexane (50 ml.), scratching the mixture to form 
a solid. The supernatant was decanted and the solids 
triturated with more hexane (50 ml.) and pentane (2 x 
100 ml.), stirring with the first 100 ml. of pentane 

30 for 4 hours and the next 100 ml. overnight under 
argon. The pentane was decanted and the white 
amorphous solid was dried in yacuq overnight to give 
1.388 g. of title product ·c1:1 mixture of 
diastereoisomers): m. p. 107 - 111° c.: [«Jo= +28.3° 
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Cc= 1.0, methanol). TLC (methylene 
chloride:methanol:acetic acid, 20:1:1) Rf = 0.44. 

Example 35 
f4S-£4q.7gCR*).10aPll~Decahydro-7-fC2-mercapto-1-oxo-

5 3-phenylpropyyllaminol-6-oxopyridofl.2-alazepine-4-

carhoxylic acid 

al (Sl-2-P.bthalimido-4-pentenoic acid. 

dicyclohexylamine salt 

A homogeneous solution of (S)-2-amino-4-
10 pentenoic acid (2.988 g., 25.9 mmol) and sodium 

carbonate (2.600 g., 24.5 mmol.) in water (55 ml.) 
was treated with solid N-(carbethoxy)phthalamide 
(5.677 g., 25.9 mmol.). After stirring at room 
temperature for 2.5 hours, the mixtur~ was acidified 

15 with 10% hydrochloric acid and extracted with ethyl 
acetate. The ethyl acetate extract was washed wi~h 
brine, dried (sodium sulfate), filtered, and 
stripped. The residue was flash chromatographed 
twice C2t acetic acid in ethyl acetate) and the 

20 desired product fractions were combined, stripped, 
and azeotroped with toluene. The residue was 
dissolved in ethyl ether, treated with 5.3 ml. of 
dicyclohexylamine and seeded. The resulting white 
precipitate was collected by fitration, washed with 

25 ethyl ether, and dried in vacuo to give 7.620 g. of 

pure title product; m.p. 196 - 197° c.; [aJo = -13.9° 

Cc= 0.8, methanol). TLC (5% acetic acid in ethyl 
acetate) Rf= 0.57. 
bl [ s-·CR*. R*l 1-2- [ (2-Phthalimido-1-oxo-4-

30 pentenyllaminol-6-hyciroxyhexan0ic acid. methyl ester 

A slurry of (S)-2-amino-6-hydroxyhexanoic acid 
(2.42 g., 16.4 mmole) in dry methanol (60 ml.) was 
treated with gaseous hydrogen chloride until the 
mixture began to reflux. The homogeneous solution 

c--r-. ---·······--·-----·-··------
!' 



HA599a 
- 113 -

was then stirred at room temperature for 2.5 hours. 
The solvent was stripped and the residue azeotroped 
three times with toluene to give crude (S)-2-amino-6-
hydroxyhexanoic acid, methyl ester, hydrochloride 

5 salt as an oil. This oil was dissolved in 
dimethylformamide (20 ml.) and methylene chloride (50 
ml.) and treated with 4-methyl morpholine (3.20 ml., 
2.94 g. ,. 29 .• 1 mmole). This mixture was cooled to 
0° c. and treated with (S}-2-phthalimido-4-pentenoic 

10 acid [obtained from 7.0 g., 16.4 mmole of the salt 
product from part (a) by partitioning between lOt 
potassium bisulfate and ethyl acetate] in methylene 
chloride (10 ml.), followed by solid hydroxybenzo­
triazole (2.22 g., 16.4 mmole) and et~l-3-(3-

15 dimethylamino)propyl carbodiimide, hydrochloride sait 
(3 .458 g. I 18.0 mmole} •. After stirring at 0° c. for 
0.5 hour and at room temperature for 2 hours, the 
reaction was partitioned between ethyl acetate and 
0.5 N·hydrochloric acid. The ethyl acetate extract 

20 was ~ashed successively with water, .sot saturated 
sodium bicarbonate, and brine, then dried (sodium 
~ulfate), filtered and stripped. The residue was 
flash chromatographed {Merck silica gel, ethyl 
acetate) to give pure title compound as an oil which 

25 solidified upon standing. The solid was triturated 
with ethyl ether and hexane and collected by 

filtration to give 5.149 g. of analytically pure 
title product; m.p. 90 - 92° C.; [aJo = +25.6 Cc= 

1.1, chloroform). TLC (ethyl acetate) Rf= 0.36. 
30 c) rs- (R* IR*)] -2-C (2-Phthalimido-1-0XQ-4-

pentenyllaminol-6-o:xohexangic acid. methyl ester 

A -78 °c solution of oxalyl chloride (1.38 
ml., 0.95 g., 7.5 mmol.) in methylene chloride (70 
ml.) was treated dropwise with a solution of dry 
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dimethylsulfoxide (2.20 ml., 2.00 g., 25.6 mmol.) in 
methylene chloride (2 ml.). After 10 minutes, the 
mixture was treated w.ith a solution of the produc.t 
from part (b) (5.04 g., 13.0 mmol~) in methylene 

5 chloride (15 ml.). After an additional 10 minutes, 
triethylamine (9.0 ml.) was added and the mixture was 
stirred at -78° c. for 5 minutes, then allowed to 
warm gradually to 0° c. The mixture was partitioned 
between ethyl acetate/ethyl ether and 0.5 N 

10 hydrochloric acid. The organic extract was washed 
with 50% saturated sodium bicarbonate and brine, then 
dried (sodium sulfate), filtered and stripped. The 
residue was crystallized from ethyl acetate/ethyl 
ether to afford compound 4.567 g. of title product as 

15 a white solid. The mother liquor was flash 
chromatographed (Merck silica gel, 6/4-ethyl 
acetate/hexanes) and crystallized to give an 
additional 184 mg. of product for a.total of 4.751 
g.; m.p. 74 - 76° c.; Calo= +25.2° {c =·1.3, 

20 chloroform). TLC (ethyl acetate:hexanes, 6:4) 
Rf = 0.22. 
dl CS-(R*.R*l-1.2.3.4-Tetrabydro-<1-oxg-2-
nhthalimido-4-pentenyll -2-pyridinecarhoxylic acid. 
methyl ester 

25 A solution of the product from part (c) (3.657 -
g., 9.46 mmole) and trifluoroacetic acid (190 µl.) in 
methylene chloride (70 ml.) was refl\lXed under argon 
for 1.5 hours. The cooled mixture was washed with 
dilute aqueous sodium bicarbonate, dried (sodium 

30 sulfate), filtered and stripped. The residue was 
flash chromatographed (Merck silica gel), 1:1 ethyl 
acetate:hexanes) to afford 3.417 g. of the title 
product as an oil/foam. TLC (ethyl acetate:hexanes) 
Rf = a.so. _______ ___:---
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el [4S-C4a.7a.1oaa>1-peCahydrp-9-iodo-6-oxo-7-

phthalimidopyrido[l.2-alazepine.4-carboxylic acid. 

methvl ester 

A solution of the product from part (d) (1.427 
5 g., 3.87 mmole) in methylene chloride (8.8 ml.} was 

added dropwise to a mixture of trifluoromethane­
sulfonic acid (2.2 ml.) and trifluoromethanesulfonic 
anhydride (210 µl.) at room temperature. The bright 
yellow solution was stirred for 5.5 hours, then 

10 poured into ice water and extracted with ethyl 
acetate. The ethyl acetate extract was washed with 
brine, dried {sodium sulfate), filtered and stripped. 
The crude residue {predominantly a mixture of 
carboxylic acids) was dissolved in methanol (3 ml.} 

15 and methylene chloride (20 ml.) and .treated with 
excess ethereal diazomethane for·25 minutes. The 
excess diazomethane was removed via argon bubbling 
and the solvent was stripped. The residue was 
dissolved in methyl ethyl ketone (40 ml.) and treated 

20 with sodium iodide (2.48 g.). After stirring at room 
temperature for 1 hour, the mixture was partitioned 
between ethyl acetate and water which contained a 
small amount of sodium bisulfite. The organic layer 
was washed with brine, dried (sodium sulfate), 

25 filtered and stripped. The residue was flash 
chromatographed (Merck silica gel, 1:1 ethyl 
acetate:hexanes followed by 6:4 ethyl acetate: 
hexanes) to give 1.125 g. of title product as a white 
foam; [a.Jo= -17.1° (c = 0.7, chloroform). TLC 

30 (ethyl acetate:hexanes, 6:4) Rf = 0.43. 
In addition 206 mg. of [4S-(4a.,7a.,10a~)]-

l,2,3,4,6,7,8,10a-octahydro-6-oxo-7-phthalimido­
pyrido[l,2-a]azepine, 4-carboxylic acid, methyl ester 
was obtained and was triturated with ethyl ether to a 
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white solid; m.p. 162 - 166° c.; [a] o = -106. 0° . (c = 
0.8, chloroform). TLC (ethyl acetate:hexanes, 6:4) 
Rf = 0.36. 
f) C4S-C4a.?a.10aP>l-Decahydro-6-oxo-7-phthalimido-

5 ovrido r 1. 2-al azenine. 4-carboxylic acid. methyl ester 

A solution of the title product from part (e) 
(1.068 g., 2.15 mmole) and tris(trimethylsilyl)­
silane ("1.0 ml., 806 mg., 3.2 mmol.) in dry benzene 
(10 ml.) was heated to 50° c. and treated every 30 

10 minutes with a catalytic amount (2-3 mg) of 2,2•­
azobisisobutyronitrile. After 3.5 hours, additional 
silane (400 µL) was added and the reaction was 
continued. After 5 hours, the slightly cloudy 
solution was cooled to room temperature and 

15 concentrated. The residue was triturated with ethyl 
ether and the resulting solid was collected by 

filtration and washed thoroughly with ethyl ether 
affording 522 mg. of essentially pure title product. 

~ -
The mother liquor was flash chromatographed (Merck 

20 silica gel, ethyl acetate:hexanes, 1:1) to give an 
additional 261 mg. of pure product for a total of 783 
mg.; m. p. 179 - 181° c.; [aJo = -10.6° (c = 0.9, 

chloroform). TLC (ethyl acetate:hexanes, 1:1) Rf= 

0.25. 
25 g> C4s- C4q. ?aCR*l. 1oap1 l -Decahydro-7- r £2-

Cacetylthio>-1-oxo-3-phenylprgpyll aminol -6-oxopyrido-
Cl.2-alazepine-4-·carboxylic acid. meteyl ester 

The product from part (f) (786 mg., 2.12 
mmole) in methanol (10 ml.) and methylene chloride (2 

30 ml.) was treated wiih hydrazine monohydrate (135 µl, 
2.8 mmol.) and the solution was stirred at room 
temperature for 66 hours. The mixture was filtered 
and the solid was washed with methanol. The filtrate 
was stripped, triturated with methylene chloride, and 
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filtered again. The filtrate was washed with water 
and the aqueous layer was back-extracted with 
methylene chloride. The pooled methylene chloride 
extracts were dried (sodium sulfate), filtered and 

5 stripped to afford 479 mg. of crude [4S-

10 

C4a, 7a, 10aP> J-decahydro-7-amino-6-oxopyrido[l,2-a]-

azapine-4-carboxylic acid, methyl ester as a 
colorless oil. TLC (10% methanol in methylene 
chloride) Rf = 0.18. 

A cold (0° C.) solution of (S)-2-
(acetylthio)benzenepropanoic acid [obtained from the 
dicyclohexylamine salt as described previously, 524 
mg., 2.33 mmol.), triethylamine (295 µl., 214 mg., 
2.11 mmol.) and the above crude amine .in methylene 

15 chloride (15 ml.) was treated with benzotriazol-1-
yloxytris(dimethylamino)phosphonium hexa­
fluorophosphate (940 mg., 2.12 mmol.). The solution 
was stirred at 0° c. for 1 hour and then at room 
temperature for 2 hours. The solvent was stripped 

20 and the residue was partitioned between ethyl acetate 
and 1 N hydrochloric acid. The organic layer was 
washed successively with water, 50% saturated sodium 
bicarbonate and brine, then dried (sodium sulfate), 
filtered and stripped~ The residue was flash 

25 chromatographed (Merck silica gel, ethyl 
acetate:hexanes, 1:1) to give 770 mg. of pure title 
compound as a white foam~ TLC (ethyl 
acetate:hexanes) Rf= 0.27. 
h> [4S-r4a.7aCR*l.10a~JJ-pecahydro-7-CC2-mercapto-1-

30 oxo-3-phenylpropyl>aminol-6-QXQp,yrido[l.2-alazepine-

4-carbOXVlic acid 

A room temperature solution of the product 
from part (g) (755 mg., 1.70 mmol.) in methanol (8 
ml., deoxygenated via argon bubbling) was treated 
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with 1 N sodium hydroxide (10 ml., deoxygenated via 
argon bubbling). After stirring for 3 hours, the 
mixture was acidified with 10% hydrochloric acid, 
diluted with water and extracted with ethyl acetate. 

5 The ethyl acetate extract was washed with brine, then 
dried (sodium sulfate), filtered and stripped. The 
residue was flash chromatographed (Merck silica gel, 
1% acetic acid in ethyl acetate). The desired 
product fractions were stripped, azeotroped three 

10 times with ethyl acetate, taken up in a small amount 
of ethyl acetate and triturated with hexanes. The 
solvents were removed by rotary evaporation and the 
residue was again triturated with hexanes, stripped 
and dried in yacuo to afford. 654 mg. ~f title product 

15 as a white amorphous powder; [CX]o = -31.0° Cc = 0.-8, 
chloroform) • TLC (2% acetic acid in ethyl acetate} 
Rf = 0.51. 
Anal. calc•d.for c20H26N204s • 0.16 C4H902 • 0.3 H20: 

C, 60.46; H, 6.85; N, 6.83; S, 7.82 
20 Found: C, 60.57; H, 7.07; N, 6.57; s. 7.63. 

Exa,mple 36 
(3S-C3aCR*) .7011-Hexahydro-3-£(2-mercapto-2-ox:o-3~ 
phenylprgpyllaminol-2-oxo-7-<2-propenyll-lH-azepine-
1-acetic acid 

25 a) ($)-N-<2-Phthalimido-1-oxohexyl)glycine. ethyl 
ester 

A slurry of glycine, ethyl ester, hydrochloride salt 
(2.718 g, 19.5 mmol.} in dimethylformamide (36 ml.} was 
treated with 4-methyl morpholine (2.60 ml., 2.39 g., 23.6 

30 mmol.) and stirred at room temperature for 5 minutes. The 
mixture was then treated with (S)-2-phthalimido-6-· 
hydroxyhexanoic acid ( 4. 50 g. , 16. 2 mmol. } and 
hydroxybenzotriazole (2.225 g., 16.5 mmol.}, cooled to 
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0° c., a~d then treated with ethyl-3-(3-dimethylamino)­
propyl carbodiimide, hydrochloride salt {3.438 g., 17.9 
mmol.). After stirring at 0° c. for 1 hour and at room 
temperature for 2 hours, the mixture was partitioned 

5 between ethyl acetate and 0.5 N hydrochloric acid and 
subsequently extracted three times with ethyl acetate. 
The pooled ethyl acetate extracts were washed in 
succession with water, saturated sodium bicarbonate, and 
brine, then dried (sodium sulfate), ·filtered and stripped 

10 to give 5.77 g. of title product. as a colorless oil. TLC 
{ethyl acetate) Rf = 0.34. 
b) <s>-N {2-Phthalimido-1.6-dioxohexvllglycine. ethyl 
ester 

A -78° c. solution of oxalyl c~loride (1.67 
15 ml., 2.43 g., 19.1 mmol.) in methylene chloride (50 

ml.) was tr·eated dropwise with a· solution of dry 
dimethylsulfoxide (2.70 ml., 2.97 g., 38.0 mmol.) in 
methylene chloride (2 ml.). After 15 minutes, a 
solution of the product from part (a) (5.770 g., 15.9 

20 mmol.) in methylene chloride (25 ml.) was added. 
·After an additional .15 minutes, the mixture was 
treated with triethylamine (10.0 ml.), stirred at 
-78° C for 5 minutes, then let warm to 0° C. The 
resulting mixture was washed with 1 N hydrochloric 

25 acid and brine, then dried (sodium sulfate), filtered 
and stripped. The residue was flash chromatographed 
(Merck silica gel, ethyl acetate:hexanes, 80:20) to 
give 5.170 g. of title compound as a colorless oil. 
c> (6S-trans>-Tetrahyciro-6-phthalimido-oxazoloC3.2-

30 blazepine-2.5(3H.6H)-dione 

A solution of the product from part (b) (5.16 
g., 14.3 mmol.) in trifluoroacetic acid (40 ml.) and 
chloroform (160 ml.) was refluxed· under argon for 42 
hours. The mixture was cooled to room temperature 
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and neutralized with saturated aqueous sodium 
bicarbonate. The layers were separated and the 
aqueous layer was extracted with methylene chloride. 
The pooled organic layers were washed with brine, 

5 dried (sodium sulfate), and filtered through a short 
plug of silica gel, washing with 1:1-ethyl 
acetate:methylene chloride. The filtrate was 
stripped to give a solid residue. The residue was 
slurried in methylene chloride and triturated with 

10 ethyl ether to give 3.437 g. of title product as a 
white solid. m.p. ·234-240° c. TLC (acetone:hexane, 
1:1) Rf = 0.51. 
·dl C3S-transl-Hexahydro-3-phthalimido-2-QXo-7-C2-

propenyll-lH-azepine-1-acetic acid 

15 A solution of the product fr~m part (c) (2.6 
g., 8.27 mmol.) and allyltrimethylsilane (10.0 ml., 
7 .19 g., 62.9 mmol.) in methylene chloride (75 ml.) 
at room temperature was treated ~ith stannic bromide 
(1.0 Min methylene chloride, 16.5 ml., 16.5 mmol.). 

20 After stirring at room temperature.for 9 hours and 
then. at -20° c. for 14 hours, the mixture was 
quenched with water· and extracted with ethyl 
acetate/ethyl ether. The extract was washed with 
brine, dried (sodium sulfate), filtered and stripped 

25 to give a cloudy white.oil. The oil was flash 
chromatographed (Merck silica gel, 2% acetic acid 
in ethyl acetate) to give 2.810 g. of the 
diastereomerically pure title compound as a white 
foam. TLC (5% acetic acid in ethyl acetate) Rf = 

30 o.ss. 
el C3S-transl-Hexahydrg-3-phthalimido-2-oxo-7-<2-

Pronenyll-1H-azepine-1-acetic acid. methyl ester 

A cold (0° C.) solution of the product from 
part (d) (2.50 g., 7.0 mmol.) in methanol (20 ml.) 

1111u1r111nr 
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and ethyl ether (30 ml.) was treated with excess 
ethereal diazomethane for 10 minutes. The excess 
diazomethane was destroyed by the addition of acetic 
acid and the solvent was removed on the rota:ry 

5 evaporator to give a yellow oil. The oil was flash 
chromatographed (Merck silica gel, 1:1-ethyl 
acetate:hexanes) to obtain the product as a foam. 
The foam was dissolved in hot ethyl ether containing 
a little methylene chloride, cooled, and seeded to 

10 give 2.072 g. of c:rystalline title product. The 
mother liquor yielded an additional 262 mg. of 
product for a total of 2.334 g.; m. p. 107-109° c. 
TLC (ethyl acetate:hexane, 1:1) Rf = 0.29 
fl C3s- C3a(R*l. 1p1 l-Hexabydro-3-f C2- Cacetylthiol -1-

15 oxo-3-phenylpropyllaminol-2-oxo-7-<2_-propenyll -lH­

azepine-l-acetic aqid. methyl ester 

A slurry of the crystalline product from part 
Ce) (492 mg., 1.33 mmol.) in methanol (10 ml.) was 
treated with hydrazine monohydrate (142 µl, 147 mg., 

20 2.93 mmol.) and the solution was briefly warmed to 
effect solubilization of the starting material.· 
After stirring at room temperature for 18 hours, the 
mixture was diluted with methylene chloride and 
filtered~ The filtrate was stripped, slurried in 

25 methylene chloride, filtered and stripped again to 
give the crude amine (270 mg.,) as a colorless oil. 
A cold (0° C.) solution of the amine and (S)-2-
Cacetylthio)benzenepropanoic acid (obtained from the 
dicyclohexylamine salt as described previously, 287 

30 mg., 1.28 mmol.) in methylene chloride (12 ml.) was 
treated with triethylamine (172 µl., 125 mg., 1.23 
mmol.) followed by benzotriazol-1-yloxy­
tris(dimethylamino)phosphonium hexafluorophosphate 
(547 mg., 1.24 mmol.). The clear, nearly colorless 

------··- -------------
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solution was stirred at 0° c. for one hour and then 
at room temperature for 2 hours. The mixture was 
stripped, then partitioned between ethyl acetate and 
1 N hydrochloric acid. The ethyl acetate extract 

5 was washed successively with water, 50% saturated 
sodium bicarbonate and brine. The solution was dried 
(sodium sulfate), filtered and stripped. The residue 
was flash chromatographed (Merck silica gel, 
hexanes:acetone:ethyl ester, 6:3:1) to give 352 mg. 

10 of title product as an 84:16 mixture of 
diastereomers. This material was pooled with a 
similarly impure batch of product and the combined 
material was.purified by preparative reverse-phase· 
high performance liquid chromatograp~ (YMC SH-365-10 

15 s-10 120A ODS, 30 x 400 mm column, isocratic 66% 
methanol/34% water, 50 ml/min, detecting at 220 nm, 
title product ta= 22.6 min., impurity ta= 28.7 

min.). The title product was obtained as a colorless 
oil in 98.2' purity. TLC(acetone:hexanes, 4:6) 

20 Rf = 0.38. 
gl £3S-£3a(R*l.7P11-Hexahy4ro-3-Cl2-mercapto-1-oxo-

3-phenylprgpyllaminol-2-oxo-7~C2-propenyll-1H-

azepine-1-acetic acid 

A room temperature solution of the product 
25 from part Cf) (720 mg., 1.61 mmol.) in methanol (12 

ml., deoxygenated via argon bubbling) was treated 
with 1 N sodium hydroxide (10 ml., deoxygenated via 
argon bubbling). After stirring for 20 minutes, the 
solution was acidified with 10% hydrochloric acid (5 

30 ml.) and extracted with ethyl acetate. The ethyl 
acetate extract was washed with water and brine, then 
dried (sodium sulfate), filtered and stripped to 
afford an oil. The material was flash 
chromatographed (Merck silica gel, 2-5% acetic acid 

--------·· ------
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in ethyl acetate} . The product containing fractions 
were pooled and stripped, and the residue was 
azeotroped three times with ethyl acetate. The 
resulting oil/foam was dissolved in a small amount of 

5 ethyl acetate and then triturated with hexane to 
produce a white oil/foam. The mixture was stripped 
to dryness, slurried in hexane, stripped to dryness 
again, and dried in vacuo to give 616 mg. of title 
product as a hard white foam; [aJo = -48.5° Cc = 

10 0.63, chloroform). TLC (5% acetic acid in ethyl 
acetate) Rf = 0.56. 
Anal.cal'd. for C20H26N204S • 0.2 H20: 

C, 60.95; H, 6.75; N, 7.11; S, 8.14 
Found: C, 60.98; H, 6.93; N, 6.93; S, 7.94 

15 Exazml= 37 
C3S-£3a. CR*) .7J.U l-Hexabydro-3-C C-2-mercapto-1-oxo-3-
phenylpropyllaminoJ-2-oxg-7-prgpyl-lH-azepine-1-

acetic acid 

al C3S~trans>-Hex;ahydrg-3-phthalimido-2-QXQ-7-

20 prgpvl-lH-az=oine-1-acetic acid. methyl ester 

A solution of the product from Example 36(e) 
(767 mg., 2.07 mmol.) in methanol (10 ml.) and ethyl 
acetate (10 ml.) was hydrogenated (balloon) over 
palladium: (10' on carbon, 62 mg.) at room temperature 

25 for one hour. The mixture was filtered through 
Celite, stripped, redissolved in ethyl acetate, 
filtered through a plug of silica gel and stripped 
again to afford 780 mg. of title product as a 
colorless oil. TLC (ethyl acetate:hexanes, l:l) 

30 Rf = 0.29. 

---------·--------
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bl C3S-C3a(R*l .1p1 l-Hexahy<iro-3-C C2-Cacetylthiol -1-

oxo-3-ghenylpropyllaminol-2-oxo-7-propyl-lH-azepine-

1-acetic acid. methyl est.er 

The product from part (a) (774 mg., 2. 07 
5 mmol.) in methanol (8 ml.) was treated with hydrazine 

monohydrate (222 µl., 229 mg., 4.58 mmol.) and the 
solution was stirred at room temperature for 23 
hours. ·The mixture was diluted with 0.5 N 
hydrochloric acid (20 ml.)and stirred at 0° c. for 2 

10 hours. The solution was filtered and the filtrate 
was washed with ethyl acetate. The ethyl acetate 
extract was back-extracted once with water and the 
pooled aqueous layers were made basic with 1 N sodium 
hydroxide. Extraction with methylene.chloride (three 

15 times) followed by drying {sodium sulfate) and 
evaporation of the solvent _afforded the crude amine 
(354 mg.,) as a colorless oil. 

A cold (0° C.) solution of this crude amine 
and (S)-(acetylthio)benzenepropanoic acid [obtained 

20 from the dicyclohexylamine salt as described 
previously, 344 mg., 1. 53 mmol.) in methylene 
chloride (12 ml.) was treated with triethylamine (214 
µl., 154 mg., 1.53 mmol.) followed by benzotriazol-1-
yloxytris(dimethylamino)phosphonium hexafluoro-

25 phosphate (679 mg., 1.54 mmol.). The clear, nearly 
colorless solution was stirred at 0° C. for one hour 
and then at room temperature for one hour. The 
mixture was stripped, then partitioned between ethyl 
acetate and 0.5 N hydrochloric acid.. The ethyl 

30 acetate extract was washed successively with water, 
50% saturated sodium bicarbonate and brine. The 
solution was dried (sodium sulfate), filtered and 
stripped. The residue was flash chromatographed 
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(Merck silica gel, 6:4-hexanes:acetone) to give 510 
mg. of pure title product as a colorless oil. 
TLC (acetone:hexanes, 4:6) Rf = 0.31. 
c) f3S-f3q(R*) .7Pll-Hexabydro-3-f C2-mercapto-1-oxo-

5 3 -phenvlpropyll amino 1 -2-oxo-7 -propyl-lH-azepine-1-
acetic acid 

A room temperature solution of the product 
from par.t (b) (502 mg, 1.12 mmol) in methanol (8 ml., 
deoxygenated via argon bubbling) was treated with 1 N 

10 NaOH (6 mL, deoxygenated via argon bubbling). After 
stirring for 25 minutes, the solution was acidified 
with 10% hydrochloric acid and extracted wit~ ethyl 
acetate. The ethyl acetate extract was washed with 
water and brine, then dried (sodiuum sulfate), 

15 filtered and stripped to afford an oil. The material 
was flash chromatographed (Merck·silica gel, 2% 
acetic acid in ethyl acetate). The product 
containing fractions were pooled and stripped, and 
the residue was azeotroped two times with ethyl 

20 acetate. The resulting oil/foam was dissolved in a 
small amount of methylene chloride and then 
triturated with hexane to produce a white oil/foam. 
The mixture was stripped to dryness, slurried in 
hexane, stripped to dryness again, and dried in vacuo 

25 to give 394 mg. of title _product as a hard white 
foam: [a]o = - 51.2° (c = 0.65, chloroform). TLC (2% 

acedic acid in ethyl acetate) Rf = 0.47. 
Anal. calc'd. for c20H2aN204s • 0.2 H20: 

C, 60.95: H, 6.75; N, 7.11; S, 8.14 
30 Found: C, 60.98; H, 6.93; N, 6.93: S, 7.94. 

--- ------·-·------.-
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Example 38 
C3S-C3a<R*).76JJ-7-<cyclopropylmethyllhexahysiro-3-

CC2-mercapto-1-oxo-3-phenylpropyllaminol-2-QXo-1H-
azepine-1-acetic acid 

5 a) C3S-trans-7-(cyclopropylmethyl>hexabydro-3-

phthalimido-2-QXo-lH-azepine-1-acetic acid.methyl 

ester 

To a solution of the product from Example 
36(e) (700 mg. 1.89 mmol.) in 5 ml. of methylene 

10 chloride, cooled to 0° c, was -added a 75 ml. portion 
of diazomethane/ethyl ether solution (prepared 
according to the procedure of Fieser & Fieser, Vol. 
I, p. 192), followed by 7 mg. {0.03 mmol.) of 
palladium(II) acetate. The reaction mixture bubbled 

15 violently and turned clear. After ~tirring for 10 
minutes an additional 25 ml. of diazomethane/ethyl 
ether solution was added to the reaction. The 
reaction was stirred at 0° c for 50 minutes, then · 
filtered through celite and concentrated in vacuo to 

20 give a crude oil. The crude oil was flash 
chroma~ographed (Merck silica, 50 x 150 mm, 1:2' ethyl 
acetate/hexane) to give· 717 mg. of title product as a 
white foam. 
h> C3S-£3aCR*) .7pJJ-7- <cyclopropylmetbyl>hexahydro-

25 3-C C2- Cacetylthig>-1-gxo-3-pheuylprgpyll aminol -2-QXo­

lH-az~ine-l~aceti.c acfd. metbvl ester 

To a solution of the product from part (a) 
(697 mg., 1.81 mmol.) in·s ml. of methanol, stirred 
at room temperature, was added dropwise 92 µL (1.90 

30 mmol. ) of hydrazine monohydrate. The reaction was 
stirred at room temperature for 48 hours, then 
filtered to remove the solid byproducts. The 
filtrate was concentrated in yacug, dissolved in 

methylene chloride, refiltered and reconcentrated to 
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give a crude oil. The crude oil was dried under 
vacuum to give 441 mg. of crude amine as a white 
foam. This crude foam was used in the next reaction 
without further purification. 

5 To a cold (0° C) solution of 420 mg. (1.64 
mmol.) of this crude amine and 384 mg. (1.81 mmol. of 
(S)-2-(acetylthio)benzenepropanoic acid (obtained 
from the dicyclohexylamine salt as described 
previously) in 10 ml. of chloroform was added 280 µl. 

10 (1.97 mmol.) of triethylamine. The reaction mixture 
was stirred 30 minutes, then 799 mg. (1.81 mmol.) of 
benzotriazol-1-yloxytris(dimethylamino)phosphonium 
hexafluorophosphate was added~ The reaction was 
stirred at 0° c for 48 hours, then an additional 399 

15 mg. (0.904 mmol.) of benzotriazol-1-yloxytris­
(dimethylamino)phoisphonium hexafluorophosphate and 4 

drops of triethylamine were added. The reaction was 
stirred at 0° c. for an additional 24 hours, then 
partitioned between 50 ml. ethyl acetate/SO ml. 5% 

20 potassium bisulfate solution. The water layer was 
separated and extracted with 2-25 ml. portions of 
ethyl acetate; the combined ethyl acetate layers 
were washed with 25 ml. of 5% potassium bisulfate 
solution, 40 ml. saturated sodium bicarbonate, 40 ml. 

25 brine, dried (magnesium sulfate) and concentrated in 

vacuo to give a crude oil. The oil was flash 
chromatographed (Merck silica gel, SO x 200 mm, 1:3 
ethyl acetate/hexane, then 1:2 ethyl acetate/hexane) 
to give 678 mg. of title product as a white foam. 

30 c> C3S-C3gCR*l.7Pll-7-<Cyclopropylmethvllhexahydro~ 

3 - C ( 2-mercapto-1-oxo-3 -phenvlpropvl) amino 1-~2-oxO-lH-

azepine-1-acetic acid. 

A solution of 658 mg.· Cl. 43 mmol.) of the 
product from part (b) in 10 ml. of methanol was 

--------------·---
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purged with argon for 30 minutes and cooled to 0° c. 
To this solution was added dropwise 6 ml. of 1M 
sodium hydroxide,. also purged with argon for 30 

minutes and cooled to 0° c. The reaction was stirred 
S at 0° c. for 1 hour with continuous argon purging, 

then acidified to pH 1 with St potassium bisulfate 
solution. The mixture was extracted with 3-80 ml. 
portions of ethyl acetate; the combined ethyl 
acetate layers were dried {magnesium sulfate) and 

10 concentrated in yacµo to give a crude oil. The oil 
was flash chromatographed (Merck silica gel, SO x lSO 
mm., 0.2% acetic acid/ethyl acetate) to give a white 
foam. The foam was triturat~d from methylene 
chloride/hexane to give 490 mg. of ti~le product as a 

lS white hard.solid; (uJn = -78.9° Cc= 1.0, CDCl3). 

TLC (S% methanol in methylene chloride plus 3 drops 
acetic acid) Rf = 0.41. 
Anal.calc'd. for C21H2eN2S04 • 0.SO H20: 

C, 61.00; H, 7.07; N, 6.77; S, 7.93 
20 Found: C, 61.40; H, 6.7S: N, 6.37; S, 7.75. 

Exaninle 39 

[3S-£3aCR*l.7~11-7-(CVclopentyllhexabys:iro-3-£(2-

mercapto-1-QXQ-3-phenylprgpvllaminol-2-oxo-lH-

azepine-1-acetic acid 

25 a) (3S-trapsl-7-C2-cyclgpentenyllhexahydrp-3-

phthalimidg-2-oxo-lH-azepine-1-acetic acid. methyl 

ester 

Tin tetrachloride (5.1 ml., 5.1 mmol., 1 M 
methylene chloride) was added dropwise to a solution 

30 of the product from Example 36 Ce) (800 mg., 2.55 
mmol.) and (2-cyclopentenyl)trimethylsilane {2.85 g., 
20.4 mmole) in methylene chloride (60 ml.). The 
mixture was stirred at room temperature for 18 hours, 
then quenched by the addition of 100 ml. of water. 

------·---------
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The mixture was extracted with 3-100 ml. portions of 
ethyl acetate and 2-100 ml. portions of ethyl ether; 
the combined organic layers were washed with 100 ml. 
of brine, dried (sodium sulfate) and concentrated in 

5 vacuo to give a crude oil. The oil was flash 
chromatographed (Merck silica gel, 50 x 100 mm, 1:1 
ethyl acetate/hexane then 2% acetic acid/ethyl 
acetate). to give 788 mg. o~ (3S-trans)-7-(2-
cyclopentenyl)hexahydro-3-phthalimido-2-oxo-1H-

10 azepine-1-acetic acid as a white foam. 
A solution of this acid (768 mg., 2.01 mmol.) in 

methanol (7 ml.)/ethyl ether (10 ml.} stirred at room 
temperature, was treated dropwise with a solution of 
diazomethane/ethyl ether (prepared acqording to the 

15 procedure of Fieser & Fieser, Vol. I, p. 192). The 
diazomethane/ethyl ether solution was added until the 
reaction mixture remained yellow and the bubbling 
ceased. The mixture was stirred 10 minutes, then the 
excess diazomethane was quenched by the dropwise 

20 addition of 0.3 ml. of acetic acid. The colorless 
solution was concentrated in yacµo to give a crude 
oil. The oil was flash chromatographed (Merck silica 
gel, 50 x 100 mm, 1:2 ethyl acetate/hexane) to give 
640 mg. of title product as a white foam. 

25 b> CJs-trons>-7-CCyclapentyl>hexahydro-3-

phtbalimido-2-oxo-lH-azepine-1-acetic acid. methyl 

ester 

A.solution of the product from part (a) (700 
mg., 1.89 mmol.) in 5 ml. of methanol was purged with 

30 argon for 15 minutes, then 150 mg. C25t by weight) of 
lOt palladium on carbon was added. The reaction 
vessel was evacuated and filled with hydrogen three 
times and stirred under hydrogen (1 atm, balloon) for 
5 hours. The reaction mixture was filtered thro~gh 
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Celite; the filtrate was concentrated in vacuo to 
give 594 mg. of_ title product as a white foam. 
c> C3S- C3a CR*>, 7(.'11-7- CCVclonentyl > hexahydro-3-·r C2-

Cacetylthio> -1-oxo-3-phenylpropvll aminol -2-oxo-1H-

5 azepine-1-acetic acid, methyl ester 

A solution of the product from part (b) _in 
methanol was treated with hydrazine monohydrate 
according to the procedure described in Example 38 
part Cb) affording crude (3S-trans)-7-

10 (cyclopentyl)hexahydro-3-amino-2-oxo-lH-azepine-1-
acetic acid, ·methyl ester as a white foam. 

This white foam was treated with (S)­
(acetylthio)benzenepropanoic acid according to the 
procedure describ~d in Example 38 par~ (b) affording 

15 the title product as a clear oil. 
dl C3S- £3g.CR*l , 7L\11-7- CCVclopentyllbexahvdro-3-£ <2-

mercapto-l-QXo-3-phenylpropvllam,inol-2-oxo-lH-

azepine-1-acetic acid 

A solution of the product from part (c) in 
20 methanol was treated with lM sodium hydroxide 

according to the procedure of Example 38 part (c) 
affording t~e title product as a white hard solid; 
[aJo = -78.1° Cc= 1, CDCl3). TLC (St methanol in 

methylene chloride plus 3 drops acetic acid) 
25 Rf = 0.39. 

Anal. Calc•d. for C22H30N2S04 • 0.03 H20: 
C, 63.06; H, 7.23; N, 6.69; S, 7.65 

Found: C, 63.25; H, 7.25; N, 6.50; s, 7.55. 
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Example 40 
CS- CR_* .R*) 1-Hexahyd:cy-3-C (2-mercapto-1-oxo-3-
phenylpropyllaminoJ-2-oxo-lH-azepine-1-propanoic acid 
al {S)-3-[[(1.1-DimetbylethQ2CY)Carbonyllaminol-

5 hexahydro-2-oxo-lH-azepine-1-propanoic acid. ethyl 
ester 

A solution of the product from Example 9(b} 
(1.75 g., 7.67 mmol.) in tetrahydrofuran:t-butanol 
(2:1, 30 ml.) was cooled to 0° c. and treated with 

10 ethyl acrylate (1.16 ml., 10. 74 mmol., 1.4 eq.) and 
then 1.0 N t-butanol, potassium salt (767 µl., 0.1 
eq.). The reaction mixture was stirred at oo c. for 
15 minutes then at room temperature for 1 hour. The 
reaction was ql.lenched with 25% ammoni~ chlori_de (SO 

15 ml.) and extracted with ethyl acetate (2 x 125 ml.). 
The combined organics was washed·with 25% ammonium 
chloride (50 ml.), water (100 ml.), and brine (100 
ml.), dried over magnesium sulfate, filtered and 
concentrated to yield a clear syrup. The residue was 

20 purified by chromatography on a 5 x 15 cm silica gel 
column eluting with 30% ethyl acetate/hexane mixture. 
The desired fractions were combined and concentrated 
to afford 2.18 g. title product as a clear syrup. TLC 
(ethyl acetate:hexane, 1:1) Rf = 0.38. 

25 bl CS-CR*.R*ll-Hexabydro-3-CC2-Cacetylthiol-1-oxo-3-
phenylpropyllaminol-2-oxo-1-azepine-1-propangic acid. 
ethyl ester 

·The product from part (a) (2.15 g., 6.55 
mmole) was treated with 4 N hydrochloric acid/dioxane 

30 (30 ml., 120 mmole) at 0° c. for 30 minutes, then at 
room temperature for 2 hours. The reaction mixture 
was concentrated, stripped with ethyl ether (twice), 
azeotroped with toluene (3 times) and dried in vacuo 
for 5 hours affording (S)-3-amino-hexahydro-2-oxo-lH-



.r---·· 

HA599a 
- 132 -

azepine-1-propanoic acid, ethyl ester, hydrochloride 
salt. 

This amine was them coupled with (S)­
(acetylthio)benzenepropanoic acid in the presence of 

5 triethylamine and benzotriazol-1-yloxytris­
(dimethylamino)phosphoniwn hexafluorophosphate as 
described in Example 31 part (c) affording the title 
product. TLC (ethyl acetate:hexane, 1:1) Rf = 0.19. 
cl CS-(R*.R*l-Hexahydro-3-[(2-mercapto-1-oxo-3-

10 phenylpropyllaminol-2-oxg-lH-azepine-l~propanoic acid 

The product from part (b) in methanol was 
treated with lN sodium hydroxide as described in 
Example 31 part (d) affording the title product as· a 
white foam; [aJo = +4.44° (c = 1.24, methanol}. TLC 

15 (1% acetic acid in ethyl acetate) Rf = 0.27. 
Anal. calc'd. for c19H24N204s • 0.17 H20: 

C, 58.83; H, 6.67; N, 7.62; S, 8.72 
Found: C, 58.83; H, 6.87; N, 7.33; S, 8.49. 

Example 41 

20 CS-(R*.R*ll-Hexabydro-3-CC2-mercapto-1-oxo-3-
phenylprgpyllaminol-2-oxo-q-(phenylmethyll-1H-

azepine-1-acetic acid 

al CR*)-N-C2-Phtbalimido~6-bydroxy-1-oxohexyll-L-

phennylalanine. ethyl ester 

25 To a solution of· L-phenylalanine, ethyl ester, 
hydrochloride salt (998. mg., 4.3 mmol.) in 
dimethylformamide (10 ml.) was added 4-
methylmorpholine (575 µl., 529 mg, 5.2 mmol.). After 
stirring at room temperature for 5 minutes, the 

30 solution was cooled to 0° c and treated successively 
with (S)-2-phthalamido-6-hydroxyhexanoic acid (1.002 
g., 3.6 mmol.), hydroxybenzotriazole (582 mg., 4.3 
mmol.), and ethyl-3-(3-dimethylamino)propyl 
carbodiimide, hydrochloride salt (770 mg., 4.0 
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mmol.). The resulting mixture was stirred at 0° c. 
for 0.5 hour and at room temperature for 1~5 hours. 
The solution was partitioned between ethyl acetate 
and water and the organic extract was washed 

5 successively with 0.5 N hydrochloric acid, water, 50% 
saturated sodium bicarbonate, and brine, then dried 
(sodium sulfate), filtered and stripped to give 1.63 
g. of essentially pure title product as an oil/foam. 
TLC (acetone:hexanes, 1:1) Rf = 0.30. 

10 b) (R*)-N-<2-Phthalimido-1.6-dioxohexyl)-L-
phenylalanine. ethyl ester 

A -78 °c. solution of oxalyl chloride. (370 
µl., 538 mg., 4.2 mmol.) in methylene chloride (10 
ml.) was treated dropwise with a solu~ion of dry 

15 dimethylsulfoxide (610 µl., 672 mg., 8.6 mmol.) in 
methylene chloride (1.5 ml.). After 10 minutes, a 
solution of the product from part (a) (1.616 g., 3.6 
mmol.) in methylene chloride (10 ml.) was added. 
After an additional 15 minutes, the mixture was 

20 treated with triethylamine (4.0 ml.), stirred at 
-78° C. for 5 minutes, then let warm to 0° C. The 
resulting white slurry was partitioned between 0.5 N 
hydrochloric acid and ethyl acetate_. The organic 
extract was washed with brine, then dried (sodium 

. 25 sulfate), filtered and stripped. The residue was 
flash chromatographed (Merck silica gel, 40:60-
acetone:hexanes) to afford 1.474 g.of title product 
as an oil/foam. TLC (acetone:hexanes, 1:1) 
Rf = 0.45. 

30 cl C3s- <3a. 6P. 9aa) 1-Tetrahydro-3- <phemrlmetJ:mll -6-
phthalimi<io-oxazgle£3.2-alazepine-2.5C3H.6H)-dione 

A mixture of the product from part (b) (6.11 
g. , 13 • 6 mmol. ) and trifluoroacetic acid ( 3 4 ml. ) in 
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chloroform (205 ml.) was refluxed for 6 days. The 
solution was cooled to room temperature and 
neutralized with saturated sodium bicarbonate. The 
layers were separated and the aqueous layer was 

5 extracted with methylene chloride. The pooled 
organic layers were washed with water, dried (sodium 
sulfate), filtered and stripped to give a dark 
yellow-orange oil. The residue was flash 
chromatographed {Merck silica gel, 40 to 60% ethyl 

10 acetate in hexanes) to afford 3.075 g. of title 
product as a white foam. 
dl CS-CR*.R*ll-Hexahydro-2-oxo-3-phthalimido-q-

(phenvlmethyll-lH-azepine~l-acetic acid. methyl ester 

A solution of the product from.part (c) (1.40 
15 g., 3.46 mmol.) and triethylsilane (4.4 ml., 3.20 g., 

27.5 mmol.) in methylene chloride (42 ml.) at room 
temperature was treated dropwise with titanium 
tetrachloride (1.0 Min methylene chloride, 7.0 ml., 
7.0 mmol.). The clear colorless solution became 

20 bright yellow upon the addition of titanium 
tetrachloride; no precipitate resulted. After 
stirring for 66 hours, the mixture was quenched with 
water and extracted with ethyl acetate. The ethyl 
acetate extract was washed with water and brine, 

25 dried (sodium sulfate), filtered and stripped to give 
an oil. Flash chromatography (Merck silica gel, 
ethyl acetate followed by 2% acetic acid in ethyl 
acetate) provided 870 mg. of [S-(R*,R*)J-hexahydro-2-
oxo-3-phthalimido-a-Cphenylmethyl)-lH-azepine-1-

30 acetic acid.as a white foam. 
A cold (0 °C) solution of this acid (898 mg., 

2.21 mmol.) in methanol (8 ml.) and methylene 
chloride (12 ml.) was treated with excess ethereal 
diazomethane for 5 minutes. The excess diazomethane 

-------------·--------·-····-·-

. :·:·_ . 
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was destroyed by the addition of acetic acid and the 
solvent was removed on the rotary evaporator to give 
a yellow oil. The residue was flash chromatographed 
(Merck silica gel, 50 to 60% ethyl acetate in 

5 hexanes) affording 858 mg. of title product as a 
white foam. TLC (ethyl acetate:hexanes, 1:1) 
Rf = 0.30. 
e) CS- (R* .·R*) l-Hexahvdro-3- [ f2- (acetylthiol -l-oxo-3-
phenylpropyllaminol -2-oxo-a- (phenylmethyll -lH-

10 azepine-1-acetic acid. metbyl ester 

A solution of the product from part (d) in 
methanol was treated with hydrazine monohydrate 
according to the procedure of Example 36 part Cf) 
affording [S-(R*,R*)]-hexahydro-3-amino~2-oxo-a-

15 (phenylmethyl)-lH-azepine-1-acetic acid, methyl ester 
as a pale yellow oil. TLC (methylene chloride:acetic 
acid:methanol, 8:1:1) Rf.= 0.60. 

A cold (0° C.} solution of this amine was 
reacted with (S)-2-(acetylthio)benzenepropanoic acid 

20 in ~he presence of triethylamine and benzotriazol-1-
yloxytris (dimethylamino )phosphonium hexafluoro­
phosphate according to the procedure of Example 36 
(f) affording the title product as a colorless 
oil/foam. TLC (acetone:hexanes, 1:1) Rf = 0.54. 

25 fl rs-CR*.R*ll-Hexabydrg-3-CC2-mercapto-1-oxo-3-

pbenylpropyllaminol-2-oxo-a-Cphenylmethyll-1H-

aze,gine-1-acetic acid 

A solution of the product from part {e) in 
methanol was treated with lN sodium hydroxide 

30 according to the procedure of Example 36 part (g) 
affording the title product as a relatively hard 
white foam1 (aJo = -64.2° (c = 0.54~ chloroform). 

TLC (5% acetic acid in ethyl acetate) Rf = 0.60. 

----------------------
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Anal.calc'd. for C24H29N204S • 0.31 H20: 
C, 64.61; H, 6.47; N, 6.28; S, 7.19 

Found: C, 64.61; H, 6.78; N, 5.89; S, 7.46 
Example 42 

5 C6CSll-Hexa,hyciro-6-CC2-mercapto-1-oxo-3-phenY1-
propyllaminol-2.2-dimetbyl-7-oxo-1H-azepine-1-acetic 

~ 
a) 2.2-Dimetbylcyclohexanone. oxime 

A solution of 2,2-dimethylcyclohexanone (8.960 
10 g., 65 mmol.), pyridine (12.0 ml., 12.27 g., 155 

mmol.), and hydroxylamine hydrochloride (10.30 g., 
148 mmol.) in absolute ethanol (50 ml.) was heated at 
85° c. for 2 hours. The cooled mixture was 
partitioned betwe~n ethyl ether and w~ter and the 

15 ethereal layer was washed successively with 1 N 
hydrochloric acid and brine, then dried (sodium 
sulfate), filtered and stripped. The solid residue 
was dissolved in a small amount of hot hexane and 
cooled to 0° c. to afford 6.801 g. of title product 

20 as white flakes; m. p. 91-93°C. TLC (ethyl 
acetate:hexane, 4:6) Rf = 0.60. 
h> Hexahydro-3.3-dichloro-7.7-dimethyl-2-oxo-2H-
azepine 

A cold (0-10° C.) slurry of phosphorus 
25 pentachloride (32.50 g., 156.1 mmol.) in met~ylene 

chloride (250 ml.) was treated with a solution of the 
product from part (a) (7.353 g., 52.1 mmol.) in 
methylene chloride (50 ml.) over a 10 minute period. 
The mixture was warmed to room temperature and 

30 chlorine gas was bubbled through the solution at 0~5 
and 1.5 hours after addition of the oxime. After a 
total of 3 hours, the mixture was quenched with 
crushed ice (70 ml.) followed by saturated sodium 
bicarbonate (150 ml.). Periodic cooling was 

-----------
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necessa:r:y. The biphasic mixture was stirred 
vigorously at room temperature for 18 hours, then the 
layers were separated and the methylene chloride 
extract was washed with saturated sodium 

5 bicarbonate/brine. The organic layer was dried 
(sodium sulfate), filtered, stripped, and flash 
chromatographed (Merck silica gel, 2/8-ethyl 
acetate/methylene chloride). Fractions containing 
the desired product were stripped and the residue was 

10 dissolved in hot methylene chloride/ethyl acetate and 
cooled to afford 5.152 g. of pure title product. The 
mother liquor was re-chromatographed (Merck silica 
gel, 1/9-ethyl acetate/methylene chloride) to give an 
additional 2.054 g. of pure product f~r a total yield 

15 of 7 .206 g.; m. p. 148-155° c. (bro~d). TLC (ethyl 
acetate:methylene chloride, 1:9)·Rf = 0.36. 
c) Hexahydro-3-cbloro-7.7-dimethyl-2H-azepine 

A solution of the product from part (b) (7.180 
g., 34.2 mmol.) in glacial acetic acid (150 ml.) was 

20 hydrogenated (balloon) over 10% palladium on carbon 
catalyst (2.5 g.) for 1.75 hours. The mixture was 
filtered through Celite and the solvent was removed 
by rota:r:y evaporation. The residue.was flash 
chromatographed (Merck silica gel, 3/7-ethyl 

25 acetate/methylene chloride) to afford impure desired 
product as an oily solid. The residue was treated 
with ethyl ether and triturated with hexane to afford 
2.845 g. of pure title product as a white solid. The 
mother liquor was re-chromatographed (Merck silica 

30 gel, 3/7-ethyl acetate/methylene chloride) to give 
1.93 g. of additional pure solid product. The solids 
were pooled to give 
m. p. 115 - 117° c. 
chloride, 3:7) Rf = 

4.775 g.of pure title product; 
TLC (ethyl acetate:methylene 

0.41. 
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dl Hexahydro-3-azido-7.7-dimetbyl-2-0XQ-2H-azepine 

A slurry of the product from part {c) (4.670 
g., 26.6 mmol.) and sodium azide (4.360 g., 67.0 
mmol.) in dry dimethylsulfoxide (100 ml.) was heated 

5 at 80° c. for 6 hour$. The solution was cooled to 
0° c and treated with 175 ml. of ice cold water. The 
resulting snow white precipitate was collected by 

filtration, washed with water and dried to give 
2.37 g. of pure title product. The filtrate was 

10 extracted with ethyl acetate and the organic extract 
was washed twice with water and once with brine, then 
dried (sodium sulfate), filtered and strippeQ. 
Trituration of the residue with ethyl ether and 
hexane afforded 1.637 g. of additiona~ product. The 

15 isolated solids were pooled to give 4.007 g. of pure 
title product; m. p. 98 - 100° C~ TLC·(ethyl 
acetate:hexane, 75:25) Rf = 0.51. 
e) Hex;abydro-3-Cf (l.l-dimetbyletboxylcarbonyll­

aminol-7.7-dimetbyl-2-oxo-2H-azepine 

20 A solution of the product from part (d) 
(3.469 g., 19.0 mmol.) in methanol (80 ml.) was 
hydrogenated (balloon) over 10% palladium on carbon 
catalyst (850 mg.) for 1.5 hours. The mixture was 
filtered through Celite and the solvent was removed 

25 by rotary evaporation. · The residue was evaporated 
once from methylene chloride to afford the crude 
amine as a white solid. The solid was redissolved in 
chloroform and treated successively with 
triethylamine (2.65 ml., 1.92 g., 19.0 mmol.) and di-

30 tert-butyl-dicarbonate (5.000 g., 22.9 mmol.). After 
stirring at room temperature for 1 hour, the solution 
was stripped and the residue was triturated with 
ethyl acetate/ethyl ether to afford 2.668 g. of title 
product as a white solid. The filtrate was flash 

----· --·-------

1111i11nr 
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chromatographed (Merck silica gel, 2/8-ethyl 
acetate/methylene chloride) to give additional pure 
product which was pooled with the above solid to give 
a total of 4.082 g. of pure title product; m. p. 156 

5 - 158.5° c. TLC (ethyl acetate:methylene chloride, 
2:8) Rf = 0.26. 
fl Hexahydro-3-CCCl.l-dimethylethoxylcarbonylJ-

aminol-7.7-dimethyl-2-oxo-lH-azepine-1-acetic acid. 
·ethyl ester 

10 A room temperature solution of the product 
.from part (e) (3.512 g., 13.7 mmol.) in dry 

tetrahydrofuran (110 ml.) was treated with lithium 
hexamethyldisilazane (1.0 M in tetrahydrofuran, 21 
ml., 21 mmol.) followed by ethyl brom~acetate (3.0 

15 ml. , 4. 52 g. , 27. 0 mmol. ) • After 20 minutes, 
additional lithium hexamethyldisilazane (21 ml.) was 
added followed by an additional-1.S ml. of ethyl 
bromoacetate. The dark orange solution was stirred 
at room temperature for an additional 30 minutes, 

20 then quenched by the addition of saturated ammonium 
chloride and water. The mixture was extracted with 
ethyl acetate and the organic extract was washed with 
brine, dried (sodium sulfate), filtered, and stripped 
to give a dark oil. The residue was flash 

25 chromatographed (Merck silica gel, 35 to 50% ethyl 
acetate in hexane) to give 1.363 g. of pure title 
product as a pale yellow oil. TLC (ethyl 
acetate:hexane, 1:1) Rf = 0.48. 
g> C6CSl1-Hexabydro-6-CC2-CAcetylthiol-1-oxo-3-

30 phenylpropyllaminol-2.2-dimethyl-7-oxa-lH-azepine-1-

acetic acid. ethyl ester 

A solution of the product from part {f) (1.349 
g., 3.94 mmol.} in p-dioxane (3 ml.) was treated with 
hydrochloric acid (4.0 Min p-dioxane, 12 ml.). The 

·----·-·--­- -------
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mixture was stirred at room temperature for 1.5 
hours. The solvent was stripped and the residue was 
partioned between methylene chloride and 0.2 N sodium 
hydroxide (26 ml.). The layers were separated and 

5 the aqueous layer was extracted with ethyl 
ether/ethyl acetate. The pooled organic extracts 
were dried (sodium sulfate), filtered and stripped to 
give 982 mg. of the crude free amine as a yellow oil. 
TLC (methanol:methylene chloride, 1:9) Rf = 0.16. 

10 A soluti_on of (S) -2- (acetylthio) benzene­
propanoic acid [obtained from the dicyclohexylamine 
salt as previously described (973 mg., 4.3 mmol.)] 
and the above crude amine in methylene chloride (30 
ml.) was treated with triethylamine (~.15 ml., 835 

15 mg. , 8 • 2 mmol. ) and the mixture was cooled to 0° c. 
Benzotriazol-1-yloxy-tris(dimethylamino)phosphoni\Ull 
hexafluorophosphate (1.915 g., 4.3 mmol.) was then 
added as a solid. The solution was stirred at 0° c. 
for 1·hour and then at room temperature for 1.5 

20 hours. The solvent was stripped and the residue was 
partitioned between ethyl acetate and 0.5 N 
hydrochloric acid. The organic layer was washed 
successively with water, 50% saturated sodium 
bicarbonate and brine, then dried (sodium sulfate), 

25 filtered and stripped. The residue was flash 
chromatographed (Merck silica gel, 3:7 
acetone:hexanes) to give 1.564 g. of title product as 
an oil. (1:1 mixture of diastereomers). TLC 
(acetone: hexanes, 3 : 7 ) ·Rf = 0. 3 0 • 

iii 1li11r111nr 
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hl £6CSl1-Hexabvtiro-6-[C2-mercapto-1-oxo-3-
phenylpropvllaminol-2.2-dimethyl-7-oxo-lH-azepine-1-
acetic acid 

A room temperature solution of the product 
5 from part (g) (1.548 g., 3.45 mmol.) in methanol (20 

·ml., deoxygenated via argon bubbling) was treated 
. . 

with 1 N sodium hydroxide ( 15 ml·. , deoxygenated via 
argon bubbling). After stirring for 30 minutes, 
additional 1 N so~ium hydroxide (15 ml.) was added 

10 and stirring under argon continued. After a total of 
3 hours, the solution was acidified with 6 N 
hydrochloric acid and extracted with ethyl acetate . 

. The ethyl acetate extract was washed with water and 
brine, then dried (sodium sulfate), filtered and 

15 stripped to afford an oil. The material was flash 
chromatographed (Merck silica gel, ethyl acetate 
followed by l.St acetic acid in ethyl acetate) . The 
fractions containing essentially pure title product 
were pooled, stripped, and azeotroped twice with 

20 ethyl acetate. The mixture was dissolved in a small 
amount of ethyl acetate and triturated with hexane to 
give a foam. The volatiles were stripped, the 
residue was slurried in hexane, stripped to dryness 
again, and dried J.n vacuo to give 863 mg. of title 

25 product as a relatively hard white foam as a 45:55 
mixture of diastereomers. TLC C2t acetic acid in 
ethyl acetate) Rf = 0.40. 
Anal. calc'd. for c19H26N204s • 0.2 H20: 

C, 59.73; H, 6.96; N, 7.33; S, 8.39 

30 Found: C, 59.79; H, 7.13; N, 7.13; S, 7.99. 

------~·-·--------
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Bxample 43 

CS-CR*.S*ll-3.4-Pihydro-3-CC2-mercapto-1-oxo-3-

phenylpropyllaminol-4-oxo-1.5-benzothiazepine-5(2Hl-

prcwanOic acid 

5 al 2. 3-pihydro-3-amino-4-oxo-1. 5-beuzothiazepine-

5 C4Hl -prcwanoic acid. ethyl ester 

2,3-Dihydro-3-[[(phenylmethoxy)carbonyl]­
amino]-1,5-benzothiazepine-4(5H)-one [prepared 
according to the procedure of Slade et al., J. Med. 

10 Chem., .aa., p 1517 - 1521 (1985)] (2.04 g., 6.21 

mmol.) was azeotroped with a mixture of methylene 
chloride/toluene (3x) and dried in vacuo for one 

hour. A suspension of this compoun~ in 
tetrahydrofuran:tert-butanol (2:1, 21 ml.), cooled to 

15 0° c., was treated with ethyl acrylate Cl.08 ml., 9.94 
mmol., 1.6 eq.) and then 1.0 N t~butanol, potassiun 
salt/tetrahydrofuran (621 µl., 0.1 eq.). The 

reaction mixture was stirred at 0°C. for 15 minutes· 
then at room temperature for 20 hours under argon. 

20 The reaction was quenched with sot ammonium chloride 
(50 ml.) and extracted with ethyl acetate (2 x 150 
ml.). The combined organics were washed with 
saturated ammonium chloride (75 ml.), water (75 ml.), 
and brine (100 ml.), dried over magnesium sulfate, 

25 filtered and concentrated to yield a clear y~llow 
syrup. The residue was purified by chromatography 
on a 5 x 20 cm silica gel column eluting with 20% 
ethyl acetate/ hexane mixture (2 1.). The desired 
fractions were combined and concentrated to afford 

30 2.33 g of a mixture of 2,3-dihydro-3-[(3-ethoxy-3-
oxopropyl)-[(phenylmethoxy)carbonyl]amino]-4-oxo-1,5-
benzothiazepine-5 (4H).-propanoic acid, ethyl ester 
(25%) and 2,3-dihydro-3-[[(phenylmethoxy)carbonyl]-
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amino]-4-oxo-1,-5-benzothiazepine-5 (4H)-propanoic 
acid, ethyl ester (75%) as a clear syrup. 

The above mixture (698 mg., 1.32 mmol. of the 
first named compound and 1.698 g., 3.96 mmol. of the 

5· second named compound) and 30% hydrogen 
bromide/acetic acid solution (8.71 ml., 41.98 mmol.) 
was stirred under argon at room temperature for 1.5 
hours. The reaction mixture was diluted with ethyl 
ether (200 ml.), stirred until off-white precipitates 

10 formed and filtered, washing the orange solids with 
ethyl ether (4 x 50 ml.). The crude residue was then 
dissolved in lN hydrochloric acid (100 ml.) and 
extracted with ethyl acetate (2 x 100 ml.). The 
aqueous phase was then brought to pH ~ with 1 N 

15 sodium hydroxide and extracted with.ethyl acetate 
(3 x 100 ml.). The combined organics were washed 
with brine (75 ml.), dried over magnesium sulfate, 
filtered and concentrated to yield 1.50 g. crude 
yellow oil. The residue was purified by 

20 chromatography on.a 5 x 20 cm silica gel column 
eluting with 1% (2 1.), 2% (11.), and finally 5% 
( 1 1. ) of methanol in methylene chloride. The 
desired fractions were concentrated and dried in 
vacuo to yield 1.163 g. of title product. 

25 TLC (methylene chloride:methanol, 9:1) Rf = 0.40. 
bl CS-(R*.S*ll-3.4-Dihyclro-3-££2-<acetylthiol-1-oxo-
3-nhenvlpropyllaminol-4-oxo-1.5-benzothiazepine-
5(2Hl-propauoic acid. ethyl ester 

(S)-2-(Acetylthio)benzenepropanoic acid 
30 . (obtained from the dicyclohexylamine salt as 

previously described) was dissolved in dry methylene 
chloride, cooled to 0° c., and treated with a 
solution of the product from part (a) in dry 
methylene chloride followed by triethylamine and 

-------



·. 
HA599a 

- 144 -

benzotriazol-1-yloxy(dimethylamino)phosophonium 
hexafluorophosphate as described in Example 36 part 
Cf) affording the title product. TLC (ethyl 
acetate:hexane, 1:1) Rf = 0.39. 

5 cl [S-(R* .R*) 1-3 .4-pihydro-3-C C2-mercapto-1-oxg-3-

phenylprgpyllaminol-l.5-benzothiazepine-5C2Hl-
propanoic acid 

A solution of the product from part (b) in 
methanol was treated with lN sodium hydroxide 

10 according to the procedure of Example 36 part (g) 
affording the title product as a white foam; 
Calo= -161.6° Cc= 1.16, methanol). TLC (1% acetic 

acid in ethyl acetate) Rf = 0.45. 
Anal. calc'd. for c21H22N204s2 • 0.4 H20: 

15 C, 57.63; H, 5.25; N, 6.40; S, 14.65 
Found: C, 57.65; H, 5.04; N, 6.38; S, 14.44. 

Example 44 

[3(S)J-2.3.4.5-Tetrabydro-3-CC2-mercapto-1-oXQ-3-

phenylpropyllamingl-2-gXQ-1H-1-benzazepine-1-

20 propanoic acid 

al 3-Alning-2.3.4.5-Tetrahydrg-2-QXQ-lH-1-

benzazepine-1-prgpanoic acid. ethyl ester 

A solution of 3-azido-1,3,4,5-tetrahydro-2H-1-
benzazepin-2-one [prepared as described bY Watthey et 

25 al., J. Med. Chem., ZB,,·p. 1511 - 15156 (1985)] in 

tetrahydrofuran/tert-butanol was cooled to 0° c. and 
treated with ethyl acrylate and lN tert-butanol, 
potassium salt/tetrahydrofuran according to the 
procedure of Example 40 part Ca) affording 3-azido-

30 2, 3, 4, 5-tetrahydro-2-oxo-lH-1-benzazepine-1-propanoic 
acid, ethyl ester as a syrup. TLC (ethyl ether: 
hexane, 1:1) Rf = 0.45. 

A solution of this compound (2.258 g., 6.94 
mmol.).in absolute ethanol was treated with 10% 
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palladium on carbon catalyst and hydrogenated at 40 
psi for 4 hours, venting the Parr bottle after the 
first hour. The mixture was diluted with ethanol (50 

ml.) and filtered through a Celite pad, washirig the 
5 pad thoroughly with ethanol (2 x 50 ml.). The clear 

filtrate was evaporated to dryness and dried in vacuo 

to give 2.098 g. of the title product as a clear 
light yellow syrup. TLC (methylene chloride: 
methanol, 9:1) Rf = 0.32. 

10 bl r 3 CS) 1-2 « 3 « 4 I 5-Tetrahvdro-3- r £2- Cacetylthiol -1-

oxo-3-phenylpropyll aminol -2-oxo-lH-1-benzazepine-1-
propanoic acid 

{S)-2-{Acetylthio)benzenepropanoic acid 
[obtained from the dicyclohexylamine ~alt as 

15 previously described] was dissolved in methylene 
chloride, cooled down to 0° c. ,- and t:r::eated 
sequentially with a solution of the product from part 
(a) in dry methylene chloride, triethylamine, and 
benzotriazol-1-yloxytris (dimethylamino)phosphonium 

20 hexaf luorophosphate according to the procedure of 
Example 36 part· Cf) affording the title product as a 
syrup. TLC (ethyl acetate:hexane, 1:1) Rf = 0.56 and 

0.52. 
cl £3(S)J-2.3.4.5-Tetrahydro-3-CC2-mercapto-1-QXQ-3-

25 phenylprgoyllaminol-2-oxg-lH-1-benzazepine-1-
propauoic acid 

A solution of the product from part (b) in 
methanol was cooled down to 0° c. and treated with lN 

sodium hydroxide according to the procedure of 
30 Example 36 part (g) affording the title product as a 

solid· foam; [a.Jo = +41.8° Cc = 0.608, me~hanol). TLC 

(methylene chloride:methanol:acetic acid, 20:1:1) 
Rf = 0.47. 
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Anal. calc•.d.for c22H24N204S•0.25 C5H12 • 0.413 H20: 
C, 63.76; H, 6.21; N, 6.40; S, 7.32 

Found: C, 63.76; H, 6.18; N, 6.38; S, 7.45. 
Example 45 

5 [3(S)J-2.3.4.5-Tetral}ydro~3-CC2-Cmercaptometbyl>-1-

oxo-3-phenylprqgyllaminol-2-0XQ-1H-1-benzazepine-1-

propanoic acid 

a) C3CS)J-2.3.4.5-Tetrahydro-3-CC2-CCaQetylthio)­

metbyll-1-oxo-3-phenylprqpyllaminol-2-ruco-1H-1-

10 benzazepine-1-propanoic acid 

(S)-2-((Acetylthio)methyl]benzenepropanoic 
acid[obtained from the ephedrine salt as des~ribed 
previously] was dissolved in dry methylene chloride, 
cooled down to 0° c., and treated wit~ 1-

15 hydroxybenzotriazole hydrate and l-ethyl-3-(3-
dimethylaminopropyl)carbodiimide·and a solution of 
the product from Example 44(a) in dry methylene 
chloride according to the procedure of Example 8 part 
(a) to afford the title product as a syrup. TLC 

20 (ethyl acetate:hexane, 1:1) Rf = 0.58. 
bl C3CSll-2.3.4.5-Tetraby<iro-3-CC2-Cmercaptomethyll-

1"-oxo-3-phenv1Qropyllaminol-2-oxo-1H-1-benzazepine-1-

pronanoic ·acid 

A solution of the product from part (a) in 
25 methanol was cooled down to 0° c. and treated with lN 

sodium hydroxide according to the procedure of 
Example 8 part Cb) to afford the title product as an 
amorphous solid; [uJo ·= +46.9° (c = 0.608, methanol). 

TLC (chloroform:methanol:acetic acid, 20:1:1) 
30 Rf = 0.42. 

Anal.calc'd.for C23H26N204S • 0.233 CSH12 • 0.61 H20: 
C, 63.89; H, 6.65; N, 6.17; S, 7.06 

Found: C, 63.89; H, 6.40; N, 6.18; S, 6.82. 
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Example 46 
flS-fla.9aCR*)JJ-Octahvdro-9-f C2-mercapto-1-oxo-3-

phenylpropyllaminol-6.10-dioxo-6H-pyridazinofl.2-

al fl. 21 diazepine-1-carhoxylic acid 

5 al (1S-cisl-Octahydrg-9-phtbalimido-6.10-diox;o-6H-

pvridazinofl.2-alfl.2ldiazepine-1-carbmc;ylic acid. 

1.1-dimethylethyl ester 

5,6-Dihydro-1,3(2H,4H)-pyridazinedicarboxylic 
acid, 3-(1,1-dimethylethyl)-1-(phenylmethyl)ester 

10 [prepared as described by Adams et al., Synthetic 
Communications, 18(18), 2225 - 2231 (1988)] was 
reacted with {S)-2-phthalimidopentanedioic acid, 5-
(phenylmethyl) ester according to the procedure 
described by Attwood et al.CJ. Chem. ~oc. Perkins . . 

15 Trans I, 1986, p. 1011 - 1019) affording (S)-2-[2-
phthalimido-1,5-dioxo-5-(phenylmethoxy)pentyl]-5,6-
dihydro-1,3(2H,4H)-pyridazinedicarboxylic acid, 3-
(1,1-dimethylethyl)-1-(phenylmethyl) ester. 

A solution of this material (12.llg., 18.5 
20 mmol.) in dry dimethylformamide (190 ml.) was treated 

with 10% palladium on carbon catalyst (372 mg.) and 
hydrogenated at room temperature for 24 hours. The 
mixture was filtered through a Celite pad, the clear 
dark filtrate obtained was evaporated to dryness and 

25 the syrup was obtained redissolved in methanol (200 
ml.). The solution was filtered through another 
Celite pad to remove remaining traces of the 
catalyst, and the clear filtrate was evaporated to 
dryness and dried in yacuo. The product obtained was 

30 dissolved in dry methylene chloride (185 ml.), cooled 
down to 0° c. {-ice-salt bath) and treated with 
thionyl chloride (1.56 ml., 21.36 mmoles, 1.15 eq.). 
The reaction mixture was stirred at room temperature 
for 5.0 hours under argon, treated with a solution of 

- --- ·------

THIS SHEET H,t\S BEEN 
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potassium bicarbonate (3.95 g.) in water (34 ml.) and 
stirred for 10 minutes. The phases were separated, 
re-extracting the aqueous phase with more methylene 
chloride (270 ml.) and the combined organic extracts 

5 were dried (anhydrous sodium sulfate), filtered, 
evaporated to dryness and dried in vacuo. 

The crude product mixture was chromatographed 
on a silica gel column (Merck), eluting the column 
with ethyl acetate:hexane mixtures (1:3; 1:1) to give 

10 3.053 g. of the title compound as a solid. TLC 
(ethyl acetate:hexane, 1:1) Rf = 0.40. 

15 

bl ClS-cis>-octahydro-9-amino-6.10-dioxo-6H~ 

pyridazino[l.2-a1£1.21diazepine-l~carboXVlic acid. 

1.1-dimethylethyl ester 

A suspension of the product _from part (a) (1. 0 
g~, 2.41 mmol.) in absolute ethanol was treated with 
hydrazine hydrate (0.26 ml., 2.2 eq.) and st_irred at 
room temperature for one hour under argon. The 
mixture was stripped to dryness, evaporated once from 

20 toluene (25 ml.) and the residue obtained was stirred 
with 2.0 M acetic acid (10 ml.) for 24 hours un'der 
argon. The solids were filtered off, washed with 2.0 
M acetic acid (5.0 ml.) and water (2 x 2.0 ml.), and 
the clear fi~trate was adjusted to pH 10.0 with solid 

25 sodium bicarbonate (1. 8 g.) . The mixture was 
extracted with methylene chloride (2 x 25 ml) and the 
combined organic extracts were washed with brine (6.0 
ml.), dried (anhydrous sodium sulfate) and filtered. 
The clear soluton was evaporated to dryness and dried 

30 in yacµg to give 755 mg. of title product as a 
syrup. TLC (methylene chloride:methanol, 9:1) Rf = 

0.20. 
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c) £1S-Cla.9a<R*)JJ-Octabydro-9-£[2-Cacetylthiol-1-

QX0-3-phenylpropvllaminol-6.10-dioxo-6H-
~ridazinofl.2-a1Cl.2ldiazepine-1-carhoxylic acid. 

1.1-dimethylethvl ester 

5 (S)-2-(Acetylthio)benzenepropanoic acid, 
dicyclohexylamine salt (1.07 g., 2.64 mmol.) was 
suspended in ethyl acetate (80 ml.), washed with 5% 
potassium bisulfate CS x 12 ml.) and brine (14 ml.), 
dried (anhydrous magnesium sulfate), filtered, 

10 evaporated to dryness and dried in vaQio. 

The free acid was dissolved in dry methylene 
chloride (20 ml.), cooled down to 0° c. (ice-salt 
bath), treated sequentially with a solution of the· 
product from part (b) (755 mg., 2.41 mmol.) in dry 

15 methylene chloride {5.0 ml.), triethylamine (0.33 
ml., 2.37 mmol.) and benzotriazol-1-yloxytris­
(dimethylamino)phosphonium hexafluorophosphate (1.08 
g., 2.44 mmol.). The reaction mixture was stirred at 
0°C. for 1.0 hour and at room temperature for 2.0 

20 hours under argon. The reaction mixture was stripped 
to dryness and the syrup obtained was redissolved in 
ethyl acetate (80 ml.), washed with 0.5 N 
hydrochloric acid (2 x 14 ml.), water (14 ml.) and 
brine (14 ml.), dried (anhydrous magnesium sulfate), 

25 filtered and evaporated to dryness. The crude 
product was·chromatographed on a silica gel column 
(Merck), eluting the column with ethyl acetate:hexane 
mixtures (1:3; 1:1), to give 747.mg. of title product 
as a clear syrup. TLC (ethyl acetate:hexane, 1:1) 

30 Rf = 0.23. 

iilii1i1Hr 
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dl C1S-Cla.9aCR*lll-Octahydro-9-CC2-Cacetyltbio)-1-

oxo-3-pbenylpropyllaminol-6.10-dioxo-6H-
pyridazino[l.2-al Cl.2ldiazepine-l-carbWQ!lic acid 

A solution of the product from part (c) (747 
5 mg., 1.48 mmol.)_in dry methylene chloride (10 ml.) 

was treated with anisole (0.69 ml., 6.35 mmol.) 
followed by trifluoroacetic acid (1.04 ml., 13.5 
mmol.) and the reaction mixture was stirred at room 
temperature under argon for 5.5 days. The clear 

10 solution was stripped to dryness, evaporated from 
ethyl acetate (2 x 100 ml.) and the crude product 
was chromatographed on a silica gel column (Merck), 
eluting the column with ethyl acetate:hexane (4:1) 
followed by ethyl acetate:hexane:acetic acid 

15 (85:10:5). The desired fractions were combined, 
stripped to dryness and evaporated from toluene (2 x 
100 ml.). The syrup obtained was redissolved in 
ethyl acetate (59 ml.), washed with water (3 x 10 
ml.) and brine (5.0 ml.), dried (anhydrous sodium 

20 sulfate), filtered, evaporated to dryness and dried 
in vacuo to give 556 mg. of title product as a syrup. 
TLC (ethyl acetate:acetic acid, 95:5) Rf = 0.30. 
el ClS-Cla.9aCR*)]J-Octahyc1ro-9-CC2-mercapto-l-oxo-

3-pbenylprgpyll amino] -6, 10-dioxg-6H-pyridazino [ 1. 2-
25 a1Cl.2ldiazepine-l-qarboxyliq aqid 

A solution of the product from part (d) {556 
mg., 1.24 mmol.) in methanol (7.0 ml.) was cooled 
down to 0° c. (ice-salt bath), purged with argon for 
30 minutes then treated with a previously purged 

30 (argon, 30 ·minutes) solution of 1.0 N sodium 
hydroxide (2.5 ml., 2.5 mmol.) maintaining the 
bubbling of argon throughout the addition and length 
of the reaction. The reaction mixture was stirred at 
0° c. for 30 minutes, brought to pH 2.0 with 5% 
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potassium bisulfate (11.0 ml) at 0° c., warmed up to 
room temperature and extracted with ethyl acetate 
(2 x 40 ml.). The combined organic extracts were 

washed with brine (11.0 ml.), dried (anhydrous sodium 
5 sulfate), filtered, evaporated to dryness and dried 

in vacuo. The crude product was dissolved in 
methylene chloride (5.0 ml.) and treated portionwise 
with hexane· (50 ml.) while scratching until solids 
were obtained. The solids were triturated with more 

10 hexane (SO ml.) and pentane (2 x 50 ml.), stirring 
the ~olids with the first 50 ml. for 2.0 hours and 
with the next 50 ml. overnight at room temperature 
under argon. The product was dried. in vacuo to give 
468.5 mg. of title product as a solid.foam; 

15 [aJo = -83.5° (c = 0.492, methanol}. TLC (ethyl 

acetate:acetic acid. 95:5) Rf = 0.33. 
Anal. calc'd. for c19H23N305S • 0.34 H20: 

~, 55.45; H, 5.80; N, 10.21; S, 7.79 
Found: C, 55.45; H, 5.95; N, "9.84; S, 7.49. 

20 1xample 47 
flS-Clq.9qfR*lll-Octahydro-9-Cf2-mercapto-1-QXo-3-

phenylpropvllaminol-10-oxo-6H-pyri<iazinof1.2-
al C1.21diazepine-1-carboxylic aqid 
al ClS-qisl-Octahydi;:o-9-phthalimido-10-oxo-6H-

25 pyridazinofl.2-al Cl.2ldiazepine-1-carboxylic acid. 
1.1-dimethyletbyl ester 

A solution of the product from Example 46(a} 
(1. 0 g., 2. 35 mmole) in dry tetrahydrofuran (8. O ml.)· 
was cooled down to about 5° c. (ice-water bath), 

30 treated with 1.0 M diborane!tetrahydrofuran (2.88 
ml., 2.88 mmol.) over a period of 30 minutes, warmed 
up to room temperature and stirred qvernight under 
argon. The reaction mixture was diluted with 
methylene chloride (14.0 ml.), treated with 2.0 N 

THIS SHEET H.1\-S BEEN 
RE.PLACED 
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hydrochloric acid (6.8 ml.) and stirred for 15 

minutes. The mixture was then brought to pH 10.0 

with anhydrous sodium bicarbonate (1.92 g.) and the 

phases separated, re-extracting the aqueous phase 

5 with more methylene chloride (30 ml.). The combined 

organic extracts were washed with brine (5.0 ml.), 

dried (anhydrous magnesium sulfate), filtered, 
evaporated to dryness and dried in vacuo. The crude 

product was chromatographed on a silica gel column 

10 (Merck), eluting the column with ethyl acetate:hexane 

mixtures (1:3: 1:1) to give 877 mg. of title product 

as a syrup. TLC (ethyl acetate:hexane, 1:1) 

Rf = 0.63. 
bl C1S-cis)-Octabvdro-9-amino-10-gxo-6H-

15 pyridazingCl.2-al Cl.2ldiazepine-1-carhoxylic acid. 

1.1-dimethylethyl ester 

A solution of the product from part (a) 

(1.257 g., 3.0 mmol.) in absolute ethanol (13.0 ml.) 

was treated with hydrazine hydrate {0.33 ml., 2.2 

20 eq.) according to the procedure of Example 46 part 

(b) affording 704 mg. of title product as a syrup. 
TLC (methylene chloride:methanol, 9:1) Rf = 0.35. 
cl flS-f Clq.9qCR*lll-Octabydrg-9-f f2-Cacetylthiol-1-

oxg-3-phenylprgpyllaminol-10-gxo-6H-pyridazingfl.2-

25 alfl.2ldiazepine-1-carboxylic acid. 1.1-dimethylethyl 

ester 

(S)-2-(Acetylthio)benzenepropanoic acid, 

dicyclohexylamine salt (1.10 g., 2.71 mmol.) was 

suspended in ethyl acetate (85 ml.), washed with St 

30 potassium bisulfate (5 x 12.4 ml.) and brine (14.4 

ml.)~ dried (anhydrous magnesium sulfate), filtered, 

evaporated to dryness and dried in vacuo. 

The free acid was dissolved in dry methylene 

chloride (21 ml.). cooled down to 0° c. (ice-salt 

-------------------
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bath), treated sequentially with a solution of the 
product .from part (b) (704 mg., 2.48 mmol.) in dry 
methylene chloride (5.0 ml.), triethylamine {0.34 
ml.,· 2.44 mmol.) and benzotriazol-1-yloxytris-

5 (dimethylamino)phosphonium hexafluorophosphate (1.113 
g., 2.55 mmol.). The reaction mixture was stirred at 
0° c. for 1.0 hour and at room temperature for 2.5 
hours under argon. The reaction mixture was stripped 
to dryness and the syrup obtained was re-dissolved in 

10 ethyl acetate (80 ml.), washed with 0. 5 N 
hydrochloric acid (2 x 14.0 ml.), water (14.0 ml.) 
and brine (14.0 ml.}, dried (anhydrous magnesium 
sulfate}, filtered, evaporated to dryness and dried 
.in vacuo. The crude product was chro~tographed on a 

15 silica gel column (Merck), eluting ~he column with 
ethyl acetate:hexane (1:3) to give 1.085 g. of title 
product as a syrup. TLC (ethyl acetate:hexane, 1:1) 
Rf = 0.53. 
d) ClS-CCla.9aCR*)ll-Octahydro-9-f C2-mercapto-1-oxo-

20 3-phenylprgpyl>aminol-10-QXQ-6H-pyridazinoC1.2-al 
CL 21 diazepine-1-carboxylic acid 

A solution of the product from part (c) (1.085 
g., 2.216 mmol.) in dry methylene chloride (15 ml.) 
was treated with anisole (1.03 ml., 9.5 mmol.) 

25 followed by trifluoroacetic acid (1.56 ml., 20.2 
mmol.) and the reaction mixture was stirred at room 
temperature under argon for 4.0 days. The clear 
solution was stripped to dryness, evaporated from 
ethyl acetate (2 x 150 ml) and the crude product 

30 suspended in a mixture of ethyl acetate (10 ml.) and 
hexane (50 ml.). The solids were filtered off, 
washed well with hexane (50 ml.) then evaporated 
from toluene (2 x 100 ml} and dried in vacuo to give 
865 mg. of [1S-[la,9a(R*)]]-octahydro-9-[[2-
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(acetylthio)-1-oxo-3-phenylpropyl]aminoJ-10-oxo-6H­
pyridazino[l,2-a] [1,2]diazepine-1-carboxylic acid as 
a solid. 

The above material was suspended in methanol 
5 (15 ml.), cooled down to 0° c. (ice-salt bath), 

purged with argon for 30 minutes then treated · 
dropwise with a previously purged solution of 1.0 N 
sodium hydroxide (6.03 ml., 3 eq.), maintaining the 
bubbling of argon throughout the addition and length 

10 of the reaction. The reaction mixture was stirred at 
0° c. for 30 minutes (the solids went into solution 
within the first 5 minutes) brought to pH 2.~ with St 
potassium bisulfate (26. 6 ml.), warmed up to room · 
temperature and extracted with ethyl ~cetate (2 x 65 

15 ml.). The combined organic extracts were washed with 
brine (18 ml.), d~ied (anhydrous·sodium sulfate), 
filtered, evaporated to dryness and dried .in vacuo. 
The product was dissolved in methylene chloride (7.0 
ml.) and treated portionwise with hexane (70 ml.) 

20 while scratching until a solid was obtained. The 
solids were triturated with more hexane (100 ml.) and 
pentane (2 x 100 ml .• ), stirring the solids with the 
first 100 ml. for 2.0 hours and the next 100 ml. 
overnight at room temperature under argon. The 

25 product was dried .in yaQio to give 790.6 mg. of title 
product as a solid foam; [U]c = -44.4° (c = 0.63, 
methanol). TLC (ethyl acetate:acetic acid, 95:5) 
Rf= 0.67. 
Anal.calc'd. for C19H25N304S • 0.20 CSH12• 0.80 H20: 

30 C, 57.11; H, 6.95; N, 9~99; S, 7.62 
Found: C, 57.11; H, 6.72; N, 9.83; S, 7.44. 

----·----·-----
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E;cample 48 
fS-(R*.R*)l-Hexahydro-6-f C2-mercapto-1-oxo-3-

phenylpropvllaminol-2-metbyl-3.7-diQXQ-1H-l.2-
diazepine-1-acetic acid 

5 al £2-Cll.1-pimethylethoxylcarbonvllhydrazinolacetic 
acid. ethyl ester 

Triethylamine (13.94 ml., 0.1 mol.) was added 
to a solution of hydrazine carboxylic acid, 1,1-
dimethylethyl ester (13.216 g., 0.1 mole) in benzene 

·10 (100 ml.), followed by the addition of ethyl 
bromoacetate (11.09 ml., 0.1 mol.). The reaction 
mixture was refluxed (oil bath, 95 - 100° c.) for 14 
hours, after which triethylamine (1.4 ml., 0.01 mol.) 
was added followed by ethyl bromoacetate (1.1 ml., 

15 0. 01 mole) . After refluxing for an additional 8 
hours, triethylamine (2 ml., o.o"is mol.) and ethyl 
bromoacetate (1.4 ml., 0.013 mole) were added. The 
mixture was allowed to· reflux for another 14 hours 
(total 36 hours). After cooling to room temperature, 

20 the reaction mixture was filtered and the solid 
triettiylamine, hydrochloride salt was washed with 
ethyl acetate/hexane (1:1). The combined filtrate 
was diluted with ethyl acetate, washed with saturated 
sodium bicarbonate, water, brine, dried (sodium 

25 sulfate) and filtered. The filtrate was concentrated 
in vacuo to afford 19.38 g. of crude product as a 
yellow syrup which was used for the next reaction 
without purification. 
h> C2-CC1.1-DimethylethrnQrlcarbonylJ-1-

30 f Cphenylmethoxylcarhonyllhydrazinol acetic acid. 

ethyl ester 

Triethylamine (12.4 ml., 89 mmol.) was added 
to a solution of the crude product from part Ca) 
(19 .38 g.) in benzene (120 ml·.) followed by the 
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dropwise addition of [(phenylmethoxy)carbonyl]­
chloride (13.4 ml., 89 mmol.) in benzene (30 ml.) 
over 30 minutes. The resulting suspension was 
stirred at room temperature under argon for 20 hours, 

S then partitioned between ethyl acetat.e · ( 500 ml. ) and 
1M potassium bisulfate solution. The organic phase 
was separated, washed with saturated sodium 
bicarbonate, water, brine, dried (sodium sulfate) and 
filtered. The filtrate was concentrated in vacuo and 

10 the residue was crystallized from ethyl 
acetate/hexane to afford, after drying in vacuo over 
phosphorus pentoxide, 15.736 g. of the title product 
as a white crystalline compound, m. p. 117-119° c. 
cl £2-CCCl.1-DimethyletboXYlcarhonyll-1-

15 f (phenylmetboXYlCarbonyll-2-methvllhydrazinolacetic 
acid. ethyl ester 

Potassium carbonate (powdered and dried, 11.8 
g., 85.15 mmol.) was added to a solution of the 
product from part (b) (6.0 g., 17.03 mmol.) in 

20 anhydrous dimethylformamide (30 ml.) followed by the 
addition of methyl iodide (5.3 ml, 85.15 mmol~)~ 
After stirring at 40° c. for 17 hours, additional 
methyl iodide (64 mmol.) was added and the reaction 
mixture stirred at 40° c. for an additional 28 hours. 

25 The suspension was filtered and to the filtrate was 
added 6.0 g. of fresh potassium carbonate (powdered 
and dried), followed by 5.0 ml. of methyl iodide. The 
suspension was stirred at 40° C. for 21 hours, then 
1.2 ml. of methyl iodide was added and the reaction 

30 mixture stirred for additional 17 hours until 
starting material disappeared on TLC. The reaction 
mixture was filtered and the collected solid was 
washed with ethyl acetate. The filtrate was 
concentrated in vacuo to remove most of 
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dimethylformamide, then diluted with 500 ml. of ethyl 
acetate, washed with water, 1M potasium bisulfate, 
water, brine and dried (magnesium sulfate). The 
filtrate was concentrated and the residue dried .in 

s· yacµo to give 6.285 g. of crude product as a 

colorless oil. 
dl C2-CCC1.1-pimethylethgxvlcarb9nyll-2-methvll-
hydrazinolacetic acid. ethyl ester 

A suspension of .the product from part (c) 
10 (6.285 g., 17.03 mmol.) and palladium hydroxide -(800 

mg.) in ethanol (75 ml.) was vigorously stirred under 
hydrogen (balloon) for 4 hours. The suspension was 
filtered using a Millipore fiiter unit. The filtrate 
~as concentrated and the residue drie~ in yacuo to 

15 afford 4. 3 g. of title product as a light yellow oil. 
el (S)-2-Phthalimido-1.5-pentanedioic acid. 5-
(phenylmethyllester 

N-(Carbethoxy)phthalimide (9.7 g., 44.24 
mmol., 1.05 eq.) was added to a suspension of L-

20 glutamic acid, 5-(phenylmethyl)ester (10.0 g., 42.14 
mmol.) and sodium bicarbonate (4.47 g., 42.14 mmole) 
in water (80 ml.) and dioxane (40 ml.). After 
stirring two hours, additional N-(carbethoxy)­
phthalimide (4.4 g., 0.1 eq.) was added. The mixture 

25 was stirred for additional 2 hours. The reaction 
mixture was adjusted to pH 1-2 with solid potassium 
bisulfate, and extracted with ethyl acetate (3 X 150 
ml.). The combined ethyl acetate extracts were washed 
with lM potassium bisulfate, brine, dried (sodium 

30 sulfate) and filtered. The filtrate was concentrated 
in vacµo. The oily residue was taken into ethyl 
acetate and treated with dicyclohexylamine (8.40 ml., 
42.14 mmol.). Crystallization of the crude salt from 
ethyl acetate/hexane gave, after drying in yacuo, 13 

--------------·--·---
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g. of the title product as the dicyclohexylamine 
salt. The mother liquor was washed with 1 M potassium 
bisulfate (2 x), water, brine, and dried (sodium 
sulfate). The filtrate was concentrated in yacuo. The 

5 oily residue was chromatographed using 0.5% acetic 
acid in heptane/ethyl acetate (3:7) as a mobile 
phase. The desired fractions were collected and 
concentrated. The oily residue was dried in yacµo to 
give 9.644 g. of the title product. 

10 fl CSl-4-Pbthalimicio-5-oxo-5-£2-f Cl.1-dimetbvl­

ethox;ylcarbonvll-1-C2-ethoxv-2-o:xoethyll-2-
methylhydrazinolpentanoic acid. phenylmethyl ester 

Phosphorus pentachloride (5.10 g., ~4.5 mmol.) 
was added to a cold (0° C.) solution of the product 

15 from part (e) (about 17 .10 mmol.) in ether (80 ml.). 
After stirring at 0° c. for 30 minutes and at room 
temperature for 30 minutes, the reaction mixture was 
concentrated in vacuo. The residue was stripped with 
toluene (3x) and dried in yacuo for 2 hours to give 

20 an oily compound that was used immediately in the 
following reaction. 

Sodium bicarbonate solution (4 g. in 46 ml. of 
water) was added to a cold ( 0° c. ) solution of the 
product from part (d) in toluene (40 ml.). With 

25 thorough stirring, the compound prepared above in 
toluene (30 ml.) was added dropwise via cannula. 
After addition, the reaction mixture was stirred at 
room temperature under argon for 19 hours. The 
reaction mixture was diluted with ethyl acetate (300 

30 ml.), washed with water, 5% potassium bisulfate, 
water, brine and dried (sodium sulfate). The 
filtrate was concentrated and the residue dried in 
vacuo to give the title compound as an oil. 
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ql (S ).-4-Phthalimido-5-0XQ-5- Cl- (2-ethoxy-.2-
ox;oetl}yl)-.2-metl}ylhydrazinolpentanoic acid. 
phenvlmethyl ester 

Anisole (7.4 ml.) followed by trifluoroacetic 
5 acid (13.10 ml., 170 mmol.) were added dropwise to a 

cooled (-10° C.) solution of the crude product from 
part (f) in methylene chloride (55 ml.). After the 
addition was completed, the reaction mixture was 
stirred at -10° c. for one hour. The reaction 

10 mixture was then allowed to warm to room temperature 
and stirring continued for 14 hours. After removal 
of the volatiles in vacuo, the residue was taken into 

200 ml. of ethyl acetate, washed with saturated 
sodium bicarbonate with caution, then.water, brine, 

15 and dried (sodium sulfate). The filtrate was 
concentrated in vacuo and the residue chromatographed 
using 20-40% ethyl acetate/hexane as a mobile phase. 
The desired fractions were collected and concentrated 
and the residue dried in vacuo to yield 7.254 g. of 

20 title product as a pale yellow oil. 
h> CSl-4-PhthaJ,imido-5-ox;o-5-[l-C2-ethoxv-3-
ox:oetbvll-2-metbYlhYdrazinolpentanoic acid 

Palladium hydroxide (1.0 g.) was·added to a 
solution of the product from part (g) (6.436 g., 

25 13 .38 mmol.) in warm ethanol· (100 ml.). The 
suspension was vigorously stirred under hydrogen 
(balloon) for 4 hours. The suspension was filtered 
and the catalyst washed with ethanol. The combined 
filtrate was concentrated. The residue was stripped 

30 with toluene (2 x) and dried in vacuo overnight to 

yield 5.86 g. of product as a colorless oil which was 
used for the next reaction without purification. 
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i) (S)-Hexabydro-2-metbyl-3.7-dioxo-6-phthalimido­
lH-1.2-diazepine-1-acetic acid. ethyl ester 

Thionyl chloride (1.1 ml.) was added dropwise 
to a cooled (0° C.) solution of the product from part 

5 {h) (5.86 g., 13.38 mmol.) in methylene· chloride (120 
ml.). The reaction mixture was stirred at 0° C. for 
15 minutes and then at room temperature for 3 hours. 
Additional thionyl chloride (0.3 ml., for a total of 
1.4 ml.) was added and the reaction mixture was 

10 stirred for another 3 hours, then quenched with 
·potassium bicarbonate solution (2.7 g. of potassium 
bicarbonate in 27 ml. of water). The separated 
organic phase was washed with saturated sodium 
bicarbonate. The aqueous phase was extracted with . . 

15 methylene chloride (2x). The combined methylene 
chloride phase was washed with water, brine and dried 
{magnesium sulfate). The filtrate was concentrated 
and the residue dried in vacuo to give 4.70 g. of 
desired product. 

20 j) <s>-Hexahydro-2-metbyl-3.7-dioxo-6-amino-lH-1.2-
diazepiue-1-acetic acid. ethyl ester 

Hydrazine monohydrate (255 µl., 5.25 mmol.) 
was added to a suspension of .the product from part 
(i) Cl.867 g., 5.0 mmol.) in ethanol {30 ml.) and 

25 methylene chloride (10 ml.). After stirring for 
2 hours, the volatiles were removed in vacuo and the 
residue stripped with toluene C2x), then dried in 
vacuo. The residue was taken into 2 M aqueous acetic 
acid (20 ml.) and the resulting solution was stirred 

3 0 at room temperature for 14 hours. The suspension was 
filtered. The collected filtrate was basified with 
solid sodium bicarbonate to pH 10 and extracted with 
methylene chloride {3x). The combined methylene 
·chloride phase was washed with 50% brine, brine, 
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dried (sodium sulfate), filtered and evaporated. The 
residue was chromatographed using 2.5% 
methanol/methylene chloride as a mobile phase to 
afford 568 mg. of title product as a pale yellow oil. 

5 k> CS-CR*.R*)-Hexabydrg-6-CC2-Caqetyltbiol-1-oxo-3-

phenylpropyllaminol-2-methyl-3.7-dioxq-1H-1.2-

diazepine-1-aqetic acid. ethyl ester 

Triethylamine (302 µl, 2.171 mmol.) was added 
to a cooled (0° C.) solution of (S)-2-

10 (acetylthio)benzenepropanoic acid (obtained from the 
dicyclohexylamine salt as described previously, 486 
mg., 2.17 mmol) followed by the product from_part (j) 

(480 mg., 1.973 mmol.) in methylene chloride (3 ml.), 
and benzotriazol-l-yloxytris(dimethylamino)-

15 phosphonium hexafluorophosphate (969 mg., 2.171 
mmol.) The mixture was stirred at 0° c. for 1 hour, 
then at room temperature for 2 hours. The volatiles 
were removed in yaquo. The residue was taken into 

ethyl acetate (100 ml.), washed with St potassium 
20 bisulfate, sot saturated sodium bicarbonate, brine, 

dried (magnesium sulfate), filtered and evaporated to 
dryness. The crude product was flash chromatographed 
using S0-70t ethyl acetate/hexane as a mobile phase 
to give 824 mg. of title product as a white foaming 

2 5 compound. 
1> rs-CR*.R*ll-Hexahydro-6-CC2-merqapto-1-oxo-3-

phenylpropyl>aminol-2-methyl-3.7-dioxq-1H-1.2-

diazepine-1-acetic acid 

A solution of the product from part (k) (800 
30 mg.,1.78 mlnol) in methanol (9 ml.) cooled at 0° c. 

was purged with argon for 30 minutes, then treated 
dropwise with a previously purged 1 M sodium 
hydroxide solution (7.12 m., 4.0 equiv.). The 
reaction was stirred at 0° c., while maintaining the 
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bubbling of argon, .for 1.5 hour, then acidified with 
1M potassium bisulfate to pH 1-2 and extracted with 
ethyl acetate (3x). The combined ethyl acetate 
extract was washed with brine (2x), dried (magnesium 

5 ~ulfate), filtered and evaporated to dryness. The 
residue was flash chromatographed using 2' acetic 
acid/ethyl acetate as a mobile phase to give 668 mg. 
of desired product as a white foaming compound. 
Chloroform was used in the pooling of product-

10 containing column fractions. Calo = -54.8° Cc = 0.8, 

15 

methanol). TLC (3' acetic acid/ethyl acetate) 
Rf = 0.12. 
Anal. calc'd. for c11H21N305S • 0.57 CHCl3: 

C, 47.16; H, 4.86; N, 9.39; S, 7.16 
Found: C, 47.48; H, 4.56; N, 9.01; S, 7.17. 

Bxam12le 49. 

rs-CR*.R*ll-Hexaby<iro-6-CC2-mercaptg-1-oxo-3-

phenylpropyllamingl-2-methyl-7-oxo-1H-1.2-diazepine-

1-acetic acid 

20 a) (Sl-Hexabydro-2-methyl-7-oxo-6-phthalimido-lH-

1.2-diazepine-1-acetic acid. ethyl ester 

A solution of the product from Example 48 (i) 
{375 mg., 1.0 mmole) in dry tetrahydrofuran {2.4 ml.) 
was cooled to 0° c. and treated dropwise with a 1M 

25 solution of diborane in tetrahydrofuran. After the 
addition was completed, the reaction solution was 
stirred at 0° c. for 30 minutes (at that time it 
became a gel). The cooling bath was removed, and the 
semi-solid mixture was stirred at room temperature 

30 for an additional one hour before it was diluted with 
2 ml. of methylene chloride and 2 ml. of 2M aqueous 
hydrochloric acid. After stirring for 15 minutes, 
the mixture was diluted with 20 ml. of methylene 
chloride, and washed with saturated sodium 
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bicarbonate with caution. The separated aqueous 
phase was extracted with methylene chloride (3x). 
The combined methylene chloride extract was washed 
with ·so% brine, brine, and dried (sodium sulfate). 

5 The filtrate was evaporated in vacuo to dryness to 

afford 344 mg. of crude product as an oil, which was 
used for the next reaction without purification. 
bl (S)-Hexahydro-2-methyl-7-oxo-6-amino-lH-1.2-

diazepine-1-acetic acid. ethyl ester 

10 A solution of the product from part (a) (344 
mg., 0.958 mmol.) in ethanol (3 ml.) was treated with 
hydrazine monohydrate ( 54. 8 Jl.l. , 1.13 mmol. ) . 
according to the procedure of Example 48 part (j) 

affording 169 mg. of title product as .a ~ale yellow 
15 oil. 

c) [S-CR*.R*)l-Hexahydro-6-CC2-facetylthiol-l-oxo-3-

phenylpr0l'.Yllamino1-2-methyl-7-0XQ-1H-1.2-diazepine-

1-acetic acid. ethyl ester 

A cold (0° C.) solution of (S)-2-
20 Cacetylthio)benzenepropanoic acid (obtained from the 

dicyclobexylamine salt as previously described, 198 
mg., 0.885 mmol.) in methylene chloride (1 ml.) was 
treated with triethylamine (123 µl., 0.88 mmol.), the 
product from part (b) (169 mg., 0.738 mmol.) in 

25 methylene chloride (2 ml.) and benzotriazol-1-
yloxytris(dimethylamino)phosphonium hexafluorophos­
phate (392 mg., 0.885 mmol.) The mixture was stirred 
at 0° c. for 1 hour, then at room temperature for 2 
hours. The volatiles were removed in vacuo. The 

30 residue was taken into ethyl acetate (50 ml.), washed 
with Si potassium bisulfate, saturated sodium 
bicarbonate, 50% brine, brine, and dried (magnesium 
sulfate). The filtrate was evaporated to dryiiess and 
the residue flash chromatographed using 40 - 50% 
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ethyl acetate/hexane as a mobile phase to give 260.5 
mg. of title product as a colorless oil. 
d) CS-CR*.R*>l-Hexabvdro-6-CC2-mercapto-l-oxo-3-

phenylpropyl)aminol-2-methyl-7-QX0-1H-l.2-diazepine-

5 1-acetic acid 

A solution of the product from part (c} (235 
mg., 0.54 mmol.} in methanol (3 ml.} cooled at 0° c. 
was purged.with argon for 30 minutes, then treated 
dropwise with a previously purged 1 M sodium 

10 hydroxide solution (2.20 ml., 4.0 equiv.). The 
reaction was stirred at 0° c., while maintaining the 
bubbling of argon for 2 hours, then acidified with lM 
potassium bisulfate to pH 1-2 and extracted with 
ethyl acetate (3x). The combined ethy~ acetate 

15 extracts were washed with brine (2x), dried (sodium 
sulfate), filtered and evaporated to dryness. The 
residue was flash chromatographed using 2% acetic 
acid/ethyl acetate as a mobile phase to give 182.2 
mg. of desired product as a white foaming compound: 

20 [a.Jo = -9.6° (c = 0.3, methanol}. TLC (3% acetic· 

~cid in ethyl acetate) Rf = 0.26. 
,Anal. calc'd. for c11H23N304S • 0.2 H20: 

C, 55.32: H, 6.39: N, 11.39: S, 8.69 
Found: c, 55.73; H, 6.44: N, 10.98: S, 8.56. 

25 Bxample 50 

rs-CR*.R*>l-2.3.4.5-Tetrahydro-3-CC2-mercapto-1-

oxohexyl-3-phenylprgpyl)am,inol-2-oxo-1H-benzazepine-

1-acetic acid 

a) {S)-2-Bromgbexanoic acid 

30 Potassium bromide (15.9 g., 133 mm.ol.) was 
added to a stirred solution of D-norleucine (5.0 g., 
38 mm.ol.) in 2.5 N sulfuric acid (77 ml.} at room 
temperature. The reaction mixture was cooled to 
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-10° .c. and solid sodium nitrite {3.94 g., S7 mmol.) 
was added portionwise, maintaining the temperature 
between -10° and -S0 c. After addition was complete, 
the foamy reaction was stirred for 1 hour and then 

5 warmed to room temperature and stirred for another 
hour. The reaction mixture was then extracted twice 
with ether, the ether extracts were washed once with 
water, dried (magnesium sulfate), filtered and 
evaporated to give 3.3 g. of crude title product. 

10 hl CS> -2- CAcetylthi.Plhexanoic acid. dicyclohexvl-

amine salt 

To a stirred slurry of potassium thioacetate 
(2.11 g., 18.S mmol.) in SO ml. of dry acetonitrile 
at room temperatu~e under argon was a~ded a solution 

lS of the product from part Ca) (3.27 g., 16.8 mmol.) in 
26 ml. of acetonitrile. The reaction was stirred S 
hours. The resulting slurry was filtered and 
evaporated. The residue was redissolved in ethyl 
ether, washed once with St potassium hydrogen sulfate 

20 solution and once with brine, dried (magnesium 
sulfate) and evaporated. The residue was dissolved 
in ether (64 ml.) and treated with dicyclohexylamine 
(3.4 ml., 16.8 mmol.). The ethereal solution was 
concentrated in xacup, and triturated from hexanes to 

25 give a white solid which was recrystallized .from 
ethyl ether/hexanes to give the title product. The 
mother liquor was concentrated and recrystallized 
twice to provide a total yield of 2.2 g. of title 
product; m~p. 145 - 147° C.; Calo= -33.8° (c = 1.08, 

30 chloroform) • 
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cl CS-(R*.R*)l-2.3.4.5-Tetrabydro-3-CC2-mercapto-1-
oxobeXYllaminol-2-oxo-lH-benzazepine-1-acetic acid. 
ethvl.ester 

A stirred suspensfon of the product from part 
5 (b} (295 mg., O. 795 _mmol.) in 5 ml. of ethyl acetate 

was washed twice with 5 ml. portions of 5% potassium 
hydrogen sulfate solution. The organic extract was 
dried (sodium sulfate), filtered, concentrated and 
dried in vacuo for 20 minutes. The resulting oil was 

10 dissolved in 3 ml. of methylene chloride and stirred 
under argon at 0° c. To this solution was added a 
solution of (S)-2,3,4,5-tetrahydro-3-amino-2-oxo-lH­
benzazepine-l~acetic acid, ethyl ester [prepared as 
described by Watthey et al., J. Med. ~hem., .a.a. p. 

15 1511 - 1516 (1985)] (149 mg., 0.57 ipmol.) in 
methylene chloride (3 ml.) then triethylamine 
{83 µl., 0.60 mmol.) and finally benzotriazol-1-
yloxytris(dimethylamino)phosphonium hexafluoro­
phosphate (264 mg., 0.60 mmol.). After l hour, the 

20 reaction was warmed to room temperature and stirred 
90 minutes. The resulting solution was evaporated at 
less than 30° c. and the residue redissolved in ethyl 
acetate. The solution was washed once with 1 H 
hydrochloric acid, once with water, once with a 

25 saturated solution of sodium bicarbonate and once 
with brine. The organic layer was dried (magnesium 

sulfate), filtered and evaporated. Purification by 

flash chromatography (eluting with 1:3 ethyl 
acetate/hexanes) provided 193 mg. of the title 

30 product; [a]o = -284.3° Cc= 0.21, chloroform). 

d) CS-CR*.R*ll-2.3.4.5-Tetrabydro-3-£(2-mercapto-1-
oxoheXYl-3-phenylprgpyl>aminol-2-oxo-lH-benzazepine-
1-acetic acid 

A solution of the product from part (c) 

___ _: _________ _ 
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Ci83 mg., 0.42 nnnol.) in 3.8 ml. of methanol was 
purged with nitrogen for 5 minutes and cooled to 
0° c. To this solution was added dropwise 3.8 ml. of 
nitrogen-purged lH sodium hydroxide. Nitrogen was 

5 slowly bubbled through the solution during the 
reaction. After one hour, the reaction was warmed to 
room temperature and stirred one ·hour. The reaction· 
was acidified with a St potassium bisulfate solution 
and extracted with ethyl acetate, the extracts were 

10 washed with water and a saturated solution of sodium 
chloride, dried (magnesium sulfate) and evaporated. 
Reevaporation from hexanes yielded a white solid. 
The solid was gently heated in ethyl ether and 
qrystallized with hexanes to give 117 _mg. of title 

15 product as a white solid; m. p. 151-153° C.; 
[«Jo= -214.1° Cc= 0.46, chloroform). 

TLC (ethyl acetate/hexane/acetic acid, 4:4:0.1) 
Rf =0.23. 
Anal. calc'd.for c10H24N204s: 

20 C, 59.32; H, 6.64; N, 7.69; S, 8.80 
Found: C, 59.10; H, 6.62; N, 7.72; S, 8.63. 

2xample 51 
C3S-£3g(R*).7Pll-Hexahvdro-7-(2-hydrmQtethyl\-3-CC2-
mercapto-1-QXo-3-phenylpropyl>aminol-2-oxo-lH-

25 azepine-1-acetic acid 
a> (3S-trans)-Hexahydro-3-CCC1.1-dimetbYlethgxy>­
carbonylJ aminol-2-0XQ-7- C2-propenyl) -lH-a·zepine-1-
aqetic aqid. methyl ester 

Hydrazine monohydrate (133 µl., 2.70 mmol.) 
30 was added dropwise to a solution of (3S-trans)­

hexahydro-3-phthalimido-2-oxo-7-J2-propenyl)-1H­
acetic acid, methyl ester [prepared as set forth in 
Example 36 part (e), 609 mg., 2.45 nnnol.]. The 
reaction was stirred at room temperature for 64 

iili1i1i1i1Ur 
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hours, then filtered to remove the solid byproducts. 
The filtrate was concentrated in vacuo, dissolved in 

methylene chloride, refiltered and reconcentrated to 
give a crude oil. The crude oil was dried under· 

5 vacuum to give 656 mg. of crude (3S-trans)-hexahydro-
3-amino-2-oxo-7-(2-propenyl)-1H-azepine-1-acetic 
acid, methyl ester as a yellow oil •. 

To a solution of this crude amine (589 mg., 
2.45 mmol.) in methylene chloride (10 ml.), purged 

10 with argon, was added 510 µ1. (3.68 mmol.) of 
triethylamine. The reaction mixture was stirred 10 
minutes, then 642 mg. (2.94 mmol.) of di-t-~tyl 
dicarbonate was added. The reaction was stirred at 
room temperature for 16 hours, follow~d by the 

. 15 addition of a second portion of 170 µl Cl.23 mmol.) 
of triethylamine and 160 mg. (0.14 mmol.) of di-t­
butyl dicarbonate. The reaction was sitrred an 
additional 16 hours at room temperature, then diluted 
with 20 ml. of methylene chloride. The organic layer 

20 was washed with 2-10 ml. portions of water, dried 
(magnesium sulfate) and concentrated in vacuo to give 

a crude oil. The oil was flash chromatographed 
(Merck silica, 25 x 120 mm., 1:6 ethyl 
acetate/hexane, then 1:4 ethyl acetate/hexane) to 

25 give 651 mg. of title product as a clear oil. 
bl (JS-transl-Hexabydro-3- [ [ (1.1-dimethylethoxy)-
carbonvllaminol-2-oxo-7-Chydrgxyetbyll-lH-azepine-1-
acetic acid. methyl ester 

To a solution of the product from part (a) 
30 (554 mg., 1 .• 63 mmol.) in 3 ml. water/3 ml. dioxane 

was added 731 mg. (3.42 mlnol.) of sodium periodate, 
followed after 10 minutes by the dropwise addition of 
400 µl. (0.98 mmol.) of osmium tetroxide. The 
reaction was stirred at room temperature for 16 

---------------

1ii1iiHf · 
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hours, filtered and rinsed with ethyl acetate. The 
resulting filtrate was concentrated in vacuo without 
heat and flash chromatographed (Merck silica, 25 x 
120 mm., 1:4 ethyl acetate/hexane-no pressure) to 

5 give 309 mg. of (3S-trans)-hexahydro-3-[[(1,l­
dimethylethoxy)carbonyl]amino]-2-oxo-7-acetaldehyde­
lH-azepine-1-acetic acid, methyl ester as a clear 
oil. 

To a solution of this aldehyde (309 mg., 0.90 
10 mmol • ) in methanol ( 5 ml. ) , cooled to 0° c. , was 

added portionwise 68 mg. (1.80 mmol.) of sodium 
borohydride. The reaction was stirred at 0° .c. for 
1.5 hours, then quenched by the dropwise addition of 
0.5 ml. water and warmed to -room temp~rature. The 

15 mixture was partitioned between 25 ml. ethyl 
acetate/25 ml. 1M hydrochloric acid; the aqueous 
layer was extracted with 2-20 ml. portions of ethyl 
acetate. The combined ethyl acetate layers were 
washed with 10 ml. of saturated sodium bicarbonate 

20 and.10 ml. brine, dried (magnesium sulfate) and 
concentrated in vacuo to give a crude oil. The oil 
was flash chromatographed (Merck silica, 25 x 90 mm., 
2:1 ethyl acetate/hexane, then ethyl acetate) to give 
292 mg. of title product as a clear oil. 

25 cl C3S-C3gfR*>.7Pll-ffexahydro-3-CC2-<acetylthio>-l-
QX0-3-phenylprgpyll aminol-7- (2-bvdroxvetbvl>-2-oxo-
lH-azepine-1-acetic acid. methvl ester 

To a solution of the product from part (b) 
(292 mg., 0.85 mmol.) in dioxane (1 ml.), cooled to 

30 0° c., was added portionwise 2.5 ml. (9.34 mmol., 
4 M) of hydrochloric acid/dioxane. The reaction was 
warmed to room temperature and stirred for 16 hours, 
then concentrated in vacuo and azeotroped with 
toluene to give 248 mg. of (3S-trans)-hexahydro-3-

- -------·-· -------------
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amino-2-oxo-7-(2-hydroxyethyl)-lH-azepine-1-acetic 
acid, methyl ester, hydrochloride salt as a crude 
oil. 

To a solution of this amine, hydrochloride 
5 salt (189 mg., 0.67 mmol.) and (S)-2-(acetylthio)­

benzenepropanoic acid (prepared from the dicyclo­
hexylamine salt as described previously, 157 mg., 
(0.74 nunol.) in methylene chloride (10 ml.), cooled 
to 0° c., was added triethylamine (230 µl., 1.68 

10 mmol.). The mixture was stirred for 20 minutes, then 
benzotriazol-1-yloxytris(dimethylamino)phosphonium 
hexafluorophosphate (327 mg., 0.74 mmol.) wa~ added. 
The reaction was stirred at 0° c. for one hour, then 
at room temperature for 3 hours. The reaction 

15 mixture was partitioned between 20 ml. ethyl 
acetate/20 ml. 5% potassium bisulfate solution. The 
water layer was separated and extracted with 2-20 ml. 
portions of ethyl acetate~ the combined ethyl acetate 
layers were washed with 20 ml. of 5% potassium 

20 bisulfate solution, 20 ml. of saturated sodium 
bicarbonate, 2-20 ml. portions of brine, dried 
(magnesium sulfate) and concentrated in vacuo to give 

a crude oil. The oil was flash chromatographed 
(Merck silica, 25 x 80 mm., 1:4 ethyl acetate/hexane) 

25 to give 84 mg. of title product as a white foam. 
d) C3S- C3a (R*) • 1p1 l -Hexaeydro-7- (2-hydroXYetbyl) -3;.. 

£(2-mercapto-1-oxo-3-phenylprgpyl>aminol-2-oxo-lH-
azepine-1-acetic acid 

A solution of the product from part (c) (84 
30 mg., 0 .19 mmol.) in methanol (2 ml.) was purged with 

argon for 30 minutes and cooled·to 0° c. To this 
solution was added dropwise 2 ml. of 1M sodium. 
hydroxide, also purged with argon for 30 minutes and 
cooled to 0° c. The reaction was stirred at 0° c. 
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for 1 hour, with continuous argon purging, then 
acidified to pH 2 with St potassium bisulfate 
solution. The mixture was extracted with 3-20 ml. 
portions of ethyl acetate; the combined ethyl 

5 acetate layers were dried (magnesium sulfate) and 
concentrated in vacuo to give a crude foam. The foam 

was flash chromatographed {Merck silica, 15 x 60 mm., 
0.5:5:95 acetic acid/methanol/methylene chloride) to 
give a white foam, which was azeotroped with toluene 

10 and dried in vacuo to give 48 mg. of title product as 
a white foam; Calo= -42.9° Cc = 1.0, CDCl3). 

TLC (acetic acid:methanol:methylene chloride, 
1:10:90) Rf = 0.25. 
Anal. Calc'd. for C19H2&N2S05 • 0.5 H20: 

15 C, 56.55; H, 6.75; N, 6.94; S, 7.94 
Found: C, 56.55; H, 6.64; N, 6~77; S, 7.51. 

Example 52 

ClS-Cla.9qCR*)JJ-Octahyciro-9-CC2-mercapto-1-oXQ-3-C2-

thienyllpropyllaminol-10-oxo-6H-pyridatinoC1.2-al 
20 Cl.2ldiazepine-1-carboxYlic acid 

a> CS>-g-CAcetyltbio>~2-thiophenepropauoic acid 

Potassium chloride (3.0 g., 40.1 mmol.) was 
added to a solution of P-<2-thienyl)-D-alanine (1.37 

g., 8.03 mmol.) in 2.5 N hydrochloric acid (25 ml.) 
25 at room temperature under argon. After stirring for 

10 minutes, the resulting mixture was cooled to 0° 
c.and treated with sodium nitrite (720 mg., 10.44 
mmol.). After 2.5 hours, the reation mixture was 
warmed to room temperature and was stirred 1 hour. 

30 The mixture was partitioned between water and ethyl 
acetate and the organic layer was dried (sodium 
sulfate), filtered, and concentrated. The residue 
was flash chromatographed (Merck silica gel) eluting 
with 1% acetic acid in 3:1 hexane/ethyl acetate to 
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give 760 mg. of (R)-a-chloro-2-thiophenecarboxylic 

acid as a yellow oil. 
Cesium thioacetate (2. 95 g., 14 .19 mmol.) was 

added to a solution containing the above chloride 
5 (750 mg., 4. 73 mmol.) in dimethylformamide (15 ml.) 

·at room temperature under argon. After stirring for 
2 hours, the reaction mixture was partitioned between 
10% potassium bisulfate and ethyl acetate. The 
organic layer was washed with brine, dried (sodium 

10 sulfate), filtered, and concentrated and the residue 
was flash chromatographed {Merck silica gel) eluting 
with lt acetic acid in 4:1 hexane/ethyl acetate to 
give 500 mg.· of the title product as an oil. 
TLC (2t acetic acid in 3:1 ethyl acetate/hexane) 

15 Rf 0.73. 
bl ClS-Clg. 9g(R*l 11-0ctabydro-9·-r £2-Cacetylthiol-1-

oxo-3-(2-thienyllpropyllaminol-10-oxg-6H-
pyridazingfl.2-al Cl.2ldiazepine-1-carbgxylic acid 

The product from part (a) (246 mg., 1.07 
20 mmol.) and (1S-cis)-octahydro-9-amino-10-oxo-6H­

pyridazino[1,2-a] [1,2Jdiazepine-1-carboxylic acid, 
1,1-dimethyethyl ester from Example 47(b) (370 mg., 

1.17 mmol.) were dissolved in methylene chloride (10 
ml.) at room temperature under argon. The resulting 

25 mixture was cooled to 0° c. and trietbylamine (0.15 
ml., 1.07 mmol.) was added. The resulting mixture 
was stirred for 5 minutes then benzotriazol~l­
yloxytris {dimethylamino) phosphonium hexafl~oro­
phosphate (517 mg., 1.17 mmol. was added. After 

30 being stirred at oo c. for 1 hour, the reaction 
mixture was warmed to room temperature and was 
stirred for 16 hours. The volatiles were evaporated 
and the residue was dissolved in ethyl acetate and 
washed successively with 1 N hydrochloric acid, 
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water, sot saturated sodium bicarbonate, and brine . 

. The organic layer was dried (sodium sulfate), 

filtered, and concentrated and the residue was flash 

chromatographed (Merck silica gel ) eluting with 3:2 

5 hexane/ethyl acetate. The product was resubjected to 

flash chromatography eluting with 3 : 1 hexane/.ethyl 
acetate to give 395 mg. of [1S-[la,9a(R*)]]-

octahydro-9-[[2-(acetylthio)-1-oxo-3-(2-

thienyl)propyl]amino]-10-oxo-6H-pyridazino[l,2-

10 a] [1,2]diazepine-1-carboxylic acid, 1,1-dimethylethyl 

ester as a white foam. TLC (ethyl acetate:hexane, 

1:1) Rf = 0.43. 
Anisole (0.38 ml., 3.52 mmol.) was added to a 

solution of the above product(390 mg.,. 0.82 mmole) in 

15 methylene chloride (6 ml.) at room temperature under 

argon. The resulting mixture was treated with 

trifluoroacetic acid (0.58 ml., 7.5 mmol.) and was 

stirred for 36 hours. The volatiles were removed and 

the residue was chased with toluene and evacuated to 

20 give 380 mg. of a yellow oil. The oil was purified 

by column c~omatography (Merck silica gel) eluting 

with 1% acetic acid in 1:1 ethyl acetate/hexane 

followed by 1% acetic acid in 2:1 ethyl acetate 

/hexane to give 360 mg. of the title product. 

25 TLC (1.% acetic acid in 1:1 ethyl acetate/hexane) 

Rf = 0.28. 

30 

c) ClS-Clg.9q(R*)JJ-Octabydro-9-CC2-mercapto-1-QXo-

3-(2-thienyl)propyllam,inol-10-oxo-6H-pyridazinoC1.2-

al Cl.2ldiazepine-1-carhoxvlic acid 

A solution of the product from part Cb) (328 

mg., 0.75 mmol.) in methanol (5 ml., deoxygenated via 

argon bubbling) was cooled to 0° c. and treated with 

1 N sodium hydroxide (4 ml., deoxygenated via argon 

bubbling). The resulting mixture was stirred under 

----··--·---------
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argon for 1 hour. The mixture was acidified with 10% 

potassium bisulfate and extracted with ethyl acetate. 

The organic layer was washed successively with water 

and brine, dried (sodium sulfate}, filtered and 

5 concentrated to give a clear oil. This residue was 

flash chromatographed (Merck silica gel} eluting with 

1% acetic acid in 1:2 hexane/ethyl acetate. The 

fractions containing clean desired product were 

combined, stripped, azeotroped with ethyl acetate, 

10 and washed with water to remove any acetic acid. The 

organic layer was dried (sodium sulfate}, filtered 

·and concentrated. The residue was taken up in ethyl 

acetate and triturated with hexane. The solvent was 

removed and the residue was .slurried in hexane, 
. . 

15 stripped, and dried in vacuo to give 165 mg. of title 

20 

product as a white powdery foam.· [a]o = 131.6° 

Cc = 0.43, methylene chloride} 

TLC (1% acetic acid in 2:1 ethyl acetate/hexane} 

Rf = 0.36. 
Anal. calc 1 d for C11H23N304S2 • 0.21 H20 • 0.09 C6Hl4 

•0.13 C4H902: 
C, 51.58: H, 6.17; N, 9.99; S, 15.25 

Found: C, 51.24: H, 6.08; N, 9.69; S, 15.22. 

Exiim12le 53 

25 C1S-Clg.8a(R*)11-Hexahydro-8-CC2-mercjigto-1-oxo-3-

phenylprapyllaminol-9-oxo-1H.SH-pyrjizoloC1.2-al Cl.21 

diazepine-1-carhpxylic acid 

ii> 1-CCPbenylmethoxy>carbonylJ-3-pyrazolidine­

cjirboxylic acid.1.1-dimethyletbvl ester 

30 A solution of 3-pyrazolidinecarboxylic acid, 

1,1-dimethylethyl ester (10.935 g., 63.5 IDlllC)l.) in 

dry acetonitrile (90 ml.) was cooled to 0° c. (ice­

salt bath} and treated with dry pyridine (11.0 ml.) 

followed by a solution of benzylchloroformate (12.54 

---·---

THIS SHEET Hf\:6 BEEN 
REPLACED 
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g., 10.5 ml., 69.9 nunol.) in dry acetonitrile (25 
ml.). The reaction was stirred at 0° c. for 3 hours, 
evaporated to dryness and the syrup obtained was re­
dissolved in ethyl acetate (250 ml.). The solution 

5 was washed with St sodium bicarbonate (2 x 25 ml.) 
and brine (25 ml.), dried (anhydrous sodium sulfate), 
filtered, evaporated to dryness and dried .in yacuo. 

The crude product mixture was chromatographed on a 
silica gel column (Merck), eluting the column with 

10 ethyl acetate:hexane mixtures (1:41 1:2) to give 
11.144 g. of title product as a syrup. 
TLC(ethyl acetate:hexane, 1:1) Rf = 0.25. 
bl CSl-2-C2-Phtbalimi4o-1.5-dioxo-5-Cphenyl-

methoxylpentyll-1.3-pyrazolidinedicarbgxylic acid. 3-- . 
15 Cl. 1-dimethvlethvll-1-phenvlmetbvl ester 

The dicylcohexylamine salt of (S)-2-
phthalimidopentanedioic acid, 5-(phenylmethyl)ester 
(11.548 g., 21 mmol.) was suspended in ethyl acetate 
(700 ml.), washed with 5% potassium bisulfate (5 x 

20 100 ml.) and brine (100 ml.), dried (anhydrous sodium 
sulfate), filtered, evaporated to dryness and dried 
in vacuo. 

The free acid obtained was dissolved in dry 
ether (100 ml.), cooled to 0° c. (ice-salt bath), 

25 treated with phosphorous pentachloride (4.45_g., 21 
mmol.) and stirred at 0° c. for 30 minutes then at 
room temperature for 15 minutes. The reaction 
mixture was evaporated to dryness, evaporated from 
toluene (2 x 230 ml.) and dried .in yacuo. The crude 

30 acid chloride.was dissolved in toluene (46 ml.), 
added to a cooled solution (10° c., ice-water bath) 
of the product from part (a) (5.52 g., 18 mmol.) in 
toluene (35 ml.)-sodium bicarbonate (4.77 g. in 46 
ml. water), warmed up to room temperature and stirred 
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under argon for 20 hours. The reaction mixture was 
diluted with ethyl acetate (650 ml.), washed with 5% 
potassium bisulfate (2 x 140 ml.) and brine (140 
ml.), dried (anhydrous _sodium sulfate), filtered, 

5 evaporated to dryness and dried in vacµo to give 

11.587 g. of title product. 
c> (1S-cisl-Hexahydro-8-phthalimi4o-5.9-dioxo-1H.SH­

pyrazoloC1.2-al C1.2ldiazepine-1-carboxylic acid. 1.1-

dimethylethvl ester 

10 A solution of the product from part (b) 
(12.653 g., 18 mmol.) in dry dimethylformamide (196 
ml.) was treated with 10% palladium on carbon 
catalyst (2.19 g.) and hydrogenated (balloon) at room 
temperature for 24 hours. The reacti~n mixture was 

15 diluted with methanol (200 ml.) and_ filtered through 
a Celite pad, washing the pad well with methanol (2 x 
200 ml.). The clear filtrate was evaporated to 
dryness and dried in yacµo to give a light gold-

colored syrup. The crude product was dissolved in 
20 dry methylene chloride (185 ml.), cooled to 0° c. 

(ice-salt bath), treated with thionyl chloride "(1.62 
ml., 22.2 mmol.), stirred at 0° c. for 15 minutes 
then at room temperature for 6.0 hours. The reaction 
mixture was quenched with a solution of potassium 

25 bicarbonate (3.93 g.) in water (34 ml.), stirred for 
10-15 minutes then extracted with methylene chloride 
(2 x 290 ml.). The combined organic extracts were 
dried (anhydrous sodium sulfate), filtered, 
evaporated to dryness and dried in vacuo The crude 

30 product mixture was chromatographed on a silica gel 
column (Merck), eluting the column with ethyl 
acetate:hexane mixtures (1:3; 1:2) to give 2.427 g. 
of title TLC{ethyl acetate:hexane, 1:1) Rf = 0.37. 

ilHlil~~r 
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d) <ls-_cisl -Hexabydro-8-nhthalimido-9-oxo-lH. SH­

pyrazolo Cl. 2-al Cl.2ldiazepine-l-carhms;ylic acid. 1.1-

dimethylethyl ester 

A solution of the product from part (c) (607 

5 mg., 1. 43 mmol.) in dry tetrahydrofuran (12 ml.) was 

cooled to 0° c. (ice-salt bath) and treated with 1.0 

M diborane/tetrahydrofuran according to the procedure 

of Example 47 part (a) to give 538.g. of title 

product as a syrup. TLC (ethyl acetate:hexane, 1:1) 
10 Rf = 0.38. 

el ClS-cisl-Hex;ahydro-8-am,ioo-9-oxo-lH.SH-

pyrazoloCl. 2-al Cl. 2ldiazepine-l-carboxylic acid. 1.1-

dimetbylethyl ester 

A solution of the product from.part (d) (505 

15 mg., 1. 25 mmol.) in absolute ethanol (5. 5 ml.) was 

treated with hydrazine hydrate (0.14 ml., 2.2 eq.) 

according to the procedure of Example 46 part (b) 

affording 312 mg. of title compound as. a SYrup. TLC 

(methylene chloride:methanol, 9:1) Rf = 0.63. 
20 £) ClS-Cla. 8a,CR*) 11-Hexahydro-8-C C2- (acetylthiol-1-

oxg-3-phenylpropyllam,inol-9-gxo-lH. SH-pyrazoloCl. 2-

al Cl.2ldiazepine-l-carbgxylic acid 

(S)-2-"(Acetylthio)benzenepropanoic acid 

(obtained from 554 mg. of the dicyclohexylamine salt 

25 as previously described) was dissolved in methylene 

chloride (11 ml.), cooled to 0° c .. (ice-salt bath), 

and treated sequentially with a solution of the 

product from part (e) (350 mg., 1.25 mmol.) in dry 

methylene.chloride (2.5 ml.), triethylamine (0.17 

30 ml., 1.22 mmol.), and benzotriazol-1-yloxytris 

(dimethylamino)phosphonium hexafluorophosphate 

(561 mg., 1.29 mmol.) according to the procedure of 

Example 47 part (c) to give 400 mg. of [1S­
[la,8a(R*) J J-hexahydro-8-[ [2-(acetylthio)-1-oxo-3-

------- - ---------
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phenylpropyl]amino]~9-oxo-1H,5H-pyrazolo[l,2-

a] [1,2Jdiazepine-1-carboxylic acid, 1,1-dimethylethyl 

ester as a syrup. TLC (ethyl acetate:hexane, 1:1) 

Rf = 0.28. 
A solution of this material in dry methylene 

chloride was treated with anisole and trifluoroacetic 

acid according to the procedure of Example 47 part 
(d) affording the title product as a solid; [a]o = 

-111.5° (c = 0.48, methanol). TLC (ethyl acetate: 

·10 acetic acid, 95:5) Rf= 0.38. 
g) ClS-Clq.8qCR*)JJ-Hexabydro-8-CC2-mercapto-l-oxo-

3-pheDylpropyl>aminol-9-oxo-1H.SH-pyrazolo 

C1.2-a1Cl.21diazepine-1-carboxylic acid 

A solution of the product from.part (f) in dry 

15 methanol was treated with 1.0 N sodium hydroxide 

according to the procedure of Example 47 part (d) to 

give the title product as a white solid amorphous 
foam; [aJo = -71° (c = 0.50, methanol). TLC (ethyl 

acetate:acetic acid, 95:5) Rf = 0.25. 

20 Ana~ calc'd. for c1aH23N304S • 0.13 C5H12 • 0.20 H20: 

C, 57.36; H, 6.44; N, 10.76; S, 8.21 

Found: C, 57.36; H, 6.50; N, 10.47; S, 8.10. 
Example 54 

C1S-Clq.8qCR*)ll-Hexahvdro-8-CC2-mercapto-1-oxo-3-

25 phenylpropyll amino) -5. 9.;.dioxo-lH. SH-pyrazolo £1. 2-al 

C1.2ldiazepine-1-carhoxylic acid 

al C1S-cisl-Hexabyd,ro-8-amino-5.9-dioxo-1H.5H­

pyrazoloC1.2-al Cl.2ldiazepine-1-carhoxylic acid. 

1.1-dimetbyletbyl ester 

30 A solution of the product from Example 53 part 

(c) (700 mg., 1.67 mmol.) in absolute ethanol (7.4 

ml.) was treated with hydrazine hydrate (0.19 ml., 

2.2 eq.) according to the procedure of Example 53 

--~------

THIS SHEET H,t\S B!:EN 
REPLACED 
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part {e) to give 436 mg. of title product as a white 
foam. TLC (methylene chloride:methanol, 9:1) 
Rf = 0.30. 
bl r1s-r1a.8aCR*lll-Hexahyaro-8-CC2-mercapto-1-oxo-

5 3-phenvlpronvl) amino 1 -5 I 9-dioxo-lH I SH-pvrazolo [ 1. 2-
al Cl.2ldiazepine-1-carboxylic acid 

The product from part (a) was reacted with 
(S)-2-(acetythio)benzenepropanoic acid in the 
presence of triethylamine and benzotriazol-1-

10 yloxytris(dimethylamino)phosphonium hexafluoro­
phosphate according to the procedure of Example 53 
part (f) affording [1S-[la,8a(R*)J]-hexahydro-8-[[2-

(acetylthio)-1-oxo-3-phenylpropyl]aminoJ-5,9-dioxo-
1H,5H-pyrazolo[l,~-a][l,2Jdiazepine-l~carboxylic 

15 acid, 1, 1-dimethylethyl ester as a syrup. TLC (ethyl 
acetate:hexane, 1:1) Rf= 0.22.· 

This material was treated with anisole 
followed by trifluoroacetic acid according to the 
procedure of Example 53 part (f). The resulting acid 

20 product was dissolved in methanol and treated with 
1.0 N sodium hydroxide according to the procedure of 
Example 53 part (g) affording the title product as a 
white solid amorphous foam; [aJc = -95.8° (c = 0.72, 
methanol). TLC (methylene chloride:methanol:acetic 

25 acid, 20:1:1) Rf = 0.13. 
Anal. calc'd for c19H21N305S • 0.07 C6H14 • 1.14 H20: 

C, 52.89; H, 5.83; N, 10.06; S, 7.67 
Found: C, 52.89; H, 5.80; N, 9.18; S, 7.01. 

iifl11i1i11nr ·. 
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Example 55 
C3S-C1CR*l .3aCR*l .7pll-Hexahydro-a-methyl-3-CC2-

mercapto-1-oxg-3-phenylpropyllaIDinol-2-oxg-7-propyl­
lH-azepine-1-acetic acid 

5 al C3S-C1CR*l.3q.70JJ-Hexabydro-q-metbyl-3-

phthalimido-2-oxo-7-C2-propenyll-1H-azepine-1-acetic 
acid. methyl ester 

Allyltrimethylsilane (1.53 ml., 9.6 mmol.) was 
added to a solution of [S-(R*,R*)]-hexahydro-a-

10 methyl-3-phthalimido-2-oxo-lH-azepine-1-acetic acid, 
methyl ester (485 mg., 1.48 mmol.) in methylene 
chloride {20 ml.) at room temperature under argon. 
Following the addition of of stannic bromide (1.0 M 
in methylene chloride, 2.52 ml., 2.52.mmol.), the 

15 resulting mixture was stirred for 4.hours. Another 
portion of stannic bromide (1.48"ml.) was added and 
stirring was continued for 48 hours. The reaction 
mixture was quenched with aqueous ammonium chloride 
and extracted with ethyl acetate. The organic layer 

20 was washed with brine, dried (sodium sulfate), 
filtered, and concentrated to give 1.2 g. of a yellow 
residue. The crude acid was dissolved in methanol·, 
cooled to 0° c., and treated with diazomethane to 
generate the methyl ester. The volatiles were 

25 removed and the residue was flash chromatographed 
(Merck silica gel) eluting with 1:3 ethyl 
acetate/hexane followed by 1:1 ethyl acetate/hexane 
to give 283 mg. of title product as a white foam; 
[aJo = -13.7° (c = Q.54, methylene chloride)). 

30 TLC{ethyl acetate:hexane, 1:1) Rf = 0.50. 
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bl C3S-£1(R*l.3a.7pll-Hexahydro-q-methyl-3-

phthalimido-2-oxo-7-propyl-lH-azepine-1-acetic acid, 

methvl ester 

A solution of the product from part (a) (463 

5 mg., 1.24 mmol.) in 1:1 methanol/ethyl acetate (14 

ml.) was hydrogenated over 10% palladium on carbon 

catalyst (41 mg.) for 3 hours. The mixture was 

filtered through Celite and the volatiles were 

removed to give 483 mg. of title product as a yellow 

10 oil. 
c) [3S-[l{R*) .3q(R*l.7Pll-Hex;abyaro-q-methyl-3-CC2-

(acetylthiol-1-oxo-3-phenylpropyllaminol-2-oXQ-7-

propyl-lH-azepine-1-acetic acid. methyl ester 

The product from part (b) (483·mg.) was 

15 suspended in methanol (7 ml.) at room temperature 

under argo~. The mixture was. treated with hydrazine 

monohydrate (0.07 ml., 1.45 mmol.), became 

homogeneous, and was stirred for 18 hours. The 

mixture was filtered to remove the white precipitate 

20 and the filtrate was stripped, treated with methylene 

chloride, filtered and stripped again to give 282 mg. 
of [3S-[l(R*),3u,7Pll-hexahyciro-u-methyl-3-amino-2-

oxo-7-propyl-1H-azepine-1-acetic acid, methyl ester 

as a yellow oil. 
25 (S)-2-(Acetylthio)benzenepropanoic acid 

(obtained from 491 mg. of the dicyclohexylamine salt 

as descr~bed previously) was dissolved in methylene 

chloride (15 ml.) at room temperature under argon. 

Following the addition of the above amine 

30 (282 mg., 1.10 mmol.), the mixture was cooled to 0 oC 

and treated with triethylamine (0 .17 ml. , 1. 21 mmol. ) 

and benzotriazol-1-yloxytris (dimethylamino)­

phosphonium hexafluorophosphate (511 mg., 1.16 mmol.) 

--------· ----·------

i11i1iiiHf 
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according to the procedure of Example 36 part (f) to 
give 385 mg. of the title product as a white foam. 
TLC(ethyl acetate:hexane, 1:1) Rf = 0.43. 
d) C3S-[lCR*l.3qCR*l.7Pll-Hexahyciro-q-methyl-3-fC2-

5 . mercapto-1-oxg-3-phenylpropvllaminol-2-oxo-7-pro;pyl-

A solution of the product from part (c) (385 
mg., 0.83 mmol.) in methanol (10 ml.) was treated 
with lN sodium hydroxide (8 ml.) according to the 

10 procedure of Example 36 part (g) to give 142 mg. of 
title product as a white powdery foam; Calo =_-51.6° 

Cc = 0~48, methylene chloride) TLC {1% acetic acid 
in 2:1 ethyl acetate/hexane) Rf = 0.60. 
Anal. calc'd. for C21H30N204S • 0.14 ~20: 

15 C, 61.67; H, 7.46; N, 6.85; S, 7.84 
Found: C, 61.97; H, 7.50; N, 6.55; S, 7.62. 

Example 56 

fS-(R*.R*ll-2.3.4.5-TetrahYdro-3-f l2-mercapto-1-oxo-

3-phenylpro;pyl>amino1-2-oxo-lH-pyrrolof1.2-bl C1.21 

20 diazepine-1-acetic acid 

25 

a) fS-CR*.R*)J-2.3.4.5-Tetral}ydro-3-C£2-

<acetylthiol-1-oxo-3-phenylpro;pyllaminol-2-oxo-1H­

;pyrrolo£1.2-b1Cl.2ldiazepine-1-acetic acid. ethyl 

ester 

(S)-3-Amino-2-oxo-1H-pyrrolo[l,2-
b] [l,2]diazepine-1-acetic acid, ethyl ester [prepared 
as described by Bolos et al., J. Org. Chem., S.1., p 

3535 - 33539 (1992)] was reacted with (S)-2-
(acetylthio)benzenepropanoic acid in the presence of 

30 triethylamine and benzotriazol-1-yloxytris­
(dimethlamino) phosphonium hexafluorophosphate 
according to the procedure described above, as note 
Example 36 part (f), affording the title product as a 
colorless oil. 
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bl CS-CR*.R*)J-2.3.4.5-Tetrahydro-3-CC2-mercapto-1-

oxo-3-phenylpropyl>aminol-2-QXo-1H-pyrrolo 

Cl.2-bl Cl.2ldiazepine-1-acetic acid 

A solution of the product from part (a) (135 

5 mg. , 0. 3 0 mmol. ) in methanol ( 2 ml. ) , tetrahydrofuran 
Cl ml.), and water (1 ml.) was sparged with argon for 
30 minutes. Lithium hydroxide monohydride (50 mg., 
1.2 mmol.) was added to the solution at room 
temperature. The reaction mixture was stirred for 2 

10 hours with continuous argon sparge, then acidified by 

the addition of lM aqueous hydrochloric acid solution 
(1.4 ml.), then added to water (20 ml.) and then 
extracted with ethyl acetate (2 x 15 ml.). The 
organic extracts were combined, dried.Csodium 

15 sulfate), and concentrated in vacuo to give an oil. 

The crude material was purified by flash 
chromatography (Merck silica, 12 x 1.5 cm., 1:99 

acetic acid/ethyl acetate) to afford 115 mg. of title 
product as a white solid foam; [«Jo = -67° 

20 Cc~ 0.26, methanol). TLC (acetic acid:methanol: 
methylene chloride, 1:10:90) Rf = 0.43. 

Anal. calc'd. for c19H21N304S: 

C, 58.90: H, 5.46: N, 10.85; S, 8.27 
Found: C, 58.55: H, 5.50; N, 10.74; S, 8.17. 

25 Example 57 
C1S-Clq..9q(R*lll-Octahydro-9-CC2-Cmetbyldithiol-1-

gxo-3-phenylpropyllaminol-10-oxo-6H-pyridazino 

Cl.2-a1Cl.2ldiazepine-1-carboxvlic acid 

A solution of the product of Example 47 (100 
30 mg., 0.247 mmol.) dissolved in ethanol (1.5 ml.) and 

water ( O .15 ml. ) was cooled to 0° c. and treated with 
methyl methanethiosulfonate (30.5 µl., 37.4 mg., 
0.296 mmol.). After 2 hours at 0° c. and 6 hours 
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at room temperature, the reaction mixture was diluted 
with water and extracted with a mixture of ethyl 
acetate and ethyl ether. The organic extract was 
rinsed with water and brine, dried (magnesium 

5 sulfate), and concentrated in vacuo to 157 mg. of 

crude product. Flash chromatography on 12 g._ of 
Merck silica gel eluted with hexanes, then 
1:1,hexanes:ethyl acetate, and finally 4:4:0.05 
followed by 4:4:0.1, hexanes:ethyl acetate:acetic 

10 acid yielded purified product. Trituration with 
ethyl acetate-hexanes afforded 85.4 mg. of title 
product as a white solid foam; Calo = - 104.2° 

(c = 0.18, chloroform). TLC(hexanes:ethyl acetate: 
acetic acid. 4:4:0:1) Rf = 0.16. 

15 Anal.calc'd.for C20H27N304S • 0.05 C4Hso2 • 0.01 

C6H14: 
C, 54.95; H, 6.27; N, 9.49; S, 14.48 

Found: C, 55.03; H, 6.22; N, 9.49; $, 14.40. 
ExaJQPle 58 

20 CS-C(R*.R*ll-2.3.4.5-Tetrabydro-3-CC2-Cmethylditbio)-· 

1-oxo-3-nhenylprgpyllaminol-2-oxo-lH-benzazepine-1-

acetic acid 

A solution of the product of Example 6 (100 
mg., 0.235 mmol.) dissolved in ethanol (1.2 ml.) and 

25 water (0.112 ml.) was cooled to 0° c. and treated 
with methyl methanesulfonate (29 µl., 35.6 mg., 0.282 
mmol.). After one hour at 0° c., the reaction was 
kept at room temperature for 8 hours, then 
refrigerated overnight. The reaction mixture was 

30 diluted with water and extracted with a mixture of 
ethyl acetate and ethyl ether. The organic extract 
was rinsed with water and brine, dried (magnesium 
sulfate), and concentrated in yacµg to 123 mg. of 

crude product. Flash chromatography on 9 g. of Merck 

! 
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silica gel eluted with hexanes, then 1:1, hexaries: 
ethyl acetate, and finally 4:4:0.1,hexanes:ethyl 
acetate:acetic acid yielded 108 mg. of product. 
Trituration with ethyl acetate-hexanes gave 97 mg. of 

5 title product as a white solid; m.p. 83-95° C.; 
Calo= -185.17° Cc= 0.3, chloroform). 
TLC{hexanes:ethyl acetate:acetic acid, 4:4:0.1) 
Rf = 0.16. 
Anal. calc • d. for C22H24N204S2 • 0. 84 H20 • 0. 07 C4H902 

10 • 0.07 C6H14: 
C, 57.78; H, 5.81; N, 5.94; S, 13.59 

Found: C, 57.70; H, 6.13; N, 6.27; S, 13.20 .. 
Example 59 

CS-CR*.R*ll-2.3.4.5-Tetral\ydro-3-CC2-~rcapto-1-oxo-

15 4-methylpentyl)aminol-2-oxo-lH-benzazepine-1-acetic 

al CSl-2-Bromo-4-metbylpent,angic acid 

Potassium bromide (9.5 g., 80 mmol.) was added 
to a stirred solution of D-leucine (3.0 g., 23 mmol.) 

2 0 in 2 • 5 N sulfuric acid ( 4 7 ml. ) at room temperature. 
The reaction mixture was cooled to -10° C. and solid 
~odium nitrite (2.4 g., 34 mmol.) was added 
portionwise, maintaining the temperature between -10° 
and -5° c. After addition was complete, the reaction 

25 was stirred for 1 hour and then warmed to room 
temperature and stirred for another hour. The 
reaction mixture was then extracted twice with ether, 
the ether extracts were washed once with water, dried 
(magnesium sulfate), filtered and evaporated to give 

30 2.7 g. of crude title product. 
bl CSl-2-CAc;etylthiol-4-methylpentanoic acid. 

dicyclobexvlamine salt 

To a stirred slurry of potassium thioacetate 
(1.7 g., 15.0 mmol.) in 50 ml. of dry acetonitrile at 

,-----· 
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room temperature under argon was added a solution of 
the product from part (a) (2. 6 g. , 13 mmol. ) in 17 
ml. of acetonitrile. The reaction was stirred 4 
hours. The resulting slurry was filtered and 

5 evaporated. The residue was redissolved in ethyl 
ether, washed once with St potassium hydrogen sulfate 
solution and once with brine, dried (magnesium 
sulfate) and evaporated. The residue was dissolved 
in ether (64 ml.) and treated with dicyclohexylamine 

10 (2. 7 ml., 14 mmol.) . A white solid immediately began 
precipitating from the solution. The solution was 
filtered and the white solid collected to give 2.0 g. 
of title prqduct1 m.p. 153 - 1S8° C1 [U]D = -S4. 5~ c. 
(c = 0.61, chloroform). 

15 cl fS-CR*.R*ll-2.3.4.5-TetrahYdro-J-f f2-

(acetylthio)-1-QXo-4-methylpentyllaminol-2-QXo-1H-
b@nzazepine-1-acetic acid. ethyl ester 

A stirred suspension of the product from part 
(b) (312 mg., 0.840 mmol.) in 5 ml. of ethyl acetate 

20 was washed twice with S ml. portions.of St potassium 
hydrogen sulfate solution. The organic extract was 
dried (sodium sulfate), filtered, concentrated and 
dried in vacuo for 20 minutes. The resulting oil was 

dissolved in 2.5 ml. of methylene chloride and 
2S stirred under argon at 0° c. To this solution was 

added a solution of (S)-2,3,4,5-tetrahydro-3-amino-2-
oxo-lH-benzazepine-l-acetic acid, ethyl ester 
[prepared as described by Watthey et al., J. Med. 
Chem., .as., p. lSll - 1S16 (1985)) (142 mg., O.S4 

3 O mmol. ) in methylene chloride ( 3 ml ~ ) , then 
triethylamine (80 µ.l., O.S7 nunol.) and finally 
benzotriazol-1-yloxytris(dimethylamino)phosphonium 
hexafluorophosphate (251 mg., 0.57 mmol.). After 1 · 
hour, the reaction was warmed to room temperature and 

lil~iilii1illf 
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stirred 90 minutes. The resulting colorless solution 
was evaporated at less than 30° c. and the oily 
residue redissolved in ethyl acetate. The solution 
was washed once with 1 H hydrochloric acid, once with 

5 water, once with a saturated solution of· sodium 
bicarbonate and once with brine. The organic layer 
was dried (magnesium sulfate), filtered and 
evaporated. Purification by flash chromatography 
(eluting with 2:5 ethyl aceta~e/hexanes) provided 223 

10 mg. of the title product; Calo= -243.9° Cc = 0.62, 

chloroform). 
d> CS-lR*.R*ll-2.3.4.5-Tetrabydro-3-£<2-mercapto-1-
oxo-4-metbYlpentyllaminol-2-0xo-lH-benzazepine-1-
acetic acid 

15 A solution of the product from part (c) 
(190 mg., 0.44 mmol.) in 4 ml. of methanol was purged 
with nitrogen for 5 minutes and cooled to 
0° c. To this solution was added dropwise 4 ml. of 
nitrogen-purged lH sodi\lm hydroxide. Nitrogen was 

20 slowly bubbled through the solution during the 
reaction. After one hour, the reaction was warmed to 
room temperature and stirred one hour. The reaction 
was acidified with a 5% potassium bisulfate solution 
and extracted with ethyl acetate, the extracts were 

25 washed with water and a saturated solution of sodium 
chloride, dried (sodium sulfate) and evaporated. 
Reevaporation from hexanes yielded a white solid. 
The solid was gently heated in ethyl ether, filtered 
to remove an insoluble oil, and crystallized with 

30 hexanes to give 117 mg. of title product as a white 
solid; m. p. 143-144° c.; Calo= -224.3° <c = 0.46, 

chloroform). TLC (ethyl acetate/hexane/acetic acid, 
4:4:0.1) Rf =0.19. 
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Anal. calc'd. for c1aH24N204s • 0.02 C4H100: 
C, 59.34; H, 6.67; N, 7.66; S, 8.76 

Found: C, 58.97; H, 6.72; N, 7.52; S, 8.67. 
Example 60 

5 · fR-(R*.S*)l-2.3.4.5-TetrahYdro-3-f l2-mercapto-2-

methyl-1-oxo-3-phenylpropyllaminol-2•oxg-1H-

benzazepine-1-acetic acid 
a) S.S 1 -BisC4-metboxv-a-toluenethiol) 

A solution of 4-methoxy-a-toluenethiol (25 g., 

10 0.16 mol.) in benzene (200 ml) was added to a 
solution of potassium carbonate (44.8 g., 0.32 mol.} 
in water (200 ml.) and the resulting mixture .was 
treated portionwise, with rapid stirring, with . 
iodine (23.6 g.) until the color of iqdine persisted. 

15 The reaction mixture was -stirred for 15 minutes after 
which the excess iodine was destroyed by the addition 
of solid sodium sulfite (10 g.) .• The reaction 
mixture was diluted with benzene (200 ml.) and 
partitioned, reextracting the aqueous phase with more 

20 beniene (100 ml.). The combined organic extracts 
were washed with water (100 ml.), St sodium sulfite 
(100 ml.) and brine (50 ml.), dried (anhydrous 
magnesium sulfate), filtered, evaporated to dryness 
and dried in vacuo. The crude product was 

25 recrystallized from ethyl acetate (200 ml.) and 
filtered, washing the cream colored precipitates with 
ethyl-acetate (25 ml.), to give 16.596 g. of title 
product; m. p. 99-100° c. TLC(methylene chloride: 
methanol, 9:1) Rf= 0.57. 

30 bl g~Metbvl-hydrocinnamic acid 

A solution of a-methyl cinnamic acid (10.0 g., 

61.7 nunol.) in dry methanol (250 ml.) was treated 
with 10% palladium on carbon and hydrogenated 
{balloon used) at room temperature for 16 hours. The 



HA599a 
- 189 -

reaction mixture was diluted with methanol (250 ml.), 
filtered through a Celite pad in a millipore unit, 
washing the pad well with methanol (2 x 100 ml.). 
The clear filtrate was evaporated to dryness to give 

5 10.225 g. of title product as a thick syrup •• 
cl a-Hethyl-a-CCC4-methoxvphenylhnethyllthiol-

hydrocinuamic acid 
A solution of diisopropylamine (1.69 ml., 12.2 

mmol.) in dry tetrahydrofuran (9.0 ml.) was cooled to 
10 -30° c. (acetonitrile-dry ice bath), treated with 2.5 

H butyllithium (4. 84 ml., 12 .1 mmol.) and stirred at 

-30° c. for 20 minutes. The resulting lithium 
diisopropylamide solution was then treated with a 
solution of a-methyl-hydrocinnamic acid (1.0 g., 6.1 

15 mmol. ) in dry . tetrahydrofuran ( 1. 0 ml. ) , warmed up to 
room temperature and stirred under argon for 1.5 
hours. The reaction mixture was cooled to 0° c. 
(ice-sal~ bath), treated-with a solution of s,s•­
bis(4-methoxy-a-toluenethiol} (1.869 g., 6.1 mmol.) 

20 in dry tetrahydrofuran (6.0 ml) and stirred for 45 
minutes at 0° c. under argon. The mixture was then 
added slowly to 1.0 H hydrochloric acid (19.0 ml.) 

and the aqlieous mixture was extracted with ethyl 
acetate (2 x 50 ml) . The combined organic extracts 

25 were washed with water (15 ml.) and brine (15 ml.), 
dried (anhydrous magnesium sulfate), filtered, 
evaporated to dryness and dried in yacuo. The crude 

product mixture was chromatographed on a silica gel 
column (Merck), eluting the column with ethyl 

30 acetate:hexane mixtures (1:4; 1:2) followed by ethyl 
acetate:acetic acid (100:2) to give 1.45 g. of title 

product. --------
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d) [R-(R*.S*)J-2.3.4.5-Tetrahydro-3-Cf2-Cf (4-

metboxyphenyllmethyllthiol-2-methyl~l-oxo-3-

pbenylprppyllaminol-2-oxo-lH-benzazepine-1-acetic 

acid. Ll-dimetbylethyl ester and CS-(R*.R*ll-

5 2.3.4.5-tetrahydro-3-Cf2-f CC4-metboxyphenyll­

methvll thiol -2-metbyl-1·-oxo-3-phenylpropyll aminol -2-

OXQ-lH-benzagepine-1-acetic acid. 1.1-dimetbyletbvl 

ester 

A solution of the product from part (c) (497 
10 mg., 1.57 mmol., 1.09 eq.) was cooled to 0° c. (ice­

salt bath), treated with a solution of (S)-2,3,4,5-
tetrahydro-3-amino-2-oxo-lH-benzazepine-1-acetic 
acid, 1,1-dimethylethyl ester [prepared according to 
the procedure of Watthey et -al., J. ~d. Chem. 2.8,, p. 

15 1511 - 1516 (1985)) (417 mg., 1.44 mmol.) in dry 
methylene chloride (2.9 ml.) followed by 

triethylamine (0.2 ml., 1.45 mmol.) and benzotriazol-
1-yloxytris(dimethylamino)phosphonium hexafluoro-

. . 

phosphate (642 mg., 1.45 mmol.). The reaction 

20 mixture was stirred at 0° c. for 1.0 hour then at 
room temperature for 2.5 hours after which it was 
evaporated to dryness. The syrup obtained was 
redissolved in ethyl acetate (50 ml.) and the 
resulting solution washed with 0.5 H hydrochloric 

25 acid (2 x 8.3 ml.), water (8.3 ml.) and brine (8.3 
ml.), dried (anhydrous sodium sulfate), filtered, 
evaporated to dryness and dried in vacuo. The crude 

product was chromatographed on a silica gel column 
(Merck), eluting the column with ethyl acetate:hexane 

30 (1:4) to give 709 mg. of a mixture of isomeric 
products. 

Rechromatography of the isomer mixture on a 

silica gel column and elution with ethyl acetate: 
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methylene chloride (1:99, 2:98) gave 340 mg. of the 
. [R- (R*, S*) l title product; [a] o = -72° 

{c = 0.66, methanol); TLC{ethyl acetate:heXalle, 1:1) 
Rf= 0.70 and 316 mg. of the [S-(R*,R*)title 

5 product; [a]D = -142° (c = 0.5, methanol); 

TLC{ethyl acetate:hexane, 1:1) Rf= 0.87. 
el . CR- CR*. S*l 1-2. 3. 4. 5-Tetrabydro-3-C (2-mercapto-2-

methyl-1-oxo-3-phenylpropvll aminol-2-oxg-lH-

benzazegine-1-acetic acid 

10 A solution of the [R-(R*,S*)] product from 
part (d) (300 mg., 0.51 mmol.) in trifluoroacetic 

acid (2.5 ml.) was cooled to 0° c. (ice-salt.bath), 
treated with anisole (0.25 ml., 2.3 mmol.) and 
trifluoromethanesulfonic acid (0.13 ~., 1.47 mmol.) 

15 and stirred at 0° C. for 2.5 hours under argon. The 
reaction mixture was stripped to· dryness, evaporating 
the residual syrup from ethyl acetate (2 x 15 ml.) 
then dried in yacuo. The crude product mixture was 

chromatographed on a silica gel column {Merck), 
20 eluting the column with ethyl acetate and ethyl 

acetate:acetic acid. (100:2). The first set of 
desired fractions were combined and partitioned 
between ethyl acetate and 1.0 H hydrochloric acid to 

give 91.0 mg. of crude product. This was combined 
25 with a second set of fractions which were also 

rechromatographed separately on another silica gel 

column to give a total amount of 301 mg. which still 
had impurities. Rechromatography on a third silica 
gel column was done, eluting the column with 

30 toluene:acetic acid (6:1) to give 156 mg. of pure 
title product as a solid foam; (aJ 0 = -248.3° 

(c = 0.73, methanol). TLC(toluene:acetic acid, 5:1) 
Rf = 0.28. 
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Anal. calc'd. for C22H24N204S • 0.21 C6H14 • 0.54 H20: 
C, 63.82; H, 5.85; N, 6.40; S, 7.32 

Found: ·c, 63.82; H, 6.14; N, 6.21; S, 7.16. 
Example 61 

5 CS-CR*.R*)l-2.3.4.5-Tetrabydro-3-CC2-mercapto-2-

methyl-1-oxo-3-phenylpropyllaminol-2-oxo-1H-

benzazepine-1-acetic acid 

A solution of the [S-{R*,R*)Jproduct from 
Example 60 part (d) (316 mg., 0.54 mmol.) in 

10 trifluoroacetic acid (2.63 ml.) was cooled to 0° c. 
and treated with anisole (0.26 ml.~ 2.30 mmol.) and 
trifluoromethanesulfonic acid (0.14 ml., 1.58 mmol.) 
according to the procedure of Example 60 part (e) to 
give 209.8 mg. of title product; [«lo = -123° 

15 Cc = 0.48, methanol). TLC (toluene:.acetic acid, 5:1) 
Rf = 0.35. 
Anal. calc'd. for c22H24N204S • 0.4 C6H14: 

C, 64.22; H, 5.95; N, 6.73; S, 7.70 
.Found: C, 64.38; H, 6.19; N, 6.27; S, 7.05. 

20 Example 62 
£3R-C3q.6q<S*l.9gp11-octahyc:1ro-6-CC2-mercapto-l~oxo-

3-pbenylproDYl>aminol-5-oxothiazolo£3.2-alazepine-3-

carbpxvlic acid. 1-oxide 

a) C3R-£3q. 6aCS*), 9al\1 l-Octahydro-6- [ £2- (acetyl-

25 thio> -1-0XQ-3-pbenylpropyll aminol -_5-oxothiazolo £3. 2- . 
alazepine-3-carbQxylic acid. 1-QXide. methyl ester 

A solution of the product from Example 11 part 
(f) (301 mg., 0.67.mmol.) in chloroform {9.5 ml.) was 
cooled to O - 5° c. To this solution was added a 

30 solution of meta-chloroperoxybenzoic acid (137 mg., 

0.79 mmol.) in chloroform (7 ml.). The reaction 
mixture was stirred at 0° c. under nitrogen. After 1 
hour, TLC showed the absence of starting material. 
The reaction mixture was diluted with chloroform 

. i1if 1ifiUr 
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(66 ml.), washed with dilute sodium bicarbonate 
(2 x 13 ml.} (pH= 10), water (27 ml.) and dried over 
sodium sulfate. It w~s filtered and concentrated in 
yacuo to a fOan\Y solid. The fOan\Y solid was flash 

5 chromatographed over Merck silica gel (30 ml.) with 
ethyl acetate:acetonitrile (95:5) (400 ml.) to give 
263 mg. of title product as a 55:45 mixture of 
diastereomers (R,S mixture of sulfoxide). 

_ TLC(ethyl acetate:acetonitrile, 95:5) Rf = 0.23. 
10 bl C3R-C3a.§aCS*l9aPll-Octahydro-6-CC2-mercapto-1-

oxo-3-phenylpropvl>aminol-S-oxothiazoloC3.2-
alazepine-3-carbolQllic acid. 1-oxide. 

A sol~tion of the product from part (a) (263 

mg., 0.56 mmol.) in methanol (3.4 ml.'· deoxygenated 
15 via argon bubbling) was treated with lN sodium 

hydroxide (2.8 ml., 2.8 mmol., deoxygenated via argon 
bubbling) and the clear solution was stirred under· 

argon at room temperature. After 2 hours, TLC showed 
the absence of starting material. The solution was 

20 acidified with 10• potassium bisulfate (12.5 ml.), 
diluted with water (17 ml.), and extracted with ethyl 
acetate (3 x 60 ml.). The ethyl acetate extract was 
washed with water (25 ml.), brine (50 ml.) and dried 

over sodium sulfate. It was filtered and concentrated 
25 to an oily residue. Treatment of this residue with 

hexane and ethyl ether gave a solid (230 mg.). The 
solid was flash chromatographed over Merck silica gel 
(50 ml.), using ethyl acetate/acetonitrile/acetic 
acid (50:50:6to7) (600 ml.) to give (142 mg.} of 

30 solid. The solid (142 mg.) was dissolved in methanol 

(2 ml.) and diluted with ethyl acetate (25 ml.). It 
was washed with 10• potassium bisulfate (3 ml.) (pH= 
2), diluted with water (8 ml.). The organic layer 
was separated. The aqueous layer was extracted with 

------------------
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ethyl acetate (3 x 10 ml.). The combined ethyl 
acetate extract was washed with water (5 ml.), brine 
(5 ml.), dried over sodium sulfate, filtered and 
concentrated to an oily residue. Trituration of this 

5 residue with ethyl acetate/ethyl ether gave 102 mg. 
of title product as a single isomer; m.p. 
129 - 132° c. (foaming); Calo= -89.3° Cc= 0.3, 

dimethylformamide). TLC(ethyl acetate/ 
acetonitrile/acetic acid) Rf = 0.26. 

10 Anal. calc'd. for c1sH22N205s2.• 0.12 C4Hao2 • 
0.56 H20: 

C, 51.48; H, 5.62; N,6.49; S,14.87 
Found: C, 51.32: H •. 5.34; N,6.74; S,14.50. 

Example 63 

15 1000 tablets each containing the following 
ingredients: 
[S-(R*,R*)-2,3,4,5-Tetrtahydro-3-
[ (2-mercapto-1-oxo-3-phenylpropyl)­
aminoJ-2-oxo-lH-benzazepine-2-acetic 

20 acid ' 200 mg. 

25 

30 

Cornstarch 
Gelatin 
Avicel(microcrystalline cellulose) 
Magnesium stearate 

100 mg. 
20 mg. 
50 mg. 

5 mg. 

375 mg. 

are prepared from suf.ficient bulk quantities by 

mixing the product of Example 6 and cornstarch with 
an aqueous solution of the gelatin. 
dried and ground to a fine powder. 

The mixturte is 
The Avicel and 

then the magnesium stearate are admixed with 
granulation. This mixture is then compressed in a 
tablet press to form 1000 tablets each containing 200 

35 mg. of active ingredient. 
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In a similar·manner, tablets containing 200 
mg. of the product of any of Examples 1 to 5 and 7 to 
62 can be prepared. 

Similar procedures can be employed to form 
5 tablets or capsules containing from 50 mg. to 500 mg. 

of active ingredient. 
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CLAIMS FOR CONTRACTING STATES: AT, BE, CH/LI, DE, OK, 
FR , GB , GR , IE , IT , / 

_LU, MC, NL, PT, SE f 'E. f' 

1. A compound of the formula 

(I) ·~ 

and such a compound in pharmaceutically acceptable salt 
form wherein: 

0 

II 
R1 is hydrogen, RJ -c - or R1a-s- ; 
R2 and R19 are independently selected from 

hydrogen, alkyl, cycloalkyl- {CH2>m- ,· substituted 
alkyl, cnyl-(CH2>m-, substituted 
aryl-(CH2)m-, and heteroaryl-(CH2)m- ; 

n is zer~ or one provided that n must be zero 
when R2 and Rig are both other than hydrogen; 

m is zero or an integer from 1 to 6; 
R3 is alkyl, substituted alkyl, 

cycloalkyl-(CH2>m-, aryl-(CH2>m-, substituted 
aryl-{CH2>m-, or heteroaryl-(CH2)m-. ; 

RlS is alkyl, substituted alkyl, 
cycloalkyl-(CH2>m-,aryl-(CH2>m-, · ~ 

substituted aryl-{CH~)m-, heteroaryl-{CH2>m-
or -S-R1s completes a symmetrical disulfide 
wherein RlS is of the formula 
(II) 

THIS SHEET HJ'i.S BEEN 
REPLACED 



l 

- 191 - HAS99a 

I lllllll II/Ill llll//llll /I/II/ 
* C L H S . * 

(III) 
X1 is of the formula 

(IVJ 

, 
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(VII) 

(VIII) 
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(X) 

(XJ:) 

(XII) 

-N 
I • or 

. H 



HA599a 
- 200 -

I 1111111 111111 11111 11111111111 
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R4 is hydrogen, alkyl, substituted alkyl, 
alkenyl, substituted alkenyl, hydroxy, cycloalkyl 
-CCB2>m-, aryl -(CH2>m-, substituted aryl -CCH2>m-, 
or h~eroa.ryl -CCH2>m-; 

'- .-·-' Rs is hydrogen, alkyl, substituted alkyl, 
alkenyl, cycloalkyl-CCH2>m-, aryl-CCH2>m-, 
substituted aryl-(CH2>m-, hydroxy, or R4 and RS taken 
together with the carbon to which they are attached 
complete a saturated cycloalkyl ring of 3 to 7 
carbons or R4 and Rs together wi~h the carbon to 
which they are attached complete a keto substituent; 

R6, RS and RlO are independently selected 
from hydrogen, alkyl, substituted alkyl, alkenyl, 
substituted alkenyl, cycloalkyl -CCH2>m-, 
aey·l- CCH2>m-, substituted aryl- (CH2>m-, and 
heteroaryl-CCH2>m-1 

R7, R9 and Rll are independently selected from 
hydrogen, alkyl, substituted alkyl, alkenyl, 
substituted alkenyl, cycloalkyl -<CH2>m-, 
aryl-(CH2)m, and substituted aryl -<CH2>m-, or R6 and 
R7 taken together with the carbon to which they are 
attached co:nplete a saturated cycloalkyl ring of 3 to 
7 carbons or RS and R9 taken together with the carbon 
to which they are attached complete a saturated 
cycloalkyl ring of 3 to 7 carbons; 

r 
\ 

...... 
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b is zero or one; 

q is an integer from 1 to 4; 

r is one or.two; 

s is zero, one or two; 

t is one, two, or three; 

v is one or two; 

w is one or two; 

HA599a 

11111111111111 1111111111111111 
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(0) s 

I 
Yl is -CH2-, - ( CH2) 2-, - ( CH2) 3 - , -0-, -s - , 

Y2 is 

Y3 is 

Y4 is 

-CH2-o- ; 

-CH2-, 

-CH2- or 

. 
' 

(0). 

I 
-s-

r· 
, 

-s-
-CH2-, -CCH2>2-, 

Z is o or two ~drogens; 

or o . , 

. , 
- (CH2) 3-, -o-. or 

R12 is hydrogen, alkyl, substituted alkyl, 

aryl-CCH2>m-, substituted aryl-CCH2>m-, 

heteroaryl- CCH2>m- . 

0 
u 

- CH-O-C-R1s 
I 
Ru or . , 
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R13 is hydrogen, lower alkyl, or substituted 
lower alkyl; 

R14 is hydrogen, lower alkyl, cycloalkyl, or 
phenyl; 

R15 is hydrogen, lower alkyl, lower alkoxy or 
phenyl; 

R16 is lower alkyl: or aryl- CCH2) m-; and 
R17 is hydrogen, alkyl, substituted alkyl, 

alkenyl, substituted alkenyl, cycloalkyl-(tll2)m-, 
aryl-<CH2>m-, substituted aryl-<CH2>m-, or 
heteroaryl-CCH2>m-· 

2. A compound of claim 1 wherein: 

0 
u 

R1 is hydrogen, R3-C - , or a1a-s-; 
R3 is lower alkyl of 1 to 4 carbons or phenyl; 
R1s is lower alkyl of 1 to 4 carbons; 
n is zero or one: 
R2 is aryl-CH2-, substituted aryl-CH2-, 

heteroaryl-CH2-, or straight or branched chain alkyl 
of · 1 to 7 carbons; and 

Rl9 is hydrogen. 
3 • A compound of Claim 2 wherein: 
Xl is of formula III and 
q is one or two; 

R4 is hydrogen, methyl, or phenyl; 
RS is hydrogen; 
R6 and R7 are both hydrogen or are both 

methyl, or· R& is lower alkyl of 1 to 4 carbons, mono 
substituted lower alkyl of 1 to 4 carbons, or alkenyl 
of 3 to S carbons having one double bond and R7 is 
hydrogen or R6 and R7 taken together with the carbon 
to which they are attached complete a cycloalkyl of 3 

to 5 carbons; 

. ..., 
THIS SHEET r-;,1,5 SEEN 

REPLACED 
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RlO and R11 are both hydrogen or one is 
·hydrogen and the other is lower alkyl of 1 to 4 
carbons; 

b is zero or one; and 
R12 is hydrogen or lower alkyl of 1 to 4 

carbons; or 
X1 is of formula Iv- and 
z: is one; 
s is zero; 
Rs is hydrogen, phenyl, or lower alkyl of l to 

4 carbons; 
Rg.is hydrogen: 
R6 and R7 are both hydrogen or are both methyl 

or R6 is lower alkyl of 1 to 4 carbons or phenyl and 
R7 is hydrogen; 

R10 and Rll are both hydrogen or one is 
hydrogen and the other is lower alkyl of 1 to 4 
carbons; 

b is zero; and 
Rl2 is hydrogen or lower alkyl of 1 to 4 

carbons; or 
x1 is of formula v and 
s is zero: 
t is one or two; 
R6 and R7 are both hydrogen or are both methyl 

or R6 is lower alkyl of 1 to 4 carbons or phenyl and 
R7 is hydrogen; 

RlO and Rll are both hydrogen or one is 
hydrogen and the other is lower alkyl of 1 to 4 
carbons; 

b is zero; and 
R12 is hydrogen or lower alkyl of 1 to 4 

carbons; or 
Xl is of formula VI and 
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Y1 is 0, S, or CH2; 
R6 and R7 are both hydrogen or R6 is lower 

alkyl of 1 to 4 carbons and R7 is hydrogen; 
R10 and Rll are both hydrogen or one is hydro-

~ . 

ge~ and~t~e other is lower alkyl of 1 to 4 carbons; 
b is zero; and 
R12 is hydrogen or· lower alkyl of 1 to 4 

carbons:. or 
Xl i~ of formula VII and 
Y4 is -CH2-; 
R6 and R7 are both hydrogen; 
RlQ and Rll are both hydrogen or one is 

hydrogen and the other is lower alkyl of 1 to 4 
carbons; 

b is zero; and 
R12 is hydrogen or lower alkyl of 1 to 4 

carbons; or 

Xl is of formula VIII and 
RG and R7 are both hydrogen or one is.hydrogen 

and the other is lower alkyl of 1 to 4 carbons; 
RlO and Ri1·are both hydrogen or one is 

hydrogen and the other is lower alkyl of 1 to 4 
carbons; 

b is zero, and 
R12 is hydrogen or lower alkyl of 1 to 4 

carbons: or 
Xl is of formula IX and 

v is one or two; 
w is one or two; 
Y2 is S or CH2; and 
R12 is hydrogen or lower alkyl of 1 to 4 

carbons; 
Xl is of formula X and 
Y2 is CH2; 
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Rl2 is hydrogen or lower alkyl of 1 to 4 
carbons; or 

xi is of formula XI and 
v is one or two: 
z is o or two hydrogens: and 
R12 is hydrogen or·lower alkyl of 1 to 4 

carbons;. or 
x1 is of formula XI:I and 
z is o or two hydrogens; 
R17 is lower alkyl of 1 to 4 carbons; 
R10 and Rll are both hydrogen or one is 

hydrogen and the other is lower alkyl of 1 to 4 

carbons; 
b is zero; and 
R12 is hydrogen or lower alkyl of 1 to 4 

carbons; or 
x1 is of formula XIII and 
Y3 is CB2 or S; 

R13 is hydrogen; 
RlO and Rll are bOth hydrogen or one is 

hydrogen and the other is lower alkyl of 1 to 4 
carbons; 

carbons 

b is zero: and 

Rl2 is hydrogen or lower alkyl of 1 to 4 

4. A compound of Claim 3 wherein: 
Rl is hydrogen; 
n is zero; 
R2 is benzyl, (2-thienyl)methyl, or straight 

or branched chain alkyl of 1 to 5 carbons. 
S. A compound of Claim 4 wherein: 
Xl is of formula III and 
q is two; 

THIS SHEET H.'-.S BEEN 
REPLACED 
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R4 and RS are both hydrogen; 
R6 and R7 are both methyl or R6 is propyl, 

allyl, or 2-hydroxyethyl and R7 is hydrogen; 
b is zero; 
RlO and Rll are both hydrogen or one is 

hydrogen and the other is methyl: and 
R12 is hydrogen; or 
x1 is of formula rv and 
r is one; 
b is zero; 
s is zero; 
Ra is hydrogen or phenyl; 
R6 and R7 are both hydrogen or R6 is phenyl 

and R7 is hydrogen; and 

Rg, R10, Rll and Rl2 are all hydrogen; or 
Xl is of formula v 
s is zero; 
t is two; 
R6 is phenyl and R7 is hydrogen; 
b is zero; and 
R10. Rll and R12 are all hydrogen; or 
Xl is of formula VI 

Yl is CH2; 

b is zero; and 

R6, R7, R10, R11 and R12 are all hydrogen; or 
Xl is of formula IX and 

v is two; 

w is one or two; 

Y2 is s or CH2; and 
R12 is hydrogen; or 
Xl is of formula XX and 
v is two; 
z is two hydrogens; and 
R12 is hydrogen. 

THIS SHEET H!\S BEEN 
REPLACED 

:_.----~i...--l 
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6. A compound of Claim 1 which is: 

[S-(R*,R*)J-2,3,4,5-tetrahydro-3-[(2-mercapto­

l-oxohexyl)aminoJ-2-oxo-lH-benzazepine-l-acetic acid; 

[S-(R*,R*)]-2,3,4,5-tetrahydro-3-[(2-mercapto­

l-oxo-4-methylpentyl]aminol-2-oxo-lH-benzazepine-l­

acetic acid; 
[S-(R*,R*)]-2,3,4,5-tetrahydro-3-[(2-mercapto-

1-oxo-3~phenylpropyl)aminio]-2-oxo-1H-benzazepine-1-

acetic acid; 
[1S-[la,9a(R*)]]-octahydro-9-[[2-mercapto-1-

oxo-3-C2-thienyl)propyl]amino]-10-oxo-6H­
pyridazino[l,2-a] [1,2]diazepine-l-carboxylic acid; 

[ls- [la, 9a CR*) 1 J -octahydro-9- [ (2-mercapto-1-

oxo-3-phenylpropyl) aminoJ -lO-oxo-6H-pyridazino [ 1, 2-

a][l,2]diazepine-l-carboxylic acid; 
[1S-[la,9a(R*)]]-octahydro-9-[(2-mercapto-1-

oxo-3-phenylpropyl)amino]-6,l0-dioxo-6H-
pyridazino [1, 2-a] (1, 21 di.azepine-1-carboxylic acid; 

[.4S-[4a, 7a(R*), 10af5J J-decahydro-7-[ (2-

mercapto-1-oxo-3-phenylpropyl) amino]-6-oxopyrido 

[l,2-a]azepine-4-carboxylic acid; 
[3R-[3a,6U(S*),9af5]]-octahydro-6-[(2-mercapto-

1-oxo-3-phenylpropyl)amino]-S-oxothiazolo[3,2-

a]azepine-3-carboxylic acid; . 
[3S-[l(R*),3U(R*),7p]J-hexahydro-u-methyl-3-

CC2-mercapco-1-oxo-3-phenylpropyl)amino]-2-oxo-7-

propyl-lH-azepine-1-acetic acid; 
[6(S)]-h~dro-6-[(2-mercapto-1-oxo-3-

phenylpropyl)amino]-2,2-dimethyl-7-oxo-1H-azepine-1-

acetic acid; 
[3S-[3U(R*),7PJJ-hexahydro-3-[(2-mercapto-1-

oxo-3-phenylpropyl)amino]-2-oxo-7-propyl-1H-azepine-

1-acetic acid; or 

THIS SHEET 1-ll\S BEEN 
AEPLAC!;:D 

' I 
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[3S- [3a{R'*), 7~] l-hexahydro·-3-[ (2-mercapto-l­

oxo-3-phenylpropyl)amino]-2-oxo-7- (2-propenyl) -lH­

azepine-1-acetic acid. 
7. A pharmaceutical composition comprising a 

pharmaceutically acceptable carrier and a compound of 

the formula 

or a pharmaceutically acceptable salt thereof wherein 

Rl, R2, R19, n, and Xl are as defined in any preceding claim. 

8. A process for preparing a compound of the 

formula 

wherein Rl, R2, Rl9, Xl and n are as defined in any· one 

of Claims 1 to 6 111hich com.Prises 
0 

D 
a) when R1 is hydrogen or Rl -c -

and· R19 is hydrogen, coupling an 

acylmercapeocarboxylic acid of the formula 

(XIV) 

i i 
R3-C -s - (CH2) n -CH -c -OH 

I 
R2 
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or an activated form of the acid of formula XIV with 
· the intermediate of the formula 

(XV) 

to give .the product of the formula 
(XVI) 

i r 
R3-C -s -(CH2) n -CH -c -Xi 

.I 
R2 

wherein R12 in the definition of Xl is an easily 
removable ester protecting group followed by removal 

0 

I 
of the acyl group R1 -c - and the R12 ester 
protecting group; 

b) when R2 and R19 are both other than 
hydrogen a:id n is zero, coupling the substituted 
mercapto sidechain of the formula 
(XVZ:t) 

with the intermediate of formula XV to give the 
compound of the formula 
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(XVIII) 

followe~ by treatemnt with a strong acid to remove 
the methoxybenzyl protecting group: 

c> when Rl is -S-Rt8 and Rts is alkyl, 
substituted alkyl, cycloalkyl- (CH2 )'m-, aryl- CCB2) m-, 
substituted aryl-(CB2>m-, or heteroaryl-CCH2>m-, 
reacting the product of formula J: wherein Rl is 
hydrogen with a sulfonyl compound of the formula 
(XXI) 

in an aqueous alcohol solvent: and 
d> when Rt is -s-a1a and Rta is 

oxidizing the product of formula J: wherein Rl is 
hydrogen with iodine. 

THIS SHEET HA.S BEEN 
REP!,ACf.D 

L.--------' 
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9 . A process for preparing a compound 
· of the formula 

0 

wherein q is one or two, Rl2 is an easily removable 
ester protecting group, and R4, R5,R6,b,R10 and R11 
are as defined in any one of Claims 1 to 6 which comprises 
the foll0111ing steps: 

a> coupling a N-phtbalimido-cx-amino acid of 
the formula 

CXXIII) 

rs 
R.c- y-CH20H 

(CH2)q 

' R ·-CH -COOK 

0 

and an amino acid ester of the formula. 

(XXIV) 

to give a peptidyl compound of the formula 
----·-----··--·-----

iililmii1imiHii THIS SHEET HAS BEEN 
REPLACED 
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(XXV) 

b) oxidizing the compound of formula xxv to 

give an aldehyde of the formula 

(XXVI) 

. • 

cJ cyclizing the aldehyde of formula XXVI by 

treatment with a non-aqueous acid ·to give a 

compound of the formula 

. 
I 

THIS SHEET HAS BEEN 
REPLACED 
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CXXVI:t> 

; and 

0 

d) a desired product "'herein R6 is 
hydrogen is obtained by treating the compound of 
formula XXVXI with a silyl hydride and a Lewis acid 
catalyst followed by esterif ication of the carboxyl 
group and subsequent treatment with hydrazine hydrate 
to remove the N-phthaloyl protecting group; 

a desired product wherein R6 is 
alkenyl or substituted alkenyl is obtained by 
treating the compound of formula XXVII with an 
alkenyl or substituted alkenyl silane in the presence 
of a Lewis acid catalyst followed by esterif ication 
of the-C:arboxyl group and subsequent treatment with 
hydrazine hydrate to remove the N-phthaloyl 

' protecting group; 
a desired product wherein R6 is alkyl 

or substituted alkyl is obtained by hydrogenation 
of the corresponding intermediate wherein R6 is 
alkenyl or substituted alkenyl: or 

a desired product. wherein R6 is other 
than hydrogen, alkenyl, or substituted alkenyl is 
obtained by treating the compound of formula xxvrr 
with the corresponding R6 containing aluminum or 
titanium compound in the presence of a Lewis acid 
catalyst followed by esterif ication of the carboxyl 

THIC SHEET HAS BEEN 
REPLACED 
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group and subsequent removal of the N-phthaloyl 
· protecting group. 

10. A precess fer preparing a compound 
cf the formula 

or 

wherein w is one er two and a12 is an easily 
removable ester protecting grQllp which comprises the 
following steps: 

a) coupling a N-phthalimido Cl-amino acid of 
the formula 

CXXVII:C) 

0 

THIS SHEET HAS BEEN 
REPLACED 

I 
I 

'· 
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with an a-amino acid ester of the formula 

CXXIX) 

to give a.,, alcohol of the formula 

(XXX) 

CH=CH2 

/ 
CH2 CCH2)w 

' ' N-cs--o:-r-CH-COOR12 

O H ; 

0 t 

b) oxidizing the alcohol of formula xxx to 
the corresponding aldehyde which is then treated with 
a non-aqueous acid to give a compound of the 
formula 

THIS SHEET HAS BEEN 
REPLACED 

i 
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0 COOR12 

c) cyclization of the compound of formula XXXI by treatment with trifluoromethanesulfonic acid follow~d by reesterification and treatment with sodium iodide to give a mixture of 
the formulas 

(XXXII) 

and 

(XXXIII) 

compounds of 

; and 

THIG. SHEET HAS BEEN 
· REPLACED 
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d) treatment: of t:he compound of formula 
XXXIII with hydrazine hydrate to remove the N­
phthaloyl protecting group and give a compound 
of the formula 

; and/or 

e) treatment of the compound of formula 
XXXII with trisCtrimethylsilyl)silane or tri-n­
butyltin hydride in the presence of a catalytic 
amount of azobisisobutyronitrile to remove the iodo 
group followed by treatment with hydrazine hydrate to 
remove the N-phthaloyl group and give 
a compound of the formula 

11. A compound of any one of Claims 1 to 6 for use 
as an active pharmaceutical substance. 

12. Use of a compound of-any one of Claims 1 to 6 
for the preparation of a medicament for inhibiting the 
angiotensin converting enzyme and neutral endopeptidase. 
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1 • A process for preparing a compound of the 

formula 

(I) 

wherein 
0 

I 
Ri is hydrogen, RJ -c - , or Ria-s-
R2 and R19 are independently selected from 

hydroge.~, alkyl, cycloalkyl- CCB2>m-, substituted 
alkyl, azyl-(CH2)m-, substituted 
aryl-CCH2lm-, and heteroaryl-(CH2>m- . , 

. , 

n is zero or one provided that n must be zero 
when R2 and R19 are both other than hydrogen; 

m is zero or an integer from 1 to 6; 
R3 is alkyl, substituted alkyl, 

cycloalky~-(CH2)m-, ~l-CCH2>m-, substituted 

aryl-(CH2>m-, or he~eroaryl-(CB2>m- ' 
R1a is alkyl, substituted alkyl, 

cycloalkyl-CCH2>m-,aryl-CCB2>m-, 
substituted aryl-(CH2)m-, heteroaryl-(CB2>m­
or -S-R1a completes a symmetrical disulfide 
wherein R1s is of the formula 
(II) 

. , 
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, 

(X) 

(XI) 

-N 
J 
H 

(XII) 

-N 
I 
H 

~ ~.;,; ·. '· . 

-~ .. -~-~;:::. -~~-.- ··_;_~~~ :::~:,·:~~~3;-:~'.; ... ~--; · . ..:_ 

. ,· . 
..f'/ .·· . ·. .. ;: ·. <:I~~·:' .. 

· .. · •. = · •• :· •.. -~ .... ·~,:.l.:s:.~t-_ . . .. . . ·.. .. _:·._: ... · .. 
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.. , 

R4 is hydrogen, alkyl, substituted alkyl, 
alkenyl, substituted alkenyl, hydroxy, cycloalkyl 
-(CH2)m-, aryl -(CH2)m-, substituted aryl -CCH2)m-, 
or heteroaryl -CCH2>m-; 

Rs is hydrogen, alkyl, substituted alkyl, 
alkenyl, cycloalkyl-CCH2>m-, aryl-CCH2>m-, 
substituted aryl-CCB2>m-, hydroxy, or R4 and Rs taken 
together with the carbon to which they are attached 
complete a saturated cycloallcyl ring of 3 to 7 
carbons or R4 and RS together with the carbon to 
which they are attached complete a keto substituent; 

R6, RS and RlO are independently selected 
from hydrogen, alkyl, substituted alkyl, alkenyl, 
substituted alkenyl, cycloalkyl -CCHa>m-, 
aryl-CCH2>m-. substituted aryl-CCH2>m-, and 
heteroaryl-(CH2)m-; 

R7, Rg and Rll are independently selected from 
hydrogen, alkyl, substituted alkyl, alkenyl,. 
substituted alkenyl, cycloalkyl -CCH2>m-, 
aryl-CCH2>m, and substituted aryl -<CH2>m-, or R6 and 
R7 taken together with the carbon to which they are 
attached complete a saturated cycloallcyl ring of 3 to 
7 carbons or Ra and Rg taken together with the carbon 
to which they are attached complete a saturated 
cycloalkyl ring of 3 to 7 carbons; 
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b is zero or one; 

q is an integer from l to 4; 

r is one or two; 

s is zero, one or two; 

t is one, two, or three; 

v is one or two; 

w is one or two; 
(0) 8 

f 
Yl is -CH2-, - C CH2) 2-, - ( CH2) 3 - , -o-, -s - , 

r· 
Y2 is -CH2-, -s- or o . I 

r· 
YJ is -CH2- or -s- ; 

Y4 is -CH2-, -CCH2>2-, -(CH2)J-, -o-, or 
-CH2-o- ; 

• 
z is o or two hydrogens; 

R12 is hydrogen, alkyl, substituted alkyl, 

aryl-<CH2>m-, substituted aryl-<CH2>m-, 

heteroaryl-<CH2>m-

0 
u 

- CH-O-C-R1s 
I 
Ru 

I or ; 
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R13 is hydrogen, lower alkyl, or substituted 

· lower alkyl; 
R14 is hydrogen, lower alkyl, cycloalkyl, or 

phenyl; 
R15 is hydrogen, lower alkyl, lower alkoxy or 

phenyl; 
R16 is lower alkyl: or atyl-(CH2>m-; and 

B.17 is hydrogen, alkyl, substituted alkyl, 

alkenyl, substituted alkenyl, cycloalkyl-(CH2)m-, 

aryl-<CH2>m-, substituted aryl-(CK2>m-, or 

heteroaryl-<CH2>m-
111hich comprises 

0 

I 
a) when Rl is hydrogen or RJ -c -

and R19 is hydrogen, coupling an 

acylmercapcocarboxylic acid of the formula 

(XIV) 

i i 
R3-c-s-<CB2>n-CH-c -os 

I 
R2 
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or an activated form of the acid of formula XIV with 
the intermediate of the formula 

(XV) 

to give .the product of the formula 
(:XVX) 

i i 
R3-c-S-(CH2>n-CH-C-X1 

I 
R2 

wherein a12 in the definition of x1 is an easily 

removable ester protecting group followed by removal 
0 

I 
of the acyl group RJ -c - and the R12 ester 

protecting group; 

b) when R2 and R19 are both other than 

hydrogen and n is zero, coupling the substituted 
mercapto sidechain of the formula 
(XVII) 

with the intermediate of formula XV to give the 
compound of the formula 
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f ollowe~ by treatemnt with a strong acid to remove 
the methoxybenzyl protecting group: 

c) when Rl is -S-R18 and R18 is alkyl, 
substituted alkyl, cycloalkyl-(CH2)m-, aryl-<CH2>m-. 
substituted aryl-(CH2>m-• or heteroaryl-<CH2>m-, 
reacting the product of formula I wherein Rl is 
hydrogen with a sulfonyl compound of the formula 
(XX%) 

in an aqueous alcohol solvent; and 

d) when Rt is -s-R1a and a1a is 

oxidizing the product of formula l: wherein Rl is 
hydrogen with iodine. 
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2. A process of Claim 1 wherein: 

0 
I 

a.1 is hydrogen, R.3-C - , or R1s-s-; 
R.3 is lower alkyl of l to 4 carbons or phenyl: 
R.1a is lower alkyl of 1 to 4 carbons; 
n :is zero or one; ·~ 

R.2 is aryl-CH2- .. substituted aryl-a2-, 
heteroarz1-CH2-, or straight or branched. chain alkyl 
of 1 to 7 carbons; and 

R19 is hydrogen. 
3. A process of Claim 2 wherein: 
xi is of formula III and 
q :is one or two; 
lt4 i.s hydrogen, methyl, or phenyl; 
R.5 is hydrogen; 
ll6 and ll7 are both hydrogen or are both 

methyl, or RS is lower alkyl of l to 4 carbons, mano 
substituted lower allcyl of 1 to 4 carbons, or alkenyl 
of 3 to S carbons having one double bond and R7 is 
hydrogen or RS and ll7 taken together with the carbon 
to which they are attached complete a cycloalkyl of 3 
to '5 carbocs; 
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R10 and R11 are both hydrogen or one is 
·hydroger.. and the other is lower alkyl of l to 4 
carbons; 

= is zero or one; and 
~12 is hydrogen or lower alkyl of l to 4 

carbons: or 
x1 is of formula Iv. and 
z: is one; 
s is zero; 
RS is hydrogen, phenyl, or lower alkyl of l to 

' carbons; 
R9 is hydrogen; 
R6 and R7 are both hydrogen or are both methyl 

or R6 is lower alkyl of 1 to 4 carbons or phenyl and 
R7 is hydrogmu 

R10 and Rll are both hydrogen or one is 
hydrogen and the other is lower alkyl of 1 to 4 
carbons; 

b is zero; and 
R12 is hydrogen or lower alkyl of 1 to 4 

carbons; or 
X1 is of formula Vand 

s is zero; 
t is one or two; 
Ro and R7 are both hydrogen or are both methyl 

or R6 is lower alkyl of 1 to 4 carbons or phenyl and 
R7 is hyd:ogen; 

R10 and R11 are both hydrogen or one is 
hydrogen a:d the other is lower alkyl of 1 to 4 
carbons; 

b :.s zero; and 
R12 is hydrogen or lower alkyl of 1 to 4 

carbons; c:-
Xl is of formula VI and 

-
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Yl is O, S, or CH2; 
?.6 and R7 are both hydrogen or R6 is lower 

alkyl of l to 4 carbons and R7 is hydrogen; 
~10 and Rll are both hydrogen or one is hydro­

gen and t~e other is lower alkyl of 1 to 4 carbons; 
:C is zero; and 
R12 is hydrogen or .. lower alkyl of 1 to 4 

carbons;. or 
Xl is of formula VII and 

Y'4 is -CH2-; 

R5 and R7 are both hydrogen; 
R10 and Rll are both hydrogen or one is 

hydroge.wi and the other is lower alkyl of 1 to 4 
carbons; 

h !s zero; and 
R12 is hydrogen or lower alkyl of 1 to 4 

carbons; er 
Xl is of formula VIII and 
Ro and R7 are both hydrogen or one is hydrogen 

and the ct:!ler is lower alkyl of 1 to 4 carbons; 
RlC and Rll are both hydrogen or one is 

hydrogen a:d the other is lower alkyl of 1 to 4 
carbons; 

b is zero r and 
R12 is hydrogen or lower alkyl of 1 to 4 

carbons; c::-
Xl is of formula IX and 

v is one or two; 

w is one or two: 
Y2 !s s or CH2; and 
R1i is hydrogen or lower alkyl of 1 to 4 

carbons; 
xi is of formula X and 
Y2 is CH2; 

• 
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w is one or two; and 
Rl2 is hydrogen or lower alkyl of 1 to 4 

carbons; or 
xi is of formula XI and 
v is one or two; 

z is O or two hydrogens; and 
R12 is hydrogen or·lower alkyl of 1 to 4 

carbons:. or 
Xl is of formula XII and 

z is o or two hydrogens; 
Rli is lower alkyl of 1 to 4 carbons; 
RlJ and Rll are both hydrogen or one is 

hydrogen and the other is lower alkyl of 1 to 4 
carbons; 

b is zero; and 
R12 is hydrogen or lower alkyl of 1 to 4 

carbons; er 
X1 is of formula XIII and 
Y3 is CH2 or S; 

R13 is hydrogen; 
Rte and a11 are both hydrogen or one is 

hydrogen a:d the other is lower alkyl of 1 to 4 
carbons; 

carbons 

b is ~ero; and 
R12 is hydrogen or lower alkyl of 1 to 4 

4. A process of Claim 3 wherein: 
R1 !s hydrogen; 
n is z.ero; 
R2 is beD.zyl, (2-thienyl)methyl, or straight 

or branched chain alkyl of l to S carbons. 
S. A process of Claim 4 wherein: 
Xl is of formula III and 

q is CWO; 
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R4 and RS are both hydrogen; 
Ro and R7 are both methyl or R6 is propyl, 

ally!, c:- 2-hydroxyethyl and R7 is hydrogen; 
b is zero; 
R.10 and Rll are both hydrogen or one is 

hydrogen and the other is methyl; and 
Rl2 is hydrogen; or 
xi is of formula IV and 

r is one; 
b is zero; 
s is zero; 
Rs is hydrogen or phenyl 1 

Ro and R7 are both hydrogen or R6 is phenyl 
and R7 is hydrogen; and 

Jl9, R10, R11 and R12 are all hydrogen; or 
xi is of formula v 
s is zero; 
t is two; 
R6 is phenyl and R7 is hydrogen; 
b is zero; and 
a10, R11 and R12 are all hydrogen; or 
xi is of formula VI 

Yl is CH2; 
b is zero 1 and 

R6, R7, a10, Rll and R12 are all hydrogen; or 
Xl is of formula IX and 
v is two: 
w is one or two; 

Y2 is s or CH2; and 

1ti2 is hydrogen1 or 
xi is of formula XX and 
v is two; 
z is two hydrogens; and 
R12 is hydrogen. 



HAS99a 
- 232 -

----·----·-----

111111111111111111111111111111 
* C L M S * 

5 • A process of Claim 1 11.1herein the product. is: 

[S-CR*,R*)J-2,3,4,S-tetrahydro-3-[(2-mercapto­
l-oxohe.~l >amino] -2-oxo-lH-benzazepine-l-aceti·c acid; 

[S-CR*,R*)]-2,3,4,S-tetrahydro-3-[C2-mercapto­
l-oxo-4-!:!.ethylpentyl]amino]-2-oxo-lll-benzazepine-l­
acetic ac:id; 

[S-(R*,R*)]-2,3,4,5-tetrahydro-3-[C2-mercapto-
l-oxo-3~phenylpropyl)aminio)-2-oxo-1B-benzazepine-l­

acetic ac:i.d; 
[lS-[lu,9uCR*)JJ-octahydro-9-[(2-mercapto-l-

oxo-~-C2-thienyl)propyl]aminoJ-10-oxo-6H­

pyridazino[l,2-a) (1,2Jdiazepine-1-carboxylic acid; 
[lS-[lu,9uCR*) l J-octahydro-9-[ C2-mercapto-1-

oxo-3-phe::iylpropyl)amino]-10-oxo-6B-pyridazino(l,2-
a) [1,2Jdiaz·epine-1-carboxylic acid: 

[lS-[lu,9uCR*)]]-octahydro-9-[C2-mercapto-l-
oxo-3-phe??ylpropyl)amino]-6,10-dioxo-6B­
pyridazi:o(l,2-a)[l,2]diazepine-l-carboxylic acid; 

[4S-(4U,7U(R*),l0alJJJ-decahydro-7-[(2-
mercapto-1-oxo-3-phenylpropyl)amino]-6-oxopyrido 
[1,2-a)azepine-4-carboxylic acid: 

[3R-(3u,6u(S*),9alJJJ-octahydro-6-CC2-mercapto-
1-oxo-3-phenylpropyl)aminoJ-S-~othiazolo[3,2-

aJazepine-3-carboxylic acid: 
[3S~[1CR*),3UCR*),7pJJ-hexahydro-a-methyl-3-

[(2•mercap:o-l-oxo-3-phenylpropyl)am;no]-2-oxo-7-
propyl-J.E-azepine-1-acetic acid; 

[6CS>J-hexahydro-6-[(2-mercapto-1-oxo-3-
phenylpro;:yl)amino]-2,2-dimethyl-7-oxo-1H-azepine-l­
acetic acid: 

[JS- [3U(R•), 7Pl J-hexahydro-3-[ (2-mercapto-1-
oxo-3-ph~.{lpropyl) amino]-2-oxo-7-propyl-lH-azepine-
1-acetic acid:. or 
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[3S• (Ja(R'*), 7(51 J-hexahydro-3-C. (2-mercapto-1-

' oxo-3-pl:e.eylprcpyl) amino]-2-oxo-7- (2-propenyl) -lH­
azepine-1-acetic acid. 

7. A process for preparing a compound 

of the formula 

I 1111111111111 11111 1111111 1111 
* C L M s * 

0 

wherein q is one or two, R12 is an easily removable 

ester protecting group, and R4, R5,R6,b,R10 and R11 

are as defined in any one of Claims 1 to 6 11.1hich comprises 

the follclll.!~g steps: 

a> coupling a R-phthalimido-cx-amino acid of 
the formuJ.a 

CXXJ:IIJ 

Rs 
I 

Rt- y-_CH20H 

0 (CH2)q 

' R-CH-COOH 

0 

and an a:Dino acid ester of the formula 

(XXIVJ 

to give a peptidyl compound of the formula 
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0 

b) oxidizing the· compound of formula xxv to 
give an aldehyde of the formula 

CXXVI> 

. , 

c> cyclizing the aldehyde of formula xxv.t by 

treatmene with a non-aqueous acid to give a 
compound of the f oimula 

. , 



CXXVII) 

0 

0 
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~,/Rs 

_...,...c;yo' 
(CH2) C ==o . q I 

N, (CH2)b 
N ~cflll' 

/' 
0 R10 R11 

; and 

d) a desired product wherein R6 is 
hydrogen is obtained by treating the compound of 
formula XXVII with a silyl hydride and a Lewis. acid 
catalyst followed by esterif ication of the carboxyl 
group and subsequent treatment with hydrazine hydrate 
to remove the N-phthaloyl protecting group; 

a desired product \I/herein R6 is 
alkenyl or substituted alkenyl is obtained by 

treating the compound of formula XXVII with an 
alkenyl or substituted alkenyl silane in the presence 
of a Lewis acid catalyst followed by esterification 
of the carboxyl group and subsequent treatment with 
hydrazine hydrate to remove the N-phthaloyl 
protecting group; 

a desired product wherein R6 is alkyl 
or substituted alkyl is obtained· by hydrogenation 
of the corresponding intermediate wherein R6 is 
alkenyl or substituted alkenyl; or 

a desired product wherein R6 is other 
than hydrogen, aikenyl, or substituted alkenyl is. 

obtained by treating the compound of formula ~I 
with the corresponding R6 containing aluminum or 
titanium compound in the presence of a Lewis acid 
catalyst followed by esterification of the carboxyl 
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group and subsequent removal of the N-phthaloyl 
protecting group. 

a. A process for preparing a compound 

of the formula 

or 

wherein w is one or two and R12 is an easily 
removable ester protecting group which comprises the 
following steps: 

aJ coupling a N-phthalimido U-amino acid of 
the f ormul.a 

CXXVIII) 

0 
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with an a-amino acid ·ester of the formula 

(XXIX) 

to give an alcohol of the formula 

(XXX) 

CH=CH2 
/ 

CB2 (CH2>w 

' ' N -CB-f-f - CH -COOR12 

0 H ; 
0 

b) oxidizing the alcohol of formula xxx to 
the corresponding aldehyde which is then treated with 
a non-aqueous acid to give a compound of the · 
formula 
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(XXXI) 

0 COOR12 
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. , 

c) cyclization of the compound of formula 
XXXI by treatment with trifluoromethanesulfonic acid 
followed by reesterification and treatment with 
sodium iodide to give ~ mixture of compounds of 
the formulas 

CXXXII) 

,N-CB,flf~lw 

0 
O COOR12 

(XXXIII) 

-
N-CB.._f •yCB.>w 

O COOR12 
; and 

0 
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d) treatment of the compound of formula 
XXXIII with hydrazine hydrate to remove the N­
Phthalayl protecting group and give a compound 

of the formula 

\ 

0

,..-;' NYCCH2>w 
ir ; and/or 

COOR12 

e> treatment of the compounds of formula 
XXXl:I with trisCtrimethylsilyl)silane or tri-n­
butyltin bydride in the presence of a catalytic 
amount of azobisisobutyronitrile to remove the iodo 
group followed by treatment with.hydrazine hydrate to 
remove the H-phthaloyl group and give 
a ocmpcund · of the formula 


