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TREATING INCREASED INTRAOCULAR
PRESSURE CAUSED BY STEROIDS

‘ - The present invention relates to the use of
ahgiotensin converting enzyme (ACE) inhibitors for
preparing medicaments useful in treating the rise in
intraocular pressure (IOP) associated with ophthalmic and
systemic use of steroidal anti-inflammatory drugs.

A second aspect of the invention is a
pharmaceutical composition comprising an ACE inhibitor
and an anti-inflammatory steroid, wherein the ACE
inhibitor suppresses the effect of the steroid-induced
rise in IOP.

Steroidal anti-inflammatory drugs are commonly
prescribed for inflammatory conditions such as arthritis,
and for treatment of ocular inflammation due to
mechanical or chemical irritants or immunological
reactions resulting from such conditions as allergic
conjunctivitis, herpes zoster keratitis, iritis, and
corneal injury from chemical or thermal burns or
penetration of foreign bodies. anti-inflammatory
steroids, however, are known to cause an elevation in IOP
resulting in the condition known as ocular hyper-
tension. While the term "ocular hypertension" indicates
elevated IOP without optic nerve head damage or loss of

vision, the condition is believed by the majority of
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ophthalmologists to represent the earliest phase in the
onset of glaucoma, which is characterized by optic nerve
damage and loss of vision, and which may lead to
blindness. Patients with pre-existing glaucoma are
particularly vulnerable to additional elevations in IOP
caused by steroidal anti-inflammatory therapy. Also, in
some susceptible individuals, topical steroids can induce
an intractable glaucoma.

The increase in IOP often associated with the
topical optical administration of steroidal anti-
inflammatory agents can also occur with other modes of
administration of the drugs,. including systemic (usually
oral), local injection (ewgu,'depot‘injéctidn),"topical,
aerosol or intravitreal administration.

Anti-inflammatory steroids include
hydrocortisone, cortisone, prednisolone, prednisone,
dexamethasone, methylprednisolone, triamcinolone,
betamethasone, alclometasone, flunisolide,
beclomethasone, clarocortolone, diflorasone, halcinonide, -
fluocinonide, flucinolone, desoximetasone, medrysone,
paramethasone, 9,2l-dichloro=-17-[(2-furanylcarbonyl)oxyl-
l11-hydroxy-1l6a-methyl-pregna-1l,4-diene-3,20-dione, and
fluorometholone, and their pharmaceutically acceptable
salts and esters.

The steroids contemplated for use in this
invention are exemplified by, but are not limited to,
those listed above. Preferred steroids are
hydrocortisone, prednisolone, dexamethasone,
betamethasone, beclomethasone medrysone and
fluoromethalone, and their pharmaceutically acceptable
salts and esters.

' Drugs currently emploved to treat glaucoma,
€.g., epinephrine and pilocarpine, are not particularly
effective in lowering steroid-induced increases in IOP,

and often produce serious side effects.
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The elevation in IOP associated with the
clinical ophthalmic and systemic use of anti-inflammatory
steroids, in particular corticosteroids, can be reduced
by the administration of an angiotensin convérting enz?me
(ACE) inhibitor. The ACE inhibitor may be administered
separately from the steroid treatment in order to lower
elevated IOP, or may be co-administered with the steroid
to supress the IOP-raising effect of the steroid while
not interfering with the anti-inflammatory activity of
the steroid.

The present invention therefore relates to a
method for reducing and controlling the elevated IOP
associated with the ophthalmic and systemic use of
steroidal anti—iﬁflammatory agents, which method
comprises administering to a mammal in. need of such
treatment an effective amount of an ACE inhibitor,
preferably in an ophthamologically acceptable topical
carrier. .

. In additiaon, the present invention relates to a
method for supressing the elevation in IOP associated
with_the ophthalmic and systemic use of steroidal anti-
inflammatory agents, which method comprises administering
to a mammal in need of such treatment a combination of an
anti-inflammatory effective amount of a steroid and an
effective amount of an ACE inhibitor, either separately
or in the same pharmaceutical composition.

Any possible combination of dosage forms may be
used to:administer the combination, e.g., oral
steroid/topical ACE inhibitor, topical steroid/oral ACE
inhibitor, oral steroid/oral ACE inhibitor, topical
steroid/topical ACE inhibitor, and locally injected
steroid/topical ACE inhibitor. a preferred combination
comprises a steroid and a topical ACE inhibitor. For
ophthalmic use, a combination of a topical steroid and a
topical ACE inhibitor is preferred.
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Examples of angiotensin converting enzyme (ACE)

inhibitors are those disclosed in the following patents
and published patent applications:

(a) U.S. Patent No. 4,105,776 to Ondetti et
-al. discloses proline derivatives which are angiotensin
converting enzyme (ACE) inhibitors and have the general

-formula

a
{3
R3— S— (CH) ~CH— CO— N—CH— cor?

2. n

wherein R2 is hydroxy, NH, or lower alkoxy;

R1? and R4 each is hydrogen, lower alkyl,

phenyl or phenyl-lower alkyl; .
R,2 is hydrogen, lower alkyl, phenyl,
substituted phenyl wherein the phenyl
substituent is halo, lower alkyl or lower
alkoxy, phenyl-lower alkyl, diphenyl-lower
alkyl, triphenyl-lower alkyl, lower
alkylthiomethyl, phenyl-lower alkylthiomethyl,

lower alkanoyl-amidomethyl,

a
0 bnia hlf
| a a a

E—QRy—M—C—my—M—O"

R
RGa"S- r O R7a H
R3a is hydrogen, hydroxy or lower alkyl;
Rsa is lower alkyl, phenyl or phenyl-lower
alkyl;
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R is lower alkyl, phenyl, substituted phenyl
(wherein the phenyl substituent is halo, lower
alkyl or lower alkoxy), hydroxy-lower alkyl or

amino (carboxy)-lower alkyl;

R
) a a
‘"% ig R® orctzla(m%) ?Hz F'!l 17\4
2 is R"— 0C — HC— N — CO — CH— (CH)nq-S(O)pa

M2 is 0 or S;
m? is 1 to 3;
n® and p? each is 0 to 2.

(b) European Patent Application 97050
published December 28, 1983 discloses phosphinylalkanoyl

substituted prolines which have the formula

b b
o 2D Rg . Rg
b A 4 ¢ ) b
RS — P —(CH,) == CH——=C — N COOR
1 2! B 7
| n I
cl) 0
b b
R — CH — OCOR

Rlb is alkyl, aryl, aralkyl, cycloalkyl or

cycloalkylalkyl;
sz is cycloalkyl, 3-cyclohexenyl or 2-alkyl-3-

cyclohexenyl;
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R3b is alkyl, cYcloalkyl or phenyl;

R4b is H or alkyl;

one of R5b and R6b is H and the other is alkyl—xb—,
phenyl—Xb, alkoxy, phenoxy, phenyl, cycloalkyl,
alkyl or phenylalkyl; or ‘

Rsb and R6b together form -beHZCHZXb-,.X
SO or SOZ;

R,P is H or CH(R,°)0COR;";

nb is G or 1;

b is s,

‘aryl' is phenyl opt. substituted by halo,
alkyl, alkoxy, alkylthio, OH, alkanoyl, NOj,
amino, dialkylamino and/or CFj3;

alkyl has 1-10C, cycloalkyl 3-7C, alkoxy 1-8C
and alkanoyl 2-9C.

(c) European Patent application 83172

published July 6, 1983 discloses N-substituted acetyl-L-
proline derivatives which are said to be angiotensin

converting enz?me inhibitors. and Have the formula

-aSco-x°©

C c
R3

O—u=0

R;€ and R,® are H, 1-7C alkyl, 1-7C haloalkyl,
(CHZ)mC-Dc, 1-7C aminoalkyl or a group of

formula:
c
2 qc ,
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pC is cycloalkyl, furyl, thienyl or pyridinyl;
aC is (CH,),=CHR,; €, NRy,C-CHRy3® or 0-CHR,3%;
n€ is 0 or 1; ' '
€ is 0-7;

Ry;C is H, 1-7C alkyl, 1-7C haloalkyl, benzyl or
phenethyl;

Ryp¢ is H or 1-7C alkyl;

R3¢ is H, 1-7C alkyl, 1-7C haloalkyl or

(CH,) ,cD;%; '

D;¢ is phenyl, 4-hydroxyphenyl, 3,4-
dihydroxyphenyl, 3-indolyl, 4-imidazolyl, NHj,
SH, 1-7C alkylthio, guanidino or CONHj;

X€ is a group of formula (II)S-(W)C, or'NR4°-
CHR5®-COORg®;

c
R4
| R1y
(] c C
R9 8 R.CTS EV!
e 11 15 c
- N COOR —N COOR
H
c COOR
(1I) (r11)°
— ()<
—N cooag
H
w) €
where
RgC and Rg® are B and Ry° is as defined below;

Rgc and R7c are H and R8c is as defined below;

R7c and RBC are ¢

and Rg is as defined below;

W om o

Rgc and R8C are H and -CHR7C- is replaced by
~CR1q"Ry”s

c
Rg™ is H and R4© + Rg® form a double bond;
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Rg® is H and R;® + Rg® complete a fused benzene
ring; or

Re€ is H and RqC + R4C complete a fused benzene
8 9 7 '
ring; _

E'C and E"C are H or E'C + E"C complete a fused

benzene ring;

R, is H, 1-7C alkyl, halogen, keto, OH, 2-8C

alkanoYl-amino, N3, NH,, Nngchoc, (CHZ)mc-Dc,

0-CONR; 5°Ry5®, 1-7C alkoxy, 1-7C alkylthio, or a

group of formula (VI)®, (VII)C or (VIII)C:

-NHCO-(CHz)mc-fﬁ<:::;Z\ . _B;c_(caz)mc -<:::;Z\
. . o . . . ) J c
L TR e (R13)p°

(v1)© | (vin)°©

c
-B' -(CHz)m

' ' c
- e

B'C is a bond or it is O or SiRg® is keto,
halogen, 0-CONR;s°R;s¢, 1-7C alkoxy, 1-7C
"~ alkylthio, or a group (VII)C or (VIII)C in which
B'C is 0 or S;
Rg® is keto or a group (VII)C in which B'C is a bond;
Ry ¢ is halogen or Ychsc;
R11% R'1;% Ry, and R'1,° are H or 1-7C alkyl,
or R1€ is a group of formula (IX)C and the
other 3 are H;

c

(1x) €

Rl3c is H, 1-4C alkyl, 1-4C alkoxy, 1l-4C
alkylthiO' Cly Br' Fr CF3I OH! Phl Phol Phs or
PhCHj,
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R4 is H, 1-4C alkyl, 1-4C alkoxy, l-4C
alkylthio, Cl, Br, F, CFy or OH;

n® is 0-3;

pC is 1-3 but it is 2 or 3 only when Ry3° or
Ry14° is H, Me, MeO, Cl or F;

Ry5° is H or 1-4C alkyl;

Y€ is 0 or s;

Ryg° is 1-4C alkyl or group (VII)C in which B'C
is a bond; or the two Ry4® groups complete a 5-
or 6-membered ring in which the C atoms may each
bear 1 or 2 alkyls having 1-4C;

Ry® is H, 1-7C alkyl, cycloalkyl or (CH,),CPh;
R5® is H, 1-7C alkyl or (CHy) ,%-D;%;

€ is 1-4;

R3¢ and Rg® are H, 1-7C alkyl, PhCH,, PhCH or
CHR) 7°-0-COR, g%;

Ri7® is H, 1-7C alkyl or Ph;

R1g® is H, 1-7C alkyl, 1-7C alkoxy or Ph; or
Ry7° + Ryg® form (CH,),, (CH,)3, -CH=CH or
o-phenylene;

Ryg°
R20

is 1-7C alkyl, benzyl or phenethyl; and

€ is H or chosen as for ngc.

(d) European Patent application 0 012 401

published June 25, 1980 discloses carboxyalkyl dipeptide

derivatives which are said to be angiotensin converting

enzyme inhibitors and have the formula

d ] | | | 6d
R Cc c NH CH c N c C R

] i
f2d ! $7d
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Rd and R6d are the same or different and are
hydroxy, lower alkoxy, lower alkenoxy, dilower
alkylamino lower alkoxy (dimethylaminoethoxy),
acylamino lower alkoxy (acetylaminoethoxy),
acyloxy lower alkoxy (pivaloyloxymethoxy) ,
aryloxy, such as phenoxy, arloweralkoxy, such as
benzyloxy, substituted aryloxy or substituted
arloweralkoxy wherein the substituent is methyl,
halo or methoxy, amino, loweralkylamino,
diloweralkylamino, hydroxyamino,
arloweralkylamino such as benzylamino;

A.Rld is hydrogen, alkyl of from 1l to 20 carbon . .

atoms which include branched and cyclic and
unsatruated (such as allyl) alkyl groups,
substituted loweralkyl wherein the substituent
can be halo, hydroxy, lower alkoxy, aryloxy such
as phenoxy, amino, diloweralkylamino, acyamino,
such as acetamido and benzamido, arylamino,
guanidino, imidazolyl, indolyl, mercapto,
loweralkylthio, arylthio such as phenylthio,
carboxy or carboxamido, carboloweralkoxy, aryl
such as phenyl or naphthyl, substituted aryl
such as phenyl wherein the substituent is lower
alkyl, lower alkoxy or halo, arloweralkyl,
arloweralkenyl, heteroarlower alkyl or
heteroarlower alkenyl such as benzyl, styryl or
indolyl ethyl, substituted arloweralkyl,
substituted arloweralkenyl, substituted
heteroarlower alkyl, or substituted
heteroarlower alkenyl, wherein the
substituent (s) is halo, dihalo, lower alkyl,
hydroxy, lower alkoxy, amino, aminomethyl,
acylamino (acetylamino or benzoylamino)

diloweralkylamino, loweralkylamino, carboxyl,
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haloloweralkyl, cyano or sulfonamido;
arloweralkyl or heteroarloweralkyl substituted
on the alkyl portion by amino or acylamino
(acetylamino or benzoylamino);

R%9 ang R’ are the same or different and are
hydrogen or lower alkyl;

R3d is hydrogen, lower alkyl, phenyl lower
alkyl, aminomethyl phenyl lower alkyl, hydroxy
bhenyl lower alkyl, hydroxy lower alkyl,
acylamino lower alkyl (such as benzoylamino
lower alkyl, acetylamino lower alkyl), amino
lower alkyl, dimethylamino lower alkyl, halo
lower alkyl, guanidino lower alkyl, imidazolyl
lower alkyl, indolyl lower alkyl, mercapto lower
alkyl, lower alkyl thio lower alkyl;

R4d is hydrogen or lower alkyl;

r2d is hydrogen, lower alkyl, phenyl, phenyl
lower alkyl, hydfoxy phenyl lower alky, hydroxy
lower alkyl, amino lower alkyl, guanidino lower
alkyl, imidazolyl lower alkyl, indolyl lower
alkyl, mercapto lower alkyl or lower alkylthio
lower alkyl;

R4 ang g5 may be connected together to form an
alkylene bridge of from 2 to 4 carbon atoms, an
alkylene bridge of from 2 to 3 carbon atoms and
one sulfur atom, an alkylene bridge of from 3 to
4 carbon atoms containing a double bond or an
alkylene bridge as above substituted with
hydroxy, loweralkoxy, lower alkyl or dilower
alkyl;

and the pharmaceutically acceptable salts
thereof.
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(e) U.S. Patent No. 4,462,943 to Petrillo et
al. discloses carboxyalkyl amino acid derivatives of
substituted prolinés which are angiotensin converting
enzyme inhibitors and have the formula

e =]
.
R®-c < Cc - NH - CH - C. - R®

te

8 4
2

R,® is a substituted proline of the formula

‘,l\\ /,CH:

. e
e em, o as
-N —— C - COR; . “N——¢ - coa§
: ’
Eow o
e e
cx Ro. _Rg
RS 2 ‘ ,
8 \\
Y cH, Hz‘l: THz
-N—o© GC - CORse or -H—2¢ - con?
1 b 4
}'1 (L) g (L)

R¢® is halogen, keto, azido,

- . i
-NH-(cgzkéd<<§§£;i‘ ——NH-C-lower élkyl,r
e

(Ry1) e

0
i
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- (CH,) - (CHy n® 7 D ,
0

e
(Rioy ze
A - (cHy) __@]
S N

a 1- or 2-n§phthyl of the formula

-(CHzfme

ey . - :

R e
12 '
/ { 2
~o-d-x -o-(ciy) L O

N e e
Ryp (Ryg)e

a 1- or 2-naphthyloxy of the formula

-S-lower alkyl,

-S=- (CHZ)me@

(Rlo)ng
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or a 1- or 2-naphthylthio of the formula

z<> (Rl?)ne

R4 is keto, halogen,

e
? /er2

0" omicn) -
12

e

or 1l- or 2-naphthloxy of the formula

e
(Rll)ng
-S-lower alkyl,
-S-(CHz)me
e
(Rlo)ne

or a l- or 2-naphthylthio of the formula
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e
(Rll)ne
R8e is keto or
- (Cszne O
e

Rg® is halogen or -Y®-R, 5¢.

n® is zZero, one, two, or three.

Ry1o® is hydrogen, lower alkyl of 1 to 4 carbons,
lower alkoxy of 1 to 4 carbons, lower alkylthio
of 1 to 4 carbons, chloro, bromo, fluoro,
trifluoromethyl, hydroxy, phenyl, phenoxy,
phenylthio, or phenylmethyl,

Rll is hydrogen, lower alkyl of 1 to 4 carbons,
lower alkoxy of 1 to 4 carbons, lower alkylthio
of 1 to 4 carbons, bromo, fluoro,
trifluoromethyl, or hydroxy.

e

n~ is one, two or three provided that n® is more

than one only if Ry4® or Ry;® is hydrogen,
methyl, methoxy, chloro, or fluoro.

R15% is hydrogen or lower alkyl of 1 to 4
carbons,

Y® is oxygen or sulfur,

Ry13® is lower alkyl of 1 to 4 carbons.

- (CH,)

2'me

(Rlo) e
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or the Rl3e group join to complete an
unsubstituted 5~ or 6-membered ring or said ring
in which one or more of the carbons has a lower
alkyl of 1 to 4 carbons, or a di(lower alkyl of
1 to 4 carbons) substituent,

R® and Rg® are independently selected from

‘hydroxy, lower alkoxy, di(lower alkyl)-amino-

lower alkoxy, such as dimethylaminoethoxy, lower
alkyl-carbonyl-amino-lower alkoxy, such as
acetylaminoethoxy, lower alkyl-carbonyloxy-lower
alkoxy,; such as pivaloyloxymethoxy,

-O-(CHZ) =

e\ .
(Ryg) 2

wherein m®

, n® and Rloe are as defined above,
amino, lower alkyl-amino, di(lower alkyl)=-amino,
hydroxyamino, benzylamino, or phenethylamino,

Rle is hydrogen, lower alkyl,

e
(RlO)ne

halo substituted lower alkyl, hydroxy
substituted lower alky, '
—(CHz)qe—cycloalkyl, -(CHz)qe carbozy, -(CHZ)qe-
S-lower alkyl,

- (CHZ&Q — (CHz)qe]—— N,
: N
¥ |
H H
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- (CH.) G- idi - -
| ( 2)q guanidinyl, (CH2)q NH,,

- (CH e_
( 2)q N(lower alkyl)z,

0
|
-(CHZ)qe—NH-C-leer alkyl,
. ?
'4CH2)QENH-C'<<:::::>’ —%CHz)qESH,
" =(CH,) -lower. | - .-
z)qe lower- alkoxy, (Cﬂz)qe O .
(R4} pne
-(CH,) 3 ’
2'4@

0

e I
R - -

0
1]
-(CHZ)qe-C-lower alkoxy, or

e
(CH,) -R
zme 14

/

—cH
\ -
NEY
0

wherein m®, n®, R;y® and Ry;® are as defined
above, Rl4e is lower alkyl, cycloalkyl, or
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(R?_l)ne
and gq® is an integer from 1 to 4,

R,® is hydrogen or lower alkyl,

R;® is hydrogen, lower alkyl, halo substituted
lower alkyl, hydroxy substituted lower alkyl,
- (CH,)q%~NH,, - (CH,)q®-N-(lower alkyl),,
-(CHy)q® guanidinyl, -(CH,)q®-SH, -(CHp}q®-8~
lower alkyl, 0

- ‘ - .
-(CH,). -E‘NH -(CH,)
qu 2' qu

%)

(Rig) e

r

-(CH,) ——(CH,) ‘E:"‘ '
qu ( 2 qe )
N\ N

N |
H

-(CHz)qe-NH-E—lower alkyl, or

1
- (CH,) qe-NH-C@

wherein Ry, n® and ¢® are as defined above.

(f) U.S. Patent No. 4,470,973 to Natarajan et
al. discloses substituted peptides which are angiotensin

converting enzyme inhibitors and have the formula
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0 rf &, f o
£ l Lot g
Ry —c{:n-&-cnz—n —CH—C—X
N
i
£
R)

xf is an amino or imino acid of the formula

. £
/ﬁz CH
Hzcl: H, Hz?/ Rfs
—N——C = COORf - L_clz_cooa‘;
: '
H H
£ £
CH Ri0Rig
9 ,Hz 2| Cf‘z
— N ——C—coor? -N ___c_coorE
| 6, 6,
N
£ £
~ s i
£ R
R! \(— 1
—N—2¢ COORg , 117 C —cooasf
H ! '
H
_N f f
™ C-COOR —N-—C-COOR,
| 6, | 1
H H
N C-COOR £ =N £
-N——C- ——C-COOR
| |5
H

H
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NN -N- £
c-coons,f N-CH-COOR,~ or
1 v lelg
R.R
H 475 of
24
b‘,)\
~ % —— C-COOR.
| 5r

H

r,F

hydroxy

is hydrogen, lower alkyl, halogen, keto,

0
il
-NH-E- lower alkyl

azido, amino,

0
1 £
-NH-C- (CH
e e 2)’“.@\(1{4) £
P
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2'm rE.) ¢~ (CHy) g /ﬂ,
N 0

13'p

f
‘(CHz) m

' o f
i)
s

N

a 1- or 2-naphthyl of the formula

, £
-(CHz)m
£ £
. (Rf4)p - (CH,) F-cycloalkyl,
£
0 Ris
-O-C-N< £ -0-lower alkyl,
Ris
£
" (CHZ)“‘@\ :
(R13) £

a l- or 2-naphthyloxy of the formula

£

£

-S-lower alkyl,
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f .
(RIB)pf
or a 1- or 2-naphthylthio of the formula

f
m -

£
3 (Rl4)9f ’

Rgf is keto, halogen.

- £

? =
-0-C-N ( és
Ris

£

-0-lower alkyl, a 1l- or 2-naphthyloxy of the

£
£
(Rl3)p
formula

-0- (CHZ) rg'

£,¢
(314)P )

-S-lower alkyl
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f .
-S-(CHz)m-<<::;2\\ £,
(1113)1133

or a 1= or 2-naphthylthio of the formula

' £
-S (CHZ)

£
(Rig)of |

-S-lower alkyl,

"or a l- or 2enaphthylthio of the formula

-3 _(CH2) £
m

Rgf is keto or

£
2'm ¢

(Rl3)pf

Rlof is halogen or —Yf-Rlsf.
Rllfr Rll-f, R12f and Rlz.f are independently
selected from hydrogen and lower alkyl or Rll.f,

Rlzf and Rlz-f are hydrogen and Rllf is
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O

Rl3f.is hydrogen, lower alkyl of 1 to 4 carbons,
lower alkoxy.of 1l to 4 carbons, lower alkylthio.

£ .

of 1 to 4 carbons, chloro, bromo, fluoro,
trifluoromethyl, hydroxy, phenyl, phenoxy,
phenylthio, or phenylmethyl.

Rl4f is hydrogen, lower alkyl of 1 to 4 carbons,
lower alkoxy of 1 to 4 carbons, lower alkylthio
of 1 to 4 carbons, chloro, bromo, fluoro,

trifluoromethyl, or hydroxy.
£
pf is one, two or three provided that p is more
£ £

m- is zero, one, two, three, or four.

than one only if Ry3™ or Ry4~ is hydrogen,
methyl, methoxy, chloro, or fluoro.

Rlsf is hydrogen or lower alkyl of 1 to 4 -
carbons.

vf is oxygen or sulfur.

Rlsf is lower alkyl of 1 to 4 carbons.

- £
(CH2)m

£ ’

or the Rlef groups join td complete an
unsubstituted 5- or 6-membered ring or said ring
in which one or more of the carbons has a lower
alkyl of 1 to 4 carbons or a di(lower alkyl of 1
to 4 carbons) substituent.

R4f is hydrogen, lower alkyl.

-(CHZ)£-<<:::>.—(CHz)i-cycloalkyl,



WO 87/02585 PCT/US86/02290

-25-
- (CH.) q,~{(CH,) ! l
2'm L\S ]’ 2'm N5~

-(CH2>§‘-@' or _C‘_@

N

R5f is hydrogen, lower alkyl,

f £ , '
: -(CHZ)@,'(CHZ)r@OH,

- (CH,) ~OH = (CH_) ¢ oH,
OH
£ -(cu) N
-ccay EF ) 2'c 3y’
~N N l‘ll
& H

£ £ £
—(CHz)r-NHZ-(CHz)r-SH,-(Cﬁz)r—s-lower alkyl,

£ Pl £ E
NH
2
rf is an integer from 1 to 4.
ngf is lower alkyl, benzyl, or phenethyl.
Rzof is hydrogen, lower alkyl, benzyl or
phenethyl.

Rf is hydrogen, lower alkyl, cycloalkyl,
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£
i (CHZ)m@ '

-(CH2)2-NH2, -(CH2)3-NH2, ‘(CH2)4—NH2,
-(CH2)2‘OH, -(CH2)3‘OH1 ‘(CH2)4‘0H7
- (CHZ) 2-SH, - (CH2) 3-SH,, or - (CHz) 4-'SH.

le is hydrogen,'lower alkyl, halo substituted
lower alkyl,

- (cH,) -@ - (CH )foa,
4CH2) OH, (CH, )
N

|
H

(CH ) —NH - (CH )i‘SH)

: -(CH )—E'—N:
N
, H

£ ,
’(CHZ)r-OH,-(GHz)ﬁ-S-lower alkyl,

NH ,
- (cH )f-NH-C/ ] ‘
2 ¢ ~ ror - (CH,) -C-NH,

provided that le is hydrogen only 'if Rf is
other than hydrogen.

sz is
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-(CHZ)rft:c/ﬂpor-(CHz)i_{gfjj
N

R3f is hydrogen, lower alkyl

£ £
-(Cﬁz)m‘@\ . ’-(CHZ)mﬂ ,
(Rl

4)pf S
.:(Cﬂz)i T H ' -(CHZ)f (halo substituted
N Q7 m .
N
£ £ OH,
lower alkyl ,-(CHZ)m-cycloalkyl ,-(CHZ)r
OH
£
- (CH,) £
2'r [I [ l, (CH,) _~OH,
N
|
H
-(cu,) £ N,-(CH.) f-NH, -(CH,) f-sm
2’r L‘ ! 2'r 2, 2'r ’
N J
i
NH
-(cH,) f-s-1 lkyl £ / £}
o) ~S-lower alkyl,=(CH,)_ -NH-C\ 10T - (CH,) -C-NH,
NH

2
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wherein mf, Rl4f, pf and rf are as defined
above. '
R6f is hydrogen, lower alkyl, benzyl,
benzhydryl,
0 r.E o
g 12L £
-CH-O-C-Rls’-$-;:-C-O-R23'-CH-(CHZ-OH)2'
f .
R17 R22
»-CHZ-?¥-$H2’-{;H2)2f§(CH;)2,or-CHéfE§f§]
OH OH ' N
Rl7f is hydrogen, lower alkyl, cycloaikyl, or
phenyl.
Rlsf is hydrogen, lower alkyl, lower alkoxy, or

phenyl or Rl-,f and Rlsf taken together are

-(CHZ) 2-' —(CHZ) 3-’ "CH=CH", or
\
O

Rzlf and'Rzzf are independently selected from
hydrogen and lower alkyl.

R23f is lower alkyl.

R24f is hydrogen, lower alkyl,

f 14
(Rl4)Pf

£3€,1 )

S N
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(g) British Specification No. 2095682
published October 6, 1982 discloses N-substituted-N-
carboxyalkyl aminocarbonyl alkyl glycine derivatives
which are said to be angiotensin converting enzyme

inhibitors. and have the fdrmula

2
Ra

either

(a) R and Rq? are OH, 1-6C alkoxy, 2-6C
alkenyloxy, di-(1-6C alkyl)amino-(1-6C) alkoxy,
1-6C hydroxyalkoxy, acylamino- (1-6C)alkoxy,
acyloxy- (1-6C)alkoxy, aryloxy, aryloxy-(l-
6C)alkoxy, NH,, mono- oOr di- (1-6C alkyl)amino,
hydroxyamino or aryl-(1-6C)alkylamino;
R;9-Rg%, Ry9 and RgI are 1-20C alkyl, 2-20C
alkenyl, 2-20C alkynyl, aryl, aryl-(1-6C) alkyl
having 7-12C or heterocyclyl- (1-6C)alkyl having

| 7-12C; '
Rg? is cycloalkyl, polycycloalkyl, partly
saturated cycloalkyl or polycycloalkyl,
cycloalkyl-(1l-6C)alkyl having 3-20C, 6-~10C aryl,
aryl-(1-6C)alkyl, aryl-(2-6C)alkenyl or aryl-(2-
6C) alkynyl; or
R,9 and Ry together with the C and N atoms to
which they are attached or R3% and RgJ together
with the N and C atoms to which they are
attached form an N-heterocycle containing 3-5C
or 2-4C and a S atom;
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all alkyl, alkenyl and alkynyl,aré optionally
substituted by OH, 1-6C alkoxy, thio(sic), 1-6C
alkylthio, NH,, mono- or di (1-6C alkyl)amino,
halogen or NO5; ' )
all 'cycloalkyl' groups (including poly and
pértially unsaturated) are optionally 7
Substituted by halogen, 1-6C hydroxyalkyl, 1-6C
alkoxy, amino-(1-6C alkyl)amino, di-(1-6C
alkyl)amino, SH, 1-6C alkylthio, NO, or CF3; and
aryl groups are optionally substituted by OH, 1~
6C alkoxy, NH,, mono- or di-(1-6C alkyl) amino,
SH, 1-6C alkylthio, 1-6C hydroxyalkyl, 1-6C
aminoalkyl, 1-6C.thioalkyl, NO5, halogen, CFj3,
0CH,0, ureido or guanidino; or ' .
(8) RY and Rgg are H or 1-6C alkoxy:;
R19 and R,9 are H, 1-6C alkyl, aryl-(1-6C) alkyl
having 7-12C or heterocyclyl-(1-6C) alkyl having
6-12C; 7
R39-R59, R99 and Rg9 are H or 1-6C alkyl;
RgJ is cycloalkyl, polycycloalkyl, partly
saturated cycloalkyl or polycycloalkyl,
cycloalkyl-(1-6C) alkyl having 3-20C, aryl or
aryl-(1-6C) alkyl; and
aryl has 6-10C and is optionally substituted by
1-6C alkyl, 2-6C alkenyl, 2-6C alkynyl, OH, 1-6C
alkoxy, NH,, mono- or di-(1-6C alkyl) amino, SH,
1-6C alkylthio, 1-6C hydroxyalkyl, 1-6C
aminoalkyl, 1-6C thioalkyl, NOj, halogen, CF3,
OCH,0, ureido or guanidino.

(h) U.S. pPatent No. 4,470,972 to Gold et al
discloses 7-carboxyalkyl-aminoacyl-1l,4-dithia-7-
azaspiro[4.4]nonane-8-carboxylic acids which are
angiotensin converting enzyme inhibitors and have the

formula
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h
Moo ‘
h ro f2
R-CH2- a-ua-ca-ﬁ- -CooH
o) H

wherein:

Rh’is lower alkyl, benzyl, benzylthio,

benzyloxy, phenylthio or phenoxy:

th is hydroxy or lower alkoxy;

th is hydrogen, lower alkyl or amino lower
alkyl; and the pharmaceutcally acceptable salts thereof.

(i) European Patent Application 0 050 800

published May 5, 1982 discloses carboxyalkyl dipeptides
derivatives which are said to be angiotensin converting
enzyme inhibitors and have the formula

0 Rll R31 R41 R5l ﬁ
]_” | | | | §i
R"-C~==~C —~NH —-— CH-— i‘!— N— Cl— C— R
| ys .
RZl 0 ‘ R71

or a pharmaceutically acceptable salt thereof, wherein gl
and rO% are the same or different and are hydroxy, lower
alkoxy, lower alkenyloxy, dilower alkylamino lower
alkoxy, acylamino lower alkoxy, acyloxy lower alkoxy,
aryloxy, aryllower alkoxy, amino, lower alkylamino,
dilower alkylamino, hydroxyamino, aryllower alkylamino,
or substituted aryloxy or substituted aryllower alkoxy
wherein the substitutent is methyl, halo or methoxy; R
is hydrogen, alkyl of from 1 to 10 carbon atoms,
substituted lower alkyl wherein the substitutent is
hydroxy, lower alkoxy, aryloxy, substituted aryloxy,

1li

heteroaryloxy, substituted heterocaryloxy, amino, lower
alkylamino, diloweralkylamino, acylamino, arylamino,
substituted arylamino, quanidino, imidazolyl, indolyl,
lower alkylthio, arylthio, substituted arylthio, carboxy,
carbamoyl, lower alkoxy carbonyl, aryl, substituted aryl,




WO 87/02585 . ' PCT/US86/02290

~32-
aralkyloxy, substituted aralkyloxy, aralkylthio or
substituted aralkylthio, wherein the aryl or heterocaryl
pertion of.said substituted aryloxy, heteroaryloxy,
arylamino, arylthio, aryl, aralkyloky, aralkylthio group
is substituted with a group selected from halo, lower
alkyl, hydroxy, lower alkoxy, amino, aminomethyl; ‘
carboxyl, cyano, or sulfambyl; RZi and R7i are the same
or different and are hydrogen or lower alkyl; R3i
hydrogen, lower alkyl, phenyi lower alkyl,
aminomethylphenyl lower alkyl, hydroxyphenyl lower alkyl,
hydroxy lower alkyl, acylamino lower alkyl, amino lower

is-

alkyl, dimethylamino lower alkyl, guanidino lower alkyl,
imidazolyl lower alkyl, indolyl lower alkyl, or lower
alkyl thio lower alkyl; R4 and R3! are the same or

different and are hydrogen, lower alkyl or Zi, or R
5i
R

41 and.
taken together form a group represented by Q*, Ul,
vi, ¢!, p? or E!, wherein;
2t is
i,i 2t ot
RS xl\\\r/,x R

(cnz)pi

wherein x1i and Xzi independent of each other are O, S or
CHjy, R8i and R9i independent of each other are lower
alkyl, lower alkenyl, lower alkynyl, cycloalkyl having 3
to 8 carbon atoms, hydroxy lower alkyl, or -(CHz)niAri,
wherein ni is 0, 1, 2 or 3 and Ari is unsubstituted or
substituted phenyl, furyl, thienyl or pyridyl, wherein
said substituted phenyl, furyl, thienyl or pyridyl groups
are substituted with at least one group that is
independently selected from Cy, to Cy alkyl, lower alkoxy,
lower alkylthio, halo, CF3 and hydroxy, or R8i and g1
taken together form a bridge Wi, wherein wi is a single

bond or a methylene bridge or a substituted methylene
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bridge when at least one of xii and X2i is methylene, or
Wi is an alkylene or substituted alkylene bridge having 2
or 3 carbon atoms, said substituted methylene bridge or
said substituted alkylene bridge having one or two
substituents selected from lower alkyl, aryl and aryl
lower alkyl groups, and pi is 0, 1 or 2; with the proviso
that at least one of R%*1 and RS! is Zi, with the proviso
that if R ig 2l and pi is 0 then x1! and x2! must both
be methylene, and with the proviso that if xt1 ang XZi
are both methylene then 881 and R must form an alkylene
bridge Wi;

ol is '

iqi
851 2

(CH,) 1 T eHy) 4

wherein R8i, Rgi, g1 ang Xzi are as defined above, pi is
0, 1 or 2, qi is 0, 1 or 2, with the proviso that the sum
of pi and qi must be 1, 2 or 3, with the proviso that if

pi is 0 then x'! and x2! must be methylene, and with the

proviso that if X1 and %21 are methylene then r8% ang

R91 taken together form a bridge W, wherein w! is as
defined above;
vl is
i,i v 4
1 1
r3 xt x%'r?
(CH

2)qi
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wherein Rsi, Rgi, %11 ana %%l are as defined above, pi is

0, 1 or 2 and qi is 0, 1 or 2, with the proviso that the
sum of p! and q! is 1, 2 or 3, with the proviso that if
%11 and x2?1 are CH, then R81 and RY! taken together form

a bridge w!, wherein w?

Ut is

is as defined above;

(CH,) %1 CPES

wherein W' is as defined above (except that W' may also

be a methylene bridge when g1 and g21

sulfur), xli X2i

are oxygen or
and are as defined above, pi is 0, 1 or
2, qi is 0, 1 or 2, with the proviso that the sum of pi

and ql is 1 or 2, and with the proviso that if pi is 0,

M must be CH,;
¥l is

(CH,) i (CH,) 1

\\

wherein Gi is oxygen, sulfur or CHjp, al is 2, 3 or 4 and
bis 1, 2, 3, 4 or 5, with the proviso that the sum of al
and bl is 5, 6 or 7 or

¢l is cHy, al is 0, 1, 20r 3, bl is 0, 1, 2 or 3 with
the proviso that the sum of al and bl is 1, 2 or 3, with
the proviso that the sum of al ang pi may be 1, 2 or 3

only if R1li is lower alkyl substituted with aralkylthio
or aralkyloxy;
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Fi

7N

(CH,) i (CH,) 1

(CHz) J.'L (CHZ)ki

wherein Fi is 0 or s, ji is 0, 1 or 2 and ki is 0, 1 or
2, with the proviso that the sum of ji and ki must be 1,
2 or 3, and mi is 1, 2 or 3,and.ti is 1, 2 or 3, with the
pfdviso thét the sum of'mi and ti must he 2, 3 or 4.

El is .
i

(CHy) i (CHy L

(sfz)ui (CH,) ,i

1

wherein L' is 0 or S, ui is 0, 1 or 2 and v- is 0, 1 or

1 and v! must be 1

2, with the proviso that the sum of u
or 2, and hi is 1 or 2 and si is 1 or 2, with the proviso
that the sum of hi and s! must be 2 or 3.

(j) European Patent Application 0 037 231
published October 7, 1981 discloses acyl derivatives of
octahydro-1lH-indole-2-carboxylic acids which are said to
be angiotensin converting enzyme inhibitors and have the
formula R% COORj

rJ

-s- -3 -cH-C-
3=S=(CH,) =7 -CH-C-N

Iy
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wherein RJ is hydrogen or lower alkyl; le is
hydrogen, o]

" lower alkyl, or benzyl; sz is hydrogen or g3j—c-wherein
R3j is lower. alkyl, heteroaryl containing 4 to 9 carbon
atoms and one or two nitrogen, oxygen or sulfur atoms;
Phenyl, substituted phenyl having 1 or 2 substituents
selected from the group consisting of fluorine, chlorine,
bromine, lower alkyl or alkoxy; and n is 0 or 1l; wherein
lower alkyl and lower alkoxy include straight or branched
groups containing 1 to 4 carbon atoms, and
pharmaceutically acceptable salts of the compoudds when

) Rj is hydrogen and when R3j is heterocaryl containing 1 or
2 nitrogen atoms, are disclosed. Also disclosed are
substituted acyl compounds of octahydro-lH-indole-2-
carboxylic acid having the formula

k
Rg® 0 COOR,

k I
Ar”-(CH,) Kk-CH=NH-CH — C -§

k
COOR6

k is hydrogen or lower alkyl; Rs

k

wherein Ry is hydrogen,
lower alkyl or benzyl; R6k is hydrogen or lower alkyl;
ark is phenyl or phenyl substituted with 1 or 2
substituents selected from the group consisting of
fluorine, chlorine, bromine, lower alkyl, lower alkoxy,
hydroxy or amino; and m is 0 to 3; wherein lower alkyl
and lower alkoxy contain 1 to 4 straight or branched
carbon atoms; and the pharmaceutically acceptable salts
thereof.

(L) European Patent Application 0 079 522
published May 25, 1983 discloses N-carboxymethyl (amino)
lysl-proline compounds which are said to be angiotensin
converting enzyme inhibitors and have the formula where
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R2 :
L
lL I /A\
R -|CH———- NH—CI:-CO—N—CH L (I)L
COOR® H . COOR
R2 R3
1" '
R‘—CH——NH-'(%—CO—-?J L L
¢ooR® H C|:HR14 (1a)
coor™
R and R%L are independently hydrogen;
loweralkyl; aralkyl; or aryl;

RlL is hydrogen; branched or straight chain

cl-lZ alkyl and alkenyl; C3-Cq cYcloalkyl and
benzofused alkyl; substituted loweralkyl where
the substituents are halo, hydroxy loweralkoxy,
aryloxy, amino, mono- or diloweralkylamino,
acylamino, arylamino, guanidino, mercapto,
loweralkylthio, arylthio, carboxry, carboxamido,
or loweralkoxycarbonyl; aryl; substituted aryl
where the substituents are loweralkyl,
loweralkoxy, or halo; arloweralkyl;
arloweralkenyl; heteroarloweralkyl;
heteroarloweralkenyl; substituted arloweralkyl,
substituted arloweralkenyl, substituted
heteroarloweralkyl, or substituted
heteroarloweralkenyl where the aryl and
heterocaryl substituents are halo, Qihalo,
loweralkyl, hydroxy, loweralkoxy, amino,
aminoloweralkyl, acylamino, mono- or
diloweralkylamino, carboxyl, haloloweralkyl,
nitro, cyano, or sulfonamido, and where the
loweralkyl portion of arloewralkyl may be
substituted by amino, acylamino, or hydroxyl;
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L L. L
X 2
AN A
-N...?H is - l
COOR™ \T_.(cn)n
4
L 4%
rFooc R
L
/
or -N
ﬁz- ) nL
coork

where:
L and y@ taken together are -CHZ—CH2-;
il 9 H
-CH=-S=-; - -CH2—- —CHZ-C-- -C-0=-; -C-S-;
RSL 0

|
~CH,~CH~; -C-N-; or ~CH,-C-R°Y;

R4L ig hydrogen; loweralkyl; aryl: substituted aryl;
is hydrogen; loweralkyl; aryl or substituted aryl;
nk is 1 to 3;

0
i
Wl is absent; -CHZ-- or -C~-;
2l is (CHZ)m , where m is 0 to 2, provided that n

may not be 0 and wl may not be absent at the

same time; and
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RGL is hydrogen; loweralkyl; halo; or OR4L;

R%L is — (cHy) B— BL__(cH,) L NR/LR1SE

where
rl and sU are independently 0 to 3;

BL is absent; -0-; -S-; or -NRSL;
where R8L is hydrogen; loweralkyl; alkanoyl; or
aroyl; and

R7L is NRllL NRllL N— gk
| | | =

-c-r%Y;  —c-nmr1OL; or -¢ KD
~ where . _

R ig loweralkyl; aralkyl; aryl; heteroaryl; or
heteroarloweralkyl and these groups substituted
by hydroxy, lower alkoxy or halo; carboxyl;
carboxamido; nitromethenyl.

RlOL is hydrogen; loweralkyl; aryl; or amidino;

r11L hydrogen; loweralkyl; cyano; amidino; aryl;
aroyl; loweralkanoyl; -?-NHR13L;

—E—OR13L; -NOy; =SO,NH,;
or
SOZR13L;

R12L g hydrogen; loweralkyl; halo; aralkyl; amino;
cyano; mono- or diloweralkylamino; or OR4L;

RI3L ig hydrogen; loweralkyl; or aryl;

r15L is hydrogen; lower alkyl; aralkyl; or aryl.

L
ﬁ-iRlZL

-c-gL

constitute a basic heterocycle of 5 or 6 atoms
or benzofused analogs thereof and optionally

containing 1-3 N atoms, an oxygen, a sulfur, an
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5=0, or an S0, group optionally substituted by
amino, lower alkyl amino, diloweralkyl amino,
lower alkoxy, or aralkyl groups;

r3L ig Cy_g cycloalkyl and benzofused C3.g cycloalkyl;
perhydrobenzofused C3_g cycloalkyl; aryl;
substituted aryl; heteraryl; substituted
heterocaryl;

Rl4L is hydrogen or loweralkyl; and, a pharmaceutically

acceptable salt thereof.

(m) U.S. Patent No. 4,256,761 to Suh et al
discloses amides which are angiotensin converting enzyme
inhibitors and have the general formula

jul m m
?3 Tl ?5

R —§=(C) m=C——=C =N-C c-y"

[ PO P B |
R4 R2 oM R6
wherein _ , .
R;™, R,™, RyM, R4™, Rs™ and Rg™ are hydrogen,
alkyl, alkenyl, alkynyl, phenyl-alkyl, and
cycloalkyl, and may be the same or different,

nl

is an integer from 0 to 4 inclusive,

M™ s alkenyl, alkynyl, cycloalkyl, cycloalkyl-
alkyl, polycycloalkyl, polycycloalkyl-alkyl,
aryl, aralkyl, heteroaryl, heteroaryl-alkyl,
hetero-cycloalkyl, hetero-cycloalkyl-alkyl,
fused aryl-cycloalkyl, fused aryl-cycloalkyl-
alkyl, fused heterocaryl-cycloalkyl, fused
heteroaryl—cycloalkyl-alkyl, alkoxyalkyl,
alkylthioalkyl, alkylamino-alkyl, or
dialkylaminoalkyl,

" is hydroxy, alkoxy, amino, or substituted
amino, aminoalkanoyl, aryloxy, aminoalkoxy, or

hydroxyalkoxy, and
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R;™ is hydrogen, alkanoyl, carboxyalkanoyl,
hydroxyalkanoyl, aminoalkanoyl, cyano, amidino,
carbalkoxy, z™s or

zlsc
i
0

wherein 2™ is hydrogen, alkyl, hydroxyalkyl, or
the radical

m m m

R3 Tl Ts

-(C)m —c— C=N=C—cC-¥"

| \\ L
RT M" Ry O
wherein R{™, R,®, Ry™, R4™, Rs™, Rg" 0 M™ and
Y™ are as described above; and where ¥ is
hydroxy, their non-toxic, pharmaceutically
acceptable alkali metal, alkaline earth metal,
and amine salts.

(n) U.S. Patent No. 4,344,949 to Hoefle et al
discloses acyl derivatives of 1,2,3,4-tetrahydro-
isoquinoline-3-carboxylic acid compounds which are
angiotensin converting enzyme inhibitors and have the

formula
@ o oor”
jLoo
Ar™ (CH,) —CH—NH —CH —C—N
. mb .
COORG
xn
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wherein RD is hydrogen, lower alkyl.or aralkyl;
Ry is hydrogen, lower alkyl, or benzyl; R," is
hydrogen or lower alkyl, and Ar® is phenyl or
phenyl substituted with 1 or 2 substituents
selected from the group consisting of fluorine,
chlorine, bromine, lower alkyl, lower alkoxy,
hydroxy or amino; X% and Y are independently
hydrogen, lower alkyl, lower alkoxy, lower
alkylthio, lower alkylsulfinyl, lower alkyl-
sulfonyl, hydroxy, or X! and Y" together are
methylenedioxy; m" is 0 to 3; and the pharmaceu-
tically acceptable acid salts thereof.

(0) European Patent 79022 published May 18,

1983 discloses N-amino acyl-azabicyclooctane carboxylic

acid derivatives which have the formula

YO

x° = —-CHZ— CH — NH.~= CH == CO—N

| | |
2° cooag R‘l’ 3
HOOC

hydrogen atoms at ring positions 1 and 5 are cis
to each other and the 3-carboxy group has the
endo orientation;

Rlo is H, allyl, vinyl or the side chain of an
optionally protected naturally occurring a—amino
acid;

R, is H, 1-6C alkyl, 2-6C alkenyl or aryl(1l-4C
alkyl): ) :

YO is H or OH and z° is H, or ¥° and Z° together
are oxygen;

X9 is 1-6C alkyl, 2-6C alkenyl, 5-9C cycloalkyl,
6=-12C aryl (optionally substituted by one to .
three 1-4C alkyl or alkoxy, OH, halo, nitro,
amino (optionally substituted by one or two 1-4C
alkyl), or methylenedioxy) or indol-3-yl).
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(p) European Patent 46953 published March 10,
1982 discloses N-amino acyl-indoline and tetrahydro
isoquinoline carboxylic acids which are angiotensin
coverting enzyme inhibitors and have the formula

OOH

N
NeaecurP aNH-CHRE P
(cnzfnp CO-CHRE -NH-CHRECOOR]

nP.is 0 or 1;
AE::] is a benzene or cyclohexane ring:

R;P and R,P are each 1-6C alkyl, 2-6C alkenyl,
5-7C cycloalkyl, 5-7C cycloalkenyl, 7-12C
cycloalkylalkyl, optionally partially hydro-
genated 6-10C aryl, 7-14C aralkyl or 5-7
membered monocyclic or 8-10 membered bicyclic
heterocyclyl containing 1 or 2 S or O and/or
1-4N atoms; all R;P and R,P groups are
optionally substituted,

RyP is H, 1-6C alkyl, 2-6C alkenyl or 7-14C
aralkyl.

Preferred R;P is Me and RZP is phenethyl
optionally substituted by halogen, Me or OMe.

The above descriptions of suitable classes of
ACE inhibitors for use in the present invention were
taken from the noted patents and publications or
abstracts thereof. Reference should be made to such
patents and publications themselves for their full
disclosures of such classes and specific compounds within

such classes. 1In describing such suitable ACE inhibitors
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the superscript letters a-p were included to distinguish
among the various classes of compounds and the variable
substituent groups thereof.

For the purposes of the invention, the
preferred ACE inhibitor is 7-[N-(1(S)=-carboxy-3-
phenlpropyl)-(S)-alanyl]l-1,4-dithia-7-
azaspirof4..4]nonane-8(S)~-carboxylic acid.

Tt is believed that any ACE inhibitor will
possess: the novel utility described herein; however, for
purposes of the present invention the preferred ACE inhi-
bitors are compounds which are capable of inhibiting the
action of ACE by at least 50% at a concentration of 1 uM

_or less when tested by the following standard method:

ACE activity is determined by spectrophoto-
metric assay of the product of the hydrolysis of the
synthetic substrate, hippuryl histidyl leucine (HHL), as
described by Cushman and Cheung, Biochem. Pharmacol., 20,
1637 (1971). The ACE used is prepared in a manner
similar to that of Cheung and' Cushman, Biochem. Biophys.
Acta., 293, 451 (1973). Incubation for ACE assays is
carried out af 37°C. Each 0.25 ml assay mixture contains
the following components: 100 mM potassium phosphate
buffer containing 300 mM sodium chloride, 5 mM HHL and
1.87 mU enzyme at pH 8.3 and various concentrations of
inhibitors. The enzyme reaction is terminated after 60
minutes by the addition of 0.25 ml of 1IN HCl. Inhibitors
are dissolved in appropriate solvents. Hippuric acid
solution for a standard curve is prepared in a similar
manner.

Each experiment involves replicate incubations
for each condition to be studied. 1ICgy values (the con-
centration required for the 50% inhibition of ACE
activity) are derived from calculated regression lines.
Each experiment utilizes multiple concentrations of

inhibitor.
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The ACE inhibitors of the invention may exist
in isomeric form. The invention contemplates all such
isomers both in pure form and admixture, including
racemic mixtures.

Many ACE inhibitors are known in the art and
may be prepared by known methods or by variations
thereof. The following example illustrates the
Preparatian of the preferred ACE inhibitor of the
invention..
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Example 1

7-[N-(1(S) -Carboxy-3-phenylpropyl)~-(S)=-alanyl]-1, 4-
dithia-7-azaspiro[4.4]nonane-8(8)-carboxylic acid

A. Dissolve l-benzyloxycarbonyl-4-keto-(S)-
proline (15.7 g, 60 mmol) in acetic acid (45 ml) and
ethyl acetate (45 ml), add 1,2-ethanedithiol (6.2 g, 66
mmol) and stir under nitrogen. Aadd boron trifluoride
etherate: (redistilled) and stir 4 hours. Pour the
reaction mixture into a mixture of water (175 ml) ethyl
acetate (120 ml) and ether (60 ml). Wash the organic
layer with water (3 X 175 ml) then extract twice-with 1.0
N sodium bicarbonate (150 ml,. then 50 ml). acidify the
aqueous layer to pH 1 with concentrated hydrochloric
acid, extract twicg with ether (150 ml, then 50 ml).
Wash the organic layer with brine, dry over anhydrous
magnesium sulfate and concentrate in vacuo to obtain
crude.7—benzyloxycarbongl-l,4-dithia—7—azaspiro[4;4]-
nonane—g(S)—carboxylic acid as an oil (16.1 g).

' B. Dissolve the product of Step A in acetic
acid (30 ml) by stirring under nitrogen. add 23% hydro-
bromic acid in acetic acid (50 ml) stir 3 hours and
dilute over 5 minutes with ether (320 ml). Filter the
solid, wash twice with ether (2 x 150 ml) and air dry to
obtain a purple powder.

Dissolve the crude product in boiling ethanol
(120 ml), add Darco grade 6-60 (6 g), and filter hot,
washing with 2 x 10 ml hot ethanol. Dilute the filtrate
with ether (300 ml) and allow to stand one hour. Filter
the resultant precipitate, wash with ether (2 x 50 ml),
and air dry to give 1,4-dithia-7-azaspiro[4.4]nonane-
8(S)-carboxylic acid hydrobromide as beige crystals.

C. (l)a. To a 5L flask equipped with a
magnetic stirrer, dropping funnel and nitrogen inlet
tube, add a solution of 190 g (0.92 mole) of S-alanine
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benzyl ester p-toluenesulfonate and 258 g (0.734 mole) of
ethyl 2-oxo-4-phenyl butanoate in 1.4L of ethanol. Stir
for 2 hours under nitrogen. Add a solution of 17.7 g
(0.282 mole) of sodium cyanoborohydride in 550 mL of
ethanol, with stirring, over 90 minutes. Stir the
solution overnight and concentrate to dryness in vacuo at
room temperature. Partition the residue between 500 mL
of  Hy0 and 2L of ether. Dry the ether layer over MgSO,
and filter. Add 1.3M ethereal HCl to pH 4. Remove the
ether  and excess HCl in vacuo at room temperature.

Slurry the residue in 250 mL of ether and dilute with 750
mL of hexane. Decant the supernatant from the resulting
precipitate and wash'with two 300 -mL portions of ether.
Triturate the residue with 300 mL of ether and filter
under Ny to give 134 g of a white solid. Slurry the
solid in ether and make basic with saturated aqueous
NaHCO3. Dry the organic layer over MgSO,, filter and
concentrate in vacuo at room temperature to give 135 g of
N-(l-carboethoxy-3-phenylpropyl)~(S)-alanine benzyl ester
as an amber oil.

Dissolve 135 g of the resultant amber oil in
510 ml of ethyl acetate and add a hot solution of 40.5 g
maleic acid in 895 ml of ethyl acetate. Cool to room
temperature, filter the resulting precipitate, and
recrystallize the precipitate from ethyl acetate to give
N-(1(S)=carboethoxy-3-phenylpropyl)-(S)alanine benzyl
ester hemimaleate as a solid, m.p. 127-128°C,

[alp26 = 0°(H,O0).

Slurry 7.0 g (0.015 mole) of the above product
in ethyl acetate and adjust to pH 8 with saturated
aqueous sodium bicarbonate. Wash the organic layer with
saturated aqueous sodium chloride solution, dry over
magnesium sulfate, filter, and concentrate in vacuo at
room temperature to a colorless oil. Dissolve the
resultant oil in 100 ml ethanol containing 0.7 g of 10%
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Pd/C and hydrogenate at 60 psi at room temperature for 2
hours. Filter and evaporate tbe-solvent under vacuum at
room temperature to obtain 4.0 g of N-(1l(S)-carboethoxy-
3-phenylpropyl)-(S)-alanine as a white solid, m.p.
147-148°C, [a]lp26 + 24.8° (methanol).

(l)b. To a solution of the product of Step
(l)a (8.93 g, 32 mmol) and N-hydroxysuccinimide (4.42 g,
38%4 mmol) in dry dimethylformamide (64 ml), add 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
(7.3 gy 38.4 mmol) and stir for 12 hours. Pour the
reaction mixture into ethyl acetate (320 ml), wash with
water (100'ml), brine (100 ml), and dry the organic layer
. over_ anhydrous magnesium sulfate. Concentate in vacuo to
Bbtain N4[l(S)-ethoxycarbonyl-3-phenylpropyl]—(S)-alanine
“succinimidyl ester as an oil.

(2). Dissolve the product of Step (l)b and
1,4-dithia-7-azaspiro-[4.4]nonane-8(S)-carboxylic acid
hydrobromide (Step B) (9.16 g, 32 mmol) in dimethyl-
formamide (155 ml) and cool to 0-5°C. Add triethylamine
(8.9 ml, 64 mmol) dropwise over 5 minutes, and rinse the
~ funnel with dimethylformamide (5 ml). Stir at room
temperature for 16 hours, concentrate in vacuo to 50 ml
and dilute with water (150 ml). Adjust the solution to
pH 4.0 with 1IN hydrochloric acid. Extract the resultant
brown gum with ethyl acetate (4 x 100 ml), combine the
extracts, wash with water (20 ml) then brine (20 ml) and
dry the organic phase over anhydrous magnesium sulfate.
Evaporate the solvent in vacuo to obtain 7-[N=(1(S)-
carboethoxy-3-phenylpropyl)-(S)-alanyll-1l,4-dithia-7~
azaspiro[4.4]nonane-8(S)~carboxylic acid as a brown oil.

To purify, dissolve the crude product (3.3
g) in methanol (10 ml), place on Sephadex LH-20 (2.5 x 55
cm column) and elute with methanol. Combine the desired

fractions and evaporate the solvent in vacuo to give

4
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a solid white foam. Analytically pure material has an
[a]p26=-29.5° (ethanol).

D. Hydrolyze the product of Step C(2) (0.3 g)
in methanol (30 ml) with 2.5 N sodium hydroxide (2.0 ml)
for 20 hours at room temperature. Concentrate the reac-
tion mixture in vacuo at room temperature. Dissolve the
resultant residue in water and place on Bio Rad AG-50W-X2
(100-200 mesh) resin in the hydrogen form. Elute with
water (300 ml), then with 2% pyridine in water. Concen-
trate the desired eluant fractions to obtain the title
compound, m.p. 115=117°C, [a]D26=-22.4°(H20); +1.9°
(ethanol). '

The IOP lowering effects of the composSitions of
the invention may be measured by the procedure described
in Watkins et al., J. Ocular. Pharmacol., 1 (2):161
(1985).

Preferred pharmaceutical compositions of the
invention comprise the combination of an ACE inhibitor
and a steroid in an ophthamologically acceptable carrier
adapted for topical administration to the eye, such as
solutions, suspensions, ointments and solid inserts. For
solutions and suspensions, those skilled in the art will
know that a particular dosage of active ingredient may be
calculated if one assumes that one drop of solution is
being administered and if one knows the concentration
(w/v) of the particular solution that is being
administered. Thus, one drop (1/20 ml) of a 0.25%
solution (contains 2.5 mg of active per ml) is known to
contain .125 mg or 125 ug of active.

Topical ophthalmic formulations of the
invention may combine the following amounts of each
constituent:

ACE inhibitor from 0.00001 to 1.0% (w/v) and
especially 0.001 to 0.01%. An amount of ACE inhibitor
from between 0.005ug to 500 ug, preferably 0.005ug to
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50ug, and especially 0.005ug to 5ug of the active
composition is applied to the human eye once or twice
daily as needed. Individual dosage requirements, i.e.,
the amount of each dose and the frequency of
administration, will depend on the potency of the
particular ACE inhibitor, the severity of the increase in
IOP and the response of the patient.

Steroid concentrations are preferably from 0.05
to 1..50% (w/v). An amount of steroid from between 20ug
to 600ug of the active composition is applied to the
human eye one or more times a day as needed. Individual ~
dosage requirements, i.e. the amount of each dose and the
frequency: of adminisﬁration,»will'depend on the potency
of the particular steroid, the severity of the disease
and the response of the patieht.‘ Appropriate dosage
ranges for each steroid are well known to thagse skilled
in the art. The particular steroid used will determine
the ACE inhibitor chosen and the dosage of ACE inhibitor
administered.

Each component'may be administered separately,
and separate administration is especially appropriate
when the steroid is administered systemically or
topically other than in an ophthamological composition,
since topical ophthamological application of the ACE
inhibitor is preferred. The concentration of the steroid
in such systemic or topical compositions and the unit
dosage weights thereof vary considerably, depending as
above on such factors‘as the potency of the steroid, the
severity of the disease and the response of the
patient. Appropriate dosage ranges for systemic or
topical administration of each steroid are well known in
the art. '

Since the present invention relates to
treatment with a combination of an ACE inhibitor and a
steroidal anti-inflammatory agent wherein the ACE

"
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inhibitor and steroid are administered separately, the
invention also relates to combining separate
pharmaceutical compositions in kit form, that is,
combining two separate units, an ACE inhibitor
pharmaceutical composition and a steroid pharmaceutical
composition, in a single package. Preferred components
of the kit comprise a topical ophthamological ACE
inhibitor pharmaceutical composition and a
pharmaceutically acceptable steroid composition. More
preferred components of the kit are a topical
ophthamological ACE inhibitor pharmaceutical composition
and a topical ophthamological steroid pharmaceutical

_ composition. A particular advantage of the more
preferred embddiment of the kit resides in the ability to
provide a combination of an ACE inhibitor composition
which can be administered once or twice a day and a
steroid composition which may be administered as
frequently as once each hour.

Where utilized herein, the terms "controlling”
and "suppressing" the elevated intraocular pressure mean
the regulation, attenuation and modulation of increased
intraocular tension. The term also means that the
diminution in the otherwise elevated intraocular pressure
obtained by the practice of the invention is maintained
for a significant period of time as for example, between
consecutive doses of the composition of the invention.

To prepare suitable dosage forms, the active
compositions may be conveniently admixed with a non-toxic
pharmaceutically acceptable carrier suitable for topical
ophthalmolgic>administration. Typical of such pharmaceu-
tically acceptable carriers are, for example, water,
mixtures of water and watermiscible solvents such as
lower alkanols or vegetable oils, petroleum based jelly,
and including also from 0.5 to 5% by weight of
hyroxyethyl cellulose, ethyl oleate, carboxymethyl
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cellulose, polyvinylpyrrolidone, and 6ther water soluble
ophthélmologically acceptable non~toxic polymers, for
example, cellulose derivatives such as methyl

cellulose. The pharmaceutical preparation may also
contain non-toxic auxiliary substances such as
emulsifying, preserving, wetting, bodying agents and the
like, as for example, polyethylene glycols 200, 300, 400
and 600, carbowaxes 1,000, 1,500, 4,000, 6,000 and
10,000, antibacterial components such as quarternary
ammonium compounds; phenylmercuric salts known to have
cold sterilizing properties and which are non-injurious
in use; thimerosal, methyl and propyl paraben, benzyl
alcohol, phenyl.ethanol; buffering ingredients;
.anfioxidants; and other conventional ingredients.

Additionally, suitable ophthalmic vehicies can
be used as carrier media for the present purpose
including conventional phosphate buffer vehicle systemé,
isotonic boric acid vehicles, isotonic alkali chloride
vehicles, tris and the 1like.

~ The pharmaceutical preparation may also be in
the form of a solid insert. For example, one may use a
solid water soluble polymer as the carrier for the active
ingredients. Inserts that are known in the art that are
suitable for this use include those described in United
States Patents 3,993,071; 3,986,510; 3,868,445; and
3,867,510. Solid water insoluble inserts, such as those
prepared from ethylene vinyl acetate copolymer, may also
be utilized.

The compositions of the invention may include
addltlonal therapeutic agents in addition to the ACE
inhibitor and steroid. For example antibiotics,
anesthetics as well as other IOP lowering agents may be
present.

y <3
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I CLAIM:

1. . The use of one or more angiotensin converting
enzyme inhibitors for the manufacture of a medicament for
treating the rise in intraocular pressure associated with
the use of steroidal anti-inflammatory drugs.

2. The use of claim 1 wherein the angiotensin
converting enzyme inhibitor is 7-[N-(1(S)-carboxy-3-
phenylpropyl)-(S)-alanyl]-1, 4-dithia=7-
azaspiro[4.4]nonane-8(S)-carboxylic acid.

- 3. . A pharmaceutical composition for treating the
rise in intraocular pressure associated with the use of
steroidal anti-inflammatory drugs comprising an
angiotensin converting enzyme inhibitor together with a
pharmaceutically acceptable carrier.

4, The composition of claim 3 wherein the
angiotensin converting enzyme inhibitor is 7-[N-(l(S)-
carboxy-3-phenylpropyl)-(S)-alanyl]-1,4-dithia-7-
azaspiro[4.4]lnonane-8(S)-carboxylic acid.

5. The composition of claims 3 or 4 further
comprising a steroidal anti-inflammatory drug.

6. A kit comprising in separate containers
pharmaceutical composition for controlling the rise in
intraocular pressure associated with the use of steroidal
anti~inflammatory drugs which comprises in one container
an angiotensin converting enzyme inhibitor in a
pharmaceutically acceptable carrier and, in a second
container, a steroidal pharmaceutical composition in a
pharmaceutically acceptable carrier.
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7. The kit of claim 6 further characterized by the
angiotensin converting enzyme comprising a topical
opthamologically acceptable angiotensin converting
enzyme.

8. The kit of either of claims 6 or 7 further
characterized by the steroidal pharmaceutical composition
cnmgriéing a topical ophthamological steroid
pharmaceutical composition.

9. The kit of any of claims 6-8 above further
characterized by the angiotensin converting enzyme
comprising 7[N-(l(s)fcarboxy—34phenylpropyl)-(S)—alanyl]—
.1;4-dithia-7-azaspiro[4.4]nonane—8(S)—carboxylic acid.

PCT/US86/02290
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