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The synthesis and pharmacological activity of new potent nonpeptide non-tetrazole angiotensin 
II (All) receptor antagonists are described. These compounds are 4-thioimidazole derivatives 
linked on Ni to a biphenylsulfonyl fragment by a methylene spacer. Different acidic 
sulfonamides such as sulfonylureas 12, sulfonylcarbamates 15, sulfonylamides 16, and 
sulfonylsulfonamides 17 have been investigated as replacements to the known potent tetrazole 
moiety at the 2'-biphenyl position. Their activity were evaluated by All receptor binding assay 
as well as by in vivo (iv and po) assays such as inhibition of the All-induced pressor response 
in pithed rats . Most of the synthesized sulfonyl derivatives showed nanomolar affinity for the 
ATi receptor subtype. The iV-propylsulfonylurea 12d and the ethyl sulfonylcarbamate 15b as 
representative members of this series exhibited high oral activity in the pithed ra t model with 
ID50 values of 0.38 and 0.4 mg/kg, respectively. Structure-activity relationships on the 
imidazole ring linked to the methylbiphenyl iV-propylsulfonylurea fragment demonstrated 
similar features to those found in the corresponding tetrazole series. For both class of 
compounds, the linear butyl chain in position 2 and a carboxylic acid in position 5 were 
important for high in vitro and in vivo activity. In most cases, replacement of the carboxylic 
acid was detrimental to in vivo activity while maintaining the in vitro binding affinity. 
Introduction of a methylthio group in position 4 was found to enhance oral activity compared 
to compounds with chloro or other alkylthio, (polyfluoroalkyl)thio, and arylthio groups. 2-Butyl-
4-(methylthio)-l-[[2'-[[[(propylaniino)carbonyl]amino]sulfonyl](l,l'-biphenyl)-4-yl]methyl]-li/-
imidazole-5-carboxylic acid (12d) as the most promising example of the series was synthesized 
as its dipotassium salt (50, HR 720). This compound 50 inhibited the specific binding of [125I]-
AII to rat liver membranes with an IC50 value of 0.48 nM. In vivo, 50 dose-dependently inhibited 
the All-induced pressor response in normotensive pithed rats (ID50 = 0.11 mg/kg iv and 0.7 
mg/kg po). In addition, this compound produced a marked and long-lasting decrease in blood 
pressure in high renin animal models and proved to be superior to the corresponding tetrazole 
45 as well as to DuP 753 or its active metabolite EXP 3174. Compound 50 has been selected 
for in-depth investigations and is currently undergoing phase II clinical trials. 

Introduction 
The renin—angiotensin system (RAS) is known to play 

an important role in blood pressure regulation and 
electrolyte homeostasis.1 Angiotensin II (All), the bio
logically active peptide of the RAS, is a potent vasocon
strictor agent which also stimulates aldosterone secre
tion2 and is therefore regarded as a major mediator of 
hypertensive disorders including essential hyperten
sion.3 Consequently, the RAS has been a prime target 
for the therapy of cardiovascular diseases.4 On the basis 
of the success of the angiotensin converting enzyme 
inhibitors5 as antihypertensive drugs, the pharmaceuti
cal industry has devoted considerable effort to discover
ing nonpeptide renin inhibitors6 and All receptor an
tagonists7 as alternative means of blocking the RAS in 
a more specific way.8,9 

The discovery by Du Pont of the first orally active, 
nonpeptide, All antagonist DuP 753 (Losartan, 
COZAAR),10-13 opened an exciting new phase of re-
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search to investigate ATi-selective14 agents for the 
treatment of hypertension. Since then, many other All 
antagonists have been reported.15 Nearly all of them 
contain an alkyl-substituted nitrogen heterocycle linked 
to a biphenylyltetrazole by a methylene spacer. Indeed, 
it has been demonstrated that an acidic function ortho 
to the distal phenyl ring is needed for activity. On the 
basis of Du Pont's findings, replacement of the carboxy
lic function by the isosteric tetrazole resulted in a 
greater binding affinity and above all increased oral 
activity.11 

However, at that time, tetrazole derivatives were 
known to display some chemical and metabolic disad
vantages. Large-scale synthesis of this moiety could be 
hazardous16 due to the use of azide derivatives (sodium 
azide, tributyltin azide,...) which are possible precursors 
of the toxic and extremely explosive hydrazoic acid. In 
some cases, tin residues are also difficult to remove. 
Moreover, glucuronidation of the tetrazole moiety had 
already been observed to be a possible metabolic path
way.17 In fact, the formation of glucuronide metabolites 
of DuP 753 in monkeys has been established, resulting 
in less active compounds.18 Their rapid elimination 
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could explain the shorter in vivo duration of action of 
DuP 753 in that species. Glucuronidation being very 
species-dependent, one could then speculate on whether 
sufficient plasma concentrations of a tetrazole antago
nist could be achieved in humans over a 24 h period to 
produce consistent reduction in blood pressure. 

Today, the synthesis of bulk quantities of tetrazole 
derivatives no longer seems to be a problem.19* In 
addition, acceptable doses of losartan (50 mg and higher) 
have, since then, been demonstrated1913 to display phar
macokinetic characteristics in hypertensive patients 
sufficient to produce significant blood pressure lowering 
24 h after administration. Even so, the trough:peak 
ratio of the antihypertensive effects of losartan being 
in the range of 60%,19b there is still some need for drugs 
more effective in achieving a 24 h control of blood 
pressure. Likewise, drugs showing equipotency of a 
once versus twice daily dose regimen are still awaited. 

Therefore, at the onset of this work, these issues on 
the tetrazole moiety were pending and some of them 
still are. They led us to seek a tetrazole replacement. 
Our strategy was to take advantage of a previous 
structure—activity relationship in the imidazole—bi-
phenylyltetrazole series which had led to the discovery 

Sulfonyl derivatives 
EWG = CONHR,C02R 

COR,S02R ' 

of compound 45 (RU 56184),20 our most potent orally 
active tetrazole All antagonist (IC50 = 0.2 nM; ID50 = 
0.05 mg/kg iv and 0.4 mg/kg po). Therefore, the tetra
zole moiety of this compound was extensively replaced 
by sulfonyl groups (Chart 1). Acidic groups such as 
tetrazole surrogates only received limited attention. All 
antagonists incorporating squaric acid,21 acidic hetero-
cycles,22 triflamide,23 or acidic sulfonamides24 in place 
of tetrazole have recently been reported. 

The present paper describes the design and the 
synthesis of sulfonyl derivatives, e.g., sulfonylureas, 
sulfonylcarbamates, sulfonylamides, and sulfonylsul-
fonamides as possible acidic isosteres of the tetrazole 
group in the All antagonist field. The most potent 
sulfonyl derivative (iV-propylsulfonylurea) was then 
selected and a series of derivatives was synthesized in 
order to optimize the substitution pattern in positions 
2, 4, and 5 of the imidazole ring. This led to the 
discovery of compound 50,25 one of the very few orally 
active non-tetrazole All antagonists currently under 
clinical development. 

Chemistry 

The compounds described in this study are shown in 
Tables 1—7 and their synthetic methods are outlined 
in Schemes 1-9. All compounds were synthesized 
through a convergent approach by coupling the requisite 
imidazole 5 with the [[(bromomethyl)biphenylyl]sulfo-
nyl]amidine 9 as described in Scheme 3. 

Suitably substituted imidazoles 5 a - j have been syn
thesized following a three step sequence (Scheme 1) 
from the oxime 1 via Pt-catalyzed hydrogenation in the 
presence of the desired carboxylic acid anhydride or 
from ethyl aminocyanoacetate 2 by condensation with 
the requisite acyl chloride.26 Addition of the appropriate 
thiol derivative onto the nitrile and final PCls-induced 
intramolecular cyclization led to imidazoles 5a—j 
(Table 1). 

As outlined in Scheme 2, the biphenyl bromide 9 was 
obtained from 2-bromobenzenesulfonamide 6,27 which 
was first protected as the amidine derivative 7 with 
dimethylformamide dimethyl acetal and then subjected 
to palladium coupling with p-tolylboronic acid in the 
presence of a base under the conditions described by 
Suzuki28 in 93% yield. Finally, radical bromination with 
NBS in chlorobenzene provided [[(bromomethyl)bi-
phenylyl]sulfonyl]amidine 9 in 64% yield after recrys-
tallization. 

Coupling of this biphenyl bromide 9 with the requisite 
ester imidazole 5a—j was performed in DMF in the 
presence of K2CO3. The major product of the reaction 
was the desired Ni regioisomer lOa-j, mixed with a 
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Table 1. Imidazole Compounds 5a-j 

N V 
xi N 

I 
H 

CO,Et 

compd Ri R2 mp (°C) formula" 
yield 
(%) 

5a 
5b 
5c 
5d 
5e 
5f 
5g 
5h 
5i 
5j 

Me 
Et 
n-Pr 
re-Bu 
c-Pr 
n-B\i 
n-Bu 
re-Bu 
n-Bu 
rc-Bu 

Me 
Me 
Me 
Me 
Me 
(CH2)3OAc 
(CH2)4OAc 
CH2(4-OCH3 

Ph 
2-thienyl 

•C6H4) 

174 
150 
85 
74 
104-
<50 
55 
105 
74 

108 

C8H12N2O2S 
C9H1 4N202S 
CloHj6N202S 
C u H 1 8 N 2 0 2 S 
Ci0H1 4N2O2S 
C15H24N2O4S6 

Ci6H26N204S i ' 
C l s t ^ N z O a S 4 

Ci6H2oN202S 
C u H 1 8 N 2 0 2 S 2

6 

48 
75 
67 
72 
74 
81 
68 
72 
69 
85 

" All compounds exhibited NMR consistent with structure and 
gave satisfactory analyses C, H, N, S (0.4%), except as noted. 
6 Analysis not determined. c Obtained as a foam. 
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" Reagents: (a) (MeO)2CHNMe2, DMF, room temperature, 2 h; 
(b) 4CH3PhB(OH)2, Pd(OAc)2, PPh3, Na 2C0 3 , toluene, reflux, 4 h; 
(c) NBS, (C6H5CO)202, chlorobenzene, 120 °C, 1 h. 

small amount of the N3 isomer (for example: 91% of Ni 
isomer lOd vs 9% of N3 isomer, Scheme 3). The two 
isomers29 could be separated by crystallization or chro
matography (the Ni isomer being less polar). Depro-
tection of the amidine lOa- j in ethanolic hydrochloride 
solution under reflux gave the free sulfonamide 11a -
e , i - l in good yields. In this reaction acetates lOf-g 
are also hydrolyzed to the corresponding alcohols l lk ,L 
The obtained sulfonamides l l a - e , i - l were then fur
ther converted to the desired sulfonylureas 1 2 a - e , i - l 
(Table 2). 

Sulfonylcarbamates 1 5 b - d were obtained from sul
fonamide l i d by reaction with methyl, ethyl, or 3-
methylbut-2-enyl chloroformate, respectively, in reflux-
ing DME in the presence of K2CO3 (Scheme 4). In a very 
similar way, sulfonylureas 12 were prepared from the 
requisite alkyl isocyanates in refluxing acetone with K2-
CO3. An alternative access to the sulfonylureas 12 
involved the reaction of ethyl sulfonylcarbamate 15a 
with an amine in refluxing toluene, without affecting 
the ethyl ester group. Sulfonylthiourea 14 was synthe
sized as described for sulfonylurea 12d by using pro
pyl isothiocyanate instead of propyl isocyanate. Sul
fonamide l i d was also treated with benzoyl chloride 
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or phenylacetyl chloride in refluxing toluene in the 
presence of DMAP to give acylsulfonamide 16b,c, 
while refluxing sulfonylurea 12d in acetic anhydride 
afforded acetylsulfonamide 16a. Sulfonylsulfonamide 
17a was obtained by the treatment of l i d with ethane-
sulfonyl chloride in refluxing DME in the presence of 
K2CO3. Trifluorosulfonylsulfonamide 17b was prepared 
using trifluoromethanesulfonic anhydride and trieth-
ylamine in CH2CI2 at room temperature (Scheme 4). The 
sulfonamide derivatives 12, 14, 15, 16, and 17 were 
finally saponified in aqueous ethanolic NaOH or KOH 
solution at room temperature in order to avoid decar
boxylation, to give the free acids or their salts, respec
tively. 

Carbonylurea 43 was prepared in a special manner 
by coupling imidazole 5d with the known (bromo-
methyDbiphenyl tert-butyl ester 40.11 After acidic 
cleavage of the tert-butyl group, the resulting acid 41 
was transformed to the primary amide via its acid 
chloride (using SOCI2 then ammonia) and then con
verted to carbonylurea 43 with propyl isocyanate fol
lowed by saponification using standard procedures 
(Scheme 9). 

All synthesized variations in position 5 of the imida
zole ring are outlined in Scheme 5-7. These compounds 
were synthesized from ester sulfonamide l i d , except 
for alcohol 19 (Scheme 5) which was obtained from ester 
sulfonylamidine lOd by LiAlH4 reduction (LiAlHi first 
reduced the amidine and then the ester). Oxidation of 
the sulfur atom of compound l i d was performed using 
1 or 2 equiv of MCPBA to give, after reaction with pro
pyl isocyanate and saponification, the sulfoxide 26 or 
the sulfone 27, respectively. Amidification or esterifi-
cation steps are described in Scheme 6. Transesterifi-
cation of ethyl ester l i d to benzyl ester 20 was 
performed with Ti(0-i-Pr)4 in benzyl alcohol according 
to the methodology described by Seebach.30 Amidifica
tion of l i d with gaseous methylamine dissolved in 
MeOH was achieved under pressure, affording methyl-
amide 21. Amide 23 and tert-butyl ester 25 were 
prepared from acid 22 via known procedures: t-Bu 
exchange reaction with iV,iV'-diisopropyl-0-tert-butyl-
isourea31 for ester 25 and coupling reaction with Ile-
OMe using EDC/DMAP for amide 23 (Scheme 6). 
However, we adopted a more general pathway for the 
synthesis of amide derivatives via the formation of the 
acyl chloride of acid 12d (Scheme 7). This reaction 
(SOCI2 in toluene) proceeded very cleanly without any 
interaction with the urea moiety. Treatment of the 
resulting acyl chloride with aqueous ammonia, methyl 
ester of glycine, lithium salt of acetamide, or lithium 
salt of phenylsulfonamide afforded the primary amide 
30a, amino acid amide 30b, imide 30d and phenylsul
fonamide 30e, respectively. The ester 28 was trans
formed to the corresponding free acid 12d by saponifi
cation with 2 N NaOH, followed by acidification. This 
compound 12d could be decarboxylated by heating 
under vacuum to give the 5-H derivative 29 (Scheme 
7). On the other hand, saponification of ester 28 with 
6 N aqueous KOH in EtOH provided directly the 
dipotassium salt 50 as a white precipitate. 

Compounds 37a—d with a (fluoroalkyl)thio group in 
position 4 of the imidazole ring were synthesized using 
the methodology described in Scheme 8. Instead of 
building the suitably substituted imidazole directly (as 
in Scheme 1), we first synthesized the corresponding 
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Table 2. Propylsulfonylureas: Position 2 and 4 Modification of 
the Imidazole Ring 

compd 

12a 
12b6 

12c 
12d 
50* 
12e 
12f 
12i 
12j 
12k 
121 

Rl 

Me 
Et 
re-Pr 
re-Bu 
re-Bu 
c-Pr 
re-Bu 
n-Bu 
rc-Bu 
re-Bu 
re-Bu 

R2 

Me 
Me 
Me 
Me 
Me 
Me 
(CH2)4OAc 
Ph 
2-thienyl 
(CH2)aOH 
(CH2)4OH 

method 

A 
B 
A 
A 
B 
A 

A 
A 
A 
A 

mp (°C) 

144-150 
>260 
133-135 
128-130 
>260 
132-138 
150-152 
142-144 
175-177 
c 
c 

formula1* 

C23H26N4O5S2 
C24H26K2N4O5S2 
C25H30N4O5S2 
C26H32N4O5S2 
C26H30K2N4O5S2 
C25H28N4O5S2 
C31H40N4O7S2 
C31H34N4O5S2 
C29H32N4O5S3 
C28H36N4O6S2 
C29H38N4O6S2 

yield 
(%) 
73 
61 
58 
80 
89 
53 
42 
77 
48 
74 
62 

" All compounds exhibited NMR consistent with structure and 
gave satisfactory analyses C, H, N, S (0.4%). b As dipotassium salt. 
c Not crystallized. 

thiol followed by alkylation of the SH function with the 
requisite electrophile. Starting from the p-methoxy-
benzyl thiol-substituted compound 31 (obtained by 
coupling the biphenyl fragment 9 with imidazole 5h), 
treatment with a 5:1 mixture of trifluoroacetic acid/ 
anisole in the presence of mercuric trifluoroacetate 
liberated the SH group which was trapped in situ as 
mercuric salt 32. This salt could be easily purified by 
column chromatography, providing 32 in 90% yield. The 
generation of SH occurred quantitatively under mild 
conditions by bubbling H2S through an ethyl acetate 

solution. Filtration on Celite of the black precipitate 
led to pure thiol 35 which could be stored under nitrogen 
at -20 °C for several weeks without disulfide formation. 
Alkylation of this thiol 35 was carried out with various 
fluorinated alkyl halides in DMF. Conversion to the 
sodium thiolate with NaH followed by addition of 
sodium iodide was necessary for alkylation with C1CH2-
CF3 (compound 36c) and CICH2CF2CF2CH2OTBDPS 
(compound 36d) while use of iodotrifluoromethane for 
the synthesis of 36a required hv activation. Alkylation 
of sodium thiolate 35 with C1CF2H (Freon 22) gave a 
low (30%) and not reproducible yield of 36b. Sodium 
chlorodifluoroacetate (in the presence of Nal) proved to 
be the reagent of choice for this transformation, leading 
directly from thiol 35 to the SCHF2 derivative 36b in 
75% yield (via in situ decarboxylation). Deprotection 
of the amidine followed by condensation with propyl 
isocyanate and saponification afforded the desired flu
orinated thio derivatives 3 7 a - d (Scheme 8). The 
mercury salt 32 could also be used directly for an 
electrophilic attack of ClCH2SMe in presence of Nal to 
yield very cleanly the SCH2SCH3-substituted compound 
33. 

The 4-chloro derivative 49 was obtained by coupling 
chloro aldehyde 4 6 u with the biphenyl moiety 9, fol
lowed by oxidation of the aldehyde to the methyl ester 
according to Corey's procedure,32 deprotection of the 
amidine, reaction with propyl isocyanate, and final 
saponification (Scheme 10). 

Results and Discussion 
The compounds described in this paper were tested 

for their affinity for the ATi receptor as measured by 
their ability to displace [125I]AII from its specific 
binding sites in rat liver membrane preparation. Se-
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" Reagents: (a) CH3CH2CH2N-C-S, K2CO3, acetone, reflux, 15 h; (b) 2 N NaOH, EtOH, room temperature, 4 d; (c) RCOCl, K2CO3, 
DME, reflux; (d) RiN=C-0, K2CO3, DME, reflux; (e) RRiNH, toluene, reflux; (f) only on 12d: Ac20, reflux 2 h; (g) RCOCl, DMAP, 
toluene, 70 °C, 30 min; (h) EtS02Cl, K2CO3, diglyme, reflux 12 h; (i) Tf20, TEA, CH2Cl2, -60 °C, 1 h. 

Scheme 5° 
SMs 

CHjOH H H 

0 

0 Reagents: (a) L1AIH4, THF, reflux 3 h; (b) CH3CH2CH2N=C=0, K2CO3, acetone, reflux, 2 h; (c) concentrated HCl, EtOH, reflux, 2 h; 
(d) MCPBA (1 mol), CH2C12, room temperature, 1 h; (e) MCPBA (2.5 mol), CH2C12; (f)2N NaOH, MeOH, room temperature, 24 h. 

lected compounds were fur ther evaluated in vivo after 
in t ravenous as well as oral adminis t ra t ion toward the 
inhibition of the pressor response induced by Al l (0.75 
fig/kg iv) in normotensive pithed ra t s . 

A c i d i c S u l f o n a m i d e s a s T e t r a z o l e I so s t ere s . As 
mentioned above, the 2'-biphenyl position needs a n 
acidic function, and even if a few compounds in clinical 
t r ia ls still bear a carboxylic acid,15 in most cases the 

tetrazole moiety has been found to fulfill this need better 
wi th higher binding affinity and enhanced oral absorp
tion.11 A few years ago, for the reasons explained above, 
we init iated a search for new non-tetrazolic Al l antago
nists . Taking into consideration t h a t the pisTa range of 
arylsulfonylurea (est imated to be 5 .5-7 .5) 3 3 is s imilar 
to t h a t of aryltetrazole (5 -6 ) , 3 4 it was therefore consid
ered reasonable to investigate sulfonylureas (and by 
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Scheme 6" 
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" Reagents: (a) PhCH2OH, Ti(0-i-Pr)4, 140 °C; (b) CH3CH2CH2N=C=0, K2CO3, acetone, reflux, 2 h; (c) CH3NH2, MeOH, 80 °C, 60 h; 
(d) 2 N NaOH, MeOH, room temperature, 24 h; (e) z-C3H7NHC(0-«-C4H9)=N-i-C3H7, CH2C12, room temperature, 10 h; (f) L-isoleucine 
methyl ester hydrochloride, EDC, EtOAc, room temperature, 16 h. 

extension other sulfonyl derivatives) as possible tetra-
zole isosteres. The chemistry of sulfonylureas has been 
widely investigated for a number of therapeutic targets. 
For example, the most established potassium channel 
modulators such as Gibenclamide (in clinic for type II 
diabetes mellitus) are sulfonylureas.35 Moreover, re
placement of a carboxyl group by a sulfonylurea moiety 
has already been achieved successfully36 and led in that 
case to the discovery of Torasemide,37 a potent diuretic 
agent. 

As already noted, imidazole biphenylyltetrazole 45 
has proven to be a potent orally active All antagonist20 

(ID50 0.5 mg/kg po). Replacing the tetrazole in this 
compound by a sulfonylurea and also by a sulfonylcar-
bamate, a sulfonylamide, and a sulfonylsulfonamide 
provided compounds 12, 15, 16, and 17, respectively. 
Most of them displayed binding affinity in the nanomo
lar or subnanomolar range, comparable to the corre
sponding tetrazole 45 (IC50 0.2 nmol), as shown in Table 
3. These data clearly demonstrate that sulfonyl deriva
tives are suitable surrogates for the tetrazole moiety 
concerning in vitro All antagonism. Conversely, the 
parent sulfonamide l i d (Table 4) is 100-fold less active 
than the corresponding propylsulfonylurea 12d, which 
could be explained by the different pKa values of the 
acidic NH functions in l i d (pKa = 10.8) and 12d (p#a 

= 7). It is worth noting that the measured pi?a values 
of our sulfonyl derivatives (between 6 and 7) are 
comparable to those of the corresponding tetrazole 
derivatives (between 5 and 6). These data confirm that 
an acidic group is necessary at this position to make an 
ionic interaction with a putative basic site on the ATi 
receptor, as it was first suggested by the Du Pont's 
investigators.11 The importance of the acidity of NH 
function in sulfonyl derivatives was clearly demon
strated by N-methylation of sulfonylurea 28 which 

resulted in the 200-fold less active compound 44 (Table 
4). In the same way, replacing the sulfonylurea function 
of 12d by the carbonylurea group (43) resulted in a more 
than 200-fold decrease in potency, illustrating again 
that a less acidic NH function (pKa = 12.3 for carbonyl
urea 43 vs pi?a = 7 for sulfonylurea 12d) is correlated 
with lower receptor affinity. 

From the various sulfonyl derivatives 12,15,16, and 
17 investigated (Table 3), only the sulfonylsulfonamides 
17 behaved quite differently. Although all of them 
displayed similar affinity to the ATi receptor, the 
sulfonylsulfonamides 17a,b indeed showed only weak 
activity (> 1 mg/kg) after intravenous administration in 
inhibiting the All-induced increase in blood pressure 
in rats, and consequently, this series was not investi
gated any further. 

Conversely, sulfonylcarbamates 15, sulfonylureas 12, 
and acylsulfonamides 16 (Table 3) displayed iv and 
oral potency, depending on the length of the side chain 
substitution. When intravenously administered, these 
acidic sulfonamides inhibited the All-induced pres
sor response in pithed rats at low doses from 0.06 to 
0.44 mg/kg for 12d-r, 15b-f and 16a-d. They were 
further evaluated for oral activity. In the carbamate 
series, the ethyl side chain was found to be the most 
effective substitution, the ethyl carbamate 15c (ID50 
0.38 mg/kg) being 4-fold more active po than its meth
yl analogue 15b. Increasing the length of the side 
chain with the re-butyl or isobutyl substituent gave rise 
to the potent carbamates 15e and 15f, respectively, 
albeit slightly less effective po than the ethylcarbamate 
15c. 

Sulfonylureas 12 (Table 3) displayed the same kind 
of oral activity, enhanced with a longer alkyl chain on 
the urea nitrogen, the propyl and the butyl substituents 
being optimal among the compounds prepared: butyl 



Non-Tetrazole All Receptor Antagonists Journal of Medicinal Chemistry, 1995, Vol. 38, No. 13 2363 

Scheme 7° 

SMe SMe 

= S02Ph 

<• Reagents: (a) 6 N KOH, EtOH, room temperature; (b) 140 °C (0.06 bar), 1 h; (c) (1) SOCl2, toluene, 50 °C, overnight; (2) for 30a, 
NH4OH, dioxane, room temperature; for 30b, H2NCH2CO2CH3/HCI, TEA, THF, room temperature; for 30d, LiNHCOCH3, THF, -60 °C 
to 0 °C, 1 h; for 30e, LiNHS02Ph, THF, -78 °C to room temperature, 2 h; (d) 2 N NaOH, MeOH, room temperature, 24 h; (e) CH2N2, 
CH2C12-

(12r, 0.21 mg/kg) > propyl (12d, 0.40 mg/kg) > allyl 
(12o, 0.57 mg/kg) > ethyl (12n, 1.12 mg/kg) > methyl 
(12m, 4.94 mg/kg). However, the more lipophilic butyl 
side chain also significantly increased the binding 
affinity for the AT2 receptor subtype of All (IC50 96 
nmol) when compared to its propyl analogue 12d (IC50 
920 nmol). Thus, Af-propylsulfonylurea 12d proved to 
be the best compromise between oral potency and ATi 
selectivity. 

Only little work has been undertaken on acylsulfona-
mides 16. Among the four compounds (16a-d) synthe
sized, the propylacylsulfonamide 16d exhibited the 
higher oral activity (ID50 0.95 mg/kg) but was still 
slightly less active when compared to the ethylcarbam-
ate 15c and the optimized propylsulfonylurea 12d. The 
results obtained with compounds 16a—d did not incite 
us to focus further on this series, contrary to Merck's 
investigators.24d_1 

Therefore, our initial assumption that a sulfonyl 
derivative could be a promising isosteric surrogate to 
the tetrazole turned out to be correct both in vitro and 
in vivo. In our general screening tests (IC50, ID50 iv and 
po), iV-propylsulfonylurea 12d and ethyl sulfonylcar-
bamate 15c proved to be as effective as the correspond
ing tetrazole derivative 45. In depth in vivo evaluation 
was undertaken in various animal models in order to 
discriminate these three potent antagonists. iV-Propyl-
sulfonylurea 12d and ethyl sulfonylcarbamate 15c 

showed a favorable pharmacological profile with in 
particular a long duration of action in several species 
(dog, minipig) superior to that of tetrazole 45 (see 
Figures 3 and 4 for the duration of action of compound 
50 in dog, the dipotassium salt of urea 12d). Among 
these two sulfonyl compounds with similar in vivo 
profile, iV-propylurea 12d was preferred to ethyl car
bamate 15c because of putative higher stability of ureas 
vs carbamates and also because we feared a lack of 
specificity of carbamates.38 

During the course of this work, other companies have 
discovered independently potent tetrazole isosteres. 
Glaxo scientists23 found the acidic triflamide NHSO2-
CF3 group to enhance oral absorption in comparison to 
the tetrazole group, which prompted, after imidazole 
SAR, the selection of GR 138950 for clinical evalu
ation. Merck researchers24 also envisioned the poten
tial of sulfonyl replacements of tetrazole in the All 
antagonists field and reported recently the exchange of 
tetrazole by various acidic sulfonamides (sulfonyl
ureas, sulfonylcarbamates, acylsulfonamides) in their 
imidazole,24c'dJ imidazopyridine,24a'e,f and triazolinone 
series.2411'1'1 

SAR on the Imidazole Ring. After selection of the 
propyl sulfonylurea as the most effective tetrazole 
surrogate, we continued our work by optimization of the 
substituents in remaining positions 2, 4, and 5 on the 
imidazole ring. 
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Scheme 8" 

PCH3 

37»: Rp = CF3 

b: Rp — CHF2 
c; Rp = CH^CF-j 
d: RF = CH2CF2CF2CH2OH 

36». RF = CF3 

b: Rp - CHF2 

c: RF - CH2CF3 

d: RF = CH2CF2CF2CH2OTBDPS 
0 Reagents: (a) 9, K2CO3, DMF, room temperature; (b) Hg(CF3C02)2, TFA, anisole, 0 °C to room temperature, 20 min; (c) CICH2SCH3, 

Nal, DMF, room temperature, 2 h; (d) concentrated HCl, MeOH, 50 °C, 18 h; (e) CH3CH2CH2N-C-0, K2CO3, acetone, reflux; (f) 2 N 
NaOH, EtOH, room temperature; (g) H2S, EtOAc, room temperature, 45 min; (h) for 36a, (1) NaH, DMF, 0 °C; (2) BrCF3, hv, 0 °C, 1 h; 
for 36b, ClCHF2C02Na, Nal, DMF, 87 °C, 45 min; for 36d, (1) NaH, DMF; (2) ICH2CF2CF2CH2OSi(Ph)2-*-Bu 51, DMF, 80 °C, 2 h; (i) 
ICH2CF3, Nal, DMF, 50 °C, 2 h. 

Scheme 9° 
SMe 

CO,H 

a Reagents: (a) K2CO3, DMF, room temperature, 16 h; (b) CF3COOH, CH2CI2, room temperature, 6 h; (c) (1) SOCl2, A, 4 h; (2) NH4OH, 
room temperature, 30 min; (d) C3H7NCO, K2CO3, acetone, A, 6 h; (e) NaOH, EtOH, room temperature. 

In Vitro Al l Antagonism. We first turned our 
attention to the 2-position of the imidazole ring 
(Table 5). As expected, the activity increased with the 
length of the unbranched carbon chain from methyl to 
butyl (12a-d), with optimal affinity in the n-propyl39 

(12c) and re-butyl (12d) substituted compounds. Sub
stitution of re-propyl by cyclopropyl group (12e) was 
correlated with a 35-fold loss of activity. 

SARs at the 4-position of the imidazole ring are 
illustrated by the data summarized in Table 6. Most 
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Scheme 10" 

? 

b, c 

N _rt 

V ^ 0 0 ^ T d,e 
SO^JH, 

0 Reagents: (a) 9, K2C03, DMF, room temperature, 16 h; (b) Mn02, NaCN, AcOH, MeOH; (c) concentrated HCl, EtOH, A, 2 h; (d) 
C3H7NCO, acetone, K2C03) A, 2 h; (e) NaOH, EtOH, room temperature, 16 h. 

Table 3. SAR at the 2'-Biphenyl Position 

SMe 

Table 4. SAR at the 2'-Biphenyl Position 

SMe 

SO.NHR 

IC50° ID50
6 (mg/kg) ID506 (mg/kg) 

compd 

12m 
12n 
12d 
12o 
12r 
12p 
12q 
15b 
15c 
15d 
15e 
15f 
16a 
16d 
16b 
16c 
17a 
17b 

R 

CONHMe 
CONHEt 
CONHPr 
CONHallyl 
CONHBu 

CONEt2 
COOMe 
COOEt 
COOCH2C= 
COOBu 
COO-i-Bu 
COMe 
COPr 
COPh 
COCH2Ph 
S02Et 
SO2CF3 

CMe2 

(nM) 

1.9 
0.2 
0.3 
1.1 
0.2 
0.9 
4.7 
0.9 
0.9 
1.8 
0.1 
0.2 
1.0 
0.2 
0.09 
0.08 
1.1 
0.8 

iv 

0.27 ± 0.07 
0.17 ± 0.03 
0.13 ± 0.01 
0.11 ± 0.02 
0.09 ± 0.01 
NT* 
NT 
0.10 ± 0.04 
0.07 ± 0.01 
NT 
0.10 ± 0.01 
0.15 ± 0.01 
0.13 ± 0.05 
0.06 ± 0.01 
0.40 ± 0.05 
0.44 ± 0.05 
>ld 

1.45 ± 0.37 

po 

4.94 ± 1.95 
1.12 ± 0.49 
0.40 ± 0.21 
0.57 ± 0.26 
0.21 ± 0.10 
NT 
NT 
1.54 ± 0.47 
0.38 ± 0.14 
NT 
0.60 ± 0.13 
0.43 ± 0.15 
2.02 ± 0.80 
0.95 ± 0.38 
NT 
1.75 ± 0.64 
NT 
NT 

compd R IC5o" (nM) iv 

l i d SO2NH2 36 5.60 ±2.16 
12d S02NHCONHPr 0.3 0.13 ± 0.01 
44 SOaNMeCONHPr^ 78 NT= 
43 CONHCONHPr 114 NT 
14 S02NHCSNHPr 2.1 1.15 ± 0.32 

po 

>30 
0.40 ± 0.21 
NT 
NT 
NT 

"~c See Table 3 for an explanation of tabulated data. d Ethyl 
ester at the 5-position of imidazole ring. 

Table 5. SAR at the Imidazole 2-Position 

SMe 
N—/ 

R " ^ N ' ^ C 0 2 H H H 

^ " " l y 
0 IC50 for inhibition of specific binding of [126I]AII to rat liver 

membrane preparation (n = 1-3). For details, see the Experi
mental Section. h ED50 following intravenous (n = 4) or oral (n = 
18-28) administration to pithed rats for inhibition of pressor 
response induced by infusion of AH.c NT for not tested compound. 
d Intraduodenally administrated. 

of t he compounds (12, 37) bear ing an arylthio or 
alkylthio group—with various alkyl chains up to four 
carbon atoms, subst i tu ted or not by fluorine a toms, 
alkoxy, acetyloxy, or methylthio groups—showed sub-
nanomolar potency toward the ATi receptor. This 
suggests t h a t t he receptor accepts bulky subs t i tuents 
a t th is 4-position, which was consistent wi th the resul ts 
obtained in the tetrazole series.2 0 Replacement of the 
methylthio group of imidazole 12d by a chlorine a tom 
(49) led to the imidazole ring of EXP 3174 with a slight 
decrease in potency in vitro. However, introduction a t 
th i s 4-position of a more polar group such as the 
methylsulfinyl (26) or the methylsulfonyl (27) substi tu-

compd IC500 (nM) 

12a Me 
12b Et 
12c6 Pr 
12d Bu 
12e c-Pr 
13 N3 regioisomer of 12d 

15 
1.3 
0.2 
0.3 
7.7 
103 

" See Table 3 for an explanation of tabulated data. b For in vivo 
evaluation of 12c, see ref 39. 

ent decreased binding affinity by 10-fold when compared 
to the (methylthio)imidazole 12d. 

A great variety of other substituents to the carboxyl 
group also proved to fulfill the imidazole 5-position 
requirements (Table 7). Binding affinity was indeed 
retained when the carboxyl group was replaced by 
neutral substituents (amides 21 and 30a,b and esters 
20, 25, and 28) as well as by other acidic functions 
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Table 6. SAR at the Imidazole 4-Position 

Deprez et al. 

ICso" ID5o
6 (mg/kg) 

compel 

12d 
121 
12j 
12k 
121 
12f 
37d 
34 
37a 
37b 
37c 
26 
27 
49 

R 

SMe 
SPh 
S-2-thienyl 
S(CH2)3OH 
S(CH2)40H 
S(CH2)4OAc 
SCH2CF2CF2CH2OH 
SCH2SMe 
SCF3 

SCHF2 

SCH2CF3 
SOMe 
S02Me 
CI 

(nM) 

0.3 
0.3 
0.2 
0.2 
0.4 
0.3 
0.3 
0.2 
0.8 
0.5 
0.6 
3.1 
3.2 
1.0 

iv 

0.13 ± 0.01 
0.67 ± 0.10 
2.01 ± 0.62 
0.11 ± 0 . 0 1 
0.12 ± 0 . 0 1 
0.60 ± 0.22 
0.83 ± 0.35 
NT 
0.11 ± 0.01 
0.07 ± 0.01 
0.80 ± 0.20 
0.14 ± 0.03 
0.06 ± 0.01 
0.16 ± 0.04 

po 

0.40 ± 0.21 
>10 
NT= 
5.74 ± 2.20 
9.81 ± 2.47 
>10 
5.30 ± 1.02 
2.75 ± 0 . 1 6 
1.28 ± 0.98 
0.73 ± 0.15 
2.28 ± 0.98 
>10 
>10 
3.10 ± 2 . 2 

0 c See Table 3 for an explanation of tabulated data. 

(imide 30d and sulfonamide 30e). It therefore seems 
unlikely that the imidazole-5-carboxylic acid of 12d 
participates in a full ionic interaction with the receptor, 
as if this were the case, the above mentioned modifica
tions would lead to more drastic falls in potency. Only 
decarboxylated 5/f-imidazole 29 and alcohol 19 dis
played lower binding affinity. All these data are 
consistent with the assumption of a possible hydrogen 
bond between the receptor and the imidazole 5-sub-
stituent. 

However, although many substitutions at the 4- and 
5-position of the imidazole ring were acceptable, com
pound 13 (Table 5), the regioisomer of 12d, was found 
to be 300-times less active, illustrating the importance 
of the relative disposition of the different pharmaco
phores. 

In Vivo All Antagonism. The most active com
pounds at the receptor level have been chosen for in vivo 
evaluation in order to define precisely the appropriate 
substitution for oral activity. 

In vivo SAR at the 4-position of the imidazole ring 
are summarized in Table 6. Despite high binding 
affinity, the arylthio derivatives 12i and 12j showed 
weak activity after intravenous administration while 
substitution with S(CH2)nOH retained the potency iv. 
Surprisingly,40 compounds 12k,l showed poor oral activ
ity and modification of lipophilicity with introduction 
of an acetate (compound 12f) or polyfluoroalkyl chain 
(compound 37d) failed to enhance significantly the oral 
antihypertensive activity. This suggests that too long 
side chains in position 4 are detrimental to oral activity 
in the biphenylsulfonylurea series. Maximum oral 
efficacy was observed with the shorter methylthio 
derivative 12d. Substitution of the methylthio (12d) by 
more lipophilic SCHF2 (37b) or SCF3 groups (37a) also 
afforded compounds with good oral activity albeit not 
as potent as 12d, while increasing the chain length by 
one carbon resulted in compound 37c 2-fold less active 
po (Table 6). It is noteworthy that replacement of the 
methylthio group by a chlorine atom in 12d gave 
compound 4941 with comparable in vitro affinity and 
intravenous activity, but with an 8-fold drop in oral 

Table 7. SAR at the Imidazole 5-Position 

SMe 

ID506 (mg/kg) 

compd 

12d 
19 
29 
20 
25 
28 
21 
24 
30a 
30b 
30c 
30d 
30e 
50* 

R 

C0 2 H 
CH2OH 
H 
C02CH2Ph 
CC-2-i-Bu 
C0 2 Et 
CONHMe 
CONH-IleOH 
CONH2 

CONHCH2C02Me 
CONHCH2CO2H 
CONHCOMe 
CONHS02Ph 
C0 2 K 

(nM) 

0.3 
4.5 
2.6 
0.1 
0.6 
0.4 
2.1 
0.3 
1.0 
0.8 
1.5 
1.7 
0.8 
0.48 

iv 

0.13 ± 0.01 
0.21 ± 0.05 
0.70 ± 0 . 1 0 
0.20 ± 0.02 
0.10 ± 0 . 0 1 
0.08 ± 0.005 
0.02 ± 0.003 
0.37 ± 0.03 
0.06 ± 0.01 
0.05 ± 0.01 
0.06 ± 0.005 
0.09 ± 0.01 
1.15 ± 0 . 1 9 
0.11 ±0.01 

po 

0.40 ± 0.21 
>10 
>10 
1.73 ± 0.41 
NT* 
1.13 ± 0.29 
4.86 ± 0.97 
2.11 ± 0 . 8 2 
2.83 ± 0.79 
2.40 ± 1.85 
3.55 ± 1.29 
3.01 ± 0.65 
NT 
0.70 ± 0.10 

0 c See Table 3 for an explanation of tabulated data. d 50 is the 
dipotassium salt of 12d. 
potency, thus illustrating the crucial role of the meth
ylthio group for potent oral activity in this sulfonylurea 
series. Oxidation to methylthio sulfoxide 26 and sulfone 
27 resulted in a complete loss of oral activity, while their 
intravenous activity remained high. 

The modifications at the 5-position of the imidazole 
ring summarized in Table 7 indicate the contribution 
of the carboxyl group to the in vivo activity. Decar
boxylated compound 29 and alcohol 19, in accordance 
with their weaker binding affinity, exhibited no oral 
potency. Replacement of the carboxyl group with a 
neutral primary (30a) or secondary amide (21) signifi
cantly enhanced the inhibitory activity after intravenous 
administration, but these compounds displayed only 
limited oral activity. Introduction of a carboxyl function 
via the synthesis of the amino acid amide 24 and 30c 
did not improve oral bioavailability, and esterified 
glycine amide 30b also suffered from poor oral absorp
tion. The more acidic imide 30d had similar oral 
potency, while the sulfonamide 30e unexpectedly ex
hibited a 20-fold weaker potency after intravenous 
administration. 

A series of simple ester prodrugs (ethyl 28, benzyl 20, 
and tert-huty\ 25) was also investigated (Table 7). These 
three esters were found to show similar efficacy as the 
corresponding acid 12d when evaluated intravenously, 
and ethyl ester 28 proved to be the most active after 
oral administration in pithed rats. However, com
pounds 20, 25, and 28 antagonized the pressor response 
of All with only a short duration of action when 
compared to 12d in conscious normotensive rats (data 
not shown). 

These findings indicate that a carboxyl group in 
position 5 of the imidazole ring is not needed for high 
binding affinity but is essential for potent oral activity 
in this imidazole biphenylsulfonylurea series. 

Therefore, imidazole 12d with a 2-butyl chain, a 
4-methylthio group and a 5-carboxylic acid connected 
to a methylbiphenyl Af-propylsulfonylurea was selected. 
The corresponding dipotassium salt 50 was synthesized 
to improve water solubility (500 mg/mL) and is currently 
under phase II clinical evaluation under the code name 
HR 720.25 
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Figure 1. Effects of oral administration of compound 50 and 
DuP 753 (3 mg/kg po) on angiotensin II response in normo-
tensive conscious rats. Results are shown as mean ± SEM. 

Pharmacological Profile of compound 50. Com
pound 50 is a selective ATi receptor antagonist with 
IC50s of 0.48 and 920 nM for ATi (rat liver) and AT2 

(rabbit uterus) membrane preparation, respectively. 
When administered iv or po prior to a fixed dose of All 
(0.75 fig/kg iv) in the normotensive pithed rat, compound 
50 induced a dose-dependent inhibition of the pressor 
response to All with ID50 of 0.11 ± 0.01 mg/kg iv (n = 
10) and 0.7 ± 0 . 1 mg/kg po (n = 27), respectively, 
compared to 0.39 ± 0.04 mg/kg iv (n = 12) and 3.8 ± 
0.3 mg/kg po for DuP 753 (n = 23). Intravenous 
administration of 50 before pressor response to All in 
pithed spontaneously hypertensive rat produced a dose-
dependent (from 0.03 to 1 mg/kg) rightward and down
ward shift of the dose-response curve to All, indicating 
an insurmountable antagonism (data not shown). In 
normotensive conscious rat, 50 antagonized the All-
induced pressor response after oral administration with 
a maximum reduction in blood pressure observed one 
hour post dose (Figure 1). This rapid onset of action 
was also observed in the renal hypertensive rat where 
compound 50 induced a dose dependent antihyperten
sive effect which remained stable for more than 24 h 
(Figure 2). 

Inhibition of the pressor effects of All (0.15 /<g/kg iv) 
was studied in the conscious mongrel dog after oral 
administration of 50. The decrease in All response was 
dose-dependent and compound 50, at 1-10 mg/kg po, 
produced a marked decrease in blood pressure, which 
reached a plateau after 5 h and lasted for up to 24 h 
(Figure 3). This long duration of action was also 
observed in conscious hypertensive dogs where 50, at 3 
mg/kg, proved to be much more potent than EXP 3174, 
the active metabolite of DuP 753 (Figure 4). The same 
pharmacological profile with a marked and long-lasting 
effect was observed in minipigs (data not shown). These 
data may be correlated with the superior oral bioavail
ability of 50 (F 30% in dogs)42 when compared to that 
of EXP 317443 or other diacidic antagonists (F 12-15% 
in dogs for DUP 532 and DMP 811, Chart 2).44 More
over, the longer duration of action of 50 compared to 
other All antagonists may be explained by the very slow 
dissociation constant of the receptor antagonist com
plex.45 

1 
E 

-20-

e -30-

-40-

•50-

Control (n =11) 

DuP 753 - 3 mg/kg (n=10) 
po 

cpd 5 0 - 3 mg/kg (n=10) 
po 

- r ~ 

24 

Time (hours) 

Figure 2. Effects of oral administation of compound 50 and 
DuP 753 (3 mg/kg po) on mean blood pressure in renal 
hypertensive conscious rats. Results are shown as mean ± 
SEM. 

Conclusion 
The tetrazole moiety of All receptor antagonists has 

been successfully replaced by acidic sulfonamide groups. 
The iV-propylsulfonylurea and ethyl sulfonylcarbamate 
moieties were shown to exhibit high potency both at the 
receptor level and after in vivo evaluation. This clearly 
demonstrates that acidic sulfonamides could be a prom
ising isosteric surrogates to the tetrazole moiety with 
an improvement of the pharmacological profile of the 
antagonist (especially concerning duration of action). 

The structure activity relationships around the imi
dazole ring (connected to the biphenyl JV-propylsulfo-
nylurea) led to similar requirements to the correspond
ing tetrazole series.20 Both the methylthio and carboxyl 
group appeared to be the most suitable substitution at 
the 4- and 5-positions of the imidazole ring, respectively. 

This led to the discovery of compound 50 (HR 720, 
dipotassium salt of 12d) as a potent, non-tetrazole, ATi-
selective All receptor antagonist. This orally active 
compound produces a marked and long lasting decrease 
in blood pressure in high renin animal models and 
proved to be superior to the corresponding tetrazole 45 
as well as to DuP 753 or its active metabolite EXP 3174. 
On the basis of this profile, compound 50 has been 
chosen as a candidate for clinical investigations for 
treatment of hypertension and congestive heart failure. 

Experimental Section 
Physical Methods. Melting points are uncorrected and 

were measured with a Reichert Heizbank Kofler system. Each 
analytical sample was homogeneous by TLC performed on 
silica gel (Kieselgel 60 F 254-Merck) plates, which were 
visualized with UV light or iodine vapor. Flash chromatog
raphy was performed with Merck silica gel 60 (230-400 mesh). 
'H NMR spectra were obtained in CDCI3 or DMSO-d6 on 
Bruker AM 250, AC 300, or AM 400 instruments and are 
reported as values (ppm) downfield from TMS. IR spectra 
were recorded on Nicolet FTIR 20 SX or Nicolet FTIR 5 SXB 
spectrophotometers and were run in CHCI3 or in Nujol. Mass 
spectra (EI, FAB, SIMS) were recorded on FINNIGAN/4500 
(quadrupolar), VG ZAB. HFQ or VG Auto SPEC E mass 
spectrometers. Elemental analyses were within ±0.4% of 
theoretical values and were determined in the Analytical 
Department of Roussel Uclaf and Hoechst AG. 
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Figure 3. Effects of oral administration of compound 50 (1 and 10 mg/kg po) and EXP 3174 (10 mg/kg po) on angiotensin II 
induced increase in diastolic blood pressure in conscious dogs. Data show as mean with SE bars. Results are shown as mean ± 
SEM. 
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Figure 4. Effect of oral administration of compound 50 and EXP 3174 at 3 mg/kg po on systolic arterial blood pressure in conscious 
sodium depleted hypertensive dogs. Results are shown as mean ± SEM. 

Chart 2 

R«C2F5 DuP532 
R-C,H, DMP811 

Preparation of Ethyl Cyano[(l-oxoalkyl)amino]ac-
etates. Ethyl Cyano[(l-oxobutyl)amino]acetate (3c). 
Method A. A mixture of ethyl cyanohydroximinoacetate 1 (5 
g, 35 mmol), butyric anhydride (11.12 g, 70 mmol), and 5% 
platinum on activated carbon with 58.3% moisture (2.5 g) in 
40 mL of THF was stirred under H2 atmosphere at room 
temperature for 10 h. After filtration the mixture was 
concentrated under vacuum, and the residue was triturated 
with petroleum ether (bp 35-60 °C) to afford 3c (5.73 g, 82% 
yield) as colorless crystals: mp 110 °C; Rf= 0.4 (CH2Cl2/EtOAc, 
95:5); IR (CHCI3) 3430, 2245, 1758, 1692 cm"1; XH NMR 
(CDCI3) 0.98 (t, 3H), 1.37 (t, 3H), 1.71 (m, 2H), 2.30 (t, 2H), 
4.36 (q, 2H), 5.55 (d, 1H, J = 8 Hz), 6.54 (br d, 1H, J = 8 Hz). 
Anal. (C9H14N2O3) C, H, N. 

Compound 3b was prepared in similar fashion. 
Ethyl Cyano[(l-oxopentyl)amino]acetate (3d). Method 

B. To a cooled (0 °C) solution of ethyl aminocyanoacetate 246 

(6.71 g, 52.4 mmol) in CH2CI2 (100 mL) were added pyridine 
(4.24 mL, 52.4 mmol) and pentanoyl chloride (6.31 mL, 52.4 
mmol) dropwise over 30 min. Then the mixture was evapo
rated to dryness, taken up in CH2CI2, washed with water, and 
concentrated under vacuum. Trituration with diisopropyl 
ether gave (8.4 g, 75% yield) a white solid: mp 88 °C; Rf = 
0.40 (CH2Cl2/EtOAc, 9:1); *H NMR (CDCI3) <5 0.97 (t, 3H, J = 
7 Hz), 1.37 (t, 3H, J = 7 Hz), 1.37 (m, 2H), 1.86 (m, 2H), 2.32 
(m, 2H), 4.34 (q, 2H), 5.54 (d, 1H, J = 7.5 Hz), 6.36 (br d, 1H, 
J = 7.5 Hz). 

Compounds 3a and 3e were similarly prepared. 
Ethyl 3-Amino-3-(methylthio) -2- [(1 -oxopentyDamino] -

2-propenoate (4d). Through a cooled (-10 °C) solution of 
3d (10.4 g, 49 mmol) and triethylamine (0.68 mL, 4.9 mmol) 
in ethanol (200 mL) was bubbled methyl mercaptan (5.4 g, 
112 mmol). The mixture was stirred at 0 °C for 50 h and then 
concentrated under vacuum. The residue was triturated with 
ether, and the resulting solids were filtered to give 11.14 g 
(87%) of 4d as a mixture of E and Z isomers (2/3-1/3): 
colorless crystals; mp 110 °C; Rf = 0.15 (CH2Cl2/EtOAc, 8:2); 
*H NMR (CDCI3) 6 0.89 and 0.94 (t, 3H), 1.23 and 1.25 (t, 3H), 
1.25-1.70 (m, 4H), 2.12 and 2.27 (t, 2H), 2.34 and 2.35 (s, 3H), 
4.12 (m, 2H), 5.96 and 6.15 (s, 1H), 6.75 (br, 2H). 
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Compounds 4a, 4b, 4c, and 4e were prepared from 3a, 3b, 
3c, and 3e, respectively, by the same procedure described for 
the preparation of 4d. 

Compounds 4 g - j were prepared from 3d by reaction with, 
respectively, 3-(acetyloxy)propane-l-thiol,47 4-(acetyloxy)bu-
tane-1-thiol,47 4-methoxy-a-toluenethiol,48 thiophenol, and 2-mer-
captothiophene,48 at room temperature for 2 - 4 days, using the 
same procedure described for the preparation of 4d. 

Ethyl 2-Butyl-4-(methylthio)-Lff-imidazole-5-carboxy-
late (5d). To a stirred and cooled (-78 °C) mixture of PC16 
(7.8 g, 37.45 mmol) in CH2C12 (120 mL) was added a solution 
of 4-(dimethylamino)pyridine (5 g, 40.9 mmol) in CH2CI2 (35 
mL). Stirring was continued for 10 min at - 7 8 °C, and then 
a solution of 4d (4.87 g, 18.72 mmol) in CH2C12 (48 mL) was 
added over 15 min. The mixture was allowed to warm up to 
room temperature and was stirred for an additional 12 h. The 
mixture was then poured onto a saturated aqueous solution 
of NaHCC-3 (300 mL), stirred for 1 h, and extracted with CH2-
Cl2. The combined organic layers were washed with brine, 
dried over MgSC>4, and concentrated under vacuum. Purifica
tion by flash chromatography on silica gel (20% EtOAc-CH2-
Cl2) afforded 3.3 g (72%) of 5d as pale yellow solid: mp 74 °C. 
Trituration with n-hexane gave a white solid: mp 76 °C; Rf = 
0.35 (CHaCWEtOAc, 8:2); *H NMR (CDCI3) 0.93 (t, 3H), 1.39 
(t, 3H), 1.39 (m, 2H), 1.74 (m, 2H), 2.64 (s, 3H), 2.82 (t, 2H), 
4.35 (q,2H). Anal. (C11H18N2O2S) C, H, N, S. 

Imidazoles 5 a - k were synthesized by the same procedure 
described for the preparation of 5d. 

2-Bromo-iV-[(dimethylamino)metb.ylene]benzene-
sulfonamide (7). To a solution of 2-bromobenzenesulfona-
mide 627 (59.6 g, 0.25 mol) in dry DMF (160 mL) was added 
dimethylformamide dimethyl acetal (35.96 g, 0.3 mol). After 
the mixture was stirred for 2 h, a solution of sodium hydrogen 
sulfate (5 g) in iced water (500 mL) was added. The precipitate 
was filtered, carefully washed with water and dried (80 °C, 
0.01 bar, 3 h) to afford 71.9 g (98%) of 7: mp 152 °C; Rf= 0.15 
(CH2C12); *H NMR (CDCI3) <5 3.05 (s, 3H), 3.20 (s, 3H), 7.38 
(m, 2H), 7.65 (dd, 1H, J = 8,1 Hz), 8.25 (dd, 1H, J = 8,1 Hz), 
8.30 (s, 1H); MS (EI) mle 291, 293 M+. 

iV-[(Dimethylamino)methylene]-4'-methyl-(l , l '-bi-
phenyl)-2-sulfonamide (8). To a suspension of 7 (11.64 g, 
39.9 mmol) in toluene (200 mL) were added under N2 atmo
sphere a solution of Na2CC>3 (8.48 g, 80 mmol) in water (40 
mL), triphenylphosphine (1.048 g, 3.99 mmol), palladium 
acetate (0.49 g, 2 mmol), and finally 4-tolylboronic acid (6.4 g, 
47 mmol) dissolved in ethanol (100 mL). The mixture was 
heated under reflux for 4 h and cooled to room temperature, 
and CH2CI2 (600 mL) was added. The organic layer was 
separated, washed with water and brine, dried, and concen
trated under vacuum. Trituration of the residue with ether 
at - 2 0 °C afforded 11.2 g (93% yield) of 7, which was 
recrystallized from EtOAc as colorless crystals: mp 184-185 
°C; Rf= 0.20 (EtOAcAi-pentane, 1:1); »H NMR (CDCI3) <5 2.41 
(s, 3H), 2.70 (s, 3H), 2.76 (s, 3H), 7.00 (s, 1H), 7.19 (d, 1H), 
7.24 (dd, 1H), 7.29 (d, 1H), 7.50 (m, 2H), 8.30 (dd, 1H). Anal. 
(Ci6Hi8N202S) C, H, N, S. 

4'-(Bromomethyl)-iV-[(dimethylamiiio)methylene]-(l,l'-
biphenyl)-2-sulfonamide (9). To a solution of 8 (4.86 g, 16 
mmol) in chlorobenzene (100 mL) were added iV-bromosuccin-
imide (2.85 g, 16 mmol) and benzoyl peroxide (4 mg, 0.016 
mmol), and the mixture was heated to 120 °C for 1 h. After 
cooling to 20 °C the mixture was poured into a solution of Na2-
SO3 (10 g) in water (130 mL). The organic layer was separated 
and washed with a saturated solution of Na2C03 and with 
brine, dried, and evaporated. The crude product was purified 
by recrystallization from CH2Cl2/EtOAc, 1/3 (100 mL), to afford 
3.9 g of 9 (64% yield) as colorless crystals: mp 180-182 °C; 
Rf = 0.31 (CHaCVEtOAc, 92:8); ^ NMR (CDCI3) <5 2.77 (s, 
3H), 2.81 (s, 3H), 4.55 (s, 2H), 7.14 (s, 1H), 7.19 (dd, 1H), 7.40 
(m, 4H), 7.52 (m, 2H), 8.31 (dd, 1H). Anal. (Ci6Hi7BrN202S) 
C, H, Br, N, S. 

Ethyl 2-butyl-l-[[2'-[[[(dimethylamino)methylene]ami-
no]sulfonyl](l,l '-biphenyl)-4-yl]methyl]-4-(methylthio)-
lff-imidazole-5-carboxylate (lOd). To a solution of 5d (15 
g, 61.9 mmol) in dry DMF (270 mL) were added 9 (23.6 g, 61.9 
mmol) and K2CO3 (8.6 g, 61.9 mmol). The mixture was stirred 
at 20—25 °C for 45 h, and DMF was removed under vacuum. 

The residue was taken up in water, and the resulting solids 
were filtered and dried. Trituration at 50 °C with a mixture 
EtOAc/hexane 60:40 gave 25.2 g (70%) of lOd as a white 
solid: mp 149 °C. The filtrate was chromatographed on silica 
gel (EtOAc/hexane, 60:40) to afford 3.35 g (15%) of lOd (Rf = 
0.25, overall 85% yield) and 2.68 g (8%, Rf = 0.05) of minor N3 
isomer: XH NMR of lOd (CDCI3) <5 0.89 (t, 3H), 1.32 (m, 2H), 
1.39 (t, 3H), 1.65 (m, 2H), 2.60 (s, 3H), 2.61 (m, 2H), 2.74 (s, 
3H), 2.75 (s, 3H), 4.30 (q, 2H), 5.60 (s, 2H), 7.07 (s, 1H), 7.04-
7.50 (m, 7H), 8.27 (dd, 1H). 

Ethyl l-f^^AminosulfoiiyUfl.l'-biphenylJ-t-yllmetbVl]-
2-butyl-4-(methylthio)-Lff-imidazole-5-carboxylate ( l id) . 
A mixture of lOd (28.55 g), ethanol (500 mL), and concentrated 
HC1 (260 mL) was refluxed for 2 h. After removal of ethanol, 
the aqueous mixture was made alkaline with 5 N NaOH (400 
mL) and extracted with CH2C12 (2 x 250 mL). The combined 
extracts were washed with water, dried over MgSCt, and 
evaporated. Trituration with 10% EtOH/diisopropyl ether 
gave 25.65 g (81%) of l i d as a white solid: mp 130 °C; Rf = 
0.40 (CH2Cl2/EtOAc, 8:2); JH NMR (CDCI3) d 0.90 (t, 3H), 1.34 
(t, 3H), 1.36 (m, 2H), 1.68 (m, 2H), 2.61 (s, 3H), 2.67 (m, 2H), 
4.18 (s, 2H), 4.27 (q, 2H), 5.58 (s, 2H), 7.10 (d, 2H), 7.30-7.59 
(m, 5H), 8.14 (dd, 1H). 

The compounds 11a—c,e,i-l were prepared from 5a, 5b, 5c, 
5e, 5i, 5j, 5f, and 5g, respectively, by the same procedure 
described for the preparation of l i d . 

General Procedure C: Condensation of Isocyanate. 
Ethyl 2-Butyl-4-(methylthio)-l-[[2'-[[[(propylamino)car-
bonyl] amino] sulfonyl] (1, l'-biphenyl) -4-yl]methyl] - Iff-
imidazole-5-carboxylate (28). To a refluxed solution of l i d 
(16 g, 32.8 mmol) and K2CO3 (9 g, 65 mmol) in dry acetone 
(112 mL) was added propyl isocyanate (6.2 mL, 65 mmol). After 
the mixture was refluxed for 2 h, the solvent was removed and 
the residue was dissolved in CH2C12, washed with 1 N HC1 
and water, dried over MgSCU, and concentrated under vacuum. 
The crude mixture was purified by trituration with EtOAc/ 
diisopropyl ether, 1:1, to afford 16 g (87%) of 28 as colorless 
crystals: mp 144-146 °C; Rf=0A5 (CH2Cl2/EtOAc, 8:2); *H 
NMR (CDCI3) d 0.77 (t, 3H), 0.91 (t, 3H), 1.35 (m, 4H), 1.35 (t, 
3H), 1.69 (m, 2H), 2.61 (s, 3H), 2.70 (t, 2H), 3.02 (q, 2H), 4.25 
(q, 2H), 5.54 (s, 2H), 6.09 (t, 1H), 6.38 (br s, 1H), 7.07 (d, 2H), 
7.34 (d, 2H), 7.33-7.63 (m, 3H), 8.13 (d, 1H). Anal. 
(C28H36N405S2) C, H, N, S. 

General Procedure D: Saponification. 2-Butyl-4-
(methylthio)-l-[[2'-[[[(propylamino)carbonyl]amino]sul-
fonyl](l,l'-biphenyl)-4-yl]methyl]-lfl'-imidazole-5-car-
boxylic Acid (12d). A solution of ester 28 (16.5 g, 28 mmol) 
and 2 N NaOH (56 mL, 112 mmol) in ethanol (330 mL) was 
stirred at room temperature for 36 h and evaporated in vacuo 
at 40 °C. The residue was taken up in water and filtered 
through a Millex GV 0.22 m filter. A 2 N HC1 (56 mL) solution 
was added dropwise to the filtrate, and the resulting white 
precipitate was collected by filtration, washed with water, and 
dried (under vacuum and P2C>5 at room temperature) to provide 
14 g (80%) of 12d: mp 128-130 °C; Rf = 0.30 (CHaCWMeOH, 
9:1); !H NMR (DMSO-d6) <5 0.76 (t, 3H), 0.84 (t, 3H), 1.31 (m, 
4H), 1.57 (m, 2H), 2.46 (s, 3H), 2.63 (t, 2H), 2.86 (q, 2H), 5.63 
(s, 2H), 6.13 (t, 1H), 7.07 (d, 2H), 7.26-7.66 (m, 5H), 8.02 (dd, 
1H). Anal. (C26H32N4O5S2) C, H, N, S. 

Compounds 12a -e , i - l were synthesized from l l a - e , i - l 
using the same two step procedure described for the prepara
tion of 12d: condensation of propyl isocyanate and saponifica
tion. 

4-[[4-(Acetyloxy)butyl]thio]-2-butyl-l-[[2'-[[[(propylami-
no)carbonyl]amino]sulfonyl](l,l'-biphenyl)-4-yl]methyl]-
Lff-imidazole-5-carboxylic Acid (12g). A solution of 121 
(0.4 g, 0.65 mmol) and acetic anhydride (0.12 mL, 1.3 mmol) 
in dry pyridine (8 mL) was stirred at room temperature for 1 
h. After evaporation the residue was taken up in EtOAc, 
washed with water, dried, and concentrated. Trituration with 
ether and recrystallization from acetonitrile gave 0.18 g (42%) 
of 12g: mp 150-152 °C; Rf = 0.33 (EtOAc/acetonitrile, 1:1); 
XH NMR (CDCI3) d 0.78 (t, 3H), 0.90 (t, 3H), 1.38 (m, 2H), 1.69 
(m, 2H), 1.81 (m, 4H), 2.04 (s, 3H), 2.71 (t, 2H), 3.00 (q, 2H), 
3.21 (m, 2H), 4.10 (m, 2H), 5.48 (s, 1H), 6.08 (m, 1H), 7.05 (d, 
2H), 7.30 (d, 2H), 7.30-7.61 (m, 3H), 8.11 (d, 1H). Anal. 
(C31H40N4O7S2) C, H, N, S. 
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2-Butyl-l-[[2,-[[[(methylamino)cariK>nyl]amino]sulfonyl]-
(l,l'-biphenyl)-4-yl]methyl]-4-(methylthio)-Lff-imidazole-
5-carboxylic Acid (12m), 2-butyl-l-[[2'-[[[(ethylamino)-
carbonyl] amino] sulfonyl] (1,1 '-biphenyl) -4-yl]methyl] -4-
(methylthio)-LH-imidazole-5-carboxylic Acid (12n), and 
l-[[2'-[[[(allylamino)carbonyl]amino]sulfonyl](l,l'-bi-
phenyl)-4-yl]metbyl]-2-butyl-4-(methylthio)-lH-imidazole-
5-carboxylic Acid (12o). The title compounds were prepared 
from l i d by the same procedure described for the preparation 
of 12d in two steps by reaction with methyl isocyanate, ethyl 
isocyanate, or allyl isocyanate, respectively, followed by sa
ponification. 

12m: amorphous solid; mp 148 °C dec; 65% yield; Rf = 0.30 
(EtOAc/MeOH, 9:1); XH NMR (DMSO-ds) <5 0.84 (t, 3H), 1.29 
(m, 2H), 1.56 (m, 2H), 2.48 (m, 6H), 2.63 (t, 2H), 5.63 (s, 2H), 
6.01 (q, 1H), 7.07 (d, 2H), 7.27 (d, 2H), 7.27-7.66 (m, 3H), 8.03 
(dd, 1H), 10.15 (s, 1H). Anal. (C24H28N4O5S2) C, H, N, S. 

12n: mp 136-140 °C; 74% yield; Rf = 0.25 (ClfcCVMeOH, 
9:1); MS (FAB) m/e 531 (M + 1). Anal. (C25H30N4O5S2) C, H, 
N, S. 

12o: amorphous solid; 31% yield; Rf = 0.10 (EtOAc/MeOH, 
10:1); *H NMR (DMSO-d6) 6 0.85 (t, 3H, J = 7 Hz), 1.30 (m, 
2H), 1.55 (m, 2H), 2.48 (s, 3H), 2.62 (t, 2H, J = 7 Hz), 3.55 (m, 
2H), 5.05 (md, 2H, J = 14 Hz), 5.52 (s, 2H), 5.73 (m, 1H), 6.25 
(br t, 1H), 7.08 (d, 2H, J = 8 Hz), 7.60 and 7.68 (ddd, 2H, J = 
1, 8, 8 Hz), 7.63 (m, 2H), 8.02 (dd, 1H, J = 8, 1 Hz), 10.05 (s, 
1H); MS (FAB) m/e 543 (M + 1). Anal. (C26H30N4O5S2) C, H, 
N. 

2-Butyl-l-[[2/-[[[(cUethylamino)carbonyl]anuno]suIfonyl]-
(l,l'-biphenyl)-4-yl]methyl]-4-(methylthio)-lH-imidazole-
5-carboxylic Acid (12q). Under argon a mixture of 15a (300 
mg, 0.54 mmol) and diethylamine was refluxed in toluene for 
6 h. The mixture was concentrated under vacuum. The 
residue was suspended in a small amount of EtOAc (5 mL) 
and filtered to afford 240 mg of an amorphous material, which 
was dissolved in ethanol (10 mL) and 2 N NaOH (2 mL). After 
4 days the solvent was removed under vacuum at 40 °C, and 
water was added. The solution was adjusted to pH 5 by using 
2 N HC1. Filtration of the resulting precipitate gave 130 mg 
(43%) of 12q as amorphous solid: Rf = 0.10 (EtOAc/MeOH, 
10:1); m NMR (DMSO-d6) <5 0.85 (t, 9H), 1.32 (m, 2H), 1.60 
(m, 2H), 2.45 (s, 3H), 2.62 (t, 2H), 2.92 (m, 4H), 5.60 (s, 2H), 
7.02 (d, 2H), 7.10 (m, 1H), 7.29 (d, 2H), 7.55 (m, 2H), 8.00 (dd, 
1H), 10.10 (br s, 1H); MS (FAB) m/e 559 (M + 1). Anal. 
(C27H34N4O5S2) C, H, N. 

2-Butyl-4-(methylthio)-l-[[2'-[[[[(3-pyridylmethyl)ami-
no]carbonyl]amino]sulfonyl](l,r-biphenyl)-4-yl]methyl]-
LH-imidazole-5-carboxylic Acid (12p). The title compound 
was prepared from 15a by the same procedure described for 
the preparation of 12q using 3-(aminomethyl)pyridine: amor
phous solid; 39% yield; Rf= 0.10 (EtOAc/MeOH, 5:1); XH NMR 
(DMSO-cW 6 0.82 (t, 3H, J = 7 Hz), 1.28 (m, 2H), 1.55 (m, 
2H), 2.45 (s, 3H), 2.60 (t, 2H, J = 7 Hz), 4.10 (m, 2H), 5.60 (s, 
2H), 6.70 (br s, 1H), 7.00 (d, 2H, J = 8.5 Hz), 7.25 (m, 4H), 
7.58 (m, 3H), 8.02 (dd, 1H, J = 8.5,1 Hz), 8.35 (br s, 1H), 8.42 
(m, 1H); MS (FAB) m/e 594 (M +1). Anal. (C29H31N5O5S2) 
C, H, N. 

2-Butyl-4-(methylthio)-l-[[2'-[[[(butylamino)carbonyl]-
amino]sulfonyl](l,l'-biphenyl)-4-yl]methyl]-Lff-imidazole-
5-carboxylic Acid (12r). The title compound was prepared 
from 15a by the same procedure described for the preparation 
of 12q using rc-butylamine: 70% yield; white solid; mp 125-
127 °C; Rf= 0.30 (CH2Cl2/MeOH, 9:1); XH NMR (CDCI3) <5 0.82 
(t, 3H, J = 7 Hz), 0.90 (t, 3H, J = 7 Hz), 1.17 (m, 2H), 1.34 (m, 
4H), 1.67 (m, 2H), 2.60 (s, 3H), 2.73 (t, 2H, J = 7 Hz), 3.03 (q, 
2H, J = 7 Hz), 5.48 (s, 2H), 6.03 (br s, 1H), 7.04 (d, 2H, J = 
8.5 Hz), 7.30 (m, 3H), 7.56 (m, 2H), 8.12 (dd, 1H, J = 8.5, 1 
Hz). Anal. (C27H34N4O5S2) C, H, N,S. 

2-Butyl-5-(methylthio)-l-[[2'-[[[(propylamino)car-
bonyl] amino] sulfonyl] (1,1 '-biphenyl) -4-yl] methyl] - 1H-
imidazole-4-carboxylic Acid (13). The title compound was 
prepared from the minor N3 isomer by the same procedure 
described for the preparation of 12d (3 steps) and was isolated 
as a white solid (42% overall yield): : H NMR (DMSO-cW <5 
0.75 (t, 3H), 0.84 (t, 3H), 1.29 (m, 4H), 1.57 (m, 2H), 2.29 (s, 
3H), 2.62 (t, 2H), 2.82 (m, 2H), 5.40 (s, 2H), 6.00 (m, 1H), 6.99 

(d, 2H), 7.34 (d, 2H), 7.19-7.53 (m, 3H), 8.00 (d, 1H). Anal. 
(C26H32N4O5S2) C, H, N, S. 

2-Butyl-4-(methylthio)-l-[[2'-[[[(propylamino)thioxo-
methyljamino] sulfonyl] (1,1 '-biphenyl)-4-yl]methyl] - lff-
imidazole-5-carboxylic Acid (14). A mixture of l i d (6 g, 
12.3 mmol), K2CO3 (3.5 g, 27 mmol), and propyl isothiocyanate 
(3 mL, 30 mmol) in acetone (100 mL) was refluxed for 15 h. 
After cooling, aqueous NH4CI was added and the mixture was 
extracted with CH2CI2. Recrystallization from ether afforded 
6.25 g (86%) of the desired ester propylthiourea as a white 
solid. Saponification using general procedure D afforded 14 
(0.22 g, 62%) as a white solid: mp 105-107 °C; Rf = 0.40 (CH2-
CVMeOH, 9:1); *H NMR (CDCI3) <5 0.82 (t, 3H), 0.91 (t, 3H), 
1.39 (m, 2H), 1.50 (m, 2H), 1.69 (m, 2H), 2.61 (s, 3H), 2.71 (t, 
2H), 3.39 (dt, 2H), 5.59 (s, 2H), 7.11 (d, 2H), 7.40 (d, 2H), 7.36-
7.65 (m, 3H), 7.89 (t, 1H), 8.08 (d, 1H). Anal. (C26H32N4O4S3) 
C, H, N, S. 

Ethyl2-Butyl-l-[[2'-[[(ethoxycarbonyl)ammo]sulfonyl]-
(l,l'-biphenyl)-4-yl]methyl]-4-(methylthio)-Lff-imida2ole-
5-carboxylate (15a). A suspension of l i d (12.1 g, 25 mmol) 
and K2CO3 (7.8 g, 56 mmol) in dry DME (200 mL) was refluxed, 
and ethyl chloroformate (4.8 mL, 51 mmol) was added. After 
1 h, the mixture was allowed to cool to room temperature, and 
50 mL of 10% KH2PO4 aqueous solution was added. Extrac
tion with EtOAc, drying over MgSC>4, and concentration under 
vacuum gave a residue which was then chromatographed on 
silica gel (EtOAc/ra-heptane, 2:1) to yield 8.4 g (60%) of 15a as 
pale yellow foam: Rf= 0.30 (EtOAc/ra-heptane, 2:1); XH NMR 
(CDCI3) <5 0.83 (t, 3H, J = 7 Hz), 1.05 (t, 3H, J = 7 Hz), 1.25 
(t, 3H, J = 7 Hz), 1.32 (m, 2H), 1.58 (m, 2H), 2.48 (s, 3H), 2.65 
(m, 2H), 3.96 (q, 2H, J = 7 Hz), 4.20 (q, 2H, J = 7 Hz), 5.60 (s, 
2H), 7.05 (d, 2H, J = 8 Hz), 7.25 (d, 2H, J = 8 Hz), 7.28 (m, 
1H), 7.68 (ddd, 2H, J = 8, 8,1 Hz), 8.05 (dd, 1H, J = 8,1 Hz), 
11.55 (s, 1H). Anal. (C27H33N3O6S2) C, H, N. 

2-Butyl-1 - [ [2'- [ [ (ethoxycarbonyl)amino] sulfonyl] (1,1'-
biphenyl)-4-yl]methyl]-4-(methylthio)-lff-imidazole-5-
carboxylic Acid (15c). Saponification of 15a (general pro
cedure D) afforded 15c which was recrystallized from 
acetonitrile (0.34 g, 60%): colorless crystals; mp 190-192 °C; 
Rf = 0.60 (CH2CI2/ MeOH, 8:2); XH NMR (CDCI3) 0.91 (t, 3H), 
1.12 (t, 3H), 1.38 (m, 2H), 1.68 (m, 2H), 2.62 (s, 3H), 2.72 (m, 
2H), 4.03 (q, 2H), 5.57 (s, 2H), 7.05 (d, 2H), 7.25 (d, 2H), 7.27-
7.62 (m, 3H), 8.25 (dd, 1H), 9.16 (br s, 1H). Anal. 
(C25H29N3O6S2) C, H, N, S. 

2-Butyl-l-[[2'-[[(methoxycarbonyl)amino]sulfonyl](l,l'-
biphenyl)-4-yl]methyl]-4-(methylthio)-lH-imidazole-5-
carboxylic Acid (15b), 2-Butyl-l-[[2'-[[(3-methylbut-2-
e n o x y c a r b o n y D a m i n o ] su l fony l ] (1,1 ' -biphenyl) -4-
yl]methyl]-4-(methylthio)-Lff-imidazole-5-carboxylie Acid 
(15d), 2-Butyl-1 - [ [2'-[ [ (butoxycarbonyl)amino] sulfonyl] -
(l,l'-biphenyl)-4-yl]methyl]-4-(methylthio)-Lff-imidazole-
5-carboxylic Acid (15e), 2-Butyl-1-[[2'-[[(2-methylpro-
poxycarbonyl)amino]sulfonyl](l,l'-biphenyl)-4-yl]meth-
yl]-4-(methylthio)-Lflr-imidazole-5-carboxylic Acid (15f). 
The title compounds were prepared from l i d following the 
same procedure described for the preparation of 15c in two 
steps by reaction with methyl chloroformate at room temper
ature for 72 h, 3-methylbut-2-enyl chloroformate (prepared 
from 3-methyl-2-buten-l-ol and COCI2 in toluene), isobutyl-
chloroformate, and re-butyl chloroformate for 2 h in refluxing 
DME, respectively. 

15b: mp 198-201 °C; 28% yield; Rf = 0.40 (EtOAc/MeOH, 
9:1); *H NMR (DMSO-d6) <5 0.84 (t, 3H), 1.30 (m, 2H), 1.57 (m, 
2H), 2.48 (s, 3H), 2.63 (t, 2H), 3.52 (s, 3H), 5.63 (s, 2H), 7.08 
(d, 2H), 7.26 (d, 2H), 7.28-7.70 (m, 3H), 8.06 (br d, 1H), 11.73 
(br s, 1H), 12.82 (br s, 1H). Anal. (C24H27N3O6S2) C, H, N, S. 

15d: amorphous solid; 44% yield; Rf = 0.10 (fert-butyl-
methyl ether); JH NMR (CDCI3) <3 0.93 (t, 3H, J = 7.6 Hz), 
1.38 (m, 2H), 1.62 (d, 2H, J = 0.8 Hz), 1.72 (s, 3H), 1.73 (m, 
2H), 2.63 (s, 3H), 2.70 (t, 2H, J = 7.8 Hz), 4.45 (d, 2H, J = 8 
Hz), 5.12 (m, 1H), 5.55 (s, 2H), 7.03 (d, 2H, J = 8 Hz), 7.27 (d, 
2H, J = 8 Hz), 7.29-7.63 (m, 3H), 8.25 (dd, 1H, J = 1, 8 Hz); 
MS (FAB) m/e 572 (M + 1). Anal. (C2SH33N3O6S2) C, H, N. 

15e: 85% yield; white solid; mp 164 °C; Rf = 0.30 (CH2CI2/ 
MeOH, 9:1); XH NMR (CDCI3) <5 0.84 (t, 3H, J = 7 Hz), 0.92 (t, 
3H, J = 7 Hz), 1.17 (m, 2H), 1.41 (m, 4H), 1.71 (m, 2H), 2.62 
(s, 3H), 2.70 (t, 2H, J = 7 Hz), 3.97 (t, 2H, J = 7 Hz), 5.55 (s, 
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2H), 6.87 (br s, 1H), 7.05 (d, 2H, J = 8.5 Hz), 7.30 (m, 3H), 
7.56 (m,2H), 8.25 (dd, 1H, J = 8.5,1 Hz). Anal. (C27H33N3O6S2) 
C, H, N, S. 

15f: 82% yield; white solid; mp 118-120 °C; Rf = 0.30 (CH2-
CVMeOH, 9:1); W NMR (CDCI3) <5 0.74 (d, 6H, J = 7 Hz), 
0.91 (t, 3H, J = 7 Hz), 1.39 (m, 2H), 1.67 (m, 3H), 2.59 (s, 3H), 
2.68 (t, 2H, J = 7 Hz), 3.74 (d, 2H, J = 7 Hz), 4.86 (br s, 1H), 
5.53 (s, 2H), 7.05 (d, 2H, J = 8.5 Hz), 7.29 (m, 3H), 7.57 (m, 
2H), 8.25 (dd, 1H, J = 8.5, J = 1 Hz). Anal. (C27H33N306S2) 
C, H, N, S. 

l-[[2'-[(Acetylamino)sulfonyl](l , l '-biphenyl)-4-yl]-
methyl]-2-butyl-4-(methylthio)-Lff-imidazole-5-carboxy-
lic Acid (16a). A solution of 12d (0.4 g, 0.73 mmol) in acetic 
anhydride (10 mL) was refluxed for 2 h. After removal of AC2O, 
the residue was taken up in CHClj/MeOH, 9:1(20 mL), and 
stirred overnight. The solvent was removed under vacuum, 
and the residue was dissolved in a saturated solution of 
NaHC03 and then filtered off. The filtrate was adjusted to 
pH 4 using 2 N HC1, and the resulting precipitate was collected 
to give 0.25 g (70%) of 16a as a white solid: mp 128-130 °C; 
Rf= 0.30 (CH2Cl2/MeOH, 9:1); XH NMR (CDC13) 8 0.83 (t, 3H), 
1.29 (m, 2H), 1.54 (s, 3H), 1.55 (m, 2H), 2.44 (s, 3H), 2.58 (t, 
2H), 5.71 (s, 2H), 7.01 (m, 2H), 7.13 (d, 1H), 7.33 (m, 2H), 7.48 
(m, 2H), 8.00 (dd, 1H); MS (FAB) mle 502 (M + 1). Anal. 
(C24H27N305S2) C, H, N, S. 

2-Butyl-4-(methylthlo)-l-[[2'-[(benzoylamino)sulfonyl]-
(l,l'-biphenyl)-4-yl]methyl]-lif-imidazole-5-carboxylic 
Acid (16b). A suspension of 4-(dimethylamino)pyridine (0.16 
g, 1.3 mmol), benzoyl chloride (0.13 mL, 1.3 mmol), and l i d 
(0.489 g, 1 mmol) in toluene (10 mL) was heated at 70 °C for 
30 min. After being cooled, saturated aqueous solution of 
NaHC03 (20 mL) was added and the mixture was extracted 
with EtOAc. The combined organic layers were washed with 
water and brine and concentrated under vacuum. The residue 
was chromatographed on silica gel (CHsjCl^eOH, 95:5) to give 
0.293 g of ester which was suspended in MeOH (7 mL). Next, 
2 N NaOH (3 mL) was added, and the mixture was stirred for 
20 h. MeOH was removed, and water (20 mL) was added. The 
solution was adjusted to pH 4 - 5 by using acetic acid, and the 
precipitate was filtered. Rficrystallization from EtOAc afforded 
0.204 g (45%) of 16b as colorless crystals: mp 192-194 °C; Rf 

= 0.58 (EtOAc/acetic acid, 98:2); : H NMR (CDC13) 6 0.89 (t, 
3H), 1.36 (m, 2H), 1.67 (m, 2H), 2.61 (s, 3H), 2.63 (t, 2H), 5.49 
(s, 2H), 6.85-7.65 (m, 12H), 8.38 (m, 1H). Anal. (CMHSSNASU) 
C, H, N, S. 

2-Butyl-4-(methylthio) -1 -[ [2'- [ [ (phenylacetyl)amino] -
sulfonyl] (1,1 '-biphenyl)-4-yl]methyl] - lff-imidazole-5-car-
boxylic Acid (16c). The title compound was prepared from 
l i d by the same procedure described for the preparation of 
16b by reaction with phenylacetyl chloride: colorless crystals; 
mp 172-175 °C; Rf = 0.28 (CH2Cl2/MeOH, 9:1); XH NMR 
(DMSO-de) 6 0.80 (t, 3H), 1.28 (m, 2H), 1.58 (m, 2H), 2.47 (s, 
3H), 2.64 (t, 2H), 3.30 (s, 2H), 5.65 (s, 2H), 7.00-7.40 (m, 10H), 
7.58 (dt, 1H), 7.68 (dt, 1H), 8.06 (dd, 1H), 11.86 (s, 1H), 12.52 
(s, 1H). Anal. (C30H31N3O5S2).C, H, N, S. 

Compound 16d was similarly prepared from l i d and 
butyryl chloride. 

2-Butyl-l-[[2'-[[(ethylsulfonyl)amino]sulfonyl](l,l'-bi-
phenyl)-4-yl]methyl]-4-(methylthio)-lff-imidazole-5-car-
boxylic Acid (17a). To a solution of l i d (244 mg, 0.5 mmol) 
in diglyme (10 mL) was added K2C03 (346 mg, 2.5 mmol) and 
ethanesulfonyl chloride (47 fiL, 0.5 mmol). The mixture was 
refluxed for 12 h, poured into 50 mL of 5% aqueous NaHSC>4, 
and extracted with EtOAc. After evaporation, chromatography 
with tert-butylmethyl ether/diisopropyl ether (1:1) gave 90 mg 
(31%) of an amorphous solid which was saponified using 2 N 
NaOH in EtOH at room temperature to provide 36 mg (41%) 
of a colorless foam: Rf = 0.10 (EtOAc/MeOH, 1:1); *H NMR 
(DMSO-rfs) 6 0.85 (t, 3H, J = 7.3 Hz), 1.08 (t, 3H, J = 7.6 Hz), 
1.25-1.35 (m, 2H), 1.50-1.60 (m, 2H), 2.47 (s, 3H), 2.65 (t, 
3H, J = 7.6 Hz), 2.82 (q, 2H, J = 7.3 Hz), 5.62 (s, 2H), 6.98 (d, 
2H, J = 8.4 Hz), 7.12 (dd, 1H, J = 1.6, 7.2 Hz), 7.42 (td, 1H, 
J = 1.6, 8 Hz), 7.46 (d, 2H, J = 8 Hz), 7.55-7.65 (m, 1H), 8.03 
(dd, 1H, J = 1.6, 8 Hz); MS (FAB) mle 552 (M + 1). 

2-Butyl-4-(methylthio)-l-[[2'-[[[(trifluoromethyl)sulfo-
nyl] amino] sulfonyl] (1,1 '-biphenyl) -4-yl]methyl] - lff-imi-
dazole-5-carboxylic Acid (17b). To a cooled (-60 °C) 

solution of l i d (1.5 g, 3.08 mmol) and triethylamine (0.53 mL, 
3.80 mmol) in CH2C12 (30 mL) was slowly added a solution of 
trifiuoromethanesulfonic anhydride (1.3 g, 4.62 mmol) in CH2-
Cl2 (12 mL). After the mixture was stirred at -50 to - 6 0 °C 
for 1 h, water (10 mL) was added. The mixture was allowed 
to warm to room temperature, and the organic layer was 
decanted, washed with water, dried, and evaporated. Purifi
cation by chromatography on silica gel with EtOAc as eluent 
afforded 1.2 g (63%) of ester which was saponified using 
general procedure D. Recrystallization from EtOH afforded 
17b (492 mg, 46%) as colorless crystals: mp 188-190 °C; Rf 

= 0.44 (EtOAc/MeOH/H20, 80:15:5); XH NMR (DMSO-de) 8 
0.83 (t, 3H), 1.31 (m, 2H), 1.52 (m, 2H), 2.54 (s, 3H), 2.77 (m, 
2H), 5.68 (s, 2H), 7.06 (d, 2H), 7.18-7.50 (m, 5H), 8.03 (dd, 
lH);MS(FAB)m/e592(M + l). Anal. (C^H^FsNsOeSs) C, 
H, F, N, S. 

N-t4'-[[2-Butyl-5-(hydroxymethyl)-4-(methylthio)-lff-
imidazol-l-yl]methyl](l,l'-biphenyl)-2-yl]sulfonamide (18). 
A mixture of lOd (313 mg, 0.65 mmol), LiAlH4 (40 mg, 0.98 
mmol), and THF (10 mL) was refluxed for 3 h. After usual 
workup and extraction with EtOAc, the product was purified 
by chromatography on silica gel (CHCVEtOAc, 1:1) to give 
147 mg (59%) of 18 as an amorphous solid: Rf = 0.10 (CHCV 
EtOAc, 1:1); *H NMR (DMSO-d«) 5 0.82 (t, 3H), 1.27 (m, 2H), 
1.51 (m, 2H), 2.31 (s, 3H), 2.50 (t, 2H), 4.44 (d, 2H), 5.16 (t, 
1H), 5.28 (s, 2H), 7.08 (d, 2H), 7.18 (br s, 2H), 7.26 (dd, 1H), 
7.36 (d, 2H), 7.59 (m, 2H), 8.02 (dd, 1H). 

Ar-[[4'-[[2-Butyl-5-(hydroxymethyl)-4-(methylthio)-Lff-
imidazol-l-yl]methyl](l,r-biphenyl)-2-yl]sulfonyl]-iV'-
propylurea (19). The title compound was prepared using 
general procedure C from 18 (450 mg, 1 mmol). Column 
chromatography (EtOAc/CH2Cl2, 8:2) followed by trituration 
with ether afforded 280 mg (52%) of 19 as a colorless amor
phous solid: Rf = 0.25 (EtOAc/CH2Cl2,8:2); XH NMR (DMSO-
de) 6 0.75 (t, 3H), 0.84 (t, 3H), 1.29 (m, 4H), 1.54 (m, 2H), 2.31 
(s, 3H), 2.54 (m, 2H), 2.85 (q, 2H), 4.44 (d, 2H), 5.17 (t, 1H), 
5.29 (s, 2H), 6.03 (t, 1H), 7.07 (d, 2H), 7.26-7.67 (m, 5H), 8.02 
(d, 1H), 9.33 (s, 1H). Anal. (C26H34N4O4S2) C, H, N, S. 

Phenylmethyl 2-butyl-4-(methylthio)-l-[[2'-[[[(pro-
pylamino)carbonyl]amino]sulfonyl](l,l'-biphenyl)-4-yl]-
methyl]-Lff-imidazole-5-carboxylate (20). A mixture of 
l i d (1.8 g, 3.7 mmol), titanium isopropoxide (1.2 mL, 4.03 
mmol), and benzyl alcohol (35 mL) was heated at 110 °C for 
60 h. Then the solution was reduced to one third of its volume. 
Benzyl alcohol (10 mL) and titanium isopropoxide (1.2 mL) 
were added. After the mixture was heated at 140 °C for 4 h, 
the benzyl alcohol was removed under vacuum and the residue 
was taken up in water and extracted with CH2CI2. Purification 
by column chromatography on silica gel (CH2Cl2/EtOAc, 9:1) 
and recrystallization from ether/hexane afforded 1.3 g (62%) 
of benzyl ester. Then standard procedure C provided 1.1 g 
(75%) of 20 after recrystallization from CHjCL/ether: mp 135-
140 °C; Rf = 0.50 (heptane/EtOAc, 1:1); XH NMR (CDCI3) 6 
0.76 (t, 3H), 0.91 (t, 3H), 1.38 (m, 4H), 1.68 (m, 2H), 2.60 (s, 
3H), 2.71 (m, 2H), 3.02 (q, 2H), 5.26 (s, 2H), 5.53 (s, 2H), 6.08 
(m, 1H), 7.04 (d, 2H), 7.31-7.64 (m, 10H), 8.12 (dd, 1H). Anal. 
(C33H38N405S2) C, H, N, S. 

2-Butyl-JV-methyl-l-[[2'-[[[(propylamino)carbonyl]ami-
no] sulfonyl] (1, l'-biphenyl)-4-yl] methyl] -4-(methylthio) -
lff-imidazole-5-carboxamide (21). A mixture of l i d (300 
mg, 0.61 mmol), methylamine (5 mL), and MeOH (10 mL) was 
heated at 80 °C for 60 h in an autoclave and then concentrated. 
The residue was chromatographed on silica gel (EtOAc) to 
afford 260 mg (91%) of amide as a white solid (Rf = 0.60, 
EtOAc) which was treated according to general procedure C 
to give 188 mg (59%) of 21 as a white solid after recrystalli
zation from ether/CH2Cl2: mp 181-182 °C; Rf = 0.50 (EtOAc/ 
hexane, 7:3); lH NMR (CDCI3) 6 0.82 (t, 3H), 0.92 (t, 3H), 1.41 
(m, 4H), 1.72 (m, 2H), 2.60 (s, 3H), 2.74 (m, 2H), 2.87 (d, 3H), 
3.02 (q, 2H), 5.59 (s, 2H), 6.26 (t, 1H), 7.01 (d, 2H), 7.37 (d, 
2H), 7.37-7.63 (m, 3H), 7.76 (q, 1H), 8.17 (d, 1H). Anal. 
(C27H35N504S2) C, H, N, S. 

2-Butyl-4-(methylthio)-l-[[2'-(aminosulfonyl)(l,l'-bi-
phenyl)-4-yl]methyl]-li/-imidazole-5-carboxylic Acid (22). 
The title compound was obtained by saponification of l i d via 
general procedure D and recrystallized from MeOH (62%): 
colorless crystals; mp 157-160 °C; Rf= 0.27 (EtOAc); : H NMR 
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(CDC13) (5 0.83 (t, 3H), 1.29 (m, 2H), 1.54 (m, 2H), 2.46 (s, 3H), 
2.63 (t, 2H), 5.62 (s, 2H), 7.04 (d, 2H), 7.13 (s, 2H), 7.35 (d, 
2H), 7.30-7.59 (m, 3H), 8.12 (d, 2H). Anal. (C22H35N3O4S2) 
C, H, N, S. 

A^[[l-[[2'-(Aminosulfonyl)(l,l'-biphenyl)-4-yl]methyl]-
2-butyl-4-(methylthio)-lif-imidazol-5-yl]carbonyl]isoleu-
cine Methyl Ester (23). A suspension of 22 (150 mg, 0.32 
mmol), L-isoleucine methyl ester hydrochloride (87 mg, 0.48 
mmol), and l-[3-(dimethylamino)propyl]-3-ethylcarbodiimide 
hydrochloride (92 mg, 0.48 mmol) in EtOAc (15 mL) was 
stirred at room temperature for 16 h. The mixture was poured 
on aqueous NH4CI and extracted with EtOAc. The combined 
extracts were washed with aqueous NaHCC>3 and brine and 
then concentrated. The residue was chromatographed on silica 
gel (CH2Cl2/EtOAc, 1:1) to give 96 mg (51%) of 23 as a white 
amorphous solid: Rf = 0.44 (CHsCVEtOAc, 1:1); XH NMR 
(CDCI3) 6 0.90 (t, 3H, J = 7.5 Hz), 0.94 (t, 3H, J = 7.5 Hz), 
0.97 (d, 3H, J = 7 Hz), 1.26 (m, 2H), 1.37 (m, 2H), 1.68 (m, 
2H), 1.99 (m, 1H), 2.62 (s, 3H), 2.70 (m, 2H), 3.73 (s, 3H), 4.27 
(s, 2H), 4.61 (dd, 1H, J = 5, 8.5 Hz), 5.70 (d, 2H, J = 13.5 Hz), 
7.10 (d, 2H, J = 8 Hz), 7.30-7.58 (m, 3H), 7.43 (d, 2H, J = 8 
Hz), 8.12 (br d, 1H). Anal. (C29H38N4O5S2) C, H, N, S. 

JV-[[2-Butyl-4-(methylthio)-l-[[2'-[[[(propylamino)car-
bonyl] amino] sulf onyl] (1,1 '-biphenyl) -4-yl] methyl] - 1H-
imidazol-5-yl]carbonyl]isoleucine (24). A mixture of 23 
(870 mg, 1.48 mmol) and K2CO3 (409 mg, 2.96 mmol) in DME 
(9 mL) was stirred at room temperature for 30 min. Propyl 
isocyanate (0.2 mL, 2.2 mmol) was added, and the mixture 
was refluxed for 1 h. After being cooled, the reaction mixture 
was poured in water and the pH was adjusted to 5 with 2 N 
HC1. The mixture was extracted with CH2CI2 and concen
trated. The residue was chromatographed on silica gel (cy-
clohexane/EtOAc, 1:1) to give 792 mg (80%) of the ester, mp 
120 °C, which was saponified with 2 N NaOH (1.2 mL) in 
EtOH (7.5 mL) at room temperature following general proce
dure D, to give 694 mg (89%) of 24 as a white solid: mp 103-
105 °C; Rf= 0.30 (CHaCVMeOH, 9:1); *H NMR (CDCI3) <5 0.73 
(t, 3H), 0.93 (t, 3H), 0.95 (t, 3H), 1.05 (d, 3H), 1.20-1.60 (m, 
6H), 1.79 (m, 2H), 2.60 (s, 3H), 2.84 (t, 2H), 3.03 (m, 2H), 4.29 
(dd, 1H, J = 6, 8 Hz), 5.11 (dd, 1H, J = 15, 5 Hz), 5.91 (dd, 
1H, J = 15, 5 Hz), 6.20 (t, 1H), 6.95 (d, 1H), 6.95-7.62 (m, 
7H), 8.20 (dd, 1H). Anal. (C32H43N5O6S2) C, H, N, S. 

l,l-Dimethylethyl2-butyl-4-(methylthio)-l-[[2'-[[[(pro-
pylamino)carbonyl] amino] sulf onyl] (1,1 '-biphenyl) -4-yl] -
methyl]-LH-imidazole-5-carboxylate (25). To a suspension 
of 22 (534 mg, 1.16 mmol) in CH2C12 (10 mL) was added NJf'-
diisopropyl-O-fe/t-butylisourea31 (1.2 g, 6 mmol). The resulting 
solution was stirred at room temperature for 10 h, and the 
precipitate was removed by filtration. The filtrate was washed 
with water and brine and concentrated. The residue was 
purified by chromatography on silica gel (EtOAc/cyclohexane, 
1:2) to afford 509 mg (85%) of tert-buty\ ester which was 
treated using general procedure C and purified by recrystal-
lization from CH2Cl2/ether to give 250 mg (46%) of 25 as a 
white solid: mp 158-160 °C; Rf = 0.38 (EtOAc/cyclohexane, 
1:1); m NMR (CDCI3) 6 0.77 (t, 3H), 0.90 (t, 3H), 1.37 (m, 4H), 
1.46 (m, 2H), 1.52 (s, 9H), 2.60 (s, 3H), 2.67 (m, 2H), 3.03 (q, 
2H), 5.34 (s, 2H), 6.00 (br s, 1H), 6.13 (t, 1H), 7.10 (d, 2H), 
7.33-7.64 (m, 5H), 8.13 (d, 1H); MS (SIMS) 601 mle (M + 1). 

2-Butyl-4-(methylsulfinyl)-l-[[2'-[[[(propylamino)car-
bony 1] amino] sulf onyl] (1,1 '-biphenyl) -4-yl] methyl] - 1H-
imidazole-5-carboxylic Acid (26). A solution of l i d (0.5 g, 
1.02 mmol) and m-chloroperbenzoic acid (0.24 g, 1.4 mmol) in 
CH2CI2 (30 mL) was stirred at room temperature for 1 h. The 
mixture was diluted with CH2CI2, washed with aqueous 
NaHCC>3 and with water, and concentrated. Purification by 
chromatography on silica gel (CH2Cl2/MeOH, 9:1) afforded 420 
mg of sulfoxide (Rf= 0.51) which was treated according general 
procedure C (recrystallization from EtOAc) followed by general 
procedure D (recrystallization from 2-propanol) to provide 139 
mg (53%) of 26 as a white solid: mp 190-192 °C; Rf = 0.18 
(EtOAc/EtOH/H20, 7:2:1); *H NMR (BMSO-d6) 6 0.76 (t, 3H), 
0.85 (t, 3H), 1.31-1.60 (m, 6H), 2.70 (t, 2H), 2.84 (s, 3H), 2.84 
(m, 2H), 5.68 (br d, 2H), 6.21 (t, 1H), 7.11 (d, 2H), 7.27 (d, 
2H), 7.27-7.62 (m, 3H), 8.03 (dd, 1H). Anal. (C26H32N4O6S2) 
C, H, N, S. 

2-Butyl-4-(methylsulfonyl)-l-[[2'-[[[(propylamino)car-
bonyl] amino] sulf onyl] (1,1 '-biphenyl) -4-yl] methyl] - Iff-
imidazole-5-carboxylic Acid (27). The title compound was 
prepared by the same procedure described for the preparation 
of 26 using 2.5 equiv of m-chloroperbenzoic acid for 1 equiv of 
l i d in 51% yield (three steps): mp 193-195 °C (from EtOH/ 
H20, 1:1); Rf = 0.45 (EtOAc/EtOH/H20, 7:2:1); W NMR 
(DMSO-ds) 6 0.76 (t, 3H, J = 7.5 Hz), 0.84 (t, 3H, J = 7.5 Hz), 
1.31 (m, 4H), 1.58 (m, 2H), 2.67 (t, 2H, J = 7.5 Hz), 2.86 (q, 
2H), 3.30 (s, 3H), 5.59 (s, 2H), 6.12 (t, 1H), 7.14 (d, 2H, J = 8 
Hz), 7.29 (d, 2H, J = 8 Hz), 7.27-7.58 (m, 3H), 8.03 (dd, 1H), 
9.90 (br s, 1H). 

iV-[[4'-[[2-Butyl-4-(methylthio)-lH-imidazol-l-yl]methyl]-
(l,l'-biphenyl)-2-yl]sulfonyl]-iV'-propylurea (29). 12d (793 
mg) was heated at 140 °C under vacuum (0.06 bar) for 1 h. 
The crude mixture was purified by chromatography on silica 
gel (EtOAc). Recrystallization from EtOAc afforded 380 mg 
(52%) of 29 as colorless crystals: mp 166-168 °C; Rf = 0.35 
(EtOAc); m NMR (CDCI3) d 0.76 (t, 3H), 0.90 (t, 3H), 1.38 (m, 
4H), 1.69 (m, 2H), 2.42 (s, 3H), 2.65 (t, 2H), 3.05 (q, 2H), 5.09 
(s, 2H), 6.21 (t, 1H), 6.83 (s, 1H), 7.18 (d, 2H), 7.40 (d, 2H), 
7.33 (dd, 1H), 7.55 (td, 1H), 7.66 (td, 1H), 8.12 (dd, 1H). Anal. 
(C25H32N4O3S2) C, H, N, S. 

2-Butyl-4-(methylthio)-l-[[2'-[[[(propylamino)carbon-
yl] amino] sulf onyl] (1,1 '-biphenyl)-4-yl]methyl] - Uf-imida-
zole-5-carboxamide (30a). A suspension of acid 12d (600 
mg, 1.1 mmol) and thionyl chloride (600 L) in toluene (15 mL) 
was stirred at room temperature for 1 h and then at 55 °C 
overnight. Solvent and excess thionyl chloride were removed 
under reduced pressure, and the crude mixture was dried 
under vacuum. Then the resulted acid chloride was suspended 
in dioxane (15 mL), and 20% NH4OH (10 drops) was added. 
The solution was stirred for 1 h, adjusted to pH 4 by using 1 
N HC1, and extracted with CH2CI2. Purification by chroma
tography on silica gel (C^Clu/EtOAc, 1:1, then CH2C12 (5%) 
MeOH/EtOAc, 1:1) gave 350 mg (58%) of 30a as an amorphous 
white solid: Rf = 0.45 (EtOAc); !H NMR (CDCI3) 0.79 (t, 3H), 
0.91 (t, 3H), 1.38 (m, 4H), 1.71 (m, 2H), 2.61 (s, 3H), 2.71 (t, 
2H), 2.98 (q, 2H), 5.63 (s, 2H), 6.06 (t, 1H), 7.04 (d, 2H), 7.34-
7.61 (m, 5H), 8.15 (d, 1H). Anal. (C26H33N5O4S2) C, H, N, S. 

N-[ [2-Butyl-4-(methylthio) -1 - [ [2'- [ [ [ (propylamino)car-
bonyl]amino] sulfonyl] (1, l'-biphenyl)-4-yl]methyl] - 1H-
imidazol-5-yl]carbonyl]glycine Methyl Ester (30b). The 
title compound was prepared from 12d by the same procedure 
described for the preparation of 30a using glycine methyl ester 
hydrochloride in presence of triethylamine in THF for the 
amidification step: mp 189-190 °C (from EtOAc), 53% yield; 
Rf = 0.40 (CH2Cl2/EtOAc, 1:1); XH NMR (DMSO-rf«) d 0.76 (t, 
3H), 0.82 (t, 2H), 1.30 (m, 4H), 1.54 (m, 2H), 2.50 (s, 3H), 2.60 
(t, 2H), 2.85 (q, 2H), 3.64 (s, 3H), 4.05 (d, 2H), 5.58 (br s, 2H), 
6.07 (t, 1H), 7.12 (d, 2H), 7.25-7.62 (m, 5H), 8.02 (d, 1H), 8.27 
(t, 1H); MS (SIMS) mle 616 (M + 1). Anal. (C39H37N5O6S2) 
C, H, N, S. 

N-1 [2-Butyl-4- (methylthio)-1 - [ [2'- [ [ [ (propylamino)car-
bonyl]amino]sulfonyl](l,l'-biphenyl)-4-yl]methyl]-lH-
imidazol-5-yl]carbonyl]glycine (30c). The title compound 
was prepared from 30b using general procedure D. The crude 
precipitate was triturated with acetonitrile/diisopropyl ether 
to give 470 mg (84%) of 30c as an amorphous white solid: Rf 
= 0.50 (CHaCVMeOH, 9:1); W NMR (CDC13) 0.76 (t, 3H), 0.95 
(t, 3H), 1.39 (m, 2H), 1.45 (m, 2H), 1.73 (m, 2H), 2.59 (s, 3H), 
2.84 (m, 2H), 3.07 (q, 2H), 3.92 (d, 2H), 5.52 (br s, 2H), 6.30 (t, 
1H), 7.04 (d, 2H), 7.15 (t, 1H), 7.24 (dd, 1H), 7.33 (d, 2H), 7.51 
(dt, 1H), 7.62 (dt, 1H), 8.18 (dd, 1H). Anal. (C28H35N5O6S2) 
C, H, N, S. 

iV-Acetyl-2-butyl-4-(methylthio)-l-t[2'-[[[(propylamino)-
carbonyl]amino]sulfonyl](l,l'-biphenyl)-4-yl]methyl]-
lH-imidazole-5-carboxamide (30d). To a cold (0 °C) solu
tion of acetamide (169 mg, 2.87 mmol) in dry THF (10 mL) 
was added 1.6 M re-BuLi in hexane (1.74 mL, 2.79 mmol) under 
N2. A white precipitate was formed, and stirring was contin
ued for 30 min. The mixture was cooled to —60 °C, and the 
acid chloride, prepared from 12d (450 mg, 0.82 mmol) (see 
preparation of 30a) and suspended in dry THF (2 mL) was 
added. After stirring for 15 min, the mixture was allowed to 
warm to 0 °C and stirred for 1 h. Aqueous NH4CI was added, 
and the pH was adjusted to 3 -4 with 1 N HC1. The mixture 
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was extracted with CH2CI2, and the combined extracts were 
washed with water and brine, dried, and concentrated. Pu
rification by flash chromatography (EtOAc then CI^CyMeOH, 
9:1) gave 329 mg (68%) of 30d which was recrystallized from 
ether; colorless crystals: mp 161-162 °C; Rf = 0.50 (EtOAc); 
!H NMR (CDCI3) 6 0.77 (t, 3H), 0.92 (t, 3H), 1.38 (m, 4H), 1.72 
(m, 2H), 2.41 (s, 3H), 2.67 (s, 3H), 2.72 (m, 2H), 3.03 (q, 2H), 
5.62 (s, 2H), 6.18 (br t, 1H), 7.07 (d, 2H), 7.38 (d, 2H), 7.34-
7.64 (m, 3H), 8.14 (dd, 1H), 10.09 (br s, 1H). Anal. 
(CasIfeNjOsSa) C, H, N, S. 

2-Butyl-4-(methylthio)-iV-(phenylsulfonyl)-l-[[2'-[[[(pro-
pylamino)carbonyl]amino]sulfonyl](l,l'-biphenyl)-4-yl]-
methyl]-Lff-imidazole-5-carboxamide (30e). The title com
pound was prepared by a procedure analogous to that for 30d 
starting from benzene sulfonamide. Chromatographic puri
fication (CH2Cl2/MeOH, 95:5) afforded 30e (57%) as a white 
solid: mp 208-210 °C; Rf = 0.40 (CI^CVMeOH, 90:10); : H 
NMR (DMSO-d«) 6 0.78 (t, 3H), 0.83 (t, 3H), 1.30 (m, 4H), 1.51 
(m, 2H), 2.31 (s, 3H), 2.54 (t, 3H), 2.85 (q, 2H), 5.79 (s, 2H), 
6.39 (s, 1H), 7.01 (d, 2H), 7.37 (d, 2H), 7.21-7.77 (m, 8H), 8.00 
(brd, 1H). Anal. ((^HSTNSOSSS) C, H, N, S. 

Ethyl 2-Butyl-l-[[2'-[[[(dimethylamino)methylene]-
amino]sulfonyl](l,l'-biphenyl)-4-yl]methyl]-4-[[(4-meth-
oxyphenyl)methyl]thio]-Lff-imidazole-5-carboxylate (31). 
The title compound was prepared from 5h by the same pro
cedure described for the preparation of 10d in 58% yield: 
amorphous white solid: XH NMR (CDCI3) S 0.88 (t, 3H), 1.35 
(t, 3H, J = 7 Hz), 1.35 (m, 2H), 1.71 (m, 2H), 2.62 (m, 2H), 
2.69 (s, 3H), 2.72 (s, 3H), 3.79 (s, 3H), 4.26 (q, 2H, J = 7 Hz), 
4.40 (s, 2H), 5.58 (s, 2H), 6.84 (d, 2H), 7.02 (s, 1H), 7.04 (d, 
2H), 7.32 (d, 2H), 7.34 (d, 2H), 7.16-7.50 (m, 3H), 8.01 (m, 
1H). 

Ethyl 2-butyl-1 - [ [2-[ [ [(dimethylamino)methylene] ami-
no]sulfonyl](l,l'-biphenyl)-4-yl]methyl]-4-mercapto-Lff-
imidazole-5-carboxylate, Mercury(II) Salt (32). To a 
cooled (0 °C) mixture of 31 (5.47 g, 8.44 mmol) and anisole 
(5.5 mL) were successively added TFA (27.4 mL) and mercury-
(II) trifluoroacetate (1.8 g, 4.22 mmol). The reaction mixture 
was allowed to warm to room temperature, stirred for 5 min, 
and evaporated to dryness under vacuum. Chromatography 
on silica gel (CH2Cl2/EtOAc, 7:3) gave 4.32 g (84%) of 32 as a 
pale yellow foam: Rf = 0.14 (CH2Cl2/EtOAc, 8:2); *H NMR 
(CDCI3) 6 0.85 (t, 3H, J = 7.5 Hz), 1.30 (m, 2H), 1.41 (s, 3H), 
2.48 (t, 2H, J = 7.5 Hz), 2.75 (s, 3H), 2.78 (s, 3H), 4.32 (q, 2H, 
J = 7 Hz), 5.56 (s, 2H), 7.03 (d, 2H, J = 8 Hz), 7.09 (s, 1H), 
7.15 (m, 1H), 7.33 (d, 2H, J = 8 Hz), 7.50 (m, 2H), 8.28 (d, 
lH) ;MS(EI )m/e 1256 M+. 

Ethyl 2-Butyl-l-[[2'-[[[(dimethylamino)methylene]-
amino] sulfonyl] (1, l'-biphenyl) -4-yl] methyl] -4- [ [ (me th-
ylthio)methyl]thio]-lH-imidazole-5-carboxylate (33). A 
mixture of 32 (7.65 g, 6.09 mmol), sodium iodide (3.65 g, 24 
mmol), chloromethyl methyl sulfide (1.12 mL, 13.4 mmol), and 
dry DMF (150 mL) was stirred at room temperature for 2 h. 
After removal of DMF, the residue was dissolved in EtOAc, 
washed with water, dried over MgSC>4, and concentrated. 
Recrystallization from EtOH afforded 6.9 g (94%) of 33 as 
colorless crystals: mp 138-140 °C; Rf= 0.25 (CH2Cl2/EtOAc, 
9:1); lK NMR (CDC13) 0.83 (t, 3H), 1.33 (m, 2H), 1.40 (t, 3H), 
1.68 (m, 2H), 2.28 (s, 3H), 2.62 (t, 2H), 2.75 (s, 6H), 4.30 (q, 
2H), 4.32 (s, 2H), 5.59 (s, 2H), 7.04 (d, 2H), 7.08 (s, 1H), 7.34 
(d, 2H), 7.16-7.50 (m, 3H), 8.28 (d, 1H). Anal. (C28H36N4O4S3) 
C, H, N, S. 

2-Butyl-4-[[(methylthio)methyl]thio]-l-[[2'-[[[(pro-
pylamino)carbonyl] amino] sulf onyl] (1, l'-biphenyl)-4-yl] -
methyl]-Lff-imidazole-5-carboxylic Acid (34). A mixture 
of 33 (6.9 g, 11.7 mmol), concentrated HC1 (70 mL), and EtOH 
(140 mL) was heated at 50 °C for 18 h then cooled. The pH 
was adjusted to 10 with concentrated NaOH, and the mixture 
was extracted with EtOAc, washed with water, dried, and 
evaporated. The residue was purified by flash chromatography 
(CH2Cl2/EtOAc, 9:1) to afford 5.7 g (91%) of free sulfonamide 
which was treated according to general procedure C (tritura
tion with EtOH, 80% yield) followed by saponification via 
general procedure D in 99% yield to afford 5 g of 34 as a white 
solid: mp 163-164 °C;Rf= 0.45 (CHCls/MeOH, 8:2). :HNMR 
(DMSO-d6) 6 0.76 (t, 3H), 0.84 (t, 3H), 1.31 (m, 4H), 1.58 (m, 
2H), 2.17 (s, 3H), 2.64 (t, 2H), 2.85 (q, 2H), 4.33 (s, 2H), 5.63 

(s, 2H), 6.09 (t, 1H), 7.08 (d, 2H), 7.27 (d, 2H), 7.27-7.56 (m, 
3H), 9.90 (s, 1H). Anal. (C27H34N4O5S3) C, H, N, S. 

Ethyl 2-Butyl-l-[[2'-[[[(dimethylamino)methylene]-
amino]sulfonyl](l,l'-biphenyl)-4-yl]methyl]-4-mercapto-
Lff-imidazole-5-carboxylate (35). Through a suspension of 
mercury salt 32 (2.2 g, 1.75 mmol) in EtOAc (300 mL) was 
bubbled H2S gently for 45 min at room temperature. Then 
the excess of H2S was removed under a stream of N2, the black 
precipitate was removed by filtration, and the filtrate was 
concentrated to give 1.85 g (99%) of 35 as a brown foam: Rf = 
0.30 (EtOAc/MeOH, 9:1); *H NMR (CDC13) d 0.89 (t, 3H), 1.35 
(m, 2H), 1.40 (t, 3H), 1.66 (m, 2H), 2.63 (m, 2H), 2.77 (s, 3H), 
2.78 (s, 3H), 4.33 (q, 2H), 5.60 (s, 2H), 7.03 (d, 2H), 7.16 (s, 
1H), 7.17 (dd, 1H), 7.36 (d, 2H), 7.50 (m, 1H), 8.27 (dd, 1H); 
MS (SIMS) mle 529 (M + 1). 

Ethyl 2-Butyl-l-[[2'-[[[(dimethylamino)methylene]-
amino] sulf onyl] (1,1 -biphenyl)-4-yl] methyl] -4- [ (trifluo-
rometbyl)thio]-Lff-imidazole-5-carboxylate (36a). To a 
cooled (0 °C) mixture of NaH in 50% dispersion in oil (326 mg, 
6.8 mmol) in dry DMF (10 mL) was added dropwise a solution 
of thiol 35 (3 g, 5.6 mmol) in dry DMF (15 mL). The reaction 
mixture was stirred at 0 °C for 15 min and then was irradiated 
with a Heraeus mercury high-pressure lamp TQ150Z3 held 
in a water-cooled Pyrex sleeve while Freon 13B1 was bubbled 
through for 15 min. Stirring and irradiation were continued 
for 1 h. The mixture was warmed to room temperature, 
diluted with water, extracted with EtOAc, washed, dried, and 
evaporated. The residue was recrystallized from EtOAc to give 
2.7 g (80%) of 36a as a white solid: mp 124-125 °C; Rf = 0.44 
(hexane/EtOAc, 7:3); *H NMR (CDCI3) d 0.89 (t, 3H), 1.27 (m, 
2H), 1.39 (t, 3H), 1.68 (m, 2H), 2.65 (t, 2H), 2.76 (s, 3H), 2.77 
(s, 3H), 4.33 (q, 2H), 5.61 (s, 2H), 7.02 (d, 2H), 7.36 (d, 2H), 
7.16-7.50 (m, 3H), 8.22 (d, 1H); MS (FAB) mle 597 (M + 1). 
Anal. (C27H31F3N4O4S2) C, H, F, N, S. 

2-Butyl-l-[[2'-[[[(pn>pylamino)carbonyl]amino]sulfonyl]> 
(l,l'-biphenyl)-4-yl]methyl]-4-[(trifluoromethyl)thio]-li/-
imidazole-5-carboxylic Acid (37a). The title compound was 
prepared in three steps from 36a by the same procedure as 
described for the preparation of 34: mp 118-120 °C; 72% yield; 
Rf= 0.11 (C^CWMeOH, 9:1); *H NMR (DMSO-d6) 6 0.76 (t, 
3H), 0.85 (t, 3H), 1.31 (m, 4H), 1.53 (m, 2H), 2.68 (t, 2H), 2.84 
(q, 2H), 5.62 (s, 2H), 6.36 (t, 1H), 7.06 (d, 2H), 7.26 (d, 2H), 
7.26-7.70 (m, 3H), 8.03 (d, 1H), 9.95 (s, 1H), 13.70 (br s, 1H). 
Anal. (C26H29F3N4O5S2) C, H, F, N, S. 

Ethyl 2-butyl-4-[(difluoromethyl)thio]-l-[[2'-[[[(di-
methylamino)methylene]amino]sulfonyl](l,l'-biphenyl)-
4-yl]methyl]-Lff-imidazole-5-carboxylate (36b). A solu
tion of thiol 35 (4.1 g, 7.7 mmol) in dry desoxygenated DMF 
(80 mL) was heated under nitrogen at 87 CC. Sodium chlo-
rodifluoroacetate (Lancaster) (1.85 g, 12.32 mmol) and Nal 
(1.85 g, 12.32 mmol) were added. Heating was continued for 
45 min, and DMF was evaporated. The residue was taken up 
in aqueous NH4CI and extracted with EtOAc. Purification by 
flash chromatography (CH2Cl2/EtOAc, 8:2, then C^CVMeOH, 
9:1) afforded 3.3 g (75%) of 36b as a white solid: »H NMR 
(CDCI3) <5 0.89 (t, 3H), 1.35 (m, 2H), 1.40 (t, 3H), 1.67 (m, 2H), 
2.64 (t, 2H), 2.76 (s, 3H), 2.77 (s, 3H), 4.32 (q, 2H), 5.61 (s, 
2H), 7.04 (d, 2H), 7.36 (d, 2H), 7.13-7.50 (m, 4H), 7.81 (t, 1H, 
J = 56 Hz), 8.27 (m, 1H). 

2-Butyl-4-[(difluoromethyl)thio]-l-[[2'-[[[(propylamino)-
carbonyl] amino] sulf onyl] (1,1 '-biphenyl) -4-yl] methyl] -
lff-imidazole-5-carboxylic Acid (37b). The title compound 
was prepared in three steps from 36b by the same procedure 
as described for the preparation of 34: mp 95 °C dec; 59% 
yield; Rf = 0.25 (EtOAc/MeOH, 9:1); XH NMR (CDC13) d 0.75 
(t, 3H), 0.92 (t, 3H), 1.38 (m, 4H), 1.72 (m, 2H), 2.73 (m, 2H), 
2.99 (q, 2H), 5.46 (br s, 2H), 6.26 (t, 1H), 7.04 (d, 2H), 7.32-
7.63 (m, 5H), 7.72 (t, 1H, J = 56.5 Hz), 8.13 (d, 1H); MS (FAB) 
mle 581 (M + 1). Anal. (C26H30F2N4O5S2) C, H, F, N, S. 

Ethyl 2-Butyl-l-[[2'-[[[(dimethylamino)methylene]-
amino]sulfonyl](l,l'-biphenyl)-4-yl]methyl]-4-[(2,2,2-tri-
fluoroethyl)thio]-l£F-imidazole-5-carboxylate (36c). To 
a solution of 32 (1.1 g, 0.875 mmol) in DMF (16 mL) were 
added Nal (525 mg, 3.50 mmol) and 2-iodo-l,l,l-trifiuoro-
ethane (0.34 mL, 3.48 mmol) with stirring. Then the mixture 
was heated at 50 °C for 48 h, poured into water, and extracted 
with EtOAc. The combined organic extracts were washed with 
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water and brine, dried, and evaporated. Purification by 
chromatography (CH2Cl2/EtOAc, 9:1) gave 578 mg (54%) of 36c 
as a yellow solid: mp 186 °C; Rf = 0.35 (CH2Cl2/EtOAc, 9:1); 
XH NMR (CDC13) 6 0.90 (t, 3H), 1.40 (m, 4H), 1.65 (m, 2H), 
2.60 (t, 2H), 2.77 (s, 3H), 2.80 (s, 3H), 4.00 (m, 2H), 4.35 (m, 
2H), 5.60 (s, 2H), 6.90-7.60 (m, 9H). 

2-Butyl-l-[[2'-[[[(propylamino)carbonyl]amino]siilfonyl]-
(l,l'-biphenyl)-4-yl]methyl]-4-[(2,2,2-trifluoroethyl)thio]-
lif-imidazole-5-carboxylic Acid (37c). The title compound 
was prepared in three steps from 36c by the same procedure 
as described for the preparation of 34: mp 105-107 °C; 62% 
yield; Rf= 0.51 (CHzCL/MeOH, 8:2); JH NMR (CDCI3 + DMSO-
d6) d 0.80 (t, 3H), 0.92 (t, 3H), 1.39 (m, 4H), 1.72 (m, 2H), 2.77 
(t, 2H), 2.99 (q, 2H), 4.08 (q, 2H, J = 10 Hz), 5.56 (s, 2H), 5.81 
(t, 1H), 7.04 (d, 2H), 7.35 (d, 2H), 7.26-7.59 (m, 3H), 8.22 (dd, 
1H). Anal. (C27H31P3N4O5S2) C, H, F, N, S. 

Ethyl 2-Butyl-l-[[2'-[[[(dimethylamino)methylene]-
amino]sulfonyl](l,l'-biphenyl)-4-yl]methyl]-4-[[4-[[(l,l-
dimethylethyl)diphenylsilyl]oxy]-2,2,3,3-tetrafluoro-
butyl]thio]-lH-imidazole-5-car boxy late (36d). Step 1: 
Preparation of l-[(fertf-Butyldiphenylsilyl)oxy]-4-iodo-
2,2,3,3-tetrafluorobutane (51). The title compound was 
prepared from 2,2,3,3-tetrafluoro-l,4-butanediol (Fluorochem) 
by protection of one hydroxy with TBDPSC1, TEA, and DMAP 
in CH2CI2 (55% yield) followed by conversion of the other 
hydroxy to the corresponding iodide49 (using PPh3 3 equiv, I2 
3 equiv and imidazole 3 equiv in refluxing toluene overnight 
in 91%); oil; XH NMR (CDCI3) 6 1.07 (s, 9H), 3.67 (tt, 2H, J = 
1, 17.5 Hz), 4.00 (tt, 2H, J = 1.5, 13 Hz), 7.43 (m, 6H), 7.65 
(m, 4H). 

Step 2. To a suspension of NaH (50% dispersion in oil) (0.3 
g, 6.3 mmol) in dry DMF (21 mL) was added dropwise a 
solution of 35 (3 g, 5.67 mmol) in DMF (21 mL). Stirring was 
continued for 15 min at room temperature, and a solution of 
50 (4.34 g, 8.5 mmol) in DMF (5 mL) was added dropwise. 
Then the reaction mixture was heated to 80 °C for 2 h and 
poured in water, extracted with EtOAc, washed with water, 
dried, and evaporated. Purification by flash chromatography 
(CH2Cl2/EtOAc, 9:1) gave 3.57 g (69%) of 36d as a foam: Rf = 
0.30 (CH2Cl2/EtOAc, 9:1); : H NMR (CDCI3) 6 0.86 (t, 3H), 1.07 
(s, 9H), 1.30 (m, 2H), 1.41 (t, 3H, J = 7 Hz), 1.64 (m, 2H), 2.57 
(t, 2H, J = 7.5 Hz), 2.70 (s, 3H), 2.72 (s, 3H), 4.04 (t, 2H, J = 
13.5 Hz), 4.11 (t, 2H, J = 18 Hz), 4.32 (q, 2H, J = 7 Hz), 5.58 
(s, 2H), 7.05 (d, 2H, J = 8 Hz), 7.06 (s, 1H), 7.16 (m, 1H), 7.33 
(d, 1H, J = 8 Hz), 7.50 (m, 2H), 8.28 (m, 1H). 

2-Butyl-4-[(4-hydroxy-2,2,3,3-tetrafluorobutyl)thio]-l-
[[2'-[[[(propylamino)carbonyl]amino]sulfonyl](l,l'-bi-
phenyl)-4-yl]methyl]-lff-imidazole-5-carboxylic Acid 
(37d). The title compound was prepared in three steps from 
36d by the same procedure as described for the preparation 
of 34: mp 172-174 °C;Rf= 0.30 (CHaCla/MeOH, 9:1); XH NMR 
(CDCI3) 6 0.76 (t, 3H), 0.90 (t, 3H), 1.36 (m, 4H), 1.62 (m, 2H), 
2.81 (t, 2H), 3.01 (q, 2H), 3.97-4.03 (m, 4H), 5.55 (s, 2H), 6.18 
(t, 1H), 7.05 (d, 2H), 7.20 (dd, 1H), 7.35 (d, 2H), 7.53 (dt, 1H), 
7.63 (dt, 1H), 8.12 (dd, 1H). Anal. (C29H34F4N406S2) C, H, F, 
N, S. 

Ethyl 2-Butyl-l-[[2'-(hydroxycarbonyl)(l,l'-biphenyl)-
4-yl]methyl]-4-(methylthio)-lfl'-iniidazole-5-carboxy-
late (41). The title compound was prepared as lOd from 
imidazole 5d and (bromomethyl)biphenyl 40 in 68% yield, 
followed by deprotection of tert-butyl group with CH2CI2/CF3-
COOH (5:1) for 6 h at room temperature (85% yield): oil; JH 
NMR (CDCI3) d 0.84 (t, 3H), 1.29 (t, 3H), 1.34 (m, 2H), 1.60 
(m, 2H), 2.66 (t, 2H), 2.57 (s, 3H), 4.25 (q, 2H), 5.56 (s, 2H), 
7.00 (d, 2H), 7.27 (d, 2H), 7.32 (dd, 1H), 7.40 (td, 1H), 7.54 
(td, 1H), 7.92 (dd, 1H). 

Ethyl 1- [ [2-( Aminocarbonyl) (1, l'-biphenyl) -4-yl] meth-
yl]-2-butyl-4-(methylthio)-lH-imidazole-5-carboxylate(42). 
A solution of acid 41 (0.97 g, 2.2 mmol) in thionyl chloride (9 
mL) was refluxed for 4 h. The excess of SOCI2 was then 
removed, and the residue, dissolved in 10 mL of dioxane, was 
treated with 9 mL of NH4OH (22%) for 30 min at room 
temperature. The solution was poured in 50 mL of water and 
extracted with EtOAc, dried over MgSCU, concentrated, and 
purified by chromatography (CH2Cl2/EtOAc, 1:1) to afford 0.67 
g (70%) of amide 41 as a white solid: mp 144 °C; XH NMR 
(CDCI3) <3 0.89 (t, 3H), 1.37 (m, 2H), 1.34 (t, 3H), 1.67 (m, 2H), 

2.61 (s, 3H), 2.65 (m, 2H), 4.28 (q, 2H), 5.24 (br s, 1H), 5.43 
(br s, 1H), 5.57 (s, 2H), 7.07 (d, 2H, J = 8 Hz), 7.39 (d, 2H, J 
= 8 Hz), 7.30-7.53 (m, 3H), 7.75 (dd, 1H). 

2-Butyl-4-(methylthio)-l-[[2'-[[[(propylamino)car-
bonyl] amino] sulf onyl] (1, l'-biphenyl)-4-yl] methyl] - Iff-
imidazole-5-carboxylic Acid (43). The title compound was 
prepared from 42 using general procedure C (in DME with 3 
equiv C3H7NCO and 3 equiv of K2CO3 in 50% yield) followed 
by saponification via general procedure D (66% yield after 
recrystallization in EtOH): mp 201-202 °C; XH NMR (DMSO-
de) 6 0.82 (t, 6H), 1.28 (m, 2H), 1.42 (m, 2H), 1.53 (m, 2H), 
2.45 (s, 3H), 2.58 (t, 2H), 3.08 (q, 2H), 5.60 (s, 2H), 7.05 (d, 
2H), 7.32 (d, 2H), 7.35-7.60 (m, 4H), 10.60 (br s, 1H), 12.77 
(br s, 1H). Anal. (C27H32N4O4S) C, H, N, S. 

Ethyl 2-Butyl-4-(methylthio)-l-[[2'-[[[(AT-propylamino)-
carbonyl]methylamino]sulfonyl](l , l '-biphenyl)-4-yl]-
methyl]-lH-imidazole-5-carboxylate (44). To a solution of 
urea 28 (0.57 g, 1 mmol) in 10 mL of CH2C12 was added 
dropwise a solution of diazomethane in CH2CI2 (1.5 equiv). The 
solution was stirred for 15 min, and the reaction was quenched 
with acetic acid (1 mL). The organic layer was washed with 
water, dried over MgSCU, and concentrated. Purification on 
column chromatography (EtOAc/hexane, 1:1) afforded 0.45 g 
(77%) of 44 as a white foam: XH NMR (CDCI3) <5 0.77 (t, 3H), 
0.91 (t, 3H), 1.35 (m, 4H), 1.35 (t, 3H), 1.68 (m, 2H), 2.31 (q, 
2H), 2.65 (m, 2H), 2.60 (s, 3H), 2.68 (s, 3H), 4.28 (q, 2H), 5.56 
(s, 2H), 6.48 (br t, 1H), 7.07 (d, 2H), 7.27 (d, 2H), 7.27 (m, 1H), 
7.52 (m, 1H), 7.62 (m, 1H), 8.05 (d, 1H); MS (FAB) m/e 587 
(M + 1). 

4'-[(2-Butyl-4-chloro-5-formyl-lH-imidazol-l-yl)methyl]-
AT-[(dimethylamino)methylene](l,l'-biphenyl)-2-sulfona-
mide (47). The title compound was prepared by coupling 
imidazole 46 with biphenyl 9 in 78% yield using the procedure 
described for the preparation of lOd: mp 90 °C; XH NMR 
(CDCI3) <5 0.89 (t, 3H), 1.34 (m, 2H), 1.68 (m, 2H), 2.62 (m, 
2H), 2.76 (s, 3H), 2.83 (s, 3H), 5.62 (s, 2H), 7.06 (d, 2H), 7.14 
(s, 1H), 7.16 (m, 1H), 7.38 (d, 2H), 7.51 (m, 2H), 8.28 (m, 1H), 
9.80 (s, 1H); IR (CHCI3) 1665, 1594, 1570, 1518, 1489 cm"1. 

Methyl l-[[2'-(aminosulfonyl)(l,l'-biphenyl)-4-yl]meth-
thyl]-2-butyl-4-chloro-lH-imidazole-5-carboxylate (48). 
To a solution of aldehyde 47 (2 g, 4 mmol) in 100 mL of MeOH 
were added successively NaCN (1 g, 21 mmol), MnC>2 (7.5 g, 
66 mmol), and finally CH3COOH (0.4 mL, 6.4 mmol). The 
suspension was stirred at room temperature for 36 h and 
filtered through clarcel, and the filtrate was evaporated to 
dryness. The brown residue was triturated with water, and 
the resulting white solids were collected by nitration and dried 
to afford 1.6 g (77%) of 47 which was treated with EtOH/ 
concentrated HC1 according to the procedure described for l i d 
to produce 48 in 70% yield: mp 161 °C; XH NMR (CDCI3) d 
0.87 (t, 3H), 1.35 (m, 2H), 1.68 (m, 2H), 2.65 (t, 2H), 3.80 (s, 
3H), 4.18 (s, 2H), 5.58 (s, 2H), 7.08 (d, 2H), 7.28 (d, 1H), 7.41 
(d, 2H), 7.55 (m, 2H), 8.15 (d, 1H). 

2-Butyl-4-chloro-1 - [ [2'- [ [ [ (propylamino)carbonyl] ami-
no]sulfonyl](l,l'-biphenyl)-4-yl]methyl]-lH-imidazole-5-
carboxylic Acid (49). The title compound was prepared from 
48 using general procedure C (72% yield after recrystallization 
from CH2Cl2/Et20) followed by saponification by general 
procedure D (75% yield after recrystallization in CH3CN) as 
pink crystals: mp 218 °C; *H NMR (DMSO-d6) S 0.76 (t, 3H), 
0.84 (t, 3H), 1.30 (m, 4H), 1.57 (m, 2H), 2.64 (t, 2H), 2.84 (q, 
2H), 5.62 (s, 2H), 6.37 (br t, 1H), 7.05 (d, 2H), 7.24 (d, 2H), 
7.25 (m, 1H), 7.58 (dt, 1H), 7.66 (dt, 2H), 8.02 (dd, 1H); IR 
(Nujol) 1700, 1662, 1614, 1555, 1525, 1513 cm"1. Anal. 
(C25H29CIN4O5S) C, H, N, S, CI. 

2-Butyl-4-(methylthio)-l-[[2'-[[[(propylamino)car-
bonyl]amino]sulfonyl](l,l'"biphenyl)-4-yl]methyl]-lH-
imidazole-5-carboxylic Acid Dipotassium Salt (50, HR 
720). To a cold (3-5 °C) suspension of ester 28 (2 g, 3.5 mmol) 
in ethanol (40 mL) was added dropwise 6 N KOH (2.3 mL, 
13.8 mmol). The reaction mixture was allowed to warm at 
room temperature and was stirred for 72 h. The crude 
precipitate was filtered and washed with 96% ethanol to afford 
1.92 g (89%) of compound 50 as colorless crystals of the 
dipotassium salt: mp >260 °C; XH NMR (D20) d 0.77 (t, 3H), 
0.87 (t, 3H), 1.31 (m, 4H), 1.58 (m, 2H), 2.47 (s, 3H), 2.72 (t, 
2H), 2.80 (m, 2H), 5.63 (s, 2H), 7.05-7.32 (AA'BB', 4H), 7.25 
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(d, 1H), 7.56 (m, 2H), 8.04 (d, 1H); MS (FAB) m/e 621 (M + 
1). Anal. (C26H3oK2N405S2) C, H, N, S. 

Angiotensin II Binding Studies on Rat Liver Mem
branes. The experiments were performed in male Sprague-
Dawley rats (Iffa credo) weighing between 150 and 200 g. The 
preparation was made extemporaneously, and the different 
steps were carried out at 4 °C in ice. The animals were killed 
by decapitation, and the liver was removed. The tissue was 
homogenized in 50 mM Tris-HCl buffer, pH 7.4, by grinding 
in the Polytron (setting 3; 4 x 10 s) (1 g of tissue to 40 mL of 
buffer). The homogenate was centrifuged for 15 min at 30000g 
(Beckman J2-21 ME centrifuge). The resultant pellets were 
washed twice by resuspension (Dounce A) with 50 mM Tris-
HCl buffer, pH 7.4, and centrifuged again under the same 
conditions. A pellet corresponding to 0.25 g of fresh tissue was 
taken up (Dounce A) in 125 mL of incubation buffer: Tris (20 
mM), NaCl (135 mM), KC1 (10 mM), glucose (5 mM), and 
MgCl2-6H20 (10 mM). After adjustment to pH 7.4 (2 N HC1), 
the following were added extemporaneously: PMSF (0.3 mM), 
Bacitracin (0.1 mM), and Lysozyme (1 g/L). 

The assays were performed in most cases in duplicate (n = 
1-3) on 1 mL aliquots (glass tubes) in the presence of [126I]-
Tyi^-angiotensin II at a final concentration of about 10" n M 
and in the absence or presence of seven different concentra
tions of test compounds (10 fiL aliquots). The nonspecific 
binding was determined in the presence of a high concentration 
(3 x 10~5 M) of a specific antagonist 4'-[[2-butyl-4-chloro-5-
(hydroxymethyl)-li7-imidazol-l-yl]methyl](l,l'-biphenyl)-2-
carboxylic acid (EXP 7711). After incubation for 150 min at 
25 °C, the aliquots of homogenate were filtered (Skatron 
apparatus) on fiberglass filters (Pharmacia Filtermat B) 
prewashed for 30 min in an aqueous solution of 0.05% 
polyethyleneimine; the filters were washed rapidly with 50 
mM Tris-HCl buffer, pH 7.4 ( 2 x 2 s), and then dried in a 
microwave oven (CEM). A Meltilex B/HS sheet (Wallac) was 
applied to the filter before counting in a Betaplate scintillator 
(Pharmacia). 

Evaluation of All Antagonists in Pithed Normotensive 
Rats. Intravenous Administration. Blood pressure was 
recorded in normotensive Sprague-Dawley pithed rats (n = 
4) via a catheter introduced in a carotid artery. AH (0.75 fig/ 
kg) was injected to rats via a catheter introduced in a jugular 
vein. Three control responses to AH were obtained. The 
following injections of All were preceded (5 min before) by 
injections of increasing doses of the antagonist under study 
(dissolved in water for HR 720 and water with 2 equiv of 
NaOH for the other antagonists). The dose of the compound 
necessary to block 50% of the initial response to AH (ID50) was 
determined. 

Oral Administration. Normotensive rats (Sprague-Daw
ley, n = 18-28) were divided in several groups. Each group 
received by gastric tubing a dose of the antagonist under study 
(dissolved in water for compound 50 and water with 2 equiv 
of NaOH for the other antagonists). Another group of rats 
received the solvent (water) as the control; 50 min later, rats 
were anaesthetized, pithed, and ventilated. Blood pressure 
was recorded via a catheter introduced in a carotid artery. A 
catheter was introduced in a jugular vein. One hour after 
gastric tubing, AH (0.75 fig/kg) was intravenously adminis
tered. All-induced increase in diastolic blood pressure in 
treated groups was compared to that of observed in the control 
group. The dose of the compound necessary to block 50% of 
the All pressor effect (ID50) was calculated. 

Inhibition of All-Induced Pressor Response in Con
scious Normotensive Rats. Blood pressure was recorded 
from conscious normotensive Sprague-Dawley rats via a 
catheter introduced into a carotid artery. Animals received 
via oral administration either compound 50 or DuP 753 for 
treated groups or solvent (water) for the control group. They 
were challenged with AH (0.75 /ig/kg)—through a catheter 
introduced in a jugular vein—before treatment and 1, 3, 6 and 
24 h after oral treatment. 

Antihypertensive Effect in Conscious Renal Artery-
Ligated Hypertensive Rats. Acute renovascular hyperten
sion was induced by a complete left renal artery ligation in 
male Sprague-Dawley rats (280-300 g). Six days after 
surgery, blood pressure was recorded from conscious hyper

tensive animals via an arterial catheter. Animals orally 
received either compound 50 or DuP 753 for treated groups 
or the solvent (distilled water) for control animals. Blood 
pressure was recorded before oral dosage and then 1,3,6, and 
24 h later. 

Inhibition of All-Induced Pressor Response in Con
scious Normotensive Dogs. The study was carried out in 
conscious mongrel dogs of either sex (11-26 kg) fitted with 
an arterial catheter. After a food restriction of 18 h, a short 
catheter was introduced into a cephalic vein. Before the 
administration by gavage of a capsule containing either 
compound 50 or EXP 3174 at 10 mg/kg, AH was injected at 
0.15 /ig/kg iv and then at 1 h intervals for 6 h on day 1 and 
again 6 h on day 2 postdose. The control group received an 
empty capsule. 

Effects on Systolic Arterial Blood Pressure in Con
scious Sodium-Depleted Hypertensive Dogs. Experiment 
was performed in conscious hypertensive dogs (Beagle, 1 5 -
21 kg) of either sex. Several months before the experiment 
and under anaesthesia, the two kidneys of the dogs were 
wrapped in cellophane (Page's method). A second operation 
was performed to implant a radiotelemetry device (Data 
Sciences, Mn) for recording of blood pressure. Furosemide 
(Hoechst) was administered 17 h before the experiment at a 
dose of 10 mg/kg by subcutaneous route and 1 h before drug 
at 10 mg/kg intravenously in order to elevate the plasma renin 
activity by about seven fold. An empty capsule in the control 
group or compound 50 or EXP 3174 at 3 mg/kg were admin
istered by gavage. Systolic arterial blood pressure was 
recorded at 2 h intervals up to 30 h postdose. 
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