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A series of 5-[[1-(4’-carboxybenzyl)imidazolylImethylidene]hydantoins have been prepared and
evaluated as in vitro and in vivo angiotensin II (Ang II) antagonists. Variation of substituents
on the hydantoin ring leads to potent and selective Ang II antagonists with nanomolar ICsp
values at the AT, receptor and negligible affinity for the AT, receptor. Preferred substituents
include an n-butyl at R; and an alkyl or heteroarylmethyl substituent at R,. The selection of
the Ry substituent was guided in part by the calculation of its log P since a significant correlation
was observed between CLOGP and AT, binding affinity. The biphenyl tetrazole pharmacophore,
common to a number of AT; antagonists, could be replaced by, for example, a 4-carbomethox-
yphenyl substituent resulting in potent Ang II antagonists both in vitro and in vivo. A
representative compound of this series is 57, which reduced the mean arterial blood pressure
of renal hypertensive rats by 40% at 30 mg/kg po and by 25% at 10 mg/kg po. In addition this
compound was efficacious in the salt-deplete normotensive monkey model maximally decreasing
blood pressure 27% at 10 mg/kg po. In summary, these compounds belong to a novel class of
Ang II antagonists that lack the biphenyl tetrazole moiety yet display appreciable and long

lasting oral activity.

Introduction

The renin angiotensin system plays an important role
in the regulation of blood pressure in addition to
electrolyte homeostasis.?4 The kidney responds to a
reduction of blood pressure by the release of renin from
the juxtaglomerular cells surrounding the afferent ar-
terioles.> This enzyme cleaves angiotensinogen to an-
giotensin I which is in turn converted to the potent
vasoconstrictor angiotensin II (Ang II) by the nonspecific
carboxydipeptidase angiotensin-converting enzyme
(ACE).6 As a vasoconstrictor and stimulator of aldos-
terone release, Ang II increases peripheral resistance
and expands blood volume as dual mechanisms for
restoring blood pressure. In renin dependent hyperten-
sion, this blood pressure-regulating mechanism is com-
promised resulting in abnormal cardiac output and
peripheral resistance.’

The renin angiotensin system offers several pharma-
cologically distinct approaches for antihypertensive
therapy. These approaches include inhibitors of renin
release® as well as those of the enzyme renin.® Although
a number of renin inhibitors have entered clinical trials
to date, their poor bioavailability has thus far precluded
further development.l® A particularly successful phar-
macologic approach, however, has involved the inhibi-
tion of the ACE.1112 Inhibitors such as captopril and
enalapril have been shown to be clinically efficacious
in the treatment of hypertension and, more recently,
congestive heart failure.l3 These ACE inhibitors are not
without side effects, 14716 and as a result, recent efforts
have focused upon the discovery of Ang II receptor
antagonists.1?

Saralasin, a specific Ang II antagonist, lowered blood
pressure in patients with elevated renin levels but, in

® Abstract published in Advance ACS Abstracts, August 15, 1995.
0022-2623/95/1838-3759$09.00/0

addition, exhibited partial agonist effects in vivo and
poor bioavailability.181? This peptide, however, has
served to demonstrate the usefulness of Ang II blockade
and hence established several research programs di-
rected toward the discovery of nonpeptide Ang II
antagonists.20-2% The first orally active, nonpeptide Ang
II receptor antagonist, DuP 753 (Cozaar), has recently
been marketed for the clinical treatment of hyperten-
sion.%6

We have previously described aspects of our research
programs relating to both AT;?” and AT*® specific
ligands and now describe a novel series of potent AT;
ligands. One of our strategies for developing an alter-
nate series of Ang II antagonists required an investiga-
tion of the notion that the biphenyl tetrazole moiety of
most Ang II antagonists is a requirement for oral
activity.?® In fact recent reports have demonstrated that
the biphenyl tetrazole moiety of L-158,809% could be
replaced with acylsulfonamides?! or (dialkylphenoxy)-
phenylacetic acids® while still retaining excellent oral
activity. Furthermore, several reports from the SKF
group®3-% describing the structure—activity relationship
(SAR) of a series of 1-(carboxybenzyl)imidazole-5-acrylic
acids, exemplified by SKF 108566 (1), was particularly
interesting since this series lacked the biphenyl tetra-
zole moiety. We considered that a suitably substituted
hydantoin could replace the acrylic acid of SKF 108566
and allow the appropriate positioning of hydrogen bond
donor and hydrophobic functionality as previously dic-
tated by SAR studies.2”37-3% The present paper de-
scribes the synthesis and SAR of a series of 5-[[1-(4’-
carboxybenzyl)imidazolylImethylidenelhydantoins 2 that
resulted from this analysis (Figure 1).

Chemistry

Our initial synthetic route to prepare the requisite
alkylidenehydantoins involved a base-catalyzed conden-
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Figure 1. SKF 108566 (1) and 5-[[1-(4’-carboxybenzyl)-

imidazolyllmethylidene]hydantoins 2.

Scheme 1. Synthesis of Isomeric Mixture of (Z)- and
(E)-Methylidenehydantoinse
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sation of an alkyl-substituted hydantoin with methyl
4-[(2-butyl-5-formyl-1H-imidazol-1-yl)methyl]benzoate
(5). The intermediate hydantoins 4 were prepared in a
two-step process, starting from the appropriately N-
substituted-glycine ester (Scheme 1).40 For example,
treatment of 8 with dilute aqueous HCI and KNCO
provided an intermediate urea. Cyclization to 1-butyl-
2,4-imidazolidinedione (1-butylhydantoin,*! 4) was af-
fected either with hot concentrated HCI or by treatment
with NaOMe in MeOH. The condensation of 4 with §
was initially performed under strongly basic conditions
using (Me):NOH in alcohol—water mixtures at 100—120
°C. These conditions led to a mixture of regioisomeric
products with the E isomer predominating and caused
hydrolysis of the methyl ester to afford the correspond-
ing acid. These Z and E regioisomeric products 6 and
7, respectively (97—105), were then separated with some
difficulty by crystallization or chromatography. The Z
isomer was distinguished from the E isomer via a
nuclear Overhauser effect. Particularly characteristic
of the E isomer was the cross enhancement that was
observed upon irradiating the methylene of the NCHzR
substituent and the vinylic proton of the methylidene-
hydantoin. In addition it was routinely observed that
the imidazole proton of the E isomer exhibited a
downfield shift attributable to the anisotropic deshield-
ing by the 7 electrons in the carbonyl group.

An alternative method of condensation that offered
greater control of regiochemistry about the double bond
involved the use of diethyl (2,5-dioxo-3-butyl-4-imida-
zolyl)phosphonate (8) (Scheme 2).4243 Thus 8 was
condensed with the aldehyde § in the presence of 1,8-
diazabicyclo[4.4.0lundec-7-ene (DBU) in methylene chlo-
ride to afford predominantly the required Z isomer 9.
The small amount of the corresponding E isomer 10 was
separated through chromatography. These alkylidene-
hydantoins were then alkylated in excellent yield by
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Scheme 2.2 Procedure for the Regioselective Synthesis
of Methylidenehydantoins and Subsequent Alkylation®
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treatment with an alkyl iodide and potassium carbonate
in DMF to afford, for example, 11.

Once preliminary SAR studies established that the
preferred substituent at R; was butyl, we modified the
synthetic route to allow alkylation of Ry as the final
synthetic step. As outlined in Scheme 3 the intermedi-
ate aldehyde 5 was condensed with the hydantoin
phosphonate 13 to afford the useful intermediate 14 in
good yield. Although this condensation afforded some
corresponding E isomer, typically ca. 10%, as evident

~ by NMR of the crude reaction mixture, the Z isomer

could be isolated directly by crystallization of the
reaction mixture after workup.

The phosphonate 138 was prepared, in excellent yield,
by the treatment of 12 with butyl iodide and potassium
carbonate in DMF. In fact this was a general procedure
with the reaction tolerant of a number of electrophiles.
In the case of less reactive electrophiles such as SEM-
Cl, MOM-C], and MEM-CI and some alkyl bromides, it
was necessary to employ NaH in THF or DMF to afford
good yields of the required products 80—88.

This intermediate 14 was then reacted with a variety
of electrophiles to afford the majority of compounds used
to explore the SAR described herein. Again Ky;COj or
NaH was employed as base, and only 1 equiv of the
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Scheme 4. Synthesis of 5-[[1-(4’-Carboxybenzyl)imida-
zolyllmethylidenelhydantoins®
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electrophile was added to prevent quarternization of the
substituted imidazole. The final products 38—79 were
simply isolated as their hydrochloride salts which
allowed direct crystallization from the reaction mixture
(Scheme 3). '

During the attempted saponification of the esters, we
noted that only partial hydrolysis was affected by dilute
aqueous hydrochloric acid and that with concentrated
acid substantial Z to E isomerization occurred. Basic
saponification was equally fruitless due to competing
urea formation as a result of hydantoin ring cleavage.

The problem of saponification was overcome by the
use of tert-butyl benzoate esters (Scheme 4). These
esters behaved similarly to the corresponding methyl
esters during the reaction with the hydantoin phospho-
nates and the alkylation procedure but, in addition,
allowed facile deesterification with trifluoroacetic acid
in methylene chloride without concomitant Z to E
isomerization to afford the required products 8996 and
107-110.

Scheme 5 outlines the chemistry used to prepare a
number of alkylidenehydantoins that incorporate a
variety of benzoate ester surrogates. The aldehydes
19,2144 23 33 27 45 30,46 and 35%7 underwent condensa-
tion with the hydantoin phosphonates in the expected
fashion. In these cases the Z isomers were typically
separated by chromatography in good yield. Fortu-
nately detritylation of the protected tetrazoles, with
citric or acetic acid, occurred without significant Z to E
isomerization to afford 20, 21 and 33, 34.

Biological Assays

The alkylidenehydantoins were evaluated as Ang II
antagonists by a combination of in vitro AT; receptor
binding and isolated vascular ring contraction assays
as previously described.*® Selected compounds were
also evaluated in an AT; binding assay, using mem-
branes isolated from the rabbit uterus, and were
consistently found to lack significant binding activity
at this receptor subtype. The AT binding assay, which
evaluated the ability of the test compounds to displace
[*25T]Ang II in a rat liver membrane preparation, was
used to select compounds for a functional assay. This
functional assay studied the ability of the test compound
to inhibit Ang II-induced vasoconstriction in isolated

Journal of Medicinal Chemistry, 1995, Vol. 38, No. 19 3761

Scheme 5. Analogs Incorporating Benzoate Ester
Surrogates
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rabbit aorta rings (RAR). Compounds which displayed
good activity in these in vitro screens were then evalu-
ated in two in vivo screens. The majority of the potent
compounds were examined in conscious, renal hyper-
tensive rats, and the decrease in blood pressure was
monitored over a period of 20 h.2” A compilation of the
activities of these hydantoins is given in Table 1. Finally
selected compounds were tested in conscious, high-
renin, normotensive male cynomolgus monkey model.*°
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Table 1. Compilation of Rat Liver Membrane Binding (AT)), Inhibition of Ang-II Induced Rabbit Aortic Ring Contraction (RAR), and

Oral Antihypertensive Activity in Renal Hypertensive Rats (RHR) of Substituted Alkylidenehydantoins®

. f®

hY;

fO

\
(0]
Z-lsomer E-Isomor

RHR % max

Co@M T30 10

compd Ry R Rs isomer AT, RAR mgkg mgkg
9 H butyl CO;Me Z 35 30 -11 NT
20 H butyl 2-(1H-tetrazol-5-yl)phenyl Z 14 40 IA NT
21 H butyl 2-(1H-tetrazol-5-yl)phenyl E 2.7 NT NT NT
24 H butyl 2-carbomethoxy)phenyl Z 159 NT NT NT
25 H butyl 2-carbomethoxy)phenyl E 9.9 NT NT NT
26  Butyl butyl 2-carbomethoxy)phenyl Z 29.6 NT NT NT
28 H butyl trifluoromethanesulfonamido Z 3.3 120 -11 NT
29 H butyl trifluoromethanesulfonamido E 42 NT NT NT
33 H butyl 1H-tetrazol-5-yl Z 7.1 40 1A NT
3¢ H butyl 1H-tetrazol-5-yl E 2.5 NT NT NT
) butyl (2-methyl-4-thiazolyl)methyl 1-(methoxycarbonyl)cyclopent-1-yl Z 8.0 NT NT NT
87  butyl (2-methyl-4-thiazolyl)methyl 1-carboxycyclopent-1-yl Z 1.9 NT -16 NT
38 butyl (4-aminophenyl)methyl CO;Me Z ‘3.0 NT NT NT
39 butyl (8,4-dihydroxyphenyl)methyl CO;Me Z 49 NT NT NT
40  butyl (4-methoxyphenyl)methyl CO;Me Z 9.8 NT NT NT
41 butyl (4-cyanophenyl)methyl CO;Me Z 11.1 NT NT NT
42  butyl phenylmethyl COsMe Z 124 NT NT NT
43  butyl [4-methoxycarbonyl)phenyl]methyl CO;Me Z 14.3 NT NT NT
44 butyl (4-nitrophenyl)methyl CO;Me Z 169 NT NT NT
45  butyl (4-chlorophenyl)methyl COzMe Z 17.6 500 -15 NT
46 butyl (4-methylphenyl)methyl COzMe Z 346 NT NT NT
47 butyl [4-(trifluoromethyl)phenylImethyl COzMe Z 159.0 NT NT NT
48 butyl butyl CO;Me Z 8.5 460 -27 NT
49  butyl hexyl CO.Me Z 402 NT NT NT
50 butyl (2-naphthalenyl)methyl CO.Me Z 104.0 NT NT NT
51 butyl diphenylmethyl CO;Me Z 884.0 NT NT NT
52  butyl c-hexylmethyl COz;Me Z 33 NT NT NT
53  butyl pentyl CO;Me Z 6.1 NT NT NT
54  butyl 4,4 4-trifluorobutyl CO;Me Z 64 NT NT NT
55 butyl CH=CMe, COzMe - Z 11.1 NT NT NT
56 butyl (2-thienyl)methyl COzMe Z 3.4 370 -28 NT
57 butyl (2-methyl-4-thiazolyl)methyl CO;Me Z 3.8 350 —40 -25
58 butyl (3-thienyl)methyl CO;Me Z 4.8 NT -36 NT
59 butyl phenethyl CO;Me Z 31.0 NT NT NT
60 - butyl (5-bromo-2-thienyl)methyl CO;Me Z 17.8 NT NT NT
61 butyl (3-methyl-2-thienyl)methyl CO;Me Z 23.9 NT NT NT
62  butyl (4-bromo-2-thienyl)methyl COzMe Z 219 NT NT NT
63 butyl (2-amino-4-thiazolyl)methyl CO;Me Z 1.2 290 -37 -39
64 butyl (3,5-dimethyl-4-isoxazolyl)methyl CO.Me Z 198.0 NT NT NT
65  butyl (8-thienyl)ethyl CO;Me Z 14.6 NT NT NT
66 butyl (2-thienyl)ethyl CO;Me Z 145 NT NT NT
67  butyl (2-pyridinyl N-oxide)methyl CO;Me Z 260.0 NT NT NT
68  butyl (2-pyridinyl)methyl COsMe Z 5.8 490 -20 NT
69  butyl (5-bromo-3-thienyl)methyl CO;Me Z 254 NT NT NT
70  butyl (5-1soxazolyl)methyl CO;Me Z 10.1 >100 -23 NT
71 butyl (4-thiazolyl)methyl COzMe Z 8.0 NT NT NT
72 butyl (1H-tetrazol-5-yl)methyl CO;Me Z 41,7 NT NT NT
73  butyl (1H-imidazol-5-yl)methyl COzMe Z 545 NT NT NT
74 butyl (5-methyl-3-ioxazolyl)methyl COzMe VA 8.5 NT NT NT
75 butyl (3-chlorophenyl)methyl CO;Me Z 117.0 NT NT NT
76 butyl (2-methyl-4-imidazolyl)methyl CO;Me Z 245.0 NT NT NT
77  butyl (3-methylphenyl)methyl COzMe Z 18.5 NT NT NT
78 butyl (8-furanyl)methyl CO;Me Z 8.3 >100 -22 NT
79 butyl [5-methoxycarbonyl)-2-thienyllmethyl CO;Me Z 42 NT NT 'NT
80 methyl (2-methyl-4-thiazolyl)methyl COzMe Z 16.6 NT NT NT
81  ethyl (2-methyl-4-thiazolyl)methyl COzMe Z 11.1 NT NT NT
82 propyl (2-methyl-4-thiazolyl)methyl CO;Me Z 9.0 NT NT NT
83  hexyl (2-methyl-4-thiazolyl)methyl COzMe Z 53 >100 -34 NT
84  hydroxymethyl (2-methyl-4-thiazolyl)methyl COzMe Z 35.7 NT NT NT
85 3-hydroxypropyl  (2-methyl-4-thiazolyl)methyl CO;Me Z 479 NT NT NT
86 methoxymethyl (2-methyl-4-thiazolyl)methyl CO;Me Z 478 NT NT NT
87  (thiomethyl)ethyl (2-methyl-4-thiazolyl)methyl COzMe Z 9.6 NT NT NT
88 trifluorobutyl (2-methyl-4-thiazolyl)methyl COzMe Z 70.0 NT NT NT
89 butyl butyl COH Z 1.3 14 —45 -21
90  butyl butyl COH E 0.5 NT NT IA
91  butyl (2-thienyl)methyl CO-H Z 0.7 13 -28 NT
92  butyl (2-thienyl)methyl COH E 0.6 NT NT NT
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Table 1 (Continued)
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RHR % max
ICs0 (nM) 30 10
compd R Rq Rs isomer AT, RAR mg/kg mgkg

93 butyl (2-amino-4-thiazolyl)methyl CO.H Z 0.6 2.9 1A NT
94 butyl (2-amino-4-thiazolyl)methyl COH E 0.5 NT NT NT
95 butyl (2-methyl-4-thiazolyl)methyl COH Z 1.2 2.6 -34 NT
96 butyl (2-methyl-4-thiazolyl)methyl COH E 1.7 NT NT NT
97 H butyl CO.H Z 2.8 28 -17 NT
98 H butyl CO.H E 24 44 1A NT
99 H 3-methylbutyl COH Z 6.6 32 NT NT
100 H 3-methylbutyl COH E 49 74 NT NT
101 H phenylmethyl CO.H Z 4.0 35 NT NT
102 H phenylmethyl COH "E 3.4 >100 NT NT
103 H (2-thienyl)methyl COH Z 2.3 18 =21 NT
104 H (2-thienyl)methyl COH E 2.6 NT IA NT
105 H (4-chlorophenyl)methyl CO.H Z 3.0 28 -17 NT
106 H (2-thienyl)methyl CO;Me Z 7.1 28 -19 NT
107 butyl (5-methyl-2-thienyl)methyl CO.H Z 0.6 5.3 -22 NT
108 butyl (4-methyl-2-thienyl)methyl CO.H Z 1.5 21 -16 NT

109 butyl (5-methyl-3-thienyl)methyl CO.H Z 0.7 9.2 -23 -28

110 butyl (8-thienyl)methyl COH Z 0.9 10 —42 -28

2 NT, not tested; IA, inactive (% max < 10%).

O

Bu
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b
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Figure 2. Initial chemical lead.

Results and Discussion

With the discovery of our initial lead, (E)-4-[[2-butyl-
5-[(2,5-dioxo-3-phenyl-4-imidazolidinylidene)methyl]-
1H-imidazol-1-yllmethyllbenzoic acid (AT; ICsp = 0.5
uM) (Figure 2) we chose to optimize in vitro activity by
a three-stage approach. Our first step was to vary the
substituents at R; and Ry guided in part by the phys-
iochemical characteristics of the substituents, SAR of
SKF 108566, and peptide analogs of Ang I1.5051 Sec-
ondly, we investigated the in vitro activity of the Z and
E geometrical isomers of the more potent analogs.
Finally we replaced the 4-carboxybenzyl substituent
with a number of substituents of varying pK, and steric
requirements.>?

The selection of an optimal Ry hydantoin substituent
was pursued by a combination of three approaches. One
of these involved the incorporation of a number of
substituted aromatics at R, while targeting the Z isomer
with an n-butyl substituent at R; (38—47). The Z

isomer was pursued initially since it corresponded to.

the orally active geometrical isomer from the SKF
108566 series, and an n-butyl substituent was incorpo-
rated at R; for synthetic simplicity. Our selection of
aromatic substituents was guided by correlating the ¢
(electronic) and IT (hydrophobic) values of the substitu-
ent with in vitro activity.53 As an initial approach we
attempted to correlate the in vitro activity of the
derivatives via the Topliss®55 approach and by employ-
ing Craig plots.5® Both the Topliss and Craig ap-
proaches indicated that substituents with both a nega-
tive g and IT were optimal for in vitro activity (38, 39).
However, at this point we could not determine whether
the in vitro activity was a result of the electronic or
lipophilic nature of the substituent. We therefore
compared the in vitro activity via regression analysis

1og(1/1C50)

T T T T )
100 200 3.00 4.00 5.00

CLOGP
Figure 3. Comparison of the in vitro AT, receptor binding
affinity of compounds 38—79 with calculated log P of the
substituent R,.

AJ L}
-200 -1.00 0.00

with the g, II, MR (molecular refractivity), F (field
inductive), and R (resonance) values for the aromatic
substituents. Significant correlation was only readily
apparent with I, indicating that the lipophilicity of the
substituent was crucial in determining activity.5? Fur-
thermore by measuring the HPLC retention times of
each of the derivatives (38—47), under isocratic condi-
tions, we observed the excellent correlation® between
experimentally measured HPLC retention time and IT.59
This data prompted the interesting conclusion that in
vitro binding activity could be predicted by simply
observing the HPLC retention time of the derivative.

Concomitantly to the synthesis of benzyl substituents
at R, we also investigated the binding affinity of
analogs which were alkyl substituted at R, (48, 49, 52—
55). Interestingly these analogs also demonstrated
excellent in vitro activity, and in the light of the results
of the above analysis, this was not surprising due to the
similarity in the CLOGP#? values for the alkyl substit-
uents and benzyl substituents (42, 48). However,
although in vitro activity compared favorably with the
lipophilicity of the substituent, the unexpected potent
in vitro activity of compound 52 demonstrates a limita-
tion of simply relying on the CLOGP values to predict
activity (Figure 3).

As an extension of this correlation of in vitro activity
with lipophilicity of the Ry substituent, we then inves-
tigated a variety of heterocycles®.-63 (56—79) which were
calculated to have CLOGP values that expanded upon
the range of the alkyl and substituted benzyls previously
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examined. Although we realized that many problems
exist in calculating log P values for heterocycles due to
hidden steric and electronic properties, we were simply
looking for a semiquantitative guide to aid in the
selection of appropriate heterocycles.

In fact as can be seen from Table 1 and Figure 3, a
remarkable number of heterocycles afforded potent in
vitro compounds, the most potent of which tended to be
substituted thiazole and thiophene heterocycles (57, 58).
Furthermore Figure 3 demonstrates a parabolic depen-
dence (P < 0.005) between the in vitro activity and the
lipophilic nature of the substituent, although it should
be pointed out that calculating an optimal log P is
hindered by the apparent spread (R? = 0.35) of com-
pounds. Two compounds, 64 and 76, in particular
showed surprisingly poor ICs¢’s based on their calcu-
lated log P. This may be the result of unusual electronic
or steric effects of the substituents and hence an
unfavorable association with the receptor. Of particular
interest was the excellent activity of 68. This unex-
pected level of activity, based upon its corresponding
log P, may be the result of the known inherent problems
associated with calculating the log P of substituents that
contain basic residues. However, in order to address
the question of whether the calculated log P values are
truly reflective of the measured log P we selected several
representative compounds (42, 48, 49, 52, 5658, 60,
61) and measured their log P by the octanol/water
partition method. Gratifyingly the regression analysis
indicated an excellent correlation® between the calcu-
lated and measured log P and furthermore demon-
strated the usefulness of the CLOGP algorithm in
calculating the log P of at least some of the heteroaryl
substituents studied here.

Having studied the SAR’s for the Ry position, we then
systematically studied the effect of the R; substituent
to investigate whether a butyl substituent was optimal
for activity. We uniformly increased the alkyl chain

length at Rj, in addition to introducing a number of

alkyl chains containing heteroatoms, while incorporat-

.ing one of the more potent heterocycles in the form of
(2-methyl-4-thiazolyl)methyl at the Ry position (87, 80—
88). From this analysis we determined that optimal in
vitro binding affinity was indeed afforded by a four-
carbon alkyl chain at R;.

At this point then, we felt assured that the R; and R,
substituents had been adequately explored, and hence
we turned our attention to some secondary consider-
ations. The first of these was the excellent in vitro
activity of the corresponding E isomers. As can be seen
in Table 1, the in vitro activity was maintained in both
the E and Z isomers 89—104. Furthermore although
only a limited number of these E isomers (98, 100, 102)
were evaluated in the RAR assay, it was apparent that
they inhibited the contraction of isolated rabbbit aorta
rings but to a lesser extent than the corresponding Z
isomers (97, 99, 101). It soon became apparent that
despite such good in vitro activity, the E isomers 90,
98, and 104 were devoid of oral activity in the renal
hypertensive rat (RHR) despite the fact that the corre-
sponding Z isomers (89, 97, 108) displayed reasonable
oral activity in the same assay. We were further
surprised to find that the saturated analog of 97 or 98
had relatively poor in vitro activity.®® One possible
explanation for the lack of oral activity of the E isomer
may be a preferential metabolic deactivation by Michael
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addition to the E isomer.8¢ Clearly it is difficult to draw
definitive conclusions concerning the oral activity of the
E isomers due to the lack of metabolic studies and the
relatively few E isomers that were tested orally.

In our final approach to optimizing in vitro activity,
we examined a variety of benzoic acid replacements (20,
21, 24-26, 28, 29, 33, 34, 36, 37). Although these
compounds displayed excellent in vitro activity, their
lack of in vivo activity and lengthy synthesis precluded
further study.

Compounds which showed appreciable inhibition of
[126]]Ang II in rat liver membrane preparations (AT;)
were generally also evaluated for antagonism of Ang-II
induced contraction of rabbit aortic rings (RAR). The
results of this assay clearly demonstrated that the acids
were more potent antagonists than the corresponding
esters and usually confirmed the potency of the most
active analogs. However, the critical test was the
determination of oral activity in renal hypertensive rats.
Due to the intensive nature of this assay, we limited
the test to compounds that displayed in vitro activity
(AT)) better than a threshold value of 20 nM and/or
showed significant activity in RAR. Initially compounds
were tested at a single dose to demonstrate oral activity,
and then the most active analogs were tested at multiple
doses to demonstrate a dose—response relationship.
Compounds 9 and 48, 56 and 106, 89 and 97, and 91
and 1038 demonstrate the trend toward enhanced in vivo
activity afforded by an alkyl chain at R;. Furthermore,
although the in vitro activity was generally slightly
superior for the analogs incorporating an acid at R; (9
and 97, 48 and 89, 56 and 91, 57 and 95), the in vivo
activity of the acids and esters were similar, yet there
was a notable exception (63, 93). Due to the inherent
variability associated with measuring blood pressure
responses after oral dosing, it is difficult to speculate
as to why certain analogs show relatively poor oral
activity in light of potent in vitro activity. Obviously
such factors as absorption, distribution, metabolism, and
elimination are important, and the correlation of these
parameters with oral activities is better addressed by
studies which determine the pharmacokinetics and
pharmacodynamics of the compounds under study,
which is beyond the scope of this report.

Although all of the compounds previously described

~ were competitive antagonists, we discovered that slight

modification of the benzoic acid pharmacophore by the
introduction of a 2-chloro substituent®’ at Ry afforded
an insurmountable antagonist,®® 111 (Figure 4), as has
been previously seen in the SKF 108566 series of
compounds. The increased lipophilicity afforded by the
chloro substitution presumably causes a receptor—
ligand interaction that leads to a partial but constant
suppression of the maximal contraction of the rabbit
aortic ring induced by Ang I1.8 However, when dosed
orally, 111 demonstrated a sustained and rapid reduc-
tion in blood pressure at doses of 3 and 10 mg/kg, which
was similar to the effect seen with 57 (Figures 5 and
6).

To this point all of the alkylidenehydantoins had been
tested in tissues isolated from rat and rabbit and the
oral activity of the compounds assayed in the renal

~
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Figure 5. Effect of compound 57 at 3 mg/kg po (n = 7) and
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Figure 8. Effect of compound 111 at 10 mg/kg po (n = 4) and
3 mg/kg po (n = 5) on mean arterial blood pressure in renal
hypertensive rats.

hypertensive rat. We therefore considered that a pri-
mate model of hypertension would be a reasonable
extension of the previous studies and hence provide
some insight to the suitability of these compounds for
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Table 2. Effect of Compounds 57 and 111 at 10 mg/kg on
Salt-Deplete Normotensive Monkeys

blood pressure (mm/Hg)
compd baseline min. at45h
57 101+ 8 74+6 88+5
111 100 + 4 80+ 2 851+ 6

Table 3. Comparison of AT, and AT; Binding Affinities of
Representative [(Benzylimidazolylalkylidenelhydantoins

KO "
BUYN
N'J)-wo
~N
Rz yN\m
ICso (nM)
compd R1 Rz Ra AT1 ATz
20 H butyl 2-(1H-tetrazol-5- 14 789
yDphenyl
37 butyl (2-methyl-4- 1-carboxycyclo- 19 549
thiazolyl)methyl pent-1-yl

48 butyl butyl methoxycarbonyl 8.5 5870

clinical studies. Gratifyingly compounds 57 and 111,
when dosed orally in a primate model of renin depend-
ent hypertension, caused a reduction in blood pressure
that was evident up to 4.5 h (Table 2).

Finally the selectivity of these Ang II antagonists for
the AT; receptor subtype was evaluated (Table 3). From
this analysis it was determined that modifcation of the
benzyl 4-substituent afforded compounds with modest
AT, binding affinity. In fact this trend has been
observed previously’~"2 and suggests that further
modification of the Rs substituent would also be a
fruitful avenue of exploration in the design of dual ATy/
AT, ligands for this series of compounds.

Conclusion

This report describes a series of novel substituted
5-[[1-(4’-carboxybenzyl)imidazolyllmethylidene]-
hydantoins that are potent orally active angiotensin II
(AT;) receptor antagonists. The in vitro potency was
demonstrated to closely correlate with the lipophilicity
of the Ry substituent. A good agreement was observed
between the calculated log P, the log P measured by the
octanol/water partition protocol, and the log P calculated
by the HPLC for a variety of Ry substituents, which
further indicated that the CLOGP algorithm is a useful
tool for predicting in vitro activity. A butyl substituent
at R; was optimal for in vitro activity and furthermore
enhanced the antihypertensive activity in renal hyper-
tensive rats. A 4-carboxybenzyl substituent generally
afforded the most potent compounds, although the
corresponding esters were also orally active. Rather
surprisingly replacement of the carboxylic acid with a
tetrazole, (triflucromethyl)sulfonamide, or tetrazolylphe-
nyl substituent, although displaying excellent in vitro
activity, afforded orally inactive compounds when tested
in the renal hypertensive rat.

This class of compounds is represented by compound
57 which displayed a dose-related lowering of blood
pressure, and the effect (—~25% at 10 mg/kg po) was
sustained for at least a period of 24 h in the renal
hypertensive rat. This compound also caused a maxi-
mal blood pressure reduction of 27% (at 10 mg/kg po)
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and a 13% reduction at 4.5 h in salt-deplete normoten-
sive monkeys. This profile of activity and duration of
action makes these compounds suitable candidates for
antihypertensive therapy.

Experimental Section

Melting points are uncorrected and were determined on a
Thomas-Hoover capillary melting point apparatus. Infrared
(IR) spectra were determined in KBr on a Mattson Cygnus
100 or a Nicolet MX1 FTIR spectrophotometer. Proton mag-
netic resonance (NMR) were recorded on either a Varian XL-
200 or XL-300, Unity-400, or Bruker AM250 instrument; shifts
are reported in d units relative to internal tetramethylsilane.
Mass spectra were obtained on a Finnigan 4500 or a VG
analytical 7070 E/HF spectrometer. Elemental analyses were
performed on a CEC Model 240 elemental analyzer, and all
compounds prepared had analytical results within 0.4% of the
theoretical values, unless otherwise noted. Column chroma-
tography was performed using E. Merck silica gel 60 (230—
400 mesh). Thin layer chromatography was performed with
glass-backed silica gel (60 F 254) plates employing either UV
light or iodine vapor for visualization. Purity of compounds
was assayed by analytical HPLC employing a Beckman
Ultrasphere C18 column (0.46 cm x 25 cm) with a mobile
phase consisting of MeCN/H0 and a flow rate of 1.5 mL/min
detecting at 214 or 254 nm; in all cases the purity exceeded
98%.

1-Butyl-2,4-imidazolidinedione (1-Butylhydantoin, 4).
To a solution of ethyl N-butylglycinate (31.80 g, 0.20 mol) in
1 N HCI (220 mL) was added potassium cyanate (24.4 g, 0.30
mol) in portions. The resulting solution was warmed to 90 °C
and held at this temperature for 10 min. Concentrated HCl
(250 mL) was added cautiously and the mixture heated at 90—
100 °C for 30 min. After concentrating to dryness, the residue
was extracted with 1:1 ethanol/methylene chloride (400 mL).
The extract was evaporated in vacuo and then triturated with
water (100 mL). Filtration afforded pure product (21.22 g,
68%): 'H NMR (CDCls) 0.95 (t, J = 7.24 Hz, 3H), 1.33 (m,
2H), 1.52 (m, 2H), 3.37 (t, J = 7.35 Hz, 2H), 3.91 (s, 2H), 8.73
(brs, 1H). Anal. (C7H12N:02) C, H, N.

(Z)-4-[[2-Butyl-5-[(3-butyl-2,5-dioxo-4-imidazolidi-
nylidene)methyl]-1H-imidazol-1-yllmethyl]lbenzoic Acid
(6). A mixture of methyl 4-[(2-butyl-5-formyl-1H-imidazol-1-
yDmethyllbenzoate (§) (3.44 g, 0.012 mol), 1-butylhydantoin
(4) (2.40 g, 0.016 mol), 25% tetramethylammonium hydroxide
in methanol (25.92 g, 0.071 mol), and water (12 mL) was
heated in an open flask at an oil bath temperature of 135—
150 °C which caused the methanol to distill over. A yellow
solution formed during this process, and the mixture was
maintained at an oil bath temperature of 135—150 °C for a
total of 45 min. The solution was cooled, and glacial acetic
acid (5.04 g, 0.084 mol) and water (100 mL) were added. The
precipitate was collected and washed with water to afford the
title compound as a mixture of Z and E isomers (3.60 g, 70%).
Crystallization from methanol and dichloromethane readily
afforded the E isomer (1.16 g, 23%). The pure Z isomer (0.300
g, 6%) was obtained by repeated crystallization from ethyl
acetate and hexane: 'H NMR (DMSO) 0.63 (m, 3H), 0.84 (m,
7H), 1.28 (m, 2H), 1.60 (m, 2H), 2.68 (t, J = 7.33 Hz, 2H), 3.65
(brt, 2H), 5.38 (s, 2H), 6.25 (s, 1H) 7.10 (d, J = 8.55 Hz, 2H),
7.12 (s, 1H), 7.89 (d, J = 8.55 Hz, 2H), 11.42 (s, 1H), 13.00
(brs, 1H). Anal. (C3H2eN4O,) C, H, N.

(E)-4-[[2-Butyl-5-[(3-butyl-2,5-dioxo-4-imidazolidi-
nylidene)methyl]-1H-imidazol-1-yllmethyl]benzoic acid
(7): 'H NMR (DMSO) 0.64 (m, 3H), 0.84 (t, J = 7.31 Hz, 3H),
0.98 (m, 4H), 1.33 (m, 2H), 1.60 (m, 2H), 2.72 (t, J = 7.36 Hz,
2H), 3.45 (brs, 2H), 5.54 (s, 2H), 5.86 (s, 1H), 7.07 (d, J = 8.25
Hz, 2H), 7.91 (d, J = 8.25 Hz, 2H), 8.24 (s, 1H), 11.22 (s, 1H),
13.00 (brs, 1H). Anal. (C23sH2sN400.25H,0) C, H, N.

Diethyl (2,5-Dioxo-3-butyl-4-imidazolyl)phosphonate
(8). To a solution of 1-butylhydantoin (4) (5.25 g, 0.034 mol)
in acetic acid (45 mL), under nitrogen, at 90—100 °C was added
a solution of bromine (1.86 mL) in acetic acid (15 mL) dropwise
over 5 min. The mixture was maintained at this temperature
for 90 min. At this time an aliquot revealed the reaction to
be complete as judged by NMR. The solution was cooled,
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concentrated, and then evaporated again from toluene (50 mL).
This oil was dissolved in ether (70 mL) and treated with
triethyl phosphite (5.0 mL, 0.029 mol). After stirring for 16 h
the mixture was concentrated in vacuo. The oil was dissolved
in chloroform and filtered through a pad of silica gel. Con-
centration in vacuo afforded the product as a viscous, colorless
oil (7.69 g, 80%): 'H NMR (CDCls) 0.93 (t, J = 7.00 Hz, 3H),
1.26—1.43 (m, 8H), 1.55 (m, 2H), 3.39 (m, 1H), 3.78 (m, 1H),
4,26 (m, 4H), 4.35 (d, J = 15.00 Hz, 1H), 8.40 (brs, 1H). Anal.
(CuH21N205P) C, H, N. ‘

Methyl (Z)-4-[[2-Butyl-5-[ (3-butyl-2,5-dioxo-4-imidazo-
lidinylidene)methyl]-1H-imidazol-1-yllmethyllben-
zoate (9). To a suspension of diethyl (3-butyl-2,5-dioxo-4-
imidazolyl)phosphonate (8) (0.59 g, 1.85 mmol) and LiC1(0.160
g, 3.72 mmol) in acetonitrile (5 mL) was added DBU (0.554
mL, 3.70 mmol). After stirring for 5 min, methyl 4-[(2-butyl-
5-formyl-1H-imidazol-1-yl)methyllbenzoate (5) (0.461 g, 1.54
mmol) was added in one portion. This wine-red solution was
stirred for 16 h and evaporated in vacuo. Silica gel chroma-
tography, eluting with chloroform, afforded the Z isomer (0.441
g, 65%): 'H NMR (CDCls) 0.74 (t, J = 6.83 Hz, 3H), 0.89 (t, J
=7.27 Hz, 3H), 1.11 (m, 4H), 1.36 (m, 2H), 1.73 (m, 2H), 2.64
(t, J = 7.78 Hz, 2H), 3.78 (m, 2H), 3.90 (s, 3H), 5.19 (s, 2H),
6.31 (s, 1H) 7.03 (d, J = 8.12 Hz, 2H), 7.16 (s, 1H), 7.98 (d, J
= 8.18 HZ, 2H), 8.60 (bS, lH). Anal. (Cz4H30N404) C, H, N.

The more polar E isomer was then eluted from the column
(0.096 g, 14%). Methyl (E)-4-[[2-butyl-5-[(3-butyl-2,5-di-
oxo-4-imidazolidinylidene)methyl]-1H-imidazol-1-yl]-
methyllbenzoate (10): 'H NMR (CDCl3) 0.75 (t, J = 6.83 Hz,
3H), 0.90 (t, J = 7.27 Hz, 3H), 1.14 (m, 4H), 1.40 (m, 2H), 1.72
(m, 2H), 2.74 (t, J = 7.78 Hz, 2H), 3.38 (m, 2H), 3.91 (s, 3H),
5.25 (s, 2H), 5.61 (s, 1H), 7.06 (d, J = 8.12 Hz, 2H), 8.04 (d, J
= 8.18 Hz, 2H), 8.45 (s, 1H) (NH absent). Anal. (C24H3N4Oy)
C,H,N.

Diethyl (1-Butyl-2,5-dioxo-4-imidazolyl) phosphonate
(13). To a solution of diethyl (2,5-dioxo-4-imidazolyl)phospho-
nate (12) (6.00 g, 0.025 mol) in DMF (15 mL), under N3, were
added K;COs (17.5 g, 0.127 mol) and 1-iodobutane (2.9 mL,
0.025 mol). The mixture was stirred at room temperature for
16 h and then filtered and the solid washed with ethyl acetate.
The filtrate was concentrated in vacuo to afford a yellow oil
which was redissolved in ethyl acetate, washed with water and
brine, and then dried over MgSOy4. Evaporation of solvents
under high vacuum afforded the required product as a viscous
yellow oil which solidified on standing (6.45 g, 88%): 'H NMR
(CDCl3) 0.92 (t, J = 7.26 Hz, 3H), 1.29—1.42 (m, 8H), 1.59 (m,
2H), 3.51 (t, J = 7.17 Hz, 2H), 4.26 (m, 4H), 4.38 (d, J = 15.00
Hz, 1H) 6.80 (brs, 1H). Anal. (C;;H2N,OsP) C, H, N.

Methyl (Z)-4-[[2-Butyl-5-[(1-butyl-2,5-dioxo-4-imidazo-
lidinylidene)methyl]-1H-imidazol-1-yllmethyl]lben-
zoate (14). To a solution of diethyl (1-butyl-2,5-dioxo-4-
imidazolyl)phosphonate (18) (0.37 g, 1.28 mmol) in methylene
chloride (5 mL) at room temperature were added DBU (0.38
mL, 2.54 mmol) and then methyl 4-{(2-butyl-5-formyl-1H-
imidazol-1-yl)methyllbenzoate (8) (0.3 g, 1.00 mmol). This
mixture was stirred for 16 h, diluted with ethyl acetate, and
washed with brine. After drying over MgSO,, the product was
isolated, by chromatography eluting with 1% methanol in
chloroform, as a yellow solid (0.305 g, 70%). A sample was
recrystallized from ethyl acetate: 'H NMR (CDCls) 0.83 (t, J
= 7.07 Hz, 3H), 0.90 (t, J = 7.07 Hz, 3H), 1.22—1.40 (m, 4H),
1.62 (m, 4H), 2.67 (t, J = 7.36 Hz, 2H), 3.58 (t, J = 7.17 Hz,
2H), 3.91 (s, 3H), 5.23 (s, 2H), 6.29 (s, 1H), 7.00 (d, J = 8.12
Hz, 2H), 7.56 (s, 1H), 8.00 (d, J = 8.12 Hz, 2H), 9.28 (brs, 1H).
Anal. (Cz4H30N404) C, H, N. .

A small amount (10% yield) of the E isomer was isolated as
well. Methyl (E)-4-[[2-butyl-5-[(1-butyl-2,5-dioxo-4-imi-
dazolidinylidene)methyl]-1H-imidazol-1-yllmethyllben-
zoate (15): 'H NMR (CDCly) 0.86 (t, J = 7.27 Hz, 3H), 0.90
(t, J = 7.27 Hz, 3H), 1.28—1.38 (m, 4H), 1.62—1.80 (m, 4H),
2.65 (t, J = 7.26 Hz, 2H), 3.58 (t, J = 7.08 Hz, 2H), 3.89 (s,
3H), 5.21 (s, 2H), 5.90 (s, 1H), 7.00 (d, J = 8.12 Hz, 2H), 8.00
d, J = 8.12 Hz, 2H), 8.10 (brs, 1H), 8.45 (s, 1H). Anal.
(C24H30N4040.33H;0) C, H, N.

1,1-Dimethylethyl (Z)-4-[[2-Butyl-5-[(1-butyl-2,6-dioxo-
4-imidazolidinylidene)methyll-1H-imidazol-1-yl)methyl]-
benzoate (17). To a solution of diethyl (1-butyl- 2,5-dioxo-
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4-imidazolyl)phosphonate (13) (1.42 g, 4.86 mmol) in
dichloromethane (10 mL), at —78 °C, was added DBU (0.731
mL, 4.88 mmol). After stirring for 15 min, a solution of 1,1-
dimethylethyl 4-[(2-butyl-5-formyl-1H-imidazol-1-yl)methyl]-
benzoate (16) (1.39 g, 4.06 mmol) in dichloromethane (5 mL)
was added dropwise. This mixture was allowed to warm to
room temperature and stirred for 16 h. The mixture was
diluted with dichloromethane (30 mL) and washed with brine.
After drying over MgSQ,, the solvents were removed in vacuo
to afford a yellow solid which was collected and washed with
ether to afford the title compound (1.307 g, 67%). 'H NMR
revealed 8% of the corresponding E isomer (characteristic 'H
signals at 0 5.38, 6.07, 8.24) which could not be separated by
chromatography: 'H NMR (DMSO) 0.83 (t, J = 7.38 Hz, 3H),
0.86 (t, J = 7.41 Hz, 3H), 1.27 (m, 4H), 1.52 (s, 9H), 1.54 (m,
4H), 2.65 (t,J = 7.27 Hz, 2H), 3.42 (t, J = 6.62 Hz, 2H), 5.46
(s, 2H), 6.22 (s, 1H), 7.05 (d, J = 8.16 Hz, 2H), 7.75 (s, 1H),
787 (d, J = 822 Hz, 2H), 1040 (s, 1H). Anal.
(C27H36N4040.2H;0) C, H, N.
2-Butyl-1-[[2'-(1H-tetrazol-5-y1)[1,1’-biphenyl]-4-yllm-
ethyl]-5-formylimidazole (19). A solution of 2-butyl-1-[{2"-
(1H-tetrazol-5-y)[1,1’-biphenyl]-4-yllmethyl]-4-chloro-5-
formylimidazole (3.90 g, 5.89 mmol) in THF (100 mL), potassium
acetate (0.6 g, 6.12 mmol), and Pd/C (10%) (0.5 g) was
hydrogenated for 19 h. The solvents were removed in vacuo,
and the product was purified by chromatography eluting with
30—50% ethyl acetate in hexanes. Unreacted starting material
was recovered (0.700 g, 18%) and then the title compound
eluted (2.43 g, 66%): 'H NMR (CDCl;) 0.87 (t, J = 7.26 Hz,
3H), 1.32 (m, 2H), 1.70 (m, 2H), 2.57 (t, J = 7.27 Hz, 2H), 5.49
(s, 2H), 6.80—7.50 (m, 22H), 7.79 (s, 1H), 7.95 (m, 1H), 9.67
(s, 1H). Anal. (C4H3eNgO) C, H, N.
(Z)-1-Butyl-5-[[2-butyl-3-[[2-(1LH-tetrazol-5-y])[1,1-bi-
phenyl]-4-ylimethylenel-3H-imidazol-4-yllmethylene]-
2,4-imidazolidinedione (20). To a solution of diethyl (3-
butyl-2,5-dioxo-4-imidazolyl)phosphonate (8) (0.770 g, 2.73
mmol) in methanol (20 mL) was added sodium hydride (0.16
g, 5.33 mmol), and the mixture was stirred for 5 min. A
solution of 2-butyl-1-[[2"-(1H-tetrazol-5-y1){1,1’-biphenyl]-4-yl]-
methyl]-5-formylimidazole (19) (1.15 g, 1.83 mmol) in meth-
ylene chloride (100 mL) was then added. The mixture was
stirred for 16 h. The solvents were removed in vacuo and ethyl
acetate (100 mL) and methylene chloride (10 mL) added. The
solution was washed with saturated NH,C! and brine. After
drying over Na2SOy,, the Z isomer (0.815 g, 58%) and E isomer
(0.550 g, 39%) were purified by chromatography eluting with
1% methanol in chloroform. The Z isomer (0.800 g, 1.04 mmol)
was added to methanol (100 mL) and 5% aqueous citric acid
(5 mL). This white heterogenous mixture was refluxed for 3
h in which time a solution formed. The solution was cooled
to room temperature and diluted with water (10 mL) and
hexanes (100 mL). The aqueous methanol fraction was
evaporated in vacuo and then dissolved in a mixture of ethyl
acetate and water. After drying the organic fraction over Na,-
SO, the product was precipitated by the addition of ether to
a methylene chloride solution of the product (0.440 g, 46%
overall); 'H NMR (DMSO) 0.61 (m, 3H), 0.85 (m, 7H), 1.18
(m, 2H), 1.59 (m, 2H), 2.76 (t, J = 7.94 Hz, 2H), 3.60 (s, 2H),
5.35 (s, 2H), 6.26 (s, 1H), 6.99 (d, J = 7.73 Hz, 2H), 7.07 (d, J
= 8,07 Hz, 2H), 7.35 (s, 1H), 7.47 (d, J = 7.94 Hz, 2H), 7.6~
7.70 (m, 3H), 11.55 (s, 1H); HPLC eluant 55% 0.1% TFA in
H;0:45% MeCN, tg 2.98 (99%); MS (CI) 525 (M + 1)
1-Butyl-5-[[2-butyl-3-[[2’-(1H-tetrazol-5-y1)[1,1"-biphe-
nyl]-4-yllmethyl]-3H-imidazol-4-yllmethyl]-2,4-imidazo-
lidinedione (22). To 1-butyl-5-{[2-butyl-3-[[{2’-[N-(tripheny]-
methyl)tetrazol-5-y1]{1,1’-biphenyl]-4-yllmethyl]-8H-imidazol-
4-yllmethyl]-2,4-imidazolidinedione (0.080 g, 0.10 mmol ) were
added methanol (30 mL) and glacial acetic acid (0.06 mL). This
white heterogenous mixture was refluxed for 5 h in which time
a solution formed. The solution was cooled to room temper-
ature and diluted with water (10 mL) and hexanes (50 mL).
The aquous methanol fraction was evaporated in vacuo and
then dissolved in a minimal amount of methanol. Ether was
added to precipitate a white solid: 'H NMR (DMSO) 0.83 (m,
6H), 1.17-1.52 (m, 8H), 2.51 (m, 1H), 2.92 (m, 4H), 3.40 (m,
1H), 4.34 (s, 1H), 5.21 (s, 2H), 6.68 (s, 1H), 6.89 (d, J = 7.80
Hz, 2H), 7.08 (d, J = 7.80 Hz, 2H), 7.47—7.63 (m, 4H), 10.90
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(s, 1H) (NH absent); HPLC eluant 67% 0.1% TFA in H,0:33%
MeCN, tg 5.4 (98%). Anal. (Cy9H34NgO2H;0) C, H; N: caled,
20.57; found, 20.07. -

Methyl (E)- and (Z)-4'-[[2-Butyl-5-[(3-butyl-2,5-dioxo-
4-imidazolidinylidene)methyl]-1H-imidazol-1-yllmethyl]-
[1,1’-biphenyl]-2-carboxylate (24 and 25). To a solution
of diethyl (3-butyl-2,5-dioxo-4-imidazolyl)phosphonate (8) (0.540
g, 1.91 mmol) in methanol (15 mL) was added NaH (80% in
oil, 0.115 g, 3.83 mmol). The solution was stirrred for 5 min,
and then 2-butyl-1-[(2’-carbomethoxy[1,1’-biphenyl]-4-yl)m-
ethyll-1H-imidazole-5-carboxaldehyde (23) (0.515 g, 1.37 mmol)
was added. The yellow solution was stirred for 16 h at room
temperature and then diluted with ethyl acetate and saturated
ammonium chloride. The organic fraction was washed with
brine and then dried over Na;SO,. Chromatography separated
the Z (0.304 g, 43%) and E (0.280 g, 40%) isomers, eluant 0—2%
methanol in chloroform.

Methyl (Z)-4'-[[2-buty]-5-[(3-butyl-2,5-diox0-4-imidazo-
lidinylidene)methyll-1H-imidazol-1-yllmethyl][1,1"-bi-
phenyl]-2-carboxylate (24): 'H NMR (CDClg) 0.71 (t, J =
6.50 Hz, 3H), 0.89 (t, J = 7.17 Hz, 3H), 1.18 (m, 4H), 1.34 (m,
2H), 1.73 (m, 2H), 2.71 (t, J = 7.60 Hz, 2H), 3.61 (s, 3H), 3.77
(m, 2H), 5.17 (s, 2H), 6.38 (s, 1H), 6.99 (d, J = 8.12 Hz, 2 H),
7.20—7.52 (m, 5H), 7.30 (s, 1H), 7.80 (d, J = 7.60 Hz, 1H),
10.50 (brs, 1H). Anal. (C3Hs:N4O,) H, N; C: caled, 70.02;
found, 69.58.

Methyl (E)- 4’-[[2-buty1-5-[(3-butyl-2,5-d10xo-4-1m1dazo-
lidinylidene)methyl]-1H-imidazol-1-yllmethyl][1,1’-bi-
phenyl]-2-carboxylate (25): 'H NMR (CDCl;) 0.81 (t, J =
6.93 Hz, 3H), 0.92 (t, J = 7.17 Hz, 3H), 1.20—1.45 (m, 6H),
1.76 (m, 2H), 2,79 (t, J = 7.27 Hz, 2H), 3.43 (m, 2H), 3.66 (m,
3H), 5.23 (s, 2H), 5.78 (s, 1H), 7.02 (d, J = 8.11 Hz, 2H), 7.25—
7.52 (m, 5H), 7.84 (d, J = 7.60 Hz, 1H), 8.35 (brs, 1H), 8.45 (s,
1H). Anal. (C3H3N,O4) C, H, N.

(Z)-N-[4-[[2-Butyl-5-[(3-butyl-2,5-dioxo-4-imidazolidi-
nylidene)methyl]-1H-imidazol-1-yllmethyllphenyl]-1,1,1-
trifluoromethanesulfonamide (28). To a solution of diethyl
(3-butyl-2,5-dioxo-4-imidazolyl)phosphonate (8) (1.48 g, 5.06
mmol) in ethanol (10 mL) was cautiously added sodium
hydride batchwise (1.0 g, 25 mmol). The cloudy solution was
stirred for 30 min, and then 2-butyl-1-[[4-(1,1,1-trifluo-
romethanesulfonamido)phenyllmethyl]-5-formylimidazole (27)
(0.68 g, 1.75 mmol) in ethanol (10 mL) was added over 30 min.
This solution was heated at reflux for 2 h. The reaction
mixture was cooled to room temperature and treated with
glacial acetic acid (2 mL). Evaporation in vacuo afforded a
thick gel. Chromatography eluting with 0—4% methanol in
chloroform afforded the required Z isomer which was tritu-
rated with ether/hexanes to afford the title compound as an
amorphous solid (0.565 g, 61%). The more polar E isomer was
then eluted: 'H NMR (DMSO) 0.62 (t, J = 6.5 Hz, 3H), 0.84
(m, 7H), 1.30 (m, 2H), 1.58 (m, 2H), 2.88 (t, J = 7.4 Hz, 2H),
3.53 (brs, 2H), 5.31 (s, 2H), 6.26 (s, 1H), 6.95 (d, J = 8.4 Hz,
2H), 7.04 (d, J = 8.4 Hz, 2H), 7.51 (s, 1H), 11.75 (s, 1H) (NH
absent). Anal. (CstzaNsO.;FsS) C, H, N.

(E)-N-[4-[[2-Butyl-5-[(3-butyl-2,5-dioxo0-4-imidazolidi-
nylidene)methyl]-1H-imidazol-1-yllmethyllphenyl]-1,1,1-
trifluoromethanesulfonamide (29): 0.11 g, 12%; 'H NMR
(DMSO) 0.80 (t, J = 7.0 Hz, 3H), 0.86 (t, J = 7.2 Hz, 3H), 0.95
(m, 2H), 1.19 (m, 2H), 1.31 (m, 2H), 1.61 (m, 2H), 2.96 (t,J =
8.0 Hz, 2H), 3.51 (brs, 2H), 5.48 (s, 2H), 5.98 (s, 1H), 6.91 (d,
J = 8.5 Hz, 2H), 7.04 (d, J = 8.5 Hz, 2H), 8.32 (s, 1H), 11.45
(S 1H) (NH absent). Anal. (023H25N504F38-0 25H20) C H

(Z) and (E)-1-Butyl-5-[[2-butyl-3-[[4-(1LH-tetrazol-5-yl)-
phenyllmethyl]-3H-imidazol-4-yllmethylene]-2,4-imida-
zolidinedione (33 and 34). To a solution of diethyl (3-butyl-
2,5-dioxo-4-imidazolyl)phosphonate (8) (0.240 g, 0.86 mmol)
in ethanol (10 mL) was added sodium hydride (0.072 g, 1.80
mmol), and the mixture was stirred for 15 min. A solution of
2-butyl-1-{[4-[1-(triphenylmethyl)tetrazol-5-yllphenyl Imethyl]-
5-formylimidazole (30) (0.400 g, 0.72 mmol) in methylene
chloride (5 mL) was then added. The mixture was stirred for
16 h. The solvents were removed in vacuo and the Z and E
isomers purified by chromatography eluting with 20% ethyl
acetate in methylene chloride. The Z isomer 31 (0.36 g, 72%)
and the E isomer 32 (0.09 g, 18%) were each separately
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dissolved in methanol (5 mL) containing a 10% aqueous
solution of citric acid (0.5 mL). The reaction mixture was
refluxed overnight. Water (20 mL) was added and the mixture
extracted with hexane. The aqueous fraction was then ex-
tracted with ethyl acetate, washed with brine, and dried over
MgSO,. After evaporating in vacuo, the residue was crytal-
lized from a combination of hexane, ethyl acetate, and metha-
nol. This procedure afforded 83 (0.06 g, 17%): 'H NMR
(DMSO) 0.61 (m, 3H), 0.88 (m, 7H), 1.34 (m, 2H), 1.62 (m, 2H),
2.74 (t, J = 7.3 Hz, 2H), 3.64 (brs, 2H), 5.41 (s, 2H), 6.28 (s,
1H), 7.18 (s, 1H), 7.23 (d, J = 8.23 Hz, 2H), 8.00 (d, J = 8.23
Hz, 2H), 11.44 (s, 1H) (NH absent). Anal. (C33H2sNgO;-
S0.9H;0) C, H, N.

34: H NMR (DMSO) 0.61 (m, 3H), 0.86 (t, J = 7.24 Hz,
3H), 1.05 (m, 4H), 1.35 (m, 2H), 1.62 (m, 2H), 2.76 (t,J = 7.3
Hz, 2H), 3.47 (brs, 2H), 5.49 (s, 2H), 5.96 (s, 1H), 7.09 (d, J =
8.20 Hz, 2H), 7.98 (d, J = 8.20 Hz, 2H), 8.24 (s, 1H), 11.24 (s,
1H) (NH absent). Anal. (Cg3HsN:0,8'1.67H;0) C, H, N.

Methyl (Z)-1-{4-[[2-Butyl-5-[[1-butyl-3-[(2-methyl-4-thi-
azolyl)methyl]-2,5-dioxo-4-imidazolidinylidenelmethyl]-
1H-imidazol-1-yllmethyllphenyllcyclopentanecar-
boxylate Monohydrochloride (36). Methyl (Z)-1-[4-{[2-
butyl-5-{[1-butyl-2,5-dioxo0-4-imidazolidinylidenelmethyl]-1H-
imidazol-1-yllmethyllphenyllcyclopentanecarboxylate (1.00 g,
1.97 mmol) and 4-(chloromethyl)-2-methylthiazole monohy-
drochloride (0.363 g, 1.97 mmol) were dissolved in DMF (10
mL). KoCOj3 (3.0 g, 21.7 mmol) was added and the mixture
stirred for 16 h. The mixture was filtered and evaporated.
The residue was added to water, and the gum that formed was
dissolved in ether. After washing the ethereal fraction with
water and drying over K;COj3, the product was purified by
chromatography: eluant 0.5—3% methanol in chloroform. The
appropriate fraction was dissolved in ether and treated with
ethereal HCI to afford the required product (0.64 g, 48%). A
small amount of the corresponding E isomer (10%) was also
collected: 'H NMR (DMSO) 0.77 (t, J = 7.10 Hz, 3H), 0.90 (t,
J = 7.25 Hz, 3H), 1.15—1.85 (m, 14H), 2.51 (m, 2H), 2.56 (s,
3H), 2.93 (t, J = 7.23 Hz, 2H), 3.54 (brt, J = 7.0 Hz, 2H), 3.51
(s, 3H), 4.82 (s, 2H), 5.20 (s, 2H), 6.08 (s, 1H), 7.00 (s, 1H),
7.02 (d, J = 8.33 Hz, 2H), 7.29 (d, J = 8.33 Hz, 2H), 7.78 (s,
lH) Anal (C34H43N504S‘HCI‘H20) C, H, N.

(Z)-1-[4-[[2-Butyl-5-[[1-butyl-3-[(2-methyl-4-thiazoly)-
methyl]-2,5-dioxo-4-imidazolidinylidenelmethyl]-1H-im-
idazol-1-yllmethyllphenyl]cyclopentanecarboxylic Acid
(837). Methyl (Z)-1-[4-[[2-butyl-5-[[1-butyl-2,5-diox0-3-[(2-
methyl-4-thiazoly)methyl]-4-imidazolidinylidenelmethyl]-1H-
imidazol-1-yllmethyl]phenyllcyclopentanecarboxylate mono-
hydrochloride (36) (0.340 g, 0.506 mmol) and 2 N HCI1 (15 mL)
were heated at reflux for 2 h. After evaporation in vacuo, the
residue was dissolved in methanol and treated with saturated
aqueous NaOAc to precipitate a gum. This gum crystallized
from ethyl acetate and was then recrystallized from methanol/
ether to afford the title compound (0.153 g, 50%): 'H NMR
(DMSO0) 0.79 (t, J = 7.34 Hz, 3H), 0.88 (t, J = 7.39 Hz, 3H),
1.15-1.77 (m, 14H), 2.50 (m, 2H), 2.55 (s, 3H), 2.56 (t, J =
6.15 Hz, 2H), 3.51 (brt, J = 6.83 Hz, 2H), 4.96 (s, 2H), 5.01 (s,
2H), 6.27 (s, 1H), 6.73 (s, 1H), 6.80 (d, J = 8.29 Hz, 2H), 7.12
(s, 1H), 7.24 (d, J = 8.29 Hz, 2H) (CO,H absent). Anal.
(Cs3sHuNsO4S) C, H, N.

Methyl (Z)-4-[[2-Butyl-5-[[ 1-butyl-2,5-dioxo-3- (phenyl-
methyl)-4-imidazolidinylidenelmethyl]-1H-imidazol-1-
yllmethyllbenzoate Monohydrochloride (42). To a solu-
tion of methyl (Z)-4-[[2-butyl-5-[(1-butyl-2,5-dioxo-4-imida-
zolidinylidene)methyl]-1H-imidazol-1-yllmethyl Jbenzoate (14)
(0.509 g, 1.16 mmol) in DMF (6 mL) was added K;COj3 (0.800
g, 5.80 mmol). After stirring for 5 min, benzyl bromide (0.150
mL, 1.26 mmol) was added. The mixture was stirred for 16
h, diluted with ethyl acetate, washed with water and brine,
and then dried over MgSO,4. A viscous oil (0.525 g, 86%) was
obtained upon chromatography on silica gel (eluant 1%
methanol in chloroform) and evaporation of the solvents in
vacuo. This yellow oil was dissolved in ether and treated with
ethereal HCI to afford a foamy solid upon evaporatior in vacuo.
This foam was crystallized from 2-propanol and ether: 'H
NMR (CDCl;) 0.84 (t, J = 7.2 Hz, 3H), 0.96 (t, J = 7.2 Hz,
3H), 1.35 (m, 4H), 1.65 (m, 4H), 2.76 (t, J = 7.7 Hz, 2H), 3.68
(t,J = 7.2 Hz, 2H), 3.91 (s, 3H), 4.32 (s, 2H), 4.90 (s, 2H), 5.84
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(s, 1H), 6.70 (m, 2H), 6.82 (d, J = 7.92 Hz, 2H), 7.28 (m, 3H),
7.30 (s, 1H), 7.98 (d, J = 7.92, 2H). Anal. (CsH3sN4O4HCl:
1.25H;0)C, H, N.

Methyl (Z)-4-[[2-Butyl-5-[(1,3-dibutyl-2,5-dioxo-4-imi-
dazolidinylidene)methyl]-1H-imidazol-1-yllmethyl]lben-
zoate Monohydrochloride (48). To a solution of methyl (Z)-
4-[[2-butyl-5-[(1-butyl-2,5-dioxo-4-imidazolidinylidene)methyl]-
1H-imidazol-1-yllmethyl]benzoate (14) (0.140 g, 0.32 mmol)
in DMF (2 mL) was added K;COgs (0.200 g, 1.44 mmol). After
stirring for 5 min, 1-iodobutane (0.050 mL, 0.44 mmol) was
added. The mixture was stirred for 16 h, diluted with ethyl
acetate, washed with water and brine, and then dried over
MgSO,. A viscous oil was obtained by evaporation of the
solvents in vacuo. This yellow oil was dissolved in ether and
treated with ethereal HCl to precipitate a gummy solid. This
gum was crystallized from 2-propanol/ether to afford the title
compound (0.130 g, 82%): 'H NMR (DMSO) 0.62 (t, J = 6.8
Hz, 3H), 0.86 (m, 8H), 1.23—1.75 (m, 10H), 2.50 (brs, 2H), 3.11
(t, J = 7 Hz, 2H), 3.49 (m, 2H), 3.83 (s, 3H), 5.66 (s, 2H), 6.26
(s, 1H), 7.34 (d, J = 8.21 Hz, 2H), 7.92 (d, J = 8.21 Hz 2H),
7.95 (B, 1H). Anal. (CzaHsqu,Oq,‘HCl) C, H, N.

Methyl (Z)-4-[[{2-Butyl-5-[[1-butyl-3-[(2-methyl-4-thia-
zolyl)methyl]-2,5-dioxo-4-imidazolidinylidene]methyl]-
1H-imidazol-1-yllmethyllbenzoate Dihydrochloride (57).
To a solution of methyl (Z)-4-[[2-butyl-5-[(1-butyl-2,5-dioxo-4-
imidazolidinylidene)methyl]-1H-imidazol-1-ylJmethyl]ben-
zoate hydrochloride (prepared by treating 14 with ethereal HCI1
and crystallization from 2-propanol/ether) (3.00 g, 6.3 mmol)
in DMF (20 mL) was added K;COs (10.0 g, 72 mmol). After
stirring for 5 min, 2-methyl-4-(chloromethyl)thiazole hydro-
chloride (1.33 g, 7.2 mmol) was added. An additional amount
of DMF (10 mL) was added after a period of 4 h to aid stirring.
The mixture was stirred for 3 days and then filtered. The
filtrate was concentrated in vacuo and added to water (20 mL).
The gum was separated, dissolved in ether (50 mL), washed
with water, and dried over KoCO3 and charcoal. A viscous oil
was obtained by evaporation of the solvents in vacuo which
was dissolved in ether, treated with ethereal HCl, and then
evaporated in vacuo to afford a solid foam. Recrystallization
from 2-propanol/ether afforded the title compound (2.90 g,
73%): 'H NMR (DMSO) 0.80 (t, J = 7.34 Hz, 3H), 0.88 (t,J =
7.37 Hz, 3H), 1.25 (m, 4H), 1.54 (m, 4H), 2.56 (s, 3H), 2.96
(brt, J = 7.65 Hz, 2H), 3.52 (brt, J = 6.84 Hz, 2H), 3.86 (s,
3H), 4.84 (s, 2H), 5.36 (s, 2H), 5.98 (s, 1H), 7.05 (s, 1H), 7.20
(d, J = 8.24 Hz, 2H), 7.84 (s, 1H), 7.92 (d, J = 8.26 Hz, 2H).
Anal. (C”H35N504S'2HCI‘05H20) C, H, N.

Methyl (Z)-4-[[2-Butyl-5-[{1-butyl-3-[(2-amino-4-thiaz-
olyl)methyl]-2,5-dioxo-4-imidazolidinylidenelmethyl]-
1H-imidazol-1-yllmethyl]benzoate Dihydrochloride (63).
To a solution of methyl (Z)-4-[[2-butyl-5-[(1-butyl-2,5-dioxo-4-
imidazolidinylidene)methyl]l-1H-imidazol-1-yllmethyl]ben-
zoate hydrochloride (14-HCl) (3.70 g, 7.8 mmol) in DMF (30
mL) was added KoCO; (15.0 g, 0.1 mol). After stirring for 5
min, 2-amino-4-(chloromethyl)thiazole hydrochloride (1.85 g,
10.0 mmol) was added. The mixture was stirred for 72 h and
then diluted with ethyl acetate and filtered. The filtrate was
concentrated in vacuo and added to water (50 mL). The brown
solid that formed was dissolved in methylene chloride (100
mL), washed with water, and dried over K;COj; and charcoal.
A viscous oil (4.5 g) was obtained by evaporation of the solvents
in vacuo. This oil was dissolved in ether and treated with
ethereal HCl to precipitate a gum which was collected by
decantation. This gum was recrystallized from 2-propanol/
ether to afford the title compound as a white solid (3.20 g,
62%): *H NMR (DMSO) 0.82 (t, J = 7.20 Hz, 3H), 0.88 (t,J =
7.30 Hz, 3H), 1.28 (m, 4H), 1.55 (m, 4H), 3.00 (brt, J = 7.4
Hz, 2H), 3.50 (brt, J = 6.6 Hz, 2H), 3.86 (s, 3H), 4.67 (s, 2H),
5.47 (s, 2H), 6.00 (s, 1H), 6.38 (s, 1H), 7.27 (d, J = 8.02 Hz,
2H), 7.77 (s, 1H), 7.96 (d, J = 8.02 Hz, 2H) (NH; absent). Anal.
(C2sHaNg0:S-2HCI2H:0) C, H, N.

(Z)-4-[[2-Butyl-5-[(1,3-dibutyl-2,5-dioxo-4-imidazolidi-
nylidene)methyl]-1H-imidazol-1-yllmethyllbenzoic Acid
(89). To a solution of 1,1-dimethylethyl (Z)-4-[[2-butyl-5-[(1-
butyl-2,5-dioxo-4-imidazolidinylidene)methyl]-1H-imidazol-1-
yllmethyllbenzoate (17) (2.04 g, 4.25 mmol) in DMF (20 mL)
were added K2COs (2.93 g, 5 equiv) and 1-iodobutane (1.70 g,
2 equiv). The mixture was stirred for 16 h and then evapo-
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rated in vacuo. The ethyl acetate extract was washed with
brine, dried over MgSQO,, and then evaporated in vacuo. The
yellow oil that resulted (2.33 g) was used directly in the
subsequent reaction. 1,1-Dimethylethyl (Z)-4-[[2-butyl-5-(1,3-
dibutyl-2,5-dioxo-4-imidazolidinylidene)methyl]-1H-imidazol-
1-yllmethyl]benzoate (18) (2.33 g, assume 4.25 mmol) was
dissolved in methylene chloride (20 mL) and trifluoroacetic
acid (15 mL). After stirring for 4 h, the reaction mixture was
evaporated in vacuo. The yellow residue was dissolved in
dichloromethane (50 mL) and washed with aqueous NaOAc
(10%, 60 mL) and brine. A yellow foam was obtained upon
evaporation of the organic extract after drying over MgSO,.
This foam solidified upon trituration with ether. The required
Z igsomer (1.085 g, 52%) was separated from the E isomer 90
(12%) by chromatography, eluting with 2—3% methanol in
dichloromethane: 'H NMR (DMSO) 0.63 (m, 3H), 0.86 (m, 8H),
1.22 (m, 2H), 1.30 (m, 2H), 1.50 (m, 2H), 1.61 (m, 2H), 2.69 (t,
J = 7.60 Hz, 2H), 3.33 (m, 2H), 3.44 (t, J = 7.2 Hz, 2H), 3.70
(m, 2H), 5.40 (s, 2H), 6.37 (s, 1H), 7.10 (d, J = 8.40 Hz, 2H),
7.15 (s, 1H), 7.88 (d, J = 8.40 Hz, 2H), 13.00 (brs, 1H). Anal.
(C27H3N4O4) C, H, N,

(Z)-4-[[2-Butyl-5-[[1-butyl-3-[(2-methyl-4-thiazolyl)-
methyl]-2,5-dioxo-4-imidazolidinylidenelmethyl]-1H-im-
idazol-1-yllmethyllbenzoic Acid (95). A mixture of methyl
(Z2)-4-[[2-butyl-5-[[1-butyl-3-[(2-methyl-4-thiazolyl)methyl]-2,5-
dioxo-4-imidazolidinylidene]methyl]-1H-imidazol-1-yllmethyl}-
benzoate (57) (0.428 g, 0.65 mmol) and 2 N HC1 (12 mL) was
refluxed for 1 h in which time all the solid dissolved. The
solvents were removed in vacuo, and the mixture was evapo-
rated from ethanol (5 mL) three times. The solid that resulted
was treated with 5% aqueuos sodium acetate (10 mL) and
water (10 mL) to precipitate a gummy solid which was
dissolved in methylene chloride (30 mL). The organic layer
was dried over Na;SO,4 and then evaporated in vacuo. The
residue was recrystallized from hot ethyl acetate/hexane to
afford the title compound (0.279 g, 80%): 'H NMR (DMSQ)
0.80 (t, J = 7.27 Hz, 3H), 0.88 (t, J = 7.29 Hz, 3H) 1.27 (m,
4H), 1.53 (m, 4H), 2.54 (s, 3H), 2.55 (t, J = 7.35 Hz, 2H), 3.50
(t, J = 6.75 Hz, 2H), 4.95 (s, 2H), 5.15 (s, 2H), 6.22 (s, 1H),
6.73 (s, 1H), 6.94 (d, J = 8.13 Hz, 2H), 7.15 (s, 1H), 7.84 (d, J
= 8,11 HZ, 2H), 13.00 (brs, 1H). Anal. (CzaH33N504S) C, H,
N.

Isomerization of (Z)-4-[[2-Butyl-5-[[1-butyl-3-[(2-meth-
yl-4-thiazolyl)methyl]-2,5-dioxo-4-imidazolidinylidene]-
methyl]-1H-imidazol-1-yllmethyllbenzoic Acid (95) to
(E)-4-[[2-Butyl-5-[[1-butyl-3-[(2-methyl-4-thiazolyl)methyl]-
2,5-dioxo-4-imidazolidinylidenelmethyl]-1H-imidazol-1-
yllmethyllbenzoic Acid (96). Methyl (Z)-4-[[2-butyl-5-{[1-
butyl-3-[(4-methyl-2-thiazolyl)methyl]-2,5-dioxo-4-
imidazolidinylidenelmethyl]-1H-imidazol-1-
yllmethyllbenzoic acid (95) (0.25 g, 0.46 mmol) was dissolved
in concentrated HCI1 (15 mL) and the mixture refluxed for 4
h. The mixture was concentrated in vacuo and aqueous
sodium acetate added. The precipitate was collected and
washed with water. This solid was dissolved in methanol (2
mL), treated with charcoal, and then filtered and concentrated
in vacuo. The residue was recrystallized from hot ethyl acetate
to afford the title compound (0.04 g, 16%): 'H NMR (DMSO)
0.80 (t, J = 7.27 Hz, 3H), 0.89 (t, J = 7.29 Hz, 3H), 1.27 (m,
4H), 1.54 (m, 4H), 2.47 (s, 3H), 2.62 (t, J = 7.31 Hz, 2H), 3.52
(t, J = 6.85 Hz, 2H), 4.85 (s, 2H), 5.42 (s, 2H), 6.17 (s, 1H),
6.92 (d, J = 8.20 Hz, 2H), 6.95 (s, 1H), 7.82 (d, J = 8.21 Hz,
2H), 8.29 (s, 1H) (CO;H absent). Anal. (CysHs33N50,S-0.25H:0)
C,H,N.

Hydrogenation of 98 To Afford 4-[[2-Butyl-5-[ (3-butyl-
2,5-dioxo-4-imidazolidinyl)methyl]-1H-imidazol-1-yll-
methyllbenzoic Acid. To a solution of (E)-4-[[2-butyl-5-[(3-
butyl-2,5-dioxo-4-imidazolidinylidene)methyl]-1H-imidazol-1-
yllmethyllbenzoic acid (98) (0.84 g, 2.00 mmol) in 1 N NaOH
(2.04 mL, 2.04 mmol) and water (500 mL) was added PtO,
(0.200 g), and then a hydrogen balloon was attached. The
mixture was stirred for 3 h, 1 N HCI (2.04 mL, 2.04 mmol)
was added, and then the mixture was concentrated at reduced
pressure. Ethanol (50 mL) was added and the mixture filtered.
The filtrate was evaporated in vacuo, and the residue (0.700
g, 90% pure) was purified by crystallization and chromatog-
raphy eluting with 5—15% methanol in chloroform: 'H NMR
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(DMSO) 0.78 (t, J = 7.39 Hz, 3H), 0.81 (t, J = 7.20 Hz, 3H),
1.25—1.48 (m, 8H), 2.50 (brt, 2H), 2.86 (m, 2H), 3.40 (m, 2H),
4.31 (brt, 1H), 5.25 (s, 2H), 6.58 (s, 1H), 6.98 (d, J = 8.21 Hz,
2H), 7.89 (d, J = 8.21 Hz, 2H) (CO2H and NH absent), Anal.
(C23H30N40,8'H;0) C, H, N,

(Z)-4-[[2-Butyl-5-[[1-butyl-3-[(5-methyl-3-thieny]l)me-
thyl]-2,5-dioxo-4-imidazolidinylidene]methyl]-1H-imida-
zol-1-yllmethyllbenzoic Acid (109). To a solution of 1,1-
dimethylethyl (Z)-4-[[2-butyl-5-[(1-butyl-2,5-diox0-4-imida-
zolidinylidene)methyll-1H-imidazol-1-yllmethyllbenzoate (17)
(1.00 g, 2.08 mmol) in THF (15 mL) was added NaH (0.11 g,
2.75 mmol). This mixture was stirred for 15 min to afford a
yellow solution. 4-(Bromomethyl)-2-methylthiophene (0.65 g,
3.39 mmol) in THF (5 mL) was added dropwise over 30 min.
After 3 h potassium iodide (0.5 g, 3 mmol) was added, and
then the mixture was stirred for 16 h. The mixture was
filtered, and the solvents were removed in vacuo. The product
was isolated, by chromatography eluting with 0—8% acetone
in dichloromethane (0.78 g, 64%). The 1,1-dimethylethyl (Z)-
4-[[2-butyl-5-[[1-butyl-3-[(5-methy]-3-thienyl)methyl]-2,5-dioxo-
4-imidazolidinylidenelmethyl]-1H-imidazol-1-yllmethyl]ben-
zoate (0.78 g, 1.32 mmol) was disolved in methylene chloride
(14 mL) and trifluoroacetic acid (10 mL). After stirring for 2
h, the reaction mixture was evaporated in vacuo. After
chromatography, eluant 0—6% methanol in dichloromethane,
the foam was dissolved in ethyl acetate, washed with 10%
aqueous NaOAc and brine, and then dried over MgSO..
Crystallization from ether afforded 109 (0.319 g, 45%). 'H
NMR (DMSO0) 0.81 (t, J = 7.31 Hz, 3H), 0.87 (t,J = 7.18 Hz,
3H), 1.26 (m, 4H), 1.53 (m, 4H), 2.34 (s, 3H), 2.58 (t, J = 7.33
Hz, 2H), 3.49 (t, J = 6.75 Hz, 2H), 4.84 (s, 2H), 5.13 (s, 2H),
6.21 (s, 1H), 6.31 (s, 1H), 6.44 (s, 1H), 6.96 (d, J = 8.11 Hz,
2H), 7.16 (s, 1H), 7.84 (d, J = 8.02 Hz, 2H) (CO;H absent).
Anal. (CyH3yN,O.S) C, H, N.

Biological Assays. Angiotensin Receptor Binding
Assay (AT1). Methods for the preparation of rat liver
membranes have been reported previously in detail.!” Solu-
tions (10 mM) of the test compounds were diluted to the
appropriate concentration and added to 1 mg of rat liver
membrane homogenate, 1 mg of wheat germ agglutinin
(WGA)-coated scintillation proximity assay (SPA) beads, and
50 pM [1?]]angiotensin II. After an incubation of 180 min at
25 °C, the light emitted by the stimulated SPA bead was
measured. Nonspecific binding was defined as radioactivity
retained on the beads in the presence of 10 «M saralasin. The
inhibitory concentration (ICso) of an inhibitor that gave 50%
displacement of the specifically bound [*#*I]angiotensin II was
then calculated. Concentrations of the test compound were
tailored to adequately span the concentration inhibiting bind-
ing by 50%. Typically ICs’s were determined via nonlinear
regression curve fitting employing seven points and in dupli-
cate. Individual points were determined with an average error
of £5%. For comparison, using this protocol, reference values
for antagonists were DuP 753,21 9.2 nM; L-158809,%° 0.8 nM;
and SKF 108566,% 2.8 nM.

For assessing AT; receptor binding, a similar protocol was
employed except rabbit uterine membranes were used.

Angiotensin II-Induced Contraction in Isolated Vas-
cular Tissue (RAR). Details for the rabbit thoracic aorta ring
preparation have been reported previously.!” Briefly the aortic
rings were connected to a pressor transducer, and the tissue
preparation was allowed to equilibrate at a mechanically
induced tension of 4 g for 1.5 h before use. A control—response
curve to exogenous Ang II was recorded. The test compound
in DMSO was added to the bath (Krebs-bicarbonate solution
gassed continuously with 5% CO: in oxygen) at several
concentrations that were expected to span the ICso, as pre-
dicted from receptor binding studies. The tissue preparation
was allowed to equilibrate for 10 min. For each concentration
of antagonist, the pressor response to 10 nM Ang II was
recorded. The preparation was then allowed to equilibrate for
1 h between Ang II challenges. The ICso of the test compounds
represents the mean concentration of antagonist that inhibited
by 50% the contractile response to Ang II for two rings within
the same bath.

Evaluation of the Test Compound in Conscious Renal
Hypertensive Rats (RHR). The protocol was similar to that
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previously described.!” Briefly young male Sprague—Dawley
rats underwent bilateral renal artery clipping to afford rats
with mean blood pressure of greater than 150 mmHg. The
test compounds were administered in 0.5% methocel in water
by oral gavage in a volume of 2 mL/kg, and the blood pressure
was measured by a cannula inserted in the abdominal aorta.
Data reported represent the maximum percent reduction in
blood pressure relative to base line and were averaged over
three to four animals. Standard error mean was typically <5%
in control and <8% in drug-treated animals, Heart rate did
not vary signifiéantly from base line.

Evaluation of the Test Compound in Sodium-Deplete
Normotensive Monkeys. The protocol was similar to that
previously described.#® Briefly animals were rendered renin
dependent by a combination of a sodium-restricted diet and
pretreatment with the diuretic furosemide. In this model
saralasin (20 ug/kg/min) infusion reduced mean arterial blood
pressure by 23 + 2 mmHg. The test compounds were
administered in 0.5% methocel in water by oral gavage in a
volume of 2 mL/kg, and the blood pressure was measured via
an arterial vascular access port. Data reported represent the
maximum percent reduction in blood pressure relative to base
line and were averaged over two animals. Heart rate did not
vary significantly from base line.

Supporting Information Available: Tables of HPLC
retention times, log P measured by octanol/water partition
method, analytical data, blood pressure effect of compounds
on renal hypertensive rats, and inhibition of Ang II-induced
pressor responses in normotensive rats (9 pages). Ordering
information is given on any current masthead page.

References

(1) Klutchko, S.; Edmunds, J. J.; Hodges, J. C.; Hamby, J. M;; Sircar,
L; Bunker, A, M.; Connolly, C. J. C.; Winters, R. T.; Quin, J.,
III; Lu, G. H.; Panek, R. L.; Doherty, A. M. Derivatives of
1-Benzylimidazole-5-Methylidenehydantoins as Potent, Non-
peptide Angiotensin II (AT,) Receptor Antagonists. Presented
at the 206th National Meeting of the ACS, Chicago, IL, August
1993; Abstr. Medi 71.

(2) Sircar, I.; Keiser, J. A.; Panek, R. L.; Major, T. C.; Taylor, D. G.;
Klutchko, S.; Edmunds, J. J.; Hamby, J. M.; Winters, R. T.;
Bunker, A. M Quin, J., III; Connoly, C.J. C Doherty, A, M
Substituted 1- Benzyhrmdazole- -Methyhdene Hydantoins As
Orally Active Angiotensin II (AT1) Receptor Antagonists. Pre-
sented at the 206th National Meeting of the ACS, Chicago, IL,
August 1993; Abstr. Medi 73.

(8) Ferrario, C. M., The Renin-Angiotensin System: Importance in
Physiology and Pathology. J. Cardiovasc. Pharmacol. 1990, 15
(Suppl. 3), S1-S5,

(4) Greenlee, W. J.; Siegl, P. K. S. Angiotensin/Renin Modulators.
Annu. Rep. Med. Chem. 1992, 27, 59—68.

(5) Vallotton, M. B. The renin-angiotensin system. Trends Phar-
macol. Sci. 1987, 8, 69—74.

(6) Martinez Bru, C. Dipeptidyl carboxypeptidases (angiotensin
converting enzyme). Rev. Soc. Esp. Quim. Clin. 1992, 11 (1),
8—16.

(7) Brunner, H. R.; Nussberger, J.; Waeber, B. Control of vascular
tone by renin and angiotensin in cardiovascular disease. Eur.
Heart J, 1998, 14 (Suppl. I), 149-53.

(8) Stella, A.; Zanchetti, A. Control of renal renin release. Kidney
Int., Suppl. 1987, 31 (20), SB9—S94.

(9) Ocain, T. D.; Abou-Gharbia, M. Renin-angiotensin system (RAS)
dependent antihypertensive agents: 1. Renin inhibitors. Drugs
Future 1991, 16 (1), 37-51.

(10) Wood, J. M.; Cumin, F.; Maibaum, J. Pharmacology of renin
inhibitors and their application to the treatment of hypertension.
Pharmacol., Ther. 1994, 61 (3), 325—44.

(11) Ondetti, M. A.; Cushman, D. W. Inhibition of the Renin-
Angiotensin System. A New Approach to the Therapy of Hyper-
tension. J. Med. Chem. 1981, 24, 355—61.

(12) Patchett, A. A,; Harris, E.; Tristram, E. W.; Wyvratt, M. J.; Wu,
M. T.; Taub, D.; Peterson, E. R.; Ikeler, T. J.; ten Broeke, J.;
Payne, L. G.; Ondeyka, D. L.; Thorsett, E. D.; Greenlee, W. J.;
Lohr, N. S.; Hoffsommer, R. D.; Joshua, H.; Ruyle, W. V,;
Rothrock, J. W.; Aster, S. D.; Maycock, A. L.; Robinson, F. M.;
Hirschmann, R.; Sweet, C. S.; Ulm, E. H.; Gross, D. M,; Vassil,
T. C.; Stone, C. A. A new class of angiotensin-converting enzyme
inhibitors. Nature 1980, 288, 280-3.

(13) Dzau, V. J.; Pratt, R.; Gibbons, G. H. Angiotensin as local
modulating factor in ventricular dysfunction and failure due to
coronary artery disease. Drugs 1994, 47 (Suppl. 4), 1-13.

(14) Coulter, D. M,; Edwards I. R. Cough associated with captopril
and enalapril Brit. Med. J. 1987, 294, 1521-3.

Edmunds et al.

(15) McEwan, J. R.; Fuller, R. W. Angiotensin Converting Enzyme
Inhibitors and Cough. J. Cardiovasc. Pharmacol. 1989, 13
(Suppl. 3), S67—569.

(16) Chin, H. L.; Buchan, D. A, Severe Angioedema after Long-Term
Use of an Angiotensin-Converting Enzyme Inhibitor. Ann.
Intern. Med. 1990, 112, 312=3.

(17) Hodges, J. C.; Hamby, J. M.; Blankley, C. J. Angiotensin II
receptor blndmg inhibitors. Drugs Future 1992, 17 (7), 575—983.

(18) Moore, A. F.; Fulton, R. W. Angiotensin II Antagonists-Saralasin
Drug Dev. Res. 1984, 4, 331-49. ‘

(19) Pals, D. T.; Denning, G. S., Jr.; Keenan, R. E. Historical
development of saralasin. Kidney Int. 1979, 15 (9), 7—-10.

(20) Duncia, J. V.; Chiu, A. T.; Carini, D. J.; Gregory, G. B.; Johnson,
A. L.; Price, W. A,;; Wells, G. J.; Wong, P. C.; Calabrese, J. C.;
Timmermans, P. B. M. W. M. The Discovery of Potent Nonpep-
tide Angiotensin IT Receptor Antagonists: A New Class of Potent
Antihypertensives. J. Med. Chem. 19980, 33, 1312—-29.

(21) Furukawa, Y.; Kishimoto, S.; Nishikawa, K. Hypotensive Imi-
dazole Derivatives. U.S. Patent 4,340,598, 1982,

(22) Furukawa, Y.; Kishimoto, S.; Nishikawa, K. Hypotensive Imi-
dazole-5-Acetic Acid Derivatives. U.S. Patent 4,355,040, 1982,

(28) Furukawa, Y.; Kishimoto, S.; Nishikawa, K. 4-Chloro-2-Phe-
nylimidazole-5-Acetic Acid Derivatives. Eur. Pat. Appl. 103,647,
1984.

(24) Middlemiss, D.; Watson, S. P.; Ross, B. C.; Dowle, M. D.; Scopes,
D. I. C.; Montana, J. G.; Hirst, G. C.; Panchal, T. A,; Paton, J.
M. S.; Hubbard, T.; Stuart, G.; Drew, G. M.; Hilditch, A.; Travers,
A.; Robertson, M. J.; Hunt, A. A. E.; Palmer, E.; Manchee, G. R.
Benzofuran Based Angiotensin II Antagonists Related to
GR117289: Part II; Amino Acid Amides, Biorg. Med. Chem. Lett.
1993, 3, 2043-6.

(25) Ashton, W. T.; Cantone, C. L.; Chang, L. L.; Hutchins, S. M.;
Strelitz, R. A.; MacCoss, M.; Chang, R. S. L,; Lotti, V. J.; Faust,
K. A,; Chen, T.-B.; Bunting, P.; Schorn, T. W.; Kivlighn, S. D,;
Siegl, P. K. S. Nonpeptide Angiotensin II Antagonists Derived
from 4H-1,2,4-Triazoles and 3H-Imidazo[1,2-b][1,2,4]triazoles.
J. Med. Chem. 1998, 36, 591—609.

(26) Timmermans, P. B. M. W. M.; Carini, D. J.; Chiu, A. T.; Duncia,
J.V.; Price, W. A,, Jr.; Wells, G. J.; Wong, P. C.; Johnson, A. L.;
Wexler, R. R. The discovery of a new class of highly specific
nonpeptide angiotensin II receptor antagonists, Am. J. Hyper-
tens. 1991, 4, 27552818,

(27) Sirear, L; Hodges, d. C.; Quin, J., III; Bunker, A.; Winters, R.
T.; Edmunds, J. J.; Kostlan, C. R.; Connolly, C.; Kesten, S. J,;
Hamby, J. M,; Tophss, J. G Kelser J. A.,; Panek, R. L
Nonpeptide Ang10ten51n II Receptor Antagomsts 2. Demgn
Synthesis, and Structure-Activity Relationships of 2-Alkyl-4-(1H-
pyrrol-1-yl)-1H-imidazole Derivatives: Profile of 2-Propyl-1-[[2’-
(1H-tetrazol-5-yD)-[[1,1’-biphenyl]-4-yl]-methyl]-4-[2-(trifluoro-
acetyl)-1H-pyrrol-1-yl]-1H-imidazole-5- carboxyhc Acid (CI-996).
J. Med. Chem. 1998, 36, 2253—65.

(28) Blankley, C. J,; Hodges dJ. C,; Klutchko, S. R.; Himmelsbach,
R.J; Chucholowski, A, Connolly, C. J.; Neergaard, S. J.; Van
Nieuwenhze, M. S.; Sebastian, A.; Quin, J., III; Essenburg, A
D.; Cohen, D. M. Synthesis and Structure-Activity Relationships
of a Novel Series of Non-Peptide Angiotensin II Receptor Binding
Inhibitors Specific for the AT2 Subtype J. Med. Chem. 1991, 34,
3248-60.

(29) Ellingboe, J. W,; Antane, M.; Nguyen, T. T.; Collini, M. D.;
Antane, S.; Bender, R.; Hartupee, D.; White, V.; McCallum, J.;
Park, C. H.; Russo, A.; Osler, M. B.; Wojdan, A.; Dinish, J.; Ho,
D. M.; Bagli, J. F. Pyrido[2,3-d]pyrimidine Angiotensin II
Antagonists. J. Med. Chem. 1884, 37, 542—50.

(30) Mantlo, N. B,; Chakravarty, P. K.; Ondeyka, D. L.; Siegl, P. K.
S.; Chang, R. S.; Lotti, V. J.; Faust, K. A.; Schorn, T. W.; Chen,
T.-B.; Schorn, T. W.; Sweet, C. S.; Emmert, S. E,; Patchett, A.
A.; Greenlee, W. J. Potent, orally active imidazo[4,5-b]pyridine-
based angiotensin II receptor antagonists. J. Med. Chem. 1991,
34, 2919-22.

(31) Chakravarty, P. K; Naylor, E. M,; Chen, A.; Chang, R. S. L.;
Chen, T.-B.; Faust, K. A; Lotti, V. J.; Kivlighn, S. D.; Gable, R
A,; Zingaro, G. J.; Schorn, T. W.; Schaffer, L. W.; Broten, T. P.;
Siegl, P. K. S.; Patchett, A. A,; Greenlee, W. J. A Highly Potent,
Orally Active Imidazo[4,5-b]pyridine Biphenyl Acylsulfonamide
(MK-996; L-159,282): A New ATl-Selective Angiotensin II
Receptor Antagonist. J. Med. Chem. 1994, 37, 4068—72.

(32) Dhanoa, D. S.; Bagley, S. W.; Chang, R. S. L,; Lotti, P. K. S
Chakravarty, P. K;; Patchett, A. A.; Greenlee, W. J. (Dipropy-
Iphenoxy)phenylacetic acids: a new generation of nonpeptide
angiotexésin IT receptor antagonists. J. Med. Chem. 1993, 36,
3738—42.

(33) Keenan, R. M.; Weinstock, J.; Finkelstein, J. A.; Franz, R. G,;
Gaitanopoulos, D. E.; Girard, G. R.; Hill, D. T.; Morgan, T. M.;
Samanen, J. M.; Peishoff, C. E.; Tucker, L. M.; Aiyar, N.; Griffin,
E.; Ohlstein, E. H,; Stack, E. J.; Weidley, E. F.; Edwards, R. M.
Potent Nonpeptide Angiotensin II Receptor Antagonists. 2.
1-(Carboxybenzyl)imidazole-5-acrylic Acids. J. Med. Chem. 1993,
36, 1880—92.

(34) Keenan, R. M.; Weinstock, J.; Finkelstein, J. A.; Franz, R. G,;
Gaitanopoulos, D. E.; Girard, G. R.; Hill, D. T.; Morgan, T. M,;
Samanen, J. M.; Hempel, J.; Eggleston, D. S.; Aiyar, N.; Griffin,



Orally Active Angiotensin II Receptor Antagonists

E.; Ohlstein, E. H.; Stack, E. J.; Weidley, E. F.; Edwards, R.
Imidazole-5-acrylic Acids: Potent Nonpeptide Angiotensin II
Receptor Antagonists Designed Using a Novel Peptide Pharma-
cophore Model. J. Med. Chem. 1992, 35, 3858—72.

(85) Weinstock, J.; Hill, D. T.; Keenan, R. M.; Franz, R. G.; Gaita-
nopoulos, D. E,; Girard, G. R.; Eggleston, D. R.; Aiyar, N.; Griffin,
E.; Ohlstein, E.; Brooks, D. P.; Gellai, M.; Frederickson, T. A,;
Weidley, E. F.; Edwards, R. M. A Potent Long-Acting Imidazole-
5-Acrylic Acid Angiotensin II AT-1 Receptor Antagonist. Bioorg.
Med. Chem. Lett. 1994, 4 (1), 23-8.

(36) Weinstock, J.; Keenan, R. M.; Samanen, J.; Hempel, J.; Finkel-
stein, J. A.; Franz, R. G.; Gaitanopoulos, D. E.; Girard, G. R;;
Gleason, J. G,; Hill, D. T.; Morgan, T. M.; Peishoff, C. E.; Aiyar,
N.; Brooks, D. P.; Fredrickson, T. A.; Ohlstein, E. H.; Ruffolo,
R. R, Jr,; Stack, E. J.; Sulpizio, A. C.; Weidley, E. F.; Edwards,
R. M. 1-(Carboxybenzyl)imidazole-5-acrylic Acids: Potent and
Selective Angiotensin Receptor Antagonists. J. Med. Chem.
1991, 34, 1514-17.

(837) Matsoukas, J. M.; Agelis, G.; Hondrelis, J.; Yamdagni, R.; Wu,
Q.; Ganter, R.; Smith, J. R.; Moore, D.; Moore, G. J. Synthesis
and Biological Activities of Angiotensin II, Sarilesin, and
Sarmesin Analogues Containing Aze or Pip at Position 7. J. Med.
Chem. 1993, 36, 904—11.

(38) Plucinska, K.; Kataoka, T.; Yodo, M.; Cody, W. L.; He, J. X;;
Humblet, C.; Lu, G. H,; Lunney, E.; Major, T. C.; Panek, R. L.;
Schelkun, P.; Skean, R.; Marshall, G. R. Multiple Binding Modes
for the Receptor-Bound Conformations of Cyclic AIl Agonists.
J. Med. Chem. 1993, 36, 1902—-13.

(39) Masek, B. B.; Merchant, A.; Matthew, J. B. Molecular Shape
Comparison of Angiotensin II Receptor Antagonists. J. Med.
Chem. 1993, 36, 1230—38.

(40) Kavalek, J.; Machacek, V.; Svobodova, G.; Sterba, V. Base
Catalysed Cyclization of Substituted Esters of Hydantoic and
Thiohydantoic Acids. Collect. Czech. Chem. Commun. 1986, 51,
375-90.

(41) Grande, M. T.; Trigo, G. C.; Soellhuber, M. M. Synthesis of 2-
and 3-substituted-1,2,3,4-tetrahydrodibenzo[f,hlisoquinolines. J.
Heterocycl. Chem. 1986, 23 (3), 929—33.

(42) Meanwell, N. A,; Roth, H. R,; Smith, E. C. R,; Wedding, D. L.;
Wright, J. J. K. Diethyl 2,4-Dioxoimidazolidine-5-phospho-
nates: Horner-Wadsworth-Emmons Reagents for the Mild and
Efficient Preparation of C-5 Unsaturated Hydantoin Derivatives.
J. Org. Chem. 1991, 56, 6897—904.

(43) Khokhlov, P. S.; Kashemirov, B. A.; Mikityuk, A. D.; Chimish-
kyan, A. L.; Strepikheev, Y. A. Phosgenation of o-amino-
phosphonoacetates. Zh. Obshch. Khim. 1984, 54 (10), 2237—41.

(44) 19 was prepared by benzylation of 5-bromo-2-butyl-3H-imida-
zole-4-carbaldehyde with 4’-(bromomethyl)-2-[1-(triphenylmeth-
yDtetrazol-5-yllbiphenyl followed by selective dehalogenation
with H; and Pd/C.

(45) 27 was prepared via benzylation of 5-bromo-2-butyl-3H-imida-
zole-4-carboxaldehyde with 4-nitrobenzyl bromide followed by
reduction with Ra Ni/H; and treatment with trifluoromethane-
sulfonic anhydride.

(46) 30 was prepared by benzylation of 5-chloro-2-butyl-3H-imidazole-
4-carbaldehyde with 5-[4-(bromomethyl)phenyl]-1-(triphenylm-
%thyl)-lH-tetrazole followed by dehalogenation with Hp and Pd/

(47) Hodges, J. C.; Klutchko, S. (Phenylmethyl)imidazole angiotensin
IT receptor antagonists. PCT Int. Appl. WO 9313077, 1993.

(48) Dudley, D. T.; Panek, R. L.; Major, T. C.; Lu, G. H.; Bruns, R.
F.; Klinkefus, B. A.; Hodges, J. C.; Weishaar, R. E. Subclasses
of Angiotensin II Binding Sites and Their Functional Signifi-
cance. Mol. Pharmacol. 1990, 38, 370—17.

(49) Ryan, M. J.; Hicks, G. W.; Batley, B. L.; Rapundalo, S. T.; Patt,
W. C.; Taylor, D. G.; Keiser, J. A. Effect of an Orally Active Renin
Inhibitor CI-992 on Blood Pressure in Normotensive and Hy-
pertensive Monkeys. J. Pharmacol. Exp. Ther. 1994, 268 (1),
372-9.

(50) Juliano, L.; Paiva, A. C. M. Conformation of angiotensin II in
aqueous solutions. Titration of several peptide analogs and
homologs. Biochemistry 1974, 13 (11), 2445—50.

(51) Khosla, M. C.; Leese, R. A.; Maloy, W. L.; Ferreira, A. T.; Smeby,
R. R.; Bumpus, F. M. Synthesis of some analogs of angiotensin
IT as specific antagonists of the parent hormone. J. Med. Chem.
1972, 15 (8), 792-5.

(52) A Textbook of drug design and development; Krogsgaard-Larsen,
P., Bundgaard, H., Eds.; Harwood Academic Publishers GmbH:
Switzerland, 1994; ISBN 3718650991.

Journal of Medicinal Chemistry, 1995, Vol. 38, No. 19 3771

(53) Quantitative drug design: a critical introduction; Martin, Y. C.,
Ed.; Marcel Dekker Inc.: New York, 1978; ISBN 0824765745.

(54) Topliss, J. G. Utilization of operational schemes for analog
synthesis in drug design. J. Med. Chem. 1871, 15, 1006—11.

(565) Topliss, J. G. A manual method for applying the Hansch
approach to drug design. J. Med. Chem. 1977, 20, 463-9.

(56) Craig, P. N. Interdependence between physical parameters and
selection of substituent groups for correlation studies. J. Med.
Chem. 1971, 14, 680—4.

(57) Regression plot: log(ICs0) vs CLOGP(Ry), Y = —0.11 + 0.502X,
R2=10.721, P < 0.005; log(1/ICs¢) vs CLOGP(Ry), Y = —0.458 +
0.012X — 0.105 x 2, R2 = 0.737, P < 0.01. The log P was
calculated for the substituent Ry since the CLOGP algorithm
was unable to calculate the log P of the hydantoins. This does
not affect the correlation since only the Ry substituent is varied
in the comparison of the anaolgs prepared.

(58) Regression plot: HPLC(tg) vs CLOGP(NR), ¥ = —-1.294 +
3.479X, R2=0.912, P < 0.0001. See supporting information for

ata.

(59) Kaliszan, R. High performance liquid chromatographic methods
and procedures of hydrophobicity determination. Quant. Struct.-
Act. Relat. 1990, 9 (2), 83—87.

(60) Leo, A.; Weininger, D.; Weininger, A. CLOGP. CMR Medicinal
Chemistry Project, Pomona College, Claremont, CA. Release 3.54
distributed by Daylight Chemical Information Systems, 1989.

(61) Taylor, P. J.; Wait, A. R. Values of o1 for heterocycles. J. Chem.
Soc., Perkin Trans. II 1986, 11, 1765—170.

(62) Lewis, S. J.; Mirrless, M. S.; Taylor, P. J. Rationalizations among
heterocyclic partition coefficients. Part 2: The azines. Quant.
Struct.-Act. Relat. 1983, 2 (3), 100—11.

(63) Bradshaw, J.; Taylor, P. J. Rationalisations among heterocyclic
partition coefficients. Part 3: II-Excessive heterocycles. Some
comments on the CLOGP algorithm. Quant. Struct.-Act. Relat.
1989, 8 (4), 279—87.

(64) Regression plot: obsd log P vs CLOGP(NR), Y = 2.671 + 0.539X,
R2 = 0.931, P < 0.0001. See supporting information for data.

(65) The racemic saturated analog of compound 97 or 98 has an ICj,
of 161 nM (AT)).

(66) Ma, Z. Application of Michael addition method on metabolites
of chemical substance chemo-synthesis. Weisheng Yanjiu 1994,
23 (6), 333—4.

(67) Kraemer, T.; Dressel, J. D.; Fey, P.; Hanko, R.; Huebsch, W;
Mueller, U.; Mueller-Gliemann, M.; Beuck, M.; Kazda, S.; Knorr,
A.; Stasch, J.-P.; Wohlfeil, S. Preparation of cycloalkyl- and
Heterocyclyl substituted imidazolylpropenic acid derivatives.
Eur. Pat. Appl. EP 563705, 1993.

(68) Reitz, D. B.; Garland, D. J.; Norton, M. B.; Collins, J. T.;
Reinhard, E. J.; Manning, R. E.; Olins, G. M.; Chen, S. T,;
Palomo, M. A.; McMahon, E. G.; Koehler, K. F. N1- Sterically
Hindered 2H-Imidazol-2-one Angiotensin II Receptor
Antagonists: The Conversion of Surmountable Antagonists to
Insurmountable Antagonists. Bioorg. Med.Chem. Lett. 1993, 3,
1055—60.

(69) Schambye, H. T.; Hjorth, S. A.. Bergsma, D. J.; Sathe, G
Schwartz, T. W. Differentiation between binding sites for
angiotensin II and nonpeptide antagonists on the angiotensin
II type 1 receptors. Proc. Natl. Acad. Sci. U.S.A. 1994, 91 (15),
7046—50.

(70) Ashton, W. T.; Chang, L. L.; Flanagan, K. L.; Hutchins, S. M.;
Naylor, E. M.; Chakravarty, P. K.; Patchett, A. A.; Greenlee, W.
d.; Chen, T.-B,; Faust, K. A.; Chang, R. S. L; Lotti, V. J.; Zingaro,
G. J; Schorn, T. W,; Siegl, P. K. S.; Kivlighn, S. D. Triazolinone
Biphenylsulfonamide Derivatives as Orally Active Angiotensin
IT Antagonists with Potent AT Receptor Affinity and Enhanced
AT, Affinity. J. Med. Chem. 1994, 37 (17), 2808—24.

(71) Wong, P. C,; Duncia, J. V,; Santella, J. B, III; Smith, R. D.;
Wexler, R. R.; Timmermans, P. B. M. W. M,; Chiu, A. T. EXP597,
a nonpeptide angiotensin II receptor antagonist with high
affinities for the angiotensin AT1 and AT2 receptor subtypes.
Eur. J. Pharmacol. 1994, 260 (2—3), 261—4.

(72) Chang, L. L.; Ashton, W. T.; Flanagan, K. L.; Chen, T.-B;
O'Malley, S. S.; Zingaro, G. J.; Siegl, P. K. S.; Kivlighn, S. D.;
Lotti, V. J.; Chang, R. S. L.; Greenlee, W. J. Triazolinone
Biphenylsulfonamides as Angiotensin II Receptor Antagonists
with High Affinity for Both the AT1 and AT2 Subtypes. J. Med.
Chem. 1894, 37 (26), 4464—178.

JM950337P



