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Abstract

Ace inhibitors are one of the most active clasdesaecules that lower blood pressure. This review
outlines the design, discovery of some new comouBlducture activity relations with respect to
binding characteristic and pharmacodynamic propesthave been described for new compound.
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INTRODUCTION

Renin-angiotensin system-
The renin-angiotensin system plays an importarg¢ molan interrelated set of mechanism for the

control of the volume, pressure, and electrolyt@position of bloodsalt homeostasis and may play a
role in the pathogenesis of aspects of the me@abghdromd1-4].
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Schematic representation of the bradykinin pathwayand its relationship to ACE and the renin-
angiotensin pathway

In 1898 saline extracts of kidney were shown totaiona pressor substance (i.e. a material that
increases blood pressure), which was named rem@ninRin turn, is a proteolytic enzyme that is
produced by the kidneys, and it controls the pHggioal functions of other organs. The secretion of
renin itself is controlled by the nervous systerd possibly by a recently discovered cardiac peptide
hormone. Renal RAS is salt sensitive. Renal remicregion is directly proportional to sodium
excretion through kidneys. [5]

Many years later (1940) renin was shown to bereyrae that acts on a plasma protein to catalyse
the formation of the actual pressor substance. pgreesor substance is called angiotensin and the
plasma protein, angiotensinogen. Several formagfodensin have been found, the most important
being angiotensin | (a decapeptide) and angiotelhgign octapeptide). The latter, that is the more

active as a pressor agent, is produced from thaeioby an enzyme called angiotensin-converting

enzyme (ACE). [2]

Membrane receptors of smooth muscle cells of theriates and adrenal cortex (aldosterone
secretion) are specifically stimulated by angioterls As a result, peripheral resistance of vessel
increases as heart rate increases, cardiac ougiases, and water and sodium ion retention takes
place. In turn, induced elevation of pressure lwerge binding causes a decrease in renin secretion.
[2, 6] Angiotensin Il was produced by action anpeptidase enzyme from angiotensin II.
Angiotensin 1l also has pressor activity (25-50%¢tltat of angiotensin IlI). Most of the activity of
angiotensin Il resides in the C-terminal octapept[d]

Angiotensin converting enzyme-
Angiotensin converting enzyme (ACE, kininase I, [FC 3.4.15.1 or dipeptidyl carboxypeptidase) is
a zinc-containing enzyme that cleaves dipeptidgésufiom peptide substrates. It is the enzyme
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responsible for conversion of the decapeptide proboe angiotensin | into the pressor agent,
angiotensin Il. [8] It is known that proline musitrbe the penultimate amino acid and this restmcti
ensures that the enzyme does not degrade angiotér|si

The Angiotensin | converting enzyme, belongs to ¢hass of zinc proteases that need zinc and
chloride for its activation and increases bloodspuge by converting angiotensin-1 to angiotensjn-Ii
a potent vasoconstrictor and by degrading bradgkimivasodilatory peptide. [10, 11]

. . \ : .
Asp-Arg-Val-Try-lle-His-Pro-Phe-His-Leu-Val-lle-His-X-Glu-Protein

N-terminal C-terminal

Angiotensinogen

\
Asp-Arg-Val-Try-lle-His-Pro-Phe-His-Leu

Angiotensin |

| Aminopeptiqasd

Asp-*Arg-VaI-Try-IIe-His-Pro-Phe
Angiotensin I

Arg-Val-Try-lle-His-Pro-Phe

Angiotensin IlI
Sites of stepwise enzymatic cleavage of human angiosionogen

Inhibitors of angiotensin converting enzyme-

In the 1970s, following the brilliant work perforoheby Ferreira and colleagues, Ferreira in
collaboration with Greenand, finally by Erdos and others investigators, thasses of inhibitors of
the renin-angiotensin system were identified:

A- Angiotensin Il antagonists, which block receptfosthe natural peptide (without leading to the
natural response), and

B- Converting enzyme inhibitors, which slow the ratdormation of angiotensin Il from its inactive
precursor.

Examples of the former (angiotensin Il antagoniatg)either modified peptides in which some of the
amino acids of the natural material have been dathras saralasin or, non-peptide antagonists as
DUP 753. [9] An important competitive inhibitor &iCE is captopril, which inhibits conversion of
the relatively inactive angiotensin | to the angiwin Il. [2]
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Classification of ACE inhibitors-
ACE inhibitors can be divided into three groupsdshsn their molecular structure [12, 13]
1) Sulfhydryl-containing agents: Captop(ictive drug), the first ACE inhibitor, Zofenopril,
Alacepril and Moveltipril
2) Dicarboxylate-containing agent¥his is the largest group, including: Enalapril, Ramipril,
Quinapril, Perindopril, Lisinopril (Active drug), Benazepril, Cilazapril, Delapril and
Spirapril
3) Phosphonate-containing agents: Fosinopril and $832

All five newer ACE inhibitors (trandolapril, moexiph spirapril, temocapril and imidapril) are
characterised by having a carboxyl functional geo@md requiring hepatic activation to form
pharmacologically active metabolites. [14]

Structure activity relationship of ACE inhibitors:

Zn*? binding groups

Zn*? 2 COOH
binding J/ 1 H oH
group - N -ring HS_E' _ﬁ_N_ — P
(CHz)n : 2 0
X

A B

Structure activity relationship of ACE inhibitors.

1) The N-ring must contain a carboxylic acid to mirthe C-terminal carboxylate of ACE
substrates.

2) Large hydrophobic heterocyclic rings (i.e., the ihNgJ increase potency and alter
pharmacokinetic parameters.

3) The zinc binding groups can be either sulfhydryl),(A carboxylic acid (B), or a
phosphinic acid (C).

4) The sulfhydryl group shows superior binding to z{tite side chain mimicking Phe in
carboxylate and phosphinic acid compounds compesdat the lack of a sulfhydryl
group).

5) Sulfhydryl-containing compounds produce high inoice of skin rash and taste
disturbances.

6) Sulfhydryl-containing compounds can form dimmersl amsulfides which may shorten
duration of action.

7) Compounds which bind to zinc through either a caylade or phosphinate mimic the
peptide hydrolysis transition state.

8) Esterification of the carboxylate or phosphinatedoices an orally bioavailable prodrug.

9) X is usually methyl to mimic the side chain of aten Within the dicarboxylate series,
when X equals n-butylamine (lysine side chain) thisduces a compound which does
not require prodrug for oral activity.

10)Optimum activity occurs when stereochemistry ofiliitor is consistent with L-amino
acid stereochemistry present in normal substrgi8g.
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Uses for ACE inhibitors

ACE inhibitors are widely used to prevent, treatroprove the symptoms in conditions such as high
blood pressure, coronary artery disease, heauréaitliabetes, certain chronic kidney diseasest hea
attacks, scleroderma and migraines. Other meditatio addition to an ACE inhibitor, such as a
diuretic, as part of your high blood pressure treatt. ACE inhibitors are usually taken once daily,
and many people take them in the morning. [3, 6,154 16, 58]

Side effects and caution§l7, 18]

Commonly prescribe ACE inhibitors because theytdoften cause side effects. The most common
side effect is a dry cough. Possible, although,raide effects include increased blood-potassium
level (hyperkalemia), rash, dizziness, lighthea@sdn changes in taste and reduced appetite over
long intervals. In rare cases but more commonlglatks and in smokers ACE inhibitors can cause
some areas of your tissues to swell (angioederh@)o¢curs in the throat, that swelling can beif
threatening.

Table; Drug Intereactions for ACE inhibitors-

Drug ACE Probable mechanism Result of interaction

inhibitors
Allopurinol Captopril | Unknown Increased risk ofgertention
Antacids All - Decreased bioavailability of ace

inhibitors  (more likely with
captopril & fosinopril)

Amiloride - Increased potassiupEnhanced hypotentive
retention secondary toeffect/hyperkalemia
lowered aldosterone levels
Capsaicin All - Exacerbation of cough
COX 2 selective - Interference withh Decreased antihypertentive and
inhibitors production of vasodilator natriuretic effects.
and natriuretig
prostaglandins
Digoxin All Deterioration of renal Either increased or decreas
function plasm digoxin levels
General anaesthetics - - Marked hypotention mayurocc
during general anaesthesia |in
patients receiving ACE inhibitors.
Loop diuretics All Vasodilation and relativePotential excessive reduction |in
intravascular volume B.P. ;the effects of loop diureti¢s
depletion may be reduced
Iron salts Captopril | - Reduction of captopril level

unless administration is separated
by at least 2 hours

Potassium preparatigrAll Lowered aldosterongElevated serum potassium levels
or Potassium-sparing levels
diuretics
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Lithium All - Increased serum lithium levels
NSAIDs All Inhibition of prostaglandin Decreased hypotensive effects
synthesis
Phenothiazides All Diminished response | lacreased pharmacological
pressor amines effects ace inhibitors
Probenecid Captopril| - Decreased clearance & iseta
blood levels of captopril
Rifampin Enalapril | - Decreased pharmacological
effects of enalapril
Tetracycline Quinapril | - Decreased absorption w
tetracycline(may result from high
magnesium content of quinap
tablets

Detailed accounts of various synthetic ACE Inhitstare study below.

Captopril

Captopril was the first inhibitor for clinical ttiaAccording to the mechanism proposed by Ondetti
and colleagues, captopril interacts with the enzyeugh several bonds, i.e. electrostatic,
hydrogenic and lipophilic connections (Fig 1). Angotiese, a co ordinance bond formed between
the free thiol group of captopril and zinc ion hetactive site of ACE.

S1 S'1 sS'2
g 7N ) 4
: h‘ne
H,C——C C—N \
/ H /7 '
-3 % ;
/ / COO™ 1
/ 'T' ,
zn™"
: A

g
Binding Interactions of captopril with the active side of ACE

Synthesis of Captopril
CHa CH
CH HCI socl, 3
)\3 — C'\C/J\COOH — CI\C/)\/BG HN——=cooH
H,C~ ~coon annydrous H H (L)-Proline
CHy
O NH,SH CHs
HS. 0
C)\LN - CI\C/)\//_N
Ha CH3OH H
HOOC
Captopril HOOC
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Captopril, although is an important orally activ€R inhibitor, produces some side effects. The two
most common side effects, skin rashes and tasterlices are attributed to the presence of the
sulfhydryl group. Captopril has been gained the Fipproval in June 1981. The drug went generic
in the U.S. in February 1996 as a result of theandarket exclusivity for Bristol-Myers Squibb.,[8
12,13]

Enalapril

Enalaprilat, the first dicarboxylate-containing A@thibitor, Enalaprilic acid itself is poorly abdmad
orally; it is administered orally as the monoethghlaprilat, which serves as a prodrug. It resesnble
captopril in containing a “proline surrogate,” budiffers in that it is an analogue of tripepticether
than a dipeptide. Enalaprilat was developed pddlpvercome these limitations of captopril. The
sulfhydryl-moiety was replaced by a carboxylate-etyi but additional modifications were required
in its structure-based design to achieve a sirpiteency to captopril. Enalaprilat itself, howewsgs
not without its problems. The consequence of thecgiral modifications was that it proved to have
unfavourable ionisation characteristics to allovifisient potency for oral administration (in talsgt
Thus enalaprilat was only suitable for intraven@administration. This was overcome by the
researchers at Merck by the esterification of gmdét with ethanol to produce enalapril. As a
prodrug, enalapril is metabolis@uvivo to the active form enalaprilat by various estesagmalapril
plus hydrochlorothiazide and captopril tablets ardicated for the treatment of hypertension.
Enalapril tablets are indicated for the treatmédritypertension and symptomatic heart failure. 3, 1
20, 62] Angiotensin-converting enzyme (ACE) inhibitors eamll, is prodrugs that is converted to
the active metabolites, enalaprilat. Enalaprilah&nly excreted in urine. 13-fold increase in plas
enalaprilat in patients with renal insufficienc21| 62]

Synthesis of Enalapril

o
@)
(0]
[e) N
H3C Sod. cyanoborohydrate N o
COOC,Hg H,N

1 'COOH

L-alanyl-L-proline

Enalapril
2-0x0-4-phenylbutyrate

Lisinopril

Lisinopril (lye-SIN-o-pril) is simply the lysinerealog of enalapril. Unlike enalapril, lisinoprikglf is
active with a long duration of action. Historicalliisinopril was the third ACE inhibitor, after
captopril and enalapril, and was introduced ingrapy in the early 1990s. Lisinopril has a number o
properties that distinguish it from other ACE initalps: it is hydrophilic, has long half-life ands$sue
penetration and is not metabolized by the livesirapril is the only ACE inhibitor that exhibits a
linear dose-response curve. [12, 13, 14, 63, 64]
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Synthesis of Lisinopril

FHs
NHCOOC—CH;
o) ((|:H) CHs NHCOOCH;

e C,Hs00C O (CHy),
Q\l NH, + O)\/@ Reductive MH COOH
/ ~COOH Q
H

Alkylation COOH
1. Deblocking

2. Resolution

NH2
0o (CH2)4

Q COOH

COOH

Lisinopril

Perindopril

Another long acting ACE inhibitor with a slow ong#taction: less chance of first dose hypotension.
Through 66-95% of orally administered perindopsilabsorbed, only about 20% is converted to the
active metabolite perindoprilat. Extensive metadnolito other inactive products occurs. Studies have
shown that perindopril  tends to restore the reduelastic properties of arteries & heart in
hypertension. Perindopril significantly inhibits ntor growth and angiogenesis along with
suppression of the VEGF level. Because perindapriwvidely used in clinical practice, it may
represent an effective new strategy for anticarjté.
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Synthesis ofPerindopril

COOH

PN
H2N---< N H,C OH SOCl,
CH;
L-norvaline
1. NaOH
2. CH;COOH

0)

HCI / C,H5OH, Sn

N o)
)4

2

o\

CHj

ethyl indole-2-carboxylate
1. CH30H, H,, Rh-C,
30bar, 60°C
N
H
©i)"'COOH
{n)

2. Recrystallization
from dioxone

N
H N N(C,Hs)3 » CH3;COOC,H, ©INN , DCC, (Il)

H
"'COOH
H

O/ —CHs
o
HoN: v +  HCI

U

\\CH3O /_CH3
O

NIII
H

(I

o— (1)

CH;

H N Hop » Tos—OH

1. NaOH

2. Resolution with
(+)-a-methylbenzylamine in C,H5OH

3. HCl

toluene (V)
benzyl alcolol

OH
/

v)

@ Tos—OH

H
"'COOH
H

O

?
Tos:—§@CH3

1-hydroxy-benzotriazole
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o S 7o 1.H,, Pd —C
% Q CHs
CH
H HN— \—CH3 2.H2N+CH3 o 3 %O\/CH
N O %, CH H N—" : ¢
Cﬁ)nu{ ’_\ 3 N H /,’—\ ‘ H2N CH3
H © CHs mCOOH  CH, CHg
H
Perindopril erbumine

Ramipril

Ramipril is a prodrug and is converted to the &ctivetabolite ramiprilat by liver esterase enzymes.
Ramipril, unlike enalapril, possesses high lipapharoperty. This property promotes penetration of
ramipril in various tissues, thereby affecting ght@r degree of tissue ACE inhibitor (long acting).
shows some anti-inflammatory activity due to inhidn of PGI2 biosynthesis in vascular tissue
inhibits adrenergic action in CNS & heart & inh#iénkephalinase. ACE inhibitor ramipril reduces
the rates of death, myocardial infarction, strokeyascularization, cardiac arrest, heart failure,
complications related to diabetes and new casdgbetes in a broad spectrum of high-risk patients.
[5, 22]

Synthesis of Ramipril

Addition
o OC,Hs PN 7<coocHzceH5

H,N~ “COOCH,CgHs HN
H CH3

Diastereoisomer seperation by fractional
crystallisation

H2

H
\._,COOC;Hs
" 7/c:oocszceHg,
W
CHs
(A)
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COOCH,

N\ Enamine O
H NHCOCH; + N >
CH,ClI Alkylation COOCH;
NHCOOCHj3
H2/Pt
H_ _H - —
HN HN
H COOH H COOH

(B)

H
H- -H
HN7/COOCH206H5 + i ——»  Ramipril

\ COOH
' Ch, H

A ®)

Trandolapril

Trandolapril is a prodrug that is deesterified t@ntlolaprilat. It is believed to exert its
antihypertensive effect through the renin-angiateasdosterone system. Trandolapril has a hadf lif
of about 6 hours, and trandolaprilat has a hadf &f about 10. Trandolaprilat has about 8 times the
activity of its parent drug. Approximately 1/3 ®fandolapril and its metabolites are excreted & th
urine, and about 2/3 of Trandolapril and its melitéd® are excreted in the feces. Serum protein
binding of trandolapril is about 80%.Trandolapsilteratogenic and can cause birth defects and even
death of the developing fetus. The highest riskhofetus is during the second and third trimester.
Trandolapril require dosage reductions in patiemith renal impairment. Dosage reductions of
temocapril ARE recommended for elderly patieritsandolapril was approved by the FDA in 1996.
[14,23]

Benazepril

Another nonsulfhydryl prodrug ACE inhibitor is uséfin patients with mild to moderate
hypertension. It is a prodrug biotrasformed towectliacid metabolite benazeprilat. It is benefiéal
patients with congestive heart failure & also dasesl systemic & pulmonary resistance. They are
useful in geriatric patients. [24]
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Synthesis of Benazepril

XyI|ne
N
N
H O H

Benzolazepine-2-one

DMSO,SOOC
NaN3
BrCH,-COOC;,H5
N N
! (@]
H,C C,H;00C- HZC H O
|
COOC,Hsg
Resolution
Tartaric acid
(I? 0]
I
m _NaOH__ CeHsH,CH,C~C—C—0C,Hs
sod.cyanoborohydride
C,Hs00C- HZC HZC
(-) isomer COONa*
H (CH,),CgH
(CHz)zceHs NaOH / \< 222805 bl
\<COOH HC ——— COOC,Hs
CH3;OH N
e ©
HZC 25
COOH COOH

Benazeprilat Benazepril (Prodrug)

Quinapril

Quinapril is a non-sulfhydryl ACE inhibitor. It ihe tetrahydroisoquinoline analogue of endopril &
the newest ACE inhibitor of carboxylic acid clalisis prodrug & converts to the active metabolite
quinaprilat. Excessive hypotension is the most commeaction & dry hackying cough is another
adverse effect. It is intermediate acting ACEI wéthhalf-life shorter than of enalapril. Quinapril

inhibits the contractile and pressor effects ofiar@msin | and lowers blood pressure in both high-
and normal-renin animal and diuretic-treated animabdels of hypertension Quinapril treatment in
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elderly patients was efficacious and well toleratadd quinapril appears to be an effective
antihypertensive drug devoid of untoward effects roatabolic risk factors for cardiovascular

disease, treatment in elderly patients was effaeeciand well tolerated, and quinapril appears ¢o b
an effective antihypertensive drug devoid of untavaffects on metabolic risk factors for

cardiovascular disease Quinapril also producesréble hemodynamic changes, and improves
ventricular and endothelial function in patientdhwarious cardiovascular disorders; these effects
are mediated through the binding of quinapril ddhttissue and plasma ACE.[12, 25]

Synthesis of Quinapril
H

H
(:O/COOC(CHg)g ch\}g H COOC,H;s : COOC(CH3)3

Hs _.COOC;Hs
3-t-Butylcarboxylate-
1,2,3,4-tetrahydroquinoline

dil. HCI
deblocking

H
- COOH

\lug)\/cg

Quinapril

Cilazapril

Cilazapril is a new pyridazine ACEI useful in theamagement of mild to moderate hypertension,
orally administered cilazapril is a prodrug whishde-esterified to its active diacid metabolite
cilazaprilat by the action of tissue esterases. gayed with enalapril & captopril, cilizapril is mer
potent & longer lasting. In cases of over dosageam be removed from circulation by dialysis. [26,
27, 28]
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Synthesis of Cilazapril

H,N,, COCH Q
o PhthN+,, ~COOH PhthN-,, cl
Toluene, A PClg
+ O — —_—
0" O
o~ O o~ O
O S O
(S)-4-((benzyloxy)carbonyl)-2-  Phthalic anhydride
aminobutanoic acid 0
0._0
“tBu o) O
O tBu
0 + HN NaHCO; PhthN,,
N — N
z N
VA
0]
Y o
z= O
(1
H, Pd-C
o OO~ ori, 9 By
2. Recrystallization from O tBu PCls, :
EtOAc/ Et,0 PhthN-,, N N-ethylmorpholine ’}l
(D) ' l{l ' N
z 0
0~ "OH (1
0._0
NN
BH, .THF phthn,, P ¢ tBU
(”l) > “ = NHZ'NHZ |V
N Y
N
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1-NaBH,

@) O
X 2-Recrystallization

HoN. O™ ""tBu
N . , 3CFsCOOHor H O OH
N HBr/ CHiCOOH_ N :
O
S |
0
HsC™ ~O0” "0 HyC ] N

Cilazapril

(V)

Zabicipril

Zabicipril is a well tolerated, powerful and long acting intob of ACE, Zabicipril is a prodrug,
devoid of action per se, which is transformed byeri esterases into its active diacid form
Zapiciprilate.[2]

Zofenopril

Zofenopril is a prodrug that, once absorbed, urmEsgrapid and complete hydrolysis to the
sulfhydryl-containing active metabolite zofenoptildhe ACE-inhibitory effects of zofenopril, via
zofenoprilat, were foundh vitro andin vivoto be 3 to 10 times higher on a molar basis than df
captopril. The most relevant property of zofenogiits high lipophilicity (octanol-water distribon
coefficients: zofenopril 3.5, zofenoprilat 0.22),hieh permits extensive and prolonged tissue
penetration, and binding to tissue ACE. Zofenopéas been extensively tested in preclinical models
of ischaemic heart disease (IHY).vitro cardioprotective effects of zofenopril occur viadnlation

of ATP-sensitive potassium channels*{K), through a mechanism which differs from that of
cromakalim (a classical ‘K" activator). Zofenopril, like captopril, showed dreadical scavenging
activity in a model of myocardial reperfusion injurZofenopril (also known as Zofenoprilum
[Latin]) is an angiotensin converting enzyme (ACIighibitor with cardioprotective properties
indicated for the treatment of hypertension.[28]fl8/dryl angiotensin-converting enzyme (ACE)
inhibitors inhibit oxidative stress and atherogésesith the sulphydrylic ACEI (ACE inhibitor)
zofenopril (ZOFE), which, similar to captopril, gesses radical-scavenging capabilities.[30] In
small studies, zofenopril appeared significantlyren@ffective than the older antihypertensives
atenolol and enalapril, and was associated with d&tverse effects. The sulfhydryl ACE inhibitor
zofenopril reduces oxidative stress and improves WO pathway in patients with essential
hypertension. [31]

Spirapril

Spirapril is a monoethyl ester prodrug which isidgphydrolysed to the active diacid, spiraprilat,
after systemic administration. Spiraprilat is acfi@inhibitor of ACE at least as potent as enalap

in vitro andin vivo. Spirapril hydrochloride (Renormax®) is an ACEilmitor antihypertensive drug
used to treat hypertension. Like many ACE inhilsfahis is a prodrug which is converted to the
active metabolite spiraprilat following oral adnstration. Unlike other members of the group, it is
eliminated both by renal and hepatic routes whi@y rallow for greater use in patients with renal
impairment. However data on its effect upon tharémction is conflicting. [13, 22]
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Synthesis of Spirapril
o) o S S
N )k Tosic acid Y
CeHs O N SH-CHp-CHp-SH ——————— 3
* ze N—(—COOCH;
H COOCH; Q&g H
1-Carbobenzyloxy-4-oxoproline CeHsJ
methyl ester
20% HBr

s .S 0 1 S
et deblocking CHj )k Y
- . CeH; -——
d HOOC-(IZ—II\I—O C HN COOCH,
N H

o} ; H>
XTH COOCH; H OH
CH
H,N 3
27 H

C,H:00C
\C:O
CeHs-(H2C)

Reductive amination

CHOOC, Gy S S cmooc oy S
C6H5/\>\NNNQ ’ CeHs/V\N/NNg
H H
H COOCH; H COOH
Spirapril
Fosinopril

Fosinopril sodium an ester prodrug of fosinopril&in the first of a new generation of phosphinic
acid ACEls Indicated for the once-daily treatmehhypertension. Unlike captopril & lisinopril, isi
reportedly effective It increases the left ventldcupeak filling rates and peak ejection rate in
hypertensive patients at rest. Another advantagleaisfosinopril is metabolized equally by renal &
hepatic routs, thereby avoiding the requirememhodlify dosage in patients with renal insufficiency.
The advantages of this drug over captopril areilastdrto its presence of bioisosteric anion PP
instead of the sulfhydryl (SH) group which is respible for several adverse effect of captopril.[12,
13, 61]
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Synthesis of Fosinopril
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A575C

A575 C a compound which has both ACE inhibitor &eda-blocking activities, A compound that
express both of these activities would has an ingmotherapeutic profile, considering that beta-
blocker effect causes decrease in heart rate anglactility. A575C 10 was found to exhibit both
effects and hence it is potentially a novel typamtihypertensive agent. [9]

RXP 40 7

A phosphinic peptide Ac-Asp;Phey(PO,-CHy))Ala-Ala-NH,, called RXP 407, the phosphinic
peptide RXP 407 has recently been identified asitbtepotent selective inhibitor of the N-activiées
(domain) of angiotensin-converting enzyme (ACE alble to significantly increase plasma AcSDKP
levels with no effect on Ang | metabolism. withcieasing doses of RXP 407 (0.1-30 mg/kg/30
min), plasma concentrations of AcSDKP, a physimalgsubstrate of the N-domain, increased
significantly and dose dependently toward a plateém 6 times basal levels. RXP 407 significantly
and dose dependently inhibited vivoplasma ACE N-domain activity, whereas it had nahitbry
activity toward the ACE C-domain. RXP 407 (10 mg) klid not inhibit the pressor response to an
I.v. angiotensin | bolus injection in mice. In caast, lisinopril infusion (5 and 10 mg/kg/30 min)
affected the metabolism of both AcSDKP and anggiteh Thus, RXP 407 is the first ACE inhibitor
that might be used to control selectively AcSDKPtabelism with no effect on blood pressure
regulation. [32, 33]

RXPA 380
RXPA380 was the first inhibitor that was highlyesstive of the C-domain of ACE; it has the formula
Phe-Phe- Pro-Trp.

Delapril-

Delapril, a nonsulfhydryl angiotensin converting zgme (ACE) inhibitor, which has an
indanylglycine moiety differing from the prolineamety of captopril or enalapril, is an esterified
prodrug that is converteid vivo to its active metabolites(5-hydroxy derivativeldao an inactive
product(Diketo-piperazine-COOHNn-vitro both Delapril diacid and 5-hydroxy delapril artween

4 and 14 times more potent than captopril in irthigi lung ACE and angiotensin I-induced
vasoconstriction in rat aorta and kidney. [28] [pelahas several characteristics that differ from
captopril and enalapril, including high lipophibigiand weak bradykinin potentiating action. Delapr
is a more potent inhibitor of vascular wall ACEiaity than enalapril or captopril. [34]

Delapril is a nonsulphydryl, nonprolinic, lipoplliACE inhibitor, with high affinity for the C-
terminal site of ACE. Delapril (also known as Alagtil or Delaprilum [Latin]) is an ACE inhibitor,
in hypertensive patients with type Il diabetes medl the combinations delapril- manidipine and
irbesartan- hydrochlorothiazide are equally effextin reducing BP levels and significantly more
effective. [35]

Utibapril

Utibapril is an angiotensin-converting enzyme (AGRBhibitor with a proposed tissue-specific

inhibitory profil. Utibapril is a novel thiadiazele that is currently under investigation as an
antihypertensive agent. The major degradation mripdudiacid FPL 63674XX, is biologically active.

At a certain dose, utibapril should be able to ithiissue ACE activity without affecting plasma

ACE. Moreover, if tissue ACE activity is rate linmg, functional conversion of angiotensin | should
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be decreased. Accordingly the dose- dependenttefféang- term treatment occurs with utibapril on
plasma and tissue ACE. [36, 37]

Imidapril

Imidapril hydrochloride (imidapril) is a long-actin non-sulfhydryl angiotensin-converting enzyme
(ACE) inhibitor, whose active diacid metabolite daprilat is responsible for the major
pharmacodynamic effects of the drugs after oraliatnation. It has been used clinically in the
treatment of hypertension, chronic congestive Hadtre (CHF), acute myocardial infarction (AMI),
and diabetic nephropathy. It has the uniqgue adgentaer other ACE inhibitors in causing a lower
incidence of dry cough. After oral administratiomidapril is rapidly converted in the liver to its
active metabolite imidaprilat and about twice atepbas captopril. The plasma levels of imidaprilat
gradually increase in proportion to the dose, aedlide slowly. Imidapril is a versatile ACE
inhibitor. It is also sometimes known as: Tanaf88, 39, 40]

Synthesis of Imidopril
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Imidapril require dosage reductions in patientshwrenal impairment. The area under the
concentration-time curve of imidapril and the pgdlisma concentration of the active metabolite
imidaprilat are decreased when imidapril is givegether with digoxin. [14] Treatment with
imidapril, a well-known long-acting ACE inhibitocaused a significant improvement of the r educed
ATP responses in both failing hearts and failinglmamyocytes. [38, 39, 41]

Ceranapril

Ceranapril (SQ 29,852) is a new inhibitor of angitin | converting enzyme (ACE) belonging to the
hydroxylphosphonate class. The duration of cerafgmhibition of an Al pressor response was
longer than an equimolar dose of captopril. Cerabgyplood pressure lowering effect had a longer
duration than that of captopril. [42, 43]

Moexipril

Moexipril is in a group of drugs called ACE inhitwis. Moexipril is used to treat high blood pressure
(hypertension). Moexipril could cause birth defeictshe baby if you take the medication during
pregnancy. Use an effective form of birth contfoid drinking alcohol. It can further lower your
blood pressure and may increase some of the dieletebf moexipril. Do not give this medication to
a child younger than 6 years old. Moexipril regsirdosage reductions in patients with renal
impairment. Dosage reductions of moexipril are receended for elderly patients, and dosages of
moexipril should be lower in patients who are hiadlly impaired. Moexipril should be taken 1 hour
before meals. [14, 44]

Synthesis of Moexipril
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Moexipril
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Temocapril

Temocapril is prodrug that is converted to thevactmetabolites, temocaprilat. Temocapril (also
known as Temocaprilum [Latin]; brand name Acecd) an ACE inhibitor. Temocaprilat is
eliminated by renal and biliary routes. 2- Foldrease in plasma temocaprilat in patients with renal
insufficiency. Because renal function is physiatadly decreased with age, it is hypothesized that,
compared with temocaprilat, accumulation of endl@pduring repeated dosing is greater and blood
pressure lowering effect is enhanced in elderlypéentensive patients.[21] Temocapril, which has the
2-thienyl group at the 2-position, showed a potentd long-lasting inhibitory activity.
Conformational study revealed that the 2-thienybugr of temocapril enhances the activity by
restriction of the perhydrothiazepine conformatsuitable for binding to ACE and by hydrophobic
binding to subsite S2' of ACE. [45]

Synthesis of Temocapril
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Idrapril

Idrapril is the prototype of a novel class of AGthibitors with a non-peptidomimetic structure and a
hydroxamic group with zinc-binding function. Theechical structure of idrapril is ((+)-(1 S,2R)-2
([ N-(2- hydroxyamino-2 oxoethyl)N-methylamino]caryl)cyclohexane-I-carboxylic acid. Idrapril
is a hydroxamic derivative of a chiral synthesisdghon cis- 1,2-cyclohexanedicarboxylic acid. The
most active enantiomers in this series have e#ine or R configuration at the C-1 position but
always an R configuration at C-2 Unlike idraprih & configuration is essential for the activity of
classical ACE inhibitors. Idrapril is a colourlgzswder with a bitter taste. The drug has good water
but limited lipid solubility.[36] Idrapril is apppamately as potent as captopril but with longer
duration of action. [46]

Pentopril-

Pentopril is the prodrug ester of an active ACHibitor, CGS 13934, being developed for the
treatment of hypertension & congestive heart failuPentopril, enalapril, & other similar ACE
inhibitor, is hydrolysedn-vivo, to the active diacid metabolite CGS 13934. Peiltagas found to be
absorbed rapidly fallowing zero order kinetics. Ab20% of the administered dose was reported to
be excreted as unchanged drug while 40% was exaretbe urine as the active metabolite. [47]
Pentopril (CGS 13945) is a member of a seriesgbiitarylindoline-2(S) carboxylic acid derivatives.
Chemically, it is 1-[4-(ethoxycarbonyl)-2-methyl-2Rl Rpentanoyl] 2, 3-dihydro-2S-indole-2-
carboxyliac acid, and it has the molecular form@jgH23NOs. It is a no hygroscopic, very slightly
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pink fine powder with a molecular weight of 333.38.rats, pentopril was approximately 50% as
potent as its dicarboxylic acid analog (CGS 1398 respect to inhibition of Al responses. CGS
13934 is somewhat more potent than pentopril suggtsat pentoprii may be endogenously
hydrolyzed to the free-acid form for optimal ACHihition.[48, 49]

Pivalopril-

Pivalopril is a potent, orally effective ACE inhibr and antihypertensive agent [50]. Pivalopril @H
3659-(S); (S)-N -cyclopentyl-N-(2-methyl-3-pivaldylopropionyl) glycine) is a new compound with
a hindered sulfur group that has been comparedgtopril for oral angiotensin-converting enzyme
(ACE) inhibition and antihypertensive activity. Blapril produced a dose-related antagonism of
angiotensin | (Angl)-induced pressor effects. Tlwtepcy and duration were similar to those of
captopril. [51]

Keto-ACE-

5-S-5-Benzamido-4-o0xo-6-phenylhexanoyl-l-prolineet(ACE) the first of such compounds was
shown to be good inhibitor of ACE with modest domatlectivity [52]. Keto ACE is C-domain
selective ACE inhibitor. [53]

Rentiapril-
(2R, 4R)-2-(0-Hydroxyphenyl)-3-(3-mercaptopropiorgtthiazolidinecarboxylic acid (rentiapril, SA
446), an orally active Inhibitor of angiotensin gerting enzyme. [54]

Teprotide-

A parenteral ACE inhibitor is used in reducing B 4 months in a woman who developed severe
high renin hypertension after renal transplantatidrsynthetic nonapeptide (Pyr-Trp-Pro-Arg-Pro-
GIn-lle-Pro-Pro) is identical to the peptide of sreake venom. Bothrops jararaca. It inhibits kisaa

Il and angiotensin | and has been proposed astdrypertensive agent. [11,55]

Alacepril -

Alacepril is a novel orally active ACE inhibitor \iag a potent and prolonged antihypertensive
activity [56]. Alacepril is a long-acting, sulfhygrcontaining angiotensin-converting enzyme
inhibitor. Disposition and metabolism of orally givalacepril are responsible for the prolonged ACE
inhibition and, concomitantly, for exerting the {ptasting antihypertensive effect. Alacepril (1S
3-acetylthio-2-methylpropanoyl]-L-prolyl-L-phenyktine, DU-1219) showed a dose related and
long lasting antihypertensive effect in renal hyeesive .treatment with alacepril improves
functional status and exercise capacity in patieritis mild-to-moderate CHF. Neurohormones were
favorably influenced by alacepril therapy, withrsfgcant decreases in plasma aldosterone, ANP and
BNP levels. The maximum hypotensive potency of epait after single oral administration was
slightly weaker than that of captopril. [57, 58]

When orally administered, alacepril is easily metated to DU-1227 (desacetyl-alacepril) & further
more to captopril with strong ACE inhibitor actiyiin intestine, liver and kidney. Alacepril is thus
prodrug with a very high degree of conversion tptepril, which has been claimed to be about 3
times more potent than captopril and with a graduwedet and long lasting antihypertensive effect
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when administered orally to hypertensive animaltse antihypertensive effect by alacepril has been
suggested to be mainly due to ACE inhibitor acyiat the formed captopril. [28, 52]
Synthesis of Alacepril
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9 HZN\)J\O)(CH3  HCl

<_>‘COOH - § O)< CHg
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CF3COOH

0
H\E)LOH
H3C)CJ)\S/\./<E(?§) \©

CHs

Alacepril

MC-838 (Altiopril calcium, Moveltipril)-

Moveltipril contains a captopril moiety in its cheral structure. However, it is unclear whetheraas
prodrugs, it is converted into active metabolitestaining the sulfhydryl group or is converted in
vivo to captopril.[28] MC-838, calcium (-)-N-[(S)-@N-cyclohexylcarbonyl-D-alanyl) thio]-2-
methylpropionyl]-L-prolinate, is a new orally aatiangiotensin converting enzyme (ACE) inhibitor
in which the mercapto-group is taken up in a stabielester linkage. The linkage was relatively
resistant against enzymatic hydrolysis by liver bgenates. MC-838 was highly specific in
suppressing the contractile response to angiotdn@wnl) an in augmenting the contractile one to
bradykinin. However, the ACE inhibitory activity &C-838 was 30-100 times less potent than that
of captopril. MC-838 given orally caused a longilag hypotensive effect with a slow onset. The
antihypertensive effect of MC-838 was comparablth&t of captopril in magnitude, but the duration
of action of MC-838 was approximately 2 times lontjean that of captopril.[59, 60]
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Table 1. Pharmokinetic Parameters of ACE Inhibitors

Drugs Chemical Activity A. M. O.B. E.F.A. O.A. D.A. Calculated T.P.A. Elimination t | M.R.E.
nature status Log P §43
Captopril Sulfhydril Active NA 60-75 R. 0.25-0.50| -1 0.272 1 2 R.
Enalapril Carboxyl Prodrug Enalaprilat 60 N. 1 24 A25 4-6 11 R./F.
Lisinopril Carboxyl Active NA 25-30 N. 1 24 1.188 -& 12 R.
Perindopril Carboxyl Prodrug Perindoprilat 65-95 R. 1 24 3.363 6 25-30 R.
Quinapril Carboxyl Prodrug Quinaprilat 60 R. 1 24 .38 - R.
Ramipril Carboxyl Prodrug Ramiprilat 50-60 S. A 21- 24 3.409 3-6 8-48 R., F.
Trandolapril Carboxyl Prodrug Trandolaprilat 70 S. A 0.5-1.0 24 3.973 - - F.(P.)
R.(S.)
Spirapril Carboxyl Prodrug Spiraprilat 50 - 1 24 16 - - R.(50%)
H.(50%)
Moexipril Carboxyl Prodrug Moexiprilat 13 R. 1 24 .055 - - F. (P.)
R.(S.)
Benazepril Carboxyl Prodrug Benazeprilat 30 S. A 1 24 5.504 - - R.(P.)
B.(S.)
Fosinopril Phosphate Prodrug Fosinoprilat 36 S A |1l 24 6.092 - - H.(50%)
R.(50%)
Zofenopril Sulfhydril Prodrug | Zofenoprilat 78 - - - - 2 5.5 H.(35%),
R.(65%)
Imidapril Carboxyl Prodrug Imidaprilat 70 R. 2 - - - - -
Alacepril Sulfhydril Prodrug Captopril 70 - - - - - - -
Cilazapril Carboxyl Prodrug | Diacid 52 - - - - - - -
SQ 29852 Phophoryl Active SQ 29852 - - - - - - - -
Moveltipril Sulfhydryl Prodrug Captpril - - - - - - - -
Pentopril Carboxyl Prodrug | CGS 13934 66 - - - - - - -
MDL 100173 Prodrug | MDL100240 85 -

0.B.=Oral bloavallablllty,E F.A.=Effects of food on absorptlorOA Onset of action (hours):)A Duratlon of action (hours)
T.P.A=Time To Peak Action (hours), Elimination t % (ng), M.R.E.=Major Route(s) of EliminationR.= Renal,F.=Fecal,H.=
absorption,

Hepatic,

B.=Biliary,

P=

Primary,

S=Secondary,

S.A=Slow
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Table 2 Dosing Information for Orally Available ACE Inhibitors-

Generic Trade M.D.D. | D.R. D.R.R.D. | AT.S. Approved
Name Name Indications
Captopri Capotel | 45C 25-150mg Yes 12.5,25,5C Hypertention  Heal
b.i.d. or t.i.d. 100 failure, Left
ventricular
dysfunction (post-Ml),
Diadetic nephropathy
Enalapri Vasote: | 40 2.5-40mg q.d| Yes 255102 Hypertentior
or b.i.d. Heart failure,
Left ventricular
dysfunction
(Asymptomatic)
Perindopri | Aceor 16 4-8mg g.d. ol| Yes 2,4,8 Hypertentiol
b.i.d.
Quinapri Accupril | 80 10-80mg qg.d| Yes 5,10,20,4 Hypertention, Heal
or b.i.d failure,
Ramipril Altace 20 2.5-20mg qg.c| Yes 1.25,2.5,1 Hypertentior
or b.i.d. Heart failure,
Reduce risk of MI,
stroke & death from
cardiovascular causes$
Trandolapri | Mavik 8 1-4mg q.d Yes 1,24 Hypertention, Heal
failure,
Left ventricular
dysfunction(Post-MI)
Lisinopril Prinivil 40 1C-40mg g.c Yes 2.5,10 Hypertention, Heal
failure, Improve
survival post-Mi
Moexipril Univasc | 30 7.5-30mg qg.c| Yes 7.5,1¢ Hypertentiol
or b.i.d.
Benazepr Lotensir | 80 1C0-40mg q.d| Yes 5,10,20,4 Hypertentiol
or b.i.d.
Fosinopri Monopril | 80 10-40mg g.c No 10,20,4 Hypertentior
Heart failure
Imidapril Tanatri 5-10m¢ | 5mg, 10mg - 5and 1 Angioneurotic
20mg or oedema,
40mg in the 4 Hereditary/ldiopathic
week angioedema,

Pregnancy, Lactation,
Renovascular
hypertension, Renal
Failure

M.D.D.=Maximum Daily Dose(mg)D.R.=Dosing Range (Treatment of HypertentioB)R.R.D=
Dose Reduction with Renal DysfunctioA, T.S.=Available Teblet Strengths (mg) arie)= Not

Available
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SQ 29852

The other phosphoryl containing ACE inhibitor whishexpected to undergo clinical development is
SQ 29852; this drug differs from fosinopril in thiatis very well absorbed orally, with a 66%
bioavailability in humans and practically negligghbiotransformation. This compound thus seems to
be the only newly developed ACE inhibitor whichnist a prodrugln vitro SQ 29852 is a potent
inhibitor of isolated rabbit lung ACE and after bedministration in rats. It was slightly more
effective than captopril, with a much longer lagteffect.[28]

Current aspect and future trends

The ACE inhibitors now constitute one of the masportant classes of cardiovascular drugs. The
developments of specific agents that interfere Wi renin-angiotensin system have defined the
contribution of this system to blood pressure ratioh and to the pathogenesis of hypertension,
congestive heart failure, and chronic renal failukemajor breakthrough in the treatment of blood
pressure was the design of the captopril, whichspasvned an entire industry. To achieve good oral
bioavailability, most of the inhibitors (except ¢april and lisinopril) are synthesized as esteldpug

but it also opened the door to the design of netvraare targeted ACE inhibitorélthough several
synthetic ACE inhibitors are now widely availabte Lise as antihypertensideugs, they have been
known to cause some undesirable side effects suiposturahypotension, cough, renal failure and
angiooedema. Currently, many studies are being tlorse=arch for more suitable antihypertensive
agents, including ACE inhibitors Findings from thestudies may open up the possibilities of more
alternatives with ACE inhibitory effects with betdrug profiles and less adverse side effects.[1]

Structure of ACE inhibitor drugs-
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