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Synthesis of Angiotensin Converting Enzyme Inhibitors (II)

Hye Sook Yun-Choi, Jong Ran Lee, Hee Joo Lee*, Sung Mee Yun* and Sun Lee*
Natural Products Research Institute, Seoul National University, Seoul 110 and

*Department of Pharmacy, Duksung Woman's College, Seoul 132, Korea.

Abstract—The preparation of substituted benzoylamino acids and mercaptoacylamino acids as
inhibitors of angiotensin converting enzyme is described. The bulky phenyl ring directly attacted
to an amino acid as of benzoylamino acid seemed unsuitable for the inhibitory activities. Among
the mercaptosuccinylamino acids, r-proline was more favorable than vr-phenylalanine while S-acety-

lation was unfavorable.
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glor], TROED 1740, 1650cm™) &helF
e gl ol g,
acid(lg, 5.6 mmole)$ N-hydroxysuccinimide
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NMR(DMSO—ds+D;0) § 1. 7~2. 2(m, 4H, CH,
CH,), 3.4(t, J=b5.6Hz, 2H, NCH,) 4.15~
4.45(m, 1H, NCH), 6.75~7.3(m, 4H,
aromatic),

N-(3-Hydroxybenzoyl) -L-phenylalanine
(2)2| &M —1-Phenylalanine(0. 91g, 5.5mmole)
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AA 42 G4 (1) 3
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1710(COOH), 1640(CONH) cm™!, NMR(DM
SO-d¢) 6 2.9~3.4(m, 2H, CH,), 4. 25~4.7
(m, 1H, CH) 6.75~7.4(m, 9H, aromatic),

8.45(d, J=8Hz, 1H, NH).
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(Gmbel) &3 A7) 22 mutsld A 44 71 reflux4

A g wbgde] Y FHFUmDE st o
2ol WAl AL 9} (monoester} diester
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(isophthalyl)-1-proline(3) & < ¢t} m.p. 75~
76°C ; IR »¢H¢H  1700(COOH), 1610(CONH)
cm!; NMR(CDCl;+D,0) 6 1.9~2.4(m, 4H,
HC,CH,) 3.57(t, J=6,3Hz, 2H, NCH,), 4.75
(t, J=6.1Hz, 1H, CH), 7.25~8.25 (m, 4H,
aromatic),

N-(Isophthalyl)-L-phenylanine (42| &
& —i-Phenylalanine(1.65 g, 0.01 mole)®} Na
HCO,(1. 6g)% H,O-THF £ 314+l (20— 10mD) |
A7 e FeelA] surstel A ethyl NHS
isophthalate(2. 9g, 0.01mole)2} THF £-o8-g &
g4 sheta shub WA a3 IN-NaOHE 7}3)
pH 100 2 24 ste 347k 7heEal Al Z ek 3t
Sl 4§ AAY ohe 44 & etherz A
3}z citric acid2 pH 302 zA3slgrl. Et
OAcz &Z3}e F29 8 NaCl 2389 0 7 A
A3k b Na,SOE 718 2417k WA 3t =
AzAZA. e AT FIA AAstE, A
ofl . silicagel columnol #] 20% MeOH-CHCl, 2
elution A # 2], A A 3l ether-hexaneo 2 A
2] 5}o] N-(isophthalyl)-i-phenylalanine (4)<
Agrh mp. 145°C; IR v$ISH  1700(COOH),
1650(CONH) cm™!'; NMR(DMSO+dg+D,0) &
9.95~3.2(m, 2H, CH,), 4.45~4,75(m, 1H,
CH), 7.2(s, 5H, aromatic) 7.4~8& 25(m, 4H,
aromatic),

Homophthalic anhydride2| &!4-—Homo-
phthalic acid(5. 4g, 0.03mole)E THF(20ml)ej
o]z YA 7w A DCC6.2g, 0.03mole)s]
THF $9 (15mDg A A3 st Fovh 34
G ol Al 347 R F Lol A FHEA
Astx AR DMCUL 43 AAsAG 2G5
drate] S Al A el Al o8 WAt
Y A Az el or] (m.p. 140~142°C) IR Zq)
Z(wKBr 1750, 1600cm™1) }& wulleo] 2R
o] &3kl et

N-(Homophthalyl)-L-proline (5)2] &&—
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E FHe@mDe EslAv s, W& AGeA
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homophthalic anhydride(3. 24g, 0. 02mole) ]
THF &9 (15mD)¢& A A3 7psbs sb4 44
Sed. AUFFE SIE AAT F AL
ether2 A& 3}z citric acid® pH 302 =43
% EtOAcs &=%3l4 7. EtOAc £8%& NaCl
grgaon AR . Azsed §9F AAL T
Z4A}2 etherz A ] ste] N-(homophthalyl)-1~
proline (5)2 &gt m.p. 82°C ; IR V55" 1700
(COOH), 1640(CONH) cm™!; NMR(DMSO-
dg-++CDCl3)8 1, 8~2.3(m, 4H, CH,CH,), 3.9~
4.25(m, 2H, NCHp), 4.0 (S, 2H, CH,CO),
4.4~4.65(m, 1H, NCH), 7.15~8,0(m, 4 H,
aromatic),
N-(Homophthalyl)-.-phenylalanine (6)2
&t A —1-Phenylalanine(3. 3g, 0.02mole)s} Na,
CO,(3. 28) % THF-Z-# £3-49 (5ml~20mD
o LN AE, W&ol murebdaA homo-
phthalic anhydride(3. 24g, 0.02mole)¢] THF
(15ml) & A48 spabx T WA
G £0F BUEF AAT F 549 L ether
2 A& b3 citric acid® 7}8] pH2~32.2 =
A3tz EtOAcz %319 ch. EtOAc #-& NaCl
E3hgol s A4 - AZA7 T FHFFekel
Lol & A Asgrr. ZAME silica gel columne]]
A 159% MeOH-CHClL2 &&41# £ 3l Et
OAc-etherz A& 3sled N-(homophthalyl)-L-
phenylalanine (6)¢ <9t} m.p. 196°C; IR
aC2Cls 1700(COOH), 1660(CONH) c¢m™ ; NMR
(DMSO-d;+CDCl3-D,0) 8 2.8~3.1 (m, 2H,
CH,), 3.84 (s,2H, CH,CO), 4.45~4.75(m,
1H, CH), 6.75~8.0(m, 9H, aromatic).
N-(2-Mecaptobenzoyl)-L-phenylalanine(7)
©| &tA-—Thiosalicylic acid(3g, 0.02mole)$- 2.5
N NaOH alkali &-allo] $td3] 5QlHF W& 4
o ] mulstelA]l ko] acetic anhydride® A
A3 el Fglcy. pHE 8 A% Aol 3
A7k AR g9 g c-HClZ pH 322
zA4 5o} WAl A acetylthiosalicylic acidE ¢
olvt, mp. 122~123°C(lit. m.p. 127~129°
C). 32 Acetylthiosalicylic acid(600mg, 3mmole)
9} NHS(387mg, 3mmole)-2- THF 20mls] o]
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N & YA A A4 DCUE Al Azt 7t
3}o] acetylthiosalicylic acid-INHS ester%
o, o]F whgol A E o] &3H. -
Phenylalanine(495mg, 3mmole)s} NaHCO; Ig
< = E"‘Q]— THF & ¢899 (15ml—5mb)e] £-3)
A o, WS Aol A mubati A fjel A
L a cetylthlosahcychc acid-NHS esters] THF &
Ng gy Hrlets s aubetgleh Wb
dg ¥ A48 F A4Te o3 AASz
citric acid@ pH 2~328 zA3 I etherz &
2o 229 dasdetel $9EF A7
3}tz 2LALE- silicagel columng- o} -£-(colume |
24 5% MeOH-CHCl;-1 % AcOH)3le 5%
MeOH-CHCL 2. 2 £244 92 £94 CHCl,
-hexaneo & A ]34 N-(Z—mercaptobenzoyl)—
L-phenylalanine(7) & ¢} m.p. 121~123°
C; IR »XBr 1710, 1630cm-! ; NMR(DMSO-dg)
8 2.95~3.25(m, 2H, CH,), 3.2(s, 1H, SH),
4.4~4,7(m, 1H, CH), 7.1~7.45(m, 9H,
aromatic), 8.7 (d, J=8Hz, 1H, NH).

N-[8-(S-Acetylmercapto)succinyl}-L-pro-
line (8)2| &4 —1-Proline(2g, 0.017 mole)&
H,O0(1smb)of] &8l 4171 3 P8 ol A sutst
= 4], S-acetylmercaptosuccinic anhydride(2g,
0.012mole) & A3 7F3tgich. o= g g
pHot 8~0% 4 51 % NaiCOsE 4 7hehglst.
5L Yol A 347 TN F etherz
APz F£2& c-HCl2 pH 28 x4 F
EtOAcZ %3¢ tl. EtOAc %92 NaCl =
Segolez AR, FEAAE BHFFA
£ & A Astgt. ZALES silica gel columng-
o]& 159 MeOH-CHCl,—0.5% AcOH fvj2
$3A7 AAT F etherz A=lshe] N-(5-(S-
acetylmercapto)succinyl]-vL-proline (8)& 4] 3]
Aoz dgeh mp. 36~38°C; IR viF1720,
1710, 1640 cm™! ; NMR(DMRO-d;+D,0)é 1. 65
~2.1(m, 4H, CH,CH,), 2. 35(s, 3H, COCH3),
2.65~2.9(m, 2H, CH,) 3.2~3.6(m, 2H,
CH,), 4.0~4.656(m, 2H, 2xCH).
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N-(8-Mercaptosuccinyl)-L-proline (9)2| &t
& —N-[8-(S-Acetylmercapto)succinyl]-L-proline
®% W4 4ol4 NaOH 449 & sbs) pHII
e AW F ALl FEY B¢ 7
23 Azch HESA & ether2 A FHF c-HCI
2 pH 22 z=4slx EtOAcE F£3qrct. &
2N & NaCl 23l g o2 A, BpAq &
HGEFEG Lol A Az 2d S EtOAcE
A g]ste] N-(B-mercaptosucciny)-1-proline (9)
o HA434e Ak mp. 60~62°C; IR
v§HC 1710, 1630cm™!; NMR(DMSO-dg+D,0)3
1.7~2.2(m, 4H, CH,CH,), 2.55~2.9(m, 2H,
CH;), 3.2~3.7(m, 2H, NCHy), 4.0~4.25(m,
1H, CH), 4.3~4.65(m, 2H, 2xCH),

N-[B-(S-Acetylmercapto)succinyl]-1-phe-

nylalanine (10)2| &4 —1-Phenylalanine(1. 98
g, 0.012mole)-& FF<= 20mlo] L&A1z oh&
¥l8  AollA  mubstwl 4], S-acetylmercapto-
succinic anhydride(2g, 0.012mole) & AR =
Zbstg et ofel yh-g-4 9| pHrt 8~9% FX =
F Na,COE A7tk W& olA 447
2ulgt & ether2 A A}z F2& c-HClm
pH 22 zAslgch. EtOAc® H&3lz &9
o golziEale Lu]E A AR H, silica gel
columng o]&, 10% MeOH-CHCl; &) & elu-
tion 3o AA3tHh Aoz EAH L N-[B-(S-
acetylmercapto)succinyl]-i-phenylalanine  (10)
of & 2ke] N-[a-(S-acetylmercapto)succinyl]-L-
phenylalanine (12)°] ¥f5 EFEEZA 4=
o e}b. IR i 1710, 1620cm~!; NMR(DMSO-ds)
8 2.28, 2.30(two s, 3H, CH;), 2.55~2,7(m,
9H, CH,), 2.8~3.0(m, 2H, CH,), 4.15~4.5
(m, 2H, 2xCH), 7.19(s, 5H, aromatic), 8.22
(d, J=8Hz, 1H, NH),

N-(B-Mercaptosuccinyl)-1-phenylalanine
ane| g8 —9dA 49 N-[8-(S-Acetyl-
mercapto)succinyl]-1-phenylalanine (10)& ®-$-
Ao A mubsted A, NaOH 481 & g pH
1ol gos 2A% ¥, Aeold SRIEG
Agwd ARk HeA S etherz AHE 43
9 c-HClz pH 28 zA3%3 EtOAcz F%3
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FF4 & NaCl z3lpgaion A, &
¥, AEEFES £ E AAGGE F5Y
S ether2 A #]3}o] N-(B-mercaptosuccinyl)-1-
phenylalanine (11)-& 9. =2} ul-& 2wk
=20l 105} 129 EEIERE dojx A =
3t 113} N-(a-mercaptosuccinyl)-L-phenylalanine
a3 =¥FE F4=ch mp. 204~206°C;
IR &P 1700, 1630cm~'; NMR(DMSO-ds+
D,0) 3 2.6~2.7(m, 2H, CH,), 2.7~3.0(m,
2H, CH,), 3.4~3.75(m, 1H, CH), 4,2~4.5
(m, 1H, CH), 7.20(s, 5H, aromatic),
OIXIQEIAl HEISA =2 HA —Cushmans}
Cheunge] W& A3 wyeoz A3
t}. 3 Rabbit lung acetone powderz ¥ =z 3%
Z2gde zAdgor §49 unit(U)x= Cus-
hmanz} Cheunge] wwlel 9jste] AAsbglct,
FA4¥H8-2 100mM potassium phosphate gF3=al
pH 8.3¢1 4 st on 2F 0.25mle uk-g
& 300mM NaCl, 4.83mM HHL % 6~9mU¢|
ZELE FHeAch gL 37°Col A 3087
Dubnoff metabolic shaking incubator® A}-8&&}o]
Batgon IN HCI. 25mD e 7}so]
Z2] A 7] 2 3ml EtOAc®. 23]
emlz e Lol 5 FHA7 2

to - 32

LIy
EtOAc &

7,
& 2A4E 1ml

& Fit=rol Fof A4 e] F24 hippuric acid
o FLF 228nmef A A st FAE A
E5 ¥9% a9 controlo Aol A4 F&d

hippuric acid®] <ke] o]z By F4L JA =
E A A3t v

Al
=

il

=y

ng

p

3-Hydroxybenzoic acid¢} amino acide}o] =
FgEAQ 1 9 2+ 2-hydroxybenzoic acid 4%
Ao A FAetA] hydroxyls] & acetylation
A 71 &~ carboxyls] & N-hydroxysuccinimide(NH
S) ester2 ] &34 A amino acidEx} &84
7 d4lt}. 3-Carboxybenzoic acid =4 &4l
3 2 49 AL 93ld = 94 isophthalic acid
9] monoethyl ester& A 3}oglcl. o]wl 7o) &

o} X = diester Y- Zlafsle] monoester

SEERERE

col4

2 A 3X 7 on freed] carboxylry] Z NHS-ester
24 43 A7 F amino acidEs FFAZ o
Homophthalic acid= DCCZ ®44# homo-
phthalic anhydrides. A A7z o] & FA L-

= 1-phenylalanines} ul-&A1A 59 6
& @459 ). Acetylthiosalicylic acide] NHS-

=

proline

ester?} L-phenylalanine® &g A #A JdL 7& &
NFelA EeAsho] EOH 498 853 %A
g w m.p. 224~226°CE zZt= £ 2 HESIY
©ou] NMR spectrumZ}o] 73 o] AHo] gl A
o2 wo} 79 dimerz F4 3 glct. ¥
S-Acetylmercaptosuccinic anhydride r-prc-
linest AR wl&A#A FgE N-[f-(S-acetyl-
mercapto)succinyl]-1-proline (8)& <gley 7}
R3] felo) thiol/] & ze 3FE 9%
Ak 2 2L Wy o® anhydrided] 1-
phenylalalanined uh-GAZAE =) doz 24
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L-phenylalanine (10)3} N-{a-(S-acetylmercapto)-
succinyl}-L-phenylalanine (12)2] Zg&=4
olw] 100] %-Alg Hor FAHSHAE. 2}
e 109 125 4)A ZelEA @l olF =
) & deacetylation A 7 118 9glor 11 =3
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208 757 Aol At gob Axa AR
S 3lA Edomal AA o] FL AoT B
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Table I—Angiotensin converting enzyme inhibitory
activities of benzoylamino acids.

CO-aa.
v
R
nglp‘ R Amino acid % Inhibition
at 5x 10'M
1 m-OH L-proline 8+5
2 m-OH L-phenylalanine 43+3
3 m-COOH L-proline 18+6
4 m-COOH r-phenylalanine 58+4
5 0-CH,;COOH  L-proline 16+5
6 0-CH,COOH vL-phenylalanine 16+3
7 o-SH L-phenylalanine 7445
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Table II—Angiotensin converting enzyme inhibitory
activities of carboxymercaptoacyl amino
acids.

R-S-CH-CHp-CO-aa. v

C OOH
o S— e
o, R Ammo ac1d Iso(M)?
8 COCH; L-proline 1.1x10°%
9 H L-proline 3.5x107°
10® COCH; 1-phenylalanine 5.4x107°
11¢ H L-phenylalanine 4,5%107°

a: molar concentration at which 502 inhibition
was observed,

b: mixture with the minor quantity of a-(S-ace-
tylmercapto)succiny!l isomer(12),

¢: mixture with the minor quantity of a-mercap-
tosuccinyl isomer (13),

%ol ACE oA #-go] Zv}. 3F3FE 59 62 3}
FE 3 Y 4o vt oA ARo] wokrh ¥
W3 g 49 A FAEE T AY 757 Aelst
aliphatic chaine 2 4745 3L} of - 2
LA og Hel F J%7] Abeld rigidsie], <)
A Aoz Xy 2 phenyl ringe] ACE9 F4
FA F9)el Adsted AdeA g2 A=
A5 $l e

Ortho ¢} X ¢f sulfthydryly] & =413 33% 7
o olu] Ray ortho )X o] hydroxyl =&
carboxyl7] & =4l gt & vy ACES] o3t
AA ALl ¥zt Zom ol HAAAE B E
acylamino acidSo] A ¢} 4-A}8t A # 24 sulfhy-
drylz} 7} #4819 Zn™rat 3e A §&
AT T At

Table o] %33 395 8§~112 captopril
(D9l 83 7% ¢ thiol == acylthiol 7] &}
enalaprilat (ID¢ &g 7]%71ql carboxyl 7] &
EA o] 7+ acylamino acidE-24] 3-3HE 8~11
L Fz A rigidd phenyl3 g 7ol 1~7x.Th
g ACE A 288 gt F2A 2w §
A}l mercaptoacylamino acid series®} -FApsHA|

Qe g A -

amino acid®4] r-proline-g



8 g8l .ol 5.

o] .

] .o]x—]

phenylalanine-2- = 9¢3}41¢ W] (8 and 9 vs 10
and 1Dxh 5~100) ¢ <A AEE Hgor,
SH 7] & acetylation 3}9-& o %8¢ SH7) & zt
A EABE(E vs 9 and 10 vs 11) A #-go] A
s et g E 8~11 J|Ee 4 ACE
qAAL Telv} Inehs 2gol otepl, sulf-
hydryl 7] ¢} carboxyl 7] A}ele] intramolecular
hydrogen bondinge] 7}%3Fe] Aja|ue] A thiol
Al ALsh oA $AgE Fastay

ool 7@ Aok 7

AT oA HEE So1ld R3S somer
F $e%02A 7 o 4Alg ACEd] N o4
449 el =& Fo 28 ACE o4 452
2t B fEATY $4 F dozd A7
<EEES
zhajel 2t
o) e FFARAL AT ALl o3
o ol %ozl g Walnl olo] A=
2 @

1) Soffer, R.L.: Angiotensin-converting enzyme and
the regulation of vasoactive peptides. Ann. Rev.

Biochem. 45, 73 (1976).

Ondetti, M.A. and Cushman, D.W.: Enzymes of

the renin-angiotensin system and their inhibitors.

Ann. Rev. Biochem. 51, 283 (1982).

2)

3

~

Douglas, W.W.: Polypeptides-angiotensin, plasma
kinins, and others. Chapter 27, The pharmacol-
ogical basis of therapeutics. 6th ed A.G. Gilman,
L.S. Goodman and A. Gilman, MacMillian Fubli-
shing Co., Inc. New York, (1980).

4

~—

Hollenberg, N.K.: Pharmacologic interruption of
the renin-angiotensin system. Ann. Rev. Phar-
macol. Toxicol. 19, 559 (1979).
Cushman, D.W. and Ondetti,

5) M.A.:

of angiotensin-converting enzyme for treatment

1871

Inhibitors

of hypertension. Biochem. Pharmacol. 29,
(1980).
6) Yokosawa, H., Ogura, Y. and Ishii, S. -i.:
Purification and inhibition by neuropeptides of

angiotensin-converting enzyme from rat brain. J.

7

~—

8

9

~—

10

1D

12)

13)

14)

15)

Neurochem. 41, 403 (1983).

Geary, L.E., Wiley, K.S., Scott, W.L. and Cohen,
M.L.: Degradation of exogenous enkephalin in
the guinea-pig ileum: Relative importance of
aminopeptidase, enkephalinase and angiotensin
converting enzyme activity. J. Pharmacol. Exp.
Ther. 221, 104 (1982).

Checler, F., Vincent, J.-P. and Kitabgi, P.:
Degradation of neurotensin by rat brain synaptic
membranes: Involvement of a thermolysin-like
metalloendoptidase(enkephalinase),  angiotensin
converting enzyme, and other unidentified pepti-
dases. J. Neurochem. 41, 375 (1983).
Yokosawa, H., Endo, S., Ogura, Y. and Ishii,
S.-i.: A new feature of angiotensin-converting
enzyme in the brain: Hydrolysis of substance-P.
Biochem. Biophys. Res. Commun. 116, 735(1983).
Stewart, J.M., Ferreira, S.H. and Greene, L.J.:
Bradykinin potentiating peptide Pca-Lys-Trp-
Ala-Pro. An inhibitor of the pulmonary inacti-
vation of bradykinin and convertion of angiotensin
I to II. Biockem. Pharmacol. 20, 1557 (1971).
Gavras, H., Brunner, H.R., Laragh, J.H., Sealey,
J.E., and Vukovich, R.A.: An

angiotensin inhibitor

Gavras, I

converting enzyme to
identify and treat vasoconstriction and volume
factors in hypertensive patients. New England J.
Med. 291, 817 (1974).

Case, D.B., Wallace, J.M., Keim, H.J., Weber,
M. A., Drayer, J.LM., White, R.P., Sealey, J.
E. and Laragh, J.H.: Estimating renin partici-
pation in hypertension: Superiority of converting
enzyme inhibitor over saralasin. Am. J. Med.
61, 790 (1976).

Petrillo, E.W. and Ondetti,
converting enzyme inhibitors: Medicinal chemistry

Medcinal Res. Rev. 2, 1

M.A.: Angiotensin-

and biological actions.
(1982).

Wyvratt, M.J. and Patchett, A.A.: Recent devel-
opments in the design of angiotensin-converting
enzyme inhibitors. Medicinal Res. Rev. 5, 483
(1985).

Ondetti, M.A., Rubin, B. and Cushman, D.W.:

Design of specific inhibitors of angiotensin-conve-

J. Pharm. Soc. Korea



k| 9 8l Al

Has AAEE2Y 44 (1) 9

rting enzyme: New class of orally active antihype-
rtensive agents. Science, 196, 441 (1977).

16) Cushman, D.W., Cheung, H.S., Sabo, E.F. and

Ondetti, M.A.: Design of potent competitive

inhibitors of angiotensin-conventing enzyme.

Carboxyalkanoyl and mercaptoalkanoyl amino
acids. Biochem. 16, 5484 (1977).
17) Cushman, D.W. Cheung, H.S., Sabo, E.F.,

Rubin, B. and Ondetti, M.A.: Development of
specific inhibitors of angiotensin I converting
enzyme(kininase II). Fed. Proceed. 38, 2778

(1979).

18) Atkinson, A.B. and Robertson, J.I.S.: Captopril:

19) Patchett,

20) Klutchko, S.

Benefits and risks in severse hypertension. Lancet
129 (1980).

A.A. Harris, E., Tristram, E.W.,
Wyvratt, M.]J., Wu, M.T.,Taub, D., Peterson,
E.R., Ikeler, T.]., Broeke, ]J., Payne, L.G.,
Ondeyka, D.L., Thorsett, E.D., Greenlee, W.J.,
Lohr, N.S., Hoffsommer, R.D. Joshua, H., Ruyle,
W.V., Rothrock, J.W., Aster, S.D. Maycock,
A.L., Robinson, F.M. R: A
new class of angiotensin-converting enzyme inhi-
bitors. Nature, 288, 280 (1980).

and Hoefle M.L.: Synthesis and

angiotensin-converting inhibitory activity of 3-

and Hirschmann,

(mercaptomethyl)-2-oxo-1-pyrrolidineacetic acids
and 3-(mercaptomethyl)-2-oxo-1-piperidinezcetic
acids. J. Med. Chem. 24, 104 (1981).

21) Galardy, R.E., Kontoyiannidou-Ostrem, V. and

Z.P.: Inhibition
converting enzyme by phosphonic amides and
1990 (1983).

Kortylewicz, of angiotensin

phosphonic acids. Biockem. 22,

22) Kim, D.H., Guinosso, C.J., Buzby, G.C., Herbst,

23) Gruenfeld, N.,

24) Stanton,

D.R., McCaully, R.]J., Wicks, T.C. and Wendt,
R.L.: (Mercaptopropanoyl) indoline-2-carboxylic
acids and related comgounds as potent angiotensin
converting enzyme inhibitors and antihypertensive
agents. J. Med. Chem. 26, 394 (1983).
Stanton, J.L., Yuan,
Ebetino, F.H., L.J., Gude, C.

Huebner, C.F.: Angiotensin converting enzyme

AM.,
Browne, and
inhibitors: 1-Glutarylindoline-2-carboxylic acid
derivatives., J. Med. Chem. 26, 1277 (1983).

J.L., N., J.E.,
Ackerman, M.H., Friedmann, R.C., Yuan, A.M.

and Macchia, W.: Angiotensin converting enzyme

Gruenfeld, Babiarz,

Vol. 31, No. 1, 1987

25)

26)

27)

28)

29)

30)

31)

32)

33)

inhibitors: N-Substituted monocyclic and bicyclic
asmino acid derivatives. J. Med. Chem. 26, 1267
(1983).

Ksander, G.M., Yuan, A.M., Diefenbacher, C.G.
and Stanton, J.L.: Angiotensin converting enzyme
inhibitors: N-Substituted D-glutamic acid dipepti-
des. J. Med. Chem. 28, 1606 (1985).

Stanton, J.L., Watthey, J.W.H., Desai, M.N.,
Finn, B.M. Babiarz, J.E. and Tomaselli, H.C.:
Antiotensin converting enzyme inhibiters: Struc-
ture-activity profile of 1-benzazepin-2-one deri-
vatives. J. Med. Chem. 28, 1603 (1985).
Johnson, A.L., Price, W.A., Wong, P.C., Vavala,
R.F. and Stump, J.M.: Synthesis and pharma-
cology of the potent angiotensin-converting
enzyme inhibitor N-[1(S)-(ethoxycarbonyl)-3-
phenylpropyl]-(S)-alanyl-(8)-pyroglutamic acid.
J. Med. Chem. 28, 1596 (1985).

Greenlee, W.]., Allibone, P.L., Perlow, D.S.,
Patchett, A.A., Ulm. E.H. and Vassil, T.C.:
Angiotensin-converting enzyme inhibitors: Syn-
thesis and biological activity of acyltripeptide

analogues of enalapril. J. Med. Chem. 28, 434
(1985).
Watthey, J.W.H., Stanton, J.L., Desai, M.,

Babiarz, J.E. and Finn, B.M.: Synthesis and

biological  properties of (carboxyalkyl)amino-
substituted bicyclic lactam inhibitors of angiotensin
converting enzyme. J. Med. Chem. 28, 1511
(1985).

Elliott, R.L., Marks, N., Berg, M.]. and Porto-
ghese, P.S.: Synthesis and biological evaluation
of phosphonamidate peptide inhibitors of enke-
phalinase and angoitensin-converting enzyme. J.
Med. Chem. 28, 1208 (1985).

Lee, H., Kim, Y.S., Chang, Y., Lee, J.R.

Yun-Choi, H.S.: Synthesis of angiotensin con-

and

verting enzyme inhibitors. J. Pharm. Soc. Korea,
28, 313 (1984).

Menard, P.R., Suh, J.T., Jones, H., Loev, B.,
Neiss, E.S., Wilde, J., Schwab, A. and Mann,
W.S.: Angiotensin converting enzyme inhibitors.
(Mercaptoaroyl)amino acids. J. Med. Chem. 28,
328 (1985).

Martin, T.A. and Comer, W.T.: N-[[(Merca-
ptoacetyl)aminolbenzoyl]glycines as
agents. J. Med. Chem. 28, 910 (1985).

mucolytic



