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Slow, tight binding to human renin of some nonpeptidic renin inhibitors
containing a 4-methoxymethoxypiperidinylamide at the P4 position
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A series of nonpeptidic human renin inhibitors with a 4-methoxymethoxypiperidinylamide at the P4 position of the molecule exhibited slow tight

binding to the enzyme. Replacement of the methoxymethoxy moicty on the piperidine ring with H, OH, methoxyethyl. propyloxy or n-butyl

climinated the cifect. The inhibition was partially reversed by prolonged dialysis at 4°C. arguing against formation of a covalent band in the
tightened complex.

Human renin: Enzyme inhibition: Slow binding

1. INTRODUCTION

In the continuing scarcii fou mnibitors of numan
renin which are bioavailable by the oral route of ad-
ministration, a series of nonpeptidic molecules possess-
ing a 4-methoxymethoxypiperidinylam’de group at the
corresponding P4 position of angiotensinogen was syn-
thesized [1]. During some routine studies we observed
that the compounds exhibited slow tight binding prop-
erties in that the degree of inhibition increased as the
preincubation time of inhibitor with renin was in-
creased. Such behavior has not been reported previ-
oucly for renin inhibitors, although it has been seen with
other proteinases and peptidases such as pepsin [2} and
angiotensin converting enzyme [3].

Representative members of this serics have been
found to be bicavailable orally in animals [4.5] and
consequently may be viable candidates for the treat-
ment ol hyperiension and congestive heart failure in
man. It is expected that renin inhibitors wall possess the
same therapeutic profile as the angiotensin converting
enzyme inhibitors yet will offer the potential for a lesser
incidence of side effects due to the remarkable speci-
ficity of renin for its only known substrate, angiotensi-
nogen [6]. In order to gain additional insight into the
inhibitory properties of this class of compounds prior
to clinical cvaluation. we probed the effect of modiiying
the 4-methoxymethoxy substitution on the inhibition.
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2. MATERIALS AND METHODS

2.1. Chemtical synthesis

The synthesis of the nonpeptidic renin inhibitors has been reported
[7]. In brief, the appropriate 4-substituted piperidine was reacted with
L-phenyllactic acid utilizing general peptide coupling conditions. The
resulting amide was alkylated with d-2-bromohexanoic acid 1o form
the 2(8)-atkoxvacid, which was then reacted with (i) 2(S)-amino-1-
cyclohexyl-3( R).4(S)-dihydroxy-6-methylheptane 1o yield com-
pounds; 1, 5, 6, 7, § and 9, or {i1) 2(S)-amino-1-cyclohexyl-3(R)- hy-
droxy-5(5)-H{dimethylamino  ethoxycarbonyllamino}-3-methythep-
tane 1o yield 4 or (iit) 2+(S)-amine-2-cyclohexyl-3(S)-hydroxy-6(5)-
n-butylcarbamoyl-6-methylheptane 1o yield 2. Compound 3 was pre-
pared in a similar manoer irom 4-methoxymethoxy piperidine and
CBZ-phenylalanine forming the nitroger analog of the 2(S)ualko-
xyacid described above, followed by conversion 1o the desired product
as in (ii).

2.2, Renin inftibizion assays

Compounds were evaluated lor inhibitory activity in a pr=i"~d
human system = YH 6.0 as deseribed previously [8], Tha vonce i
of renin in the final incubation medinm was 6.2 ~ 318 " M based on
comparison with a W.H.O. renin activity standard [9]. and values of
40,000 for molecular weight and 1,170 GU/mG for specific activity
[10}. The time dependency of the incubation was asscssed by allowing
the compound and renin 1o preincubate at 37°C for 1.0 and 30 mun,
as well as the usual 5.0 min, prior to the addition of angiotensinogen.

Studices in human plasma were performed at pH 7.4 utibizing en-
dogenous renin and angiotensinogen [L1]: the plasma was supple-
mented with purified human renal renin (final incubation concentra-
ton = 1.6 x 10 " M) for the experiments in which the incubation time
wis 10,0 min. instead of the standard 120 min. or 240 min. The
additional renin was required 1o increase the preesion of the basal
plasmia renin activity measurements st that short incubition time
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2nd pH 7.4 (100 mM., HEPES) in the prescace of 30mM EDTA. 1.45
'I’ﬂuondc. 34 mM S-hg'dmx)qumolmc and

Aﬁcrd:m’anon.mpbw:phwdmumd&mmlalh
quutsmphwdmoudlsofamnodnhnssysmn S00 (Picree)
ﬁueduuhn&@dahoncm—oﬁmlnne.mwuuonsum
dialyzed a1 4°C against 60 ml of the rospective buffers and at various
intervals 10 pd ahqumsnmmowdandmyad for renin activity.
No spontancous reactivation oocurred in umdialyzed controls at cither
pHat4°C. =~

3. RESULTS AND DISCUSSION

ICg valuesand smlctum of four representative com-

pounds, 1-4, are shown in Table I. Each of the inhi-
bitors exhibited low nanomolar potency in the purified
system at pH 6.0. Although the potency decreased in
plasma at pH 7.4, the IC,, values were still in the 8-13
nM range. .

The eﬂ'ect of pmmcubauon time on the percent in-
hibition of renin in the purified system is shown in Table
IL. It can be seen that each of the compounds caused
progressively preater inhibition as the preincubation
time was increasexk. The 1C, values decreased accord-
ingly, by factors of 6-10, at 30 min compared to the 1.0
minute data. IC,, values in plasma at pH 7.4 were even
more time-dependent as illustrated in Table I The
potencics increased from 11- to 31-fold, as the reaction
time for the generation of angiotensin [ was increased
from 10 min to 240 min.

The time-dependent inhibitions observed could not
be caused by an artifact arising from depletion of inhib-
itor as a consequence of binding to the renin. The IC,,
value of the most potent inhibitor, 1, in the purified
system was greater than the renin concentration utilized
in the test by a factor of 16; in plasma, the lowest 1C,,
values were of the order of 50 times greater than the
concentration of renin.

The requirement of the intact 4-methoxymethoxy
group for slow binding is illustrated with the com-
pounds in Table IV. Replacement with H., OH.
CH,0CH,CH,, CH,CH,CH.0, or CH,{(CH.,), in each
case resulted in the !oss of the property as demonstrated
by the lack of increase in inhibition as the time in-
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Table I
Structure and potency of renin inhibitors
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creased; the reason for this behavior is not known. If
some type of slow process were occurring with these
compounds, it was completed within 1 min inasmuch as

Table 1
Time dependence of renin inhibitton in the purified sysiem

Compound

Purified renin inhibition (<5 IC,, (nM)
Tew concentration Remin-inhibitor steincubation time (ming Renmimn-inhibitor preincubation time (min)
inhij i b] 30 H 5 W
] 19 29 63 73 22 1.0 0.33
2 i3 29 &7 %2 41 1.3 0.46
3 6.2 % 7 72 6 LY 0.56
4 2y x 2% b 67 ha 069
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Tablc 11

Eficct of incubation time on the magnitude of renin inhibition in
human plasma

" Compound 1Cy, (nM) Human plasma, pH 7.4 {min)
10* 120 240
1 110 13 10
2 83 82 6.4
3 95 8.7 30
4 35 938 6.5

*supplemented with purified human renal renin (see section 2)

the percent inhibition was unchanged (except for the
n-butyl derivative), within experimental error, for each
of the modified compounds as the preincubation time
was increased from 1 min to 30 min. A possible mecha-
nism for these observations might stem from the be-
havior of the 2 oxygen atoms in the methoxymethoxy
side chain. The first interaction might involve a loose
association of one oxygen atom with histidine-287 in the
renin molecule; molecular modeling studies with inhibi-
tor 2 and the enzyme revealed that the methoxymethoxy
side chain was within hydrogen binding distance of
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Table V
Reactivation of inhibited renin by prolonged dialysis at 4°C

Reactivation time (h) % Initial activity

pH 6.0 pH 74
0 0.0 15
76 5.5 22
120 10 34
160 16 58

Inactivation - 2 h, 37°C, 10 nM renin and 1. Activation - 400 ml in
picrce microdialyzer, 4°C pH 6.0 (malcate) or pH 7.4 (HEPES).

His™’ [13]. The second oxygen atom might be required
for a stronger bonding resulting from a consequent al-
losteric modification of the enzyme. Studies are con-
tinuing in an effort to gain additional insight into the
phenomenon,

That the renin-inhibitor complex could be dissoci-
ated by dialysis with the resultant generation of active
renin and removal of the inhibitor was demonsirated
with compound 1. The results obtained, summarized in
Table V, show that prolonged dialysis of the tightened
complex at 4°C resulted in the regeneration of renin

Table IV

Loss of slow, tight binding property with modification of methoxymethoxy group

I I &
o
N \:/ILN -
A ,'1 OH
R — I
\_/ CH,
i %
Renin - Inhibitor Preincubation Time, Min
R Concentration, M
1 5 30
1 CH30CH20 1.0X 109 23 41 76
5 i 2.4 X 108 49 54 49
6 HO 1.3 X 107 37 37 37
7 CH3OCH2CHA 1.8 X 108 66 60 aS
8 CH3CH2CH20 29X 108 72 76 80
9 CilsCH2)aClia 1.0 X 106 50 45 3l
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capable of forming angiotensin 1 from antiogiotensino-
gen. The reactivation process was not performed at
37°C ‘because control renin samples Jost more than 50%
activity before appreciable dissociation of the complex
hadoccuned.'l‘lus behaworarguesagamstexxstence of
a'covalent bond in the complex. but rather for some
type of change in , conformation as discussed above.
The formation of a nghte-ned renin—inhibitor complex
may have lhetapeunc implication for this class of non-
peptidic inhibitors. An expected consequence would be
an extended duration of action since once formed, the
complex would release less renin than one subject 1o
conventional competitive inhibition. Reversal was more
wsﬂy accomplished at physiological pH., however, so it
is difficult to predict how the property will be mani-
fested in vivo. The evaluation of the overall effect awaits
detailed pharmacological studies with specific com-
pounds.
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