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Novel Renin Inhibitors: Synthesis of Aminostatine and Comparison with Statine- 
containing Analogues 
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The synthesis of renin inhibitors containing a novel amino-analogue of statine is described and inhibitory potencies 
are compared with those of statine congeners; the crystal structure of the aminostatine derivative (6) is reported. 

S tatine , (3s ,4S)-4-amino-3- h ydroxy-6-me t h yl heptanoic acid , 
Sta, is the crucial structural unit of the potent aspartyl 
proteinase inhibitor, pepstatin A.1 The Sta residue binds to 
these enzymes as a transition state2 or combined-substrate3 
mimic, with the 3s-hydroxy group causing an entropy- 
favoured displacement of a water molecule which, in the 
native enzyme, is bound tightly between the (monoproto- 
nated) carboxy-carboxylate catalytic locus formed by Asp-32 
and Asp-215; epi-Sta (3R-hydroxy) analogues, which presum- 
ably do not displace this water molecule, bind around 103 
times less strongly. The logical step of incorporating Sta into 
substrate analogues has led to several potent inhibitors of 
human renin, an extremely substrate-selective aspartyl 
proteinase whose role in hypertension renders it an attractive 
target for inhibition.4 

In our search for potent renin inhibitors, we reasoned that 
replacement of the 3s-hydroxy group of Sta by the nearly 
isosteric ammonium group might result in improved binding 
through ionic interactions with the carboxy-carboxylate cata- 
lytic pair additional to the favoured water displacement. This 
view was strengthened by recent reports suggesting that, in the 
native crystal of the related enzyme, penicillopepsin, an 
ammonium ion rather than a water molecule is bound at the 
active site.5 We therefore required derivatives of aminostat- 
ine, 3,4-diamino-6-methylheptanoic acid (Asta), suitably 
protected for conventional incorporation into peptide 
sequences resembling the renin substrate. The Wittig reaction 
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of S-Boc-leucinal6 {[a]D22 -49.8" ( c  1, MeOH)} with ethoxy- 
carbon ylme th ylene triphenylp hosphorane gave the E-acrylate 
(1) {8l%, [(Y]D23 -34.5" (c 1, MeOH), m.p. 5 6 - 8  "C} which 
underwent conjugate addition with ammonia (saturated 
ethanolic ammonia, 100 "C, 7 h, 84%) to afford a 1 : 1 mixture 
of diastereoisomeric amines. N-Protection (benzyl chlorofor- 
mate) followed by chromatographic separation (silica, 1 : 1 
ether-hexane fraction) and ester hydrolysis (pH 12.4, EtOH- 
H20) gave the required Boc.Asta(Z).OH derivatives (2) {Rf 
0.43,t m.p. 128-130 "c ,  -46.1" (c 0.5, MeOH)} and 

The stereochemistry of these isomers was determined as 
follows; deprotection of (2) (38% HBr-HOAc) and cyclisa- 
tion with phosgene (KOH, HzO, COCI2-toluene) gave the 
cyclic urea (4) [ 6 % ,  m.p. 86-88 "C (decomp.)]; similarly, 
(3) gave ( 5 )  [44'/0, m.p. 173-174 "C (decomp.)]. 'H N.m.r. 
difference nuclear Overhauser enhancement (n.0.e.)  experi- 
ments showed (4) to be trans- and ( 5 )  to be cis- and thus (2) is 
(3S,4S) and (3) is (3R,4S). These assignments were confirmed 
by single-crystal X-ray analysis of the (R)-a- 
methylbenzylamide7 derivative (6) of (2) as shown in Figure 
I.$ 

The octapeptide substrate and a modified substrates 
sequence were chosen for initial comparison of Asta and Sta 
inhibitors (Table 1).§ Compounds (7) and (8) were prepared 
using standard polyacrylamide-based solid-phase methods, 
whereas (9)-(12) were prepared in solution using the acyl 
azide fragment-coupling procedure. The two fragment pep- 
tides, Boc.Phe.His.NHNH2 and H.Sta/Asta.Leu.ABP, were 
obtained using conventional carbodi-imide and mixed- 
anhydride coupling methods respectively. As we expected, it 
was found that the Asta-based inhibitors have the advantage 
of greater aqueous solubility compared with the analogous 
Sta-based inhibitors. 

These data reveal that, as anticipated, 3S-stereochemistry is 
preferred for both Asta and Sta inhibitors, suggesting similar 
overall binding modes.7 In each case, the (S,S)-Asta analogue 
is of similar potency to its (S,S)-Sta congener whereas, in the 
less potent diastereoisomers, (S,R)-Asta confers much higher 

(3) {Rf 0.38,t map. 203-5 "C, [cY]D~~ -3.6" (C 0.5, MeOH)}. 

Figure 1. The molecular structure of (6). There are two discrete 
orientations (rotated by -40" to each other) for the a-methylbenzyl- 
amide phenyl ring. All three amide groups are intermolecularly 
hydrogen-bonded to their lattice-translated counterparts: N( 1) . . . 
O(1') 2.97 A, H(1) - . . O(1') 2.01 A, N-H - - 0 angle 166"; N(4) . . 
O(4') 2.95 A, H(4) . . - O(4') 2.01 A, N-H . . 0 angle 160"; N(3) . . 
O(3') 2.98 A, H(3) . . O(3') 2.06 A, N-H - . . 0 angle 157". 

Table 1. Inhibition of human renin by aminostatine and statine- 
containing substrate analogues. 

Inhibitor IC50, 1Op6M 
(7) H.His.Pro.Phe.His.(S,S)Asta.Val.Ile.Phe.OH 0.06 
cf. Iva.His.Pro-Phe-His-(S,S)Sta.Leu.Phe.NH2 0.03 (Ref. 9) 
(8) H-His.Pro-Phe.His.(S,R)Asta.Val.Ile.Phe.OH 0.71 
cf. Iva.His.Pro.Phe.His.(S,R)Sta.Leu.Phe.NH, 14.0 (Ref. 9) 
(9) B oc - P he - His - ( S  , S )  A s t a. Leu. AB P 0.36 

(10) Boc-Phe.His.(S,S)Sta.Leu.ABP 0.19 

(11) Boc.Phe.His.(S,R)Asta.Leu-ABP 1.20 

(12) Boc.Phe.His-(S,R)Sta.Leu.ABP 43.0 

t Silica, 8 : 1 chloroform-methanol. 

$ Crystaldata: (6), C29H41N305, M = 511.7, triclinic, space group P1, 
a = 5.045(1), b = 11.769(5), c = 13.479(4) A, (Y = 108.02(3), p = 
98.23(2), y = 96.57(3)", U = 742 A3, 2 = 1, D, = 1.15 g cm-3. Data 
were measured on a Nicolet R3m diffractometer with Cu-K, radiation 
(graphite monochromator) using o-scans. The structure was solved by 
direct methods and refined anisotropically. The amide hydrogen 
atoms were refined isotropically; all other hydrogen atoms were 
placed in calculated positions. Refinement converged to give R = 
0.054, R, = 0.064 for 1835 independent observed reflections [0 <58", 
IF,/ >3 (J (lFol)] .  Atomic co-ordinates, bond lengths and angles, and 
thermal parameters have been deposited at the Cambridge Crystallo- 
graphic Data Centre. See Notice to Authors, Issue No. 1, 1986. 

§ Structures were confirmed by microanalysis, 200 or 360 MHz *H 
n.m.r. and fast atom bombardment mass spectroscopy and amino acid 
analysis. Human renal renin was purified and inhibitors assayed as 
described in ref. 12; under these conditions, IC50 =Ki for competitive 
inhibition. ABP represents the amide derived from 4-amino-1- 
benzylpiperidine. As there is a large discrepancy between the 
observed and reported8 inhibitory potency of (lo), lack of histidine 
racemisation during the coupling sequences was confirmed, in this 
case, by digestion with L-amino acid oxidase after peptide hydrolysis. 
Iva = isovaleryl. 

Detailed structure-activity relationships, to be published else- 
where, support this conclusion. 

potency than (S,R)-Sta. It is known10 that des-3- 
hydroxystatine and (S,R)-Sta analogues have similar potency, 
showing that the 3R-hydroxy group contributes little to 
binding. On this basis, we suggest that the increased binding of 
(S,R)-Asta compared with (S,R)-Sta is a consequence of the 
introduction of an additional ionic interaction as conceived in 
our original proposal. Similar increases in binding through the 
introduction of additional ionic interactions have been repor- 
ted for penicillopepsin3 and dihydrofolate reductasell inhibi- 
tors. The lack of increased binding for the (S,S)-Asta 
analogues over (S,S)-Sta congeners reflects that, unlike the 
(S,R) case, the ammonium interaction presumably replaces a 
strong hydroxy interaction. We speculate that the more 
favourable ionic interaction is balanced by the larger energy 
requirements for partial desolvation of the ammonium group 
as it displaces water and binds to the active site. 

We conclude that replacement of the Leu-10 residue of 
renin substrate sequences with (S,S)-Asta results in novel, 
potent inhibitors of human renin. The potency of these 
inhibitors is similar to that of the corresponding (S,S)-Sta 
compounds while (S,R)-Asta-containing inhibitors have sub- 
stantially greater potency than their (S,R)-Sta counterparts. 
The introduction of additional ionic binding to the catalytic 
functionality may have further benefit in the design of aspartyl 
proteinase in hi bi tors. 
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