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The rational design of ultra-short-acting (USA) agents 

for use in critical care has been described for 8-blockers,2 
antiarrythmi~s,~ and  analgesic^.^ Their short duration of 
action is based on the inactive metabolite approachs 
whereby the active species is enzymatically degraded in 
vivo to less or inactive products. The advantages of these 
drugs over their longer actingcounterparts is that the short 
biological half-life-normally 10-15 min-provides, on 
intravenous infusion, a rapid achievement of a steady- 
state plasma concentration and ready adjustment of the 
desired therapeutic effect. On cessation of infusion the 
action of the drug rapidly dissipates. This profile is of 
particular importance in critical care as it should allow 
ready titration and alteration of dose to balance changes 
in the state of the patient. An example of this concept is 
the ultra-short-acting 8-blocker esmolol which is marketed 
for use as a continuous intravenous infusion.6 

Sodium nitroprusside and glycerol trinitrate are com- 
monly used vasodilators in the treatment of acute hy- 
pertension7 and acute heart failure.8 The use of these 
agents, however, is limited by tolerance? stimulation of 
adverse neuroendocrine reflexes,1° risk of hypotension? 
and, in the case of sodium nitroprusside, thiocyanate 
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toxic it^.^ Angiotensin converting enzyme (ACE) inhib- 
itors, the best known examples of which are captopril and 
enalapril, are widely accepted vasodilators in chronic heart 
failure," although their use in acute conditions has been 
restricted due to their prolonged duration of effect.'* We 
therefore initiated a program to discover an ultra-ehort- 
acting ACE inhibitor (USACEI) whose very short duration 
of action should allow it to be suitable for critical care use. 
A further advantage for USACEI use is that once the 
desired therapeutic effect is obaerved and the patient hae 
stabilized, then continued ACE inhibition can be provided 
via oral therapy using more conventional inhibitors. 
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Three factors were considered particularly important 
in deciding on the required profile for a clinically useful 
USACEI. Firstly, high potency was seen as being vital in 
an agent that would be continuously infused and degraded. 
Captopril, the prototype ACE inhibitor, is active in the 
low nanomolar range in our screens; potency in this range 
(around 6 nM or less) was considered adequate. Secondly, 
the degradation product(s) should have little or no ACE 
inhibitory activity and be able to be rapidly cleared from 
the body. Small hydrophilic products were seen to be 
ideal. Thirdly, blood enzymes should be capable of 
breaking down the compound. This would have two main 
advantages. One is that, as human blood is readily 
available from volunteers, we would be able to screen 
compounds for rate of degradation in blood. By using the 
target species, i.e. man, for this measurement we would be 
able to avoid problems associated with extrapolation from 
laboratory animals to man. This was seen as being 
particularly important as variation of enzyme types, levels, 
structure, and substrate requirements between different 
species is ~ell-kn0wn.l~ A second advantage of blood- 
borne degradation is that there would be no need to rely 
on metabolism or clearance by other organs, e.g., liver or 
kidneys. It is known that in critically ill patients blood 
flow to organs and enzyme activity can be seriously 
impaired.10 A half-life for degradation of 10-15 min in 
human blood was seen to be rapid enough to give ready 
titration of dose. In summary, we required a potent ACE 
inhibitor that was degraded by human blood with a half 
life of 10-15 min to give small, inactive, hydrophilic 
products. 

Captopril (11, being the smallest of the well known potent 
ACE inhibitors, was chosen as the starting point. The 
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Table I. ACE Inhibition and Human Blood Hydrolysis Rata 
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compound ACE inhib, nM blood T1/zra min 

captopril H5JvN? 1 2.1 >60 
0 COOH 

Hs+Jh 2 84.7 >60 

H 3 123.0 53 
4 10.6 23 
5 5.7 14 

0 COOH 

""JK"yR R = 6 2.8 20 
CH2S-cyclopentyl 7 1.8 21 
CHZSCH(CHzCH,), 8 2.0 31 

9 3.2 >60 

10 30% inhib a t  lo4 M 
0 

11 no inhib a t  M 

0 COOH 

3-9 

HS+H 

..q' 
COOH 

a TIp for mercapto acid 10 formation; see text and supplementary data for explanation and full details. 

proline amide bond was chosen as the site of degradation, 
molecular alterations focusing on promoting its hydrolytic 
cleavage. The assay of ACE inhibitory activity was based 
on a published method using purified rabbit lung ACE.14 
This was modified to include the addition of Zn2+ (20 pM) 
to purified enzyme and the use of radiolabeled substrate. 
Hydrolysis rate in human blood was analyzed by HPLC 
of the reaction products after derivatization of the thiols 
with N-pyrenemaleimide.16 These measurements were 
complicated by the fact that both parent compound and 
mercapto acid product were lost from the incubation by 
disulfide formation. However the rate of product loss by 
this route was relatively slow, 2'112 > 40 min, so measure- 
ments were made over the first 15 min and extrapolated 
to give Tlp values for mercapto acid formation. (Full 
details of the procedure is included as supplementary 
material.) 

Tertiary amides and proline amides in particular, i.e. 
that present in captopril(11, are known to be resistant to 
cleavage by peptidases.18 Indeed no captopril hydrolysis 
was observed in human blood (Table I). Replacement of 
proline with phenylalanine (compound 2)" should give a 
compound with an amide bond more susceptible to 
peptidases. Again no evidence for hydrolysis in human 
blood was observed. Depsipeptide bonds, i.e. replacement 
of NH by 0, are known on occasions to lead to increased 
hydrolysis rates.16 We therefore prepared the simplest of 
these compounds based on glycolic acid (compound 3).18 
We were pleased to observe slow hydrolysis of this 
compound in human blood as evidenced by the appearance 
of the mercapto acid 10. 

(14) Cuehman, D. W.; Cheung, H. S. Spectrophotometric h a y  and 
Properties of the Angiotensin Converting Enzyme of Rabbit Lung. 
Biochem. Pharmacol. 1971,20,1637-1648. 
(15) Pereira, C. M.; Tam, Y. K.; Collins-Nakai, R. L.; Ng, P. Simplified 

Determination of Captopril in Plasma by High-Performance Liquid 
Chromatography. J. Chromatogr. 1988,425,208-213. 
(16) Neurath,H.; Schwert, G. W. The Mode of Action of the Crystalline 

Pancreatic Proteolytic Enzymes. Chem. Rev. 1950, 46, 69-153. 
(17) Gordon, E. M.; Cushman, D. W.; Tung, R.; Cheung, H. S.; Wang, 

F. L.; Delaney, N. G. Rat Brain Enkephalinase: Characterisation of the 
Active Site ueing Mercaptopropanoyl Ammo Acid Inhibitors, and 
Comparison with Angiotensin-Converting Enzyme. Life Sci. 1983, 33, 
S U D D ~ .  1. 113-6. r r - -  - I  --- - -  _ _  
(18) Ondetti, M. A. Esters of Mercaptopropanoic Acids. UK Patent 

GB 2,001,963B, February 24,1982. 

Scheme I 0 

, O Y  COOH 
EOOH 

b or c/ 

J 

3-9 
a Reagents: (a) NaOCH3, CH30H then sodium thiolate; (b) (S)- 

AcSCHzCH(CH3)COOH, CDI, THF then add hydroxy acid, 
( C H S C H ~ ~ N ,  THF; (c) (R)-AcSCHZCH(CH~)COC~; (d) NH3, HzO. 

Structural variation of the hydroxy acid portion of this 
compound was undertaken to give increased potency and 
hydrolysis rate. The synthetic route to these compounds 
is shown in Scheme I. The chiral hydroxy acids either 
were commercially available or were prepared by thiolate 
ring opening of the epoxy acid generated in situ from (R)- 
2-bromo-3-hydroxypropanoic acid, which in turn was 
prepared by nitrosation of D-serine in the presence of 
bromide Coupling to (S)-3-(acetylthio)-2-methyl- 
propanoic acid was effected via the imidazolideI8 or acid 
chloride.20 Deprotection using aqueous ammonia18 gave 
the final compounds which were isolated as solid dicy- 
clohexylamine or l-adamantanamine salts. 

Full details of the structure-activity relationships will 
be given in a full paper, but some general points are 
illustrated by compounds 3-9 (Table I). The presence of 
a substituent on the carbon atom a to the carboxy group 
gave both increased potency and altered hydrolysis rate. 
While potency could be further increased with larger 
substituents, hydrolysis rates of these more potent com- 
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Figure 1. Effect of infusion of FPL 66564 on angiotensin I pressor 
responses in the urethane anesthetized rat. 
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pounds (6-9) became unacceptably long. The required 
balance of potency (5.7 nM) and degradation rate (14 min) 
was only observed in the (methy1thio)methyl substituted 

compound 5 (FPL 66564). The hydrolysis products of 
this compound, the mercapto acid 10 and the hydroxy 
acid 11, are both without ACE inhibitory activity and, 
being small hydrophilic molecules, should not present any 
clearance problems. 

As an illustration of the action of this USACE inhibitor 
in vivo, Figure 1 shows the effect on angiotensin I pressor 
responses in the anesthetized rat of initiating and termi- 
nating an intravenous infusion of compound 5. Rapid 
equilibrium is reached followed by a sustained plateau. 
On cessation of the infusion the effect rapidly dissipates 
to base-line levels. Further details of the pharmacody- 
namics and pharmacokinetics in this and other species 
will be published separately. 
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