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Title 

Prodrugs of Imidazole Carboxylic Acids· as 
Angi~tensin II Receptor Antagonists 

Field of the Inyention 

This invention relates to substituted inddazoles 
useful as angiotensin II (AII) blockers, and more 

10 particularly, to prodruqs of imidazole carboxylic acids. 
which are AII antagonists useful in treating 
hypertension or congestive heart failure. 

Backgropnd of the Invention 

15 Compounds which inhibit the action of the hormone 
angiotensin II (AII) and are useful in alleviating 
angiotensin induced hypertension constitute the subjec~ 

. matter of a tremendous amount of research. 
PCT Application, International Publication Number 

20 WO 92/00977 pUblished January 23, 1992, discloses 4-
alkylimidazole derivatives useful as angiotensin II . . 

antagonist' antihypertensive agents. 
Carini and Duncia, European Patent Application 

Publication Number (EPA) 0 253 310, published 
25 January 20, 1988, discloses a class of imidazole 

angiotensin II antagonists useful for treatment of 
hype~tension and congestive heart failure. The 
compounds are ·active when administered by intravenous 
injection. Several of the compounds are also orally 

30 active. The general disclosure encompasses certain. 4-

alkyl-2-propyl-l-[ (2·'-(lH-tetrazol-5-yl)biphenyl-4-yl)­
methylJ imidazoles substituted at the 5-position of the 
imidazole ring with halogen, nitro, trifluoromethyl or 
cyano. 

...; . t 
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Carini, Duncia and Wong, International Application. 
Publication Number WO 89/06233, published July 13, 1989, 
discloses the same class ot imidazole angiotensin II 
antagonists and also discloses·additional imidazole 

5 angiotensin II antaqonists useful for treatment of 
hypertension and congestive heart failure. Some of the 
additionally-disclosed compounds are or~lly active. The 

. . 
general disclosure of WO 89/06233 encdmpasses the 
compounds of this invention, but the c~mpounds of this 

10 .invention are not specifically disclosed. 
PCT Application,· International Publication. Number 

WO 91/00277 publishe~ ·January 10., 1991, discloses 
substitutes imidazoles useful as AII blockers. The 

compounds describes have activity in treating 
15 hypertension and conqestive hea~ failure. 

PCT Application, International Publication Number 
WO 91/00281 published January ~O, 1991, describes fused­
:rinq aryl substituted imidazoles useful as AII blockers. 
The compounds described have activity in treating 

20 hypertension and ·conqestive heart failure. 
. . 

. European Patent Application Publication Number 
o 434 249 A2 published June 26, 1991 desc~ibes 
benzofuran derivatives useful·in treatment or 
p~ophylaxis of.hypertension and potentially useful for 

25 the treatment of cognitive disorders and other diseases 
such as renal failure, hyperaldosteronism, cardiac 
insufficiency, congestive heart.failure, post-myocardial 
infarction, cerebrovascular disorders,· glaucoma and 
disorders of intracellular homeost·asis. 

30 European Patent-Application Publication Number 
0 459 136 Al published April 12, 1991 describes 
benzimi~azole derivatives having AII antagonistic 
activity and antihypertensive activi~y. 
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carboxylic acid AII blockers can have poor absorption in 
the gastrointestinal tract. One way in which 
bioavailability of such c.ompounds might be improved 

5 would involve designing a prodrug which WC>uld hydrolyze 
to the corresponding acid under phy~iological conditions 
whereby thi~.hydrolysis would occur at some point after 
the prodrug has been absorbed in the gut thus liberating 
the parent compound w;thout impairing its 

10 pharmacological activity. 

$umma~y pf the Inyentipn 

In one embodiment this invention relates to a class 
of riovel 5-imidazole carboxylic esters as represented by 

15 Formula I: 

20. 

wherein 
Rl is -C02H or 

(a) . H, 

(b) Cl-CS-alkyl; 
{c) ~l-CS-alkoxy, 

(I) 

; 
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(d) halo (F, Cl)~ 

(e) phenyl; 

R3 is Cl-CS-alkyl, C2-CS-alkenyl, C2:-cs:...alkynyl; 
· 5 R4 is 

10 Rs is 

(a) H, 

(b) halo (Cl, Br, I), 

Cc) Cl-C6-alkyl, 

Cd) CvFw where v-1 to 3 and w-1 to C2v+l); 

(aJ Cl-CS-alkyl, 

Cb> C2-C5-alkenyl, 

(c} C2-C5-alkynyl, 
Cd> -CCHz>pNR12al3, 

15 (e) -CCH2)sCH<R'J CCH2}s 1 02ca8, 
(f) 

0 

oAo 
iJ==(R' 

. . , 
Cg) -CCH2)pC02alO, 

20 . (h) 

. -((CHa)t 
-(CH..ilp . _) 

. N 
R11/ 

; 

(a) H, 

Cb) halogen (F, Cl, Br, I), 
25 Cc) Cl-CS-alkyl, 
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(d) -OH, 
(e) Cl-C4-al·koxy, 
(f) -N02, 
(g) -NR12Rl3, 
(h) -NR12coRl5., 
(i) -NR12_co2R1s, 
(j) -S(O)rR14 where 
(h) -co2R1s, 
(i) ~cvFw where v-1 

(J) -OCvFw where v=l 
(K) -CN; 

Ri is. F. or Cl-C4-alkyl; 
-RS is 

(a) H, 

5 

r is o, 

THIS SHEET HAS BEEN 
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l or 2, 

to 3 and w-1 to (2v+1), 

to 3 and w-1 to (2v+l), or 

is Cb> ·c1-cs-alkyl, 

20 

25 

R9 

30 

(c) Cl-CS-alkyl optionally suJ:>stituted with a 

group consisting of: 

is· 
(a) 

(b) 

(C)" 

i) Cl-CS-alkoxy, 
ii) aryl~ wherein aryl is phenyl or 

.napthyl optionally substituted with one 

·or two substituents selected from the 

group consisting of halo CF,_Cl, Br, I), 
Cl-C4-alkyl, ·ci-c4-alkoxy, -No2, 
-S(O)r(Cl-CS-alkyl), -OH, -NR12Rl3, 
-co2RlS, and -CvFw where v=l to 3 and w=l 

to _(2v+l>; 

Cl-CS-alkyl, 
-CvFw where v-1 to 3 and w-1 to (2v+l), 

Cl-CS-alkyl ·optionally substituted with a 
group consisting of: 

i) Cl-CS-alkoxy, 
ii) phenyl or phenyl substituted with at 

. . 

least one substituent selected fro~ the group 
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consisting of halo (F, Cl; Br, I), Cl-C4-
alkyl, Cl-C4-alkoxy, -N02,. -s (0) r (Cl-C4-
alkyl), -OH,-NR12Rl3, -co2RlS, and -CvFw wher~ 

v=l to 3 and w-1 to (2v+l), 
5 iii) ·benzyl or benzyl substituted with 

at least one substituent selected from the 
group consisting· of halo (F, Cl, Br, I), Cl­
C4-alkyl, <;l-C4-alkoxy, -No2, -S(O)r(Cl-C4-
alkyl), -OH,-NR12Rl3, -C02R15, and -CvFw where. 

10 v=l to·3 and w•l to (2v+l); 
RlO is 

(a> phenyl or phenyl substituted with at 
least one substituent selected from the group 
consisting of halo CF, Cl, Br, I), Cl-C4-

l5 alkyl, Cl-C4-alkoxy, -N02, -S(O)r(Cl-C4-
alkyl), -OH,-NR12Rl3, -c<>2a15, and -CvFw where 

v=l to 3 arid w-1 to (2v+l), 
(b) benzyf ·or benzyl substituted with at 
least one substituent selected from the group 

20 consisting of halo (F, Cl, Br, I), Cl-C4-
alkyl, Cl-·~4-alkoxy, -N02, -S(O)r(Cl-C4-
alkyl), -OH, -Na12Rl3, -co~Rl5, and -CvFw 

Rll 

25 Rl2 

R14 

R15 
Rl6 

where v-.l to 3 and.w-1 to (2v+l); 
is H, Cl-CS-alkyl or benzyl; 
and Rl3 are independently B, Cl-CS-alkyl, 

phenyl or benzyl; 
is CF3,. Cl-CS-alkyl, or phenyl; 
is H, Cl-CS-alkyl, or NR12Rl3; 
is H or CH202CC(CH3)3; 

30 p is 1-5; 

::: is 0-2; 

s.and s' are 0-5;. 
c is 0 o::: l; 

o::: a pharmaceutically acceptable salt thereof. 
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In a second embodiment, this ion relates to 

pharmaceu~ical compositions comprising a 

. pharrnaceut;cally suitable carrier and a therapeutically 

effective amount of the compounds of this invention. 

S In a third embodiment, this invention concerns a 

method.of treating hypertension in a warm-blooded animal 

.comprising orally administering to the animal a 

therapeutically effective amount of a compound of the 

invention. 
10 In a fourth embodiment,· this invention concerns a 

15 

method of treating congestive heart failure in a warm­

blooded animal comprising· orally administering to the 

animal a therapeutically effective amount of a compound 

of the invention. 

Detailed pescription pf the Inyentipn 

The compounds of this invention exhibit remarkable 

and unexpected potency as antihypertensive agents in 

comparison to the compounds specifically disclosed in 

20 EPA 0 253·310 and WO 89/06233 which have been tested. 

Mor·e speci·f ically, the compounds of the invention 

which have been uested all have equal or greater oral 

aritihypertensive potency than any of the.compounds 

specifically disclosed in EPA 0 253 310 and WO 89/06233 

25 which have been tested. 

The compounds of the invention are also highly 

. active antihypertensive agents when ·administered by 

intravenous injection. · 

The compounds of the invention are 5-imidazole 

30 carboxylic ester having the general Formula I: 
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I 
wherein 
Rl is -C02H or 

(a) H, 
(b) Cl-CS-alkyl, 
(C) Cl"-C5-alkoxy, 
(d) halo CF, Cl), 
Ce) phenyl; 

R3 is'Cl-C5-alkyl, C2-CS-alkenyl, C2-CS-alkynyl; 
R-4 is 

(a) . H, 
Cb) halo (Cl, Br, I), 

. (C} Cl-C6-alkyl, 
{d) CvFw where-v=1 to 3 and w•l tc;>. C2v+l); R5 is 
(a) Cl-CS-alkyl, 
(b) C2-CS-alkenyl, 

·(c} C2-CS-alkynyl, 
(d) -CCH2)pNR12Rl3, 
(e) - ( CH2) sCH rn. 7) ( CH2) s I 02CR 8, 
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(f) ·REPLACED 
0 

o)l_o 
·1->=t..R', 

(g) - <CH2> pco2a10, 

s (h) 

-(<CHV. 
-(CH2lp N_) 

An/ . , 
R6 is 

(a) H, 
(b} halogen (F, Cl, Br, I), 

10 (.c) Cl-CS-alkyl, 
(d) -OH, 

(e) Cl-C4-alkoxy, 
(f) -N02, 

(g) -NR12al3, 

15 (h) . -NR12coR15, 
(i) -NR12co2R1s' 
( j) -S(O)rR14 where r is O, 1 or 2, 
(h) -co2a1s, 

Ci) -CvFw where v=l to 3 and w=l to (2V+l) I 

20. (J) -OCvFw where v•l to 3 and w-1 to ·c2v+1), or 
(K) -CN; 

R7 is H or Cl-C4-~lkyl; 
as is 

(a) H, 
25 (b) Cl-CS-alkyl, 

This Sheet Has Been Replaced 

I Ill/Ml llllll l~l Ill Ill/ 
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(c} Cl-CS-alkyl optionally substituted with a 

9roup consisting of: 
i) Cl-CS-alkoxy, 

ii) . aryl, wherein aryl is phenyl or 
5 ··napthyl optionally substituted._with one 

or two substituents selected from the 
group consisting of halo (F, Cl, Br, I), 
Cl-C4-alkyl, Cl-C4-alkoxy, -No2, 
-S(O)r(Cl-CS-alkyl), -OH, -Na12al3, 

10 -co2alS, and -CvFw where v-1 to 3 and w=l 

to (2v+l); 

(a) Cl-CS-alkyl, 
(b) -CvFw where v-1 to 3 and w=l to (2v+l}, 

15 (c} Cl-CS-alkyl optionally substituted with a 

9roup consisting of: 

i) Cl-CS-alkoxy, 
ii) phenyl or phenyl substituted with at 

least .one substituent selected from the group 
20 consist-ing of halo (F, Cl, Br, I), Cl-_C4-

alkyl, Cl~C4~alkoxy, -N02, -S(O)r(Cl-C4-· 
alkyl), -OH,-NR12a13, -C02alS, and -CvFw where 

v-1 to 3 and w-1 to (2v+l), 
iii) benzyl or benzyl substituted with 

· 25 . at least one substituent selected from the 
group consisting of halo (F, Cl, Br, I), Cl­
C4~alkyl, Cl-C4-alkoxy,_-N02, -S(O)r(Cl-C4-
alkyl), -OH,-NR12al3, -co2al5, and -CvFw where 

v-1 to 3 and w-1 to (2v+l); 
30 RlO is 

(a) phenyl or phenyl substituted with·at 
least one substituent _selected from the group 
consisting of halo CF, Cl, Br~ I), Cl-C4-
alkyl, Cl-C4-alkoxy, -N02 1 -S(O)r(Cl-C4-
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alkyl), -oH,-NR12Rl3, -co2RlS, and -CvFw where 
v=l to 3 and w•l to (2v+l), 
(b) benzyl or benzyl substituted with at 
least one substituent· selected from the group 

5 consisting of halo (F, Cl, Br, I), Cl-C4-
alkyl, Cl-C4-alkoxy, -N02, -S(O)r(Cl-C4-
alkyl), -OH, -NR12Rl3, -co2RlS, and -CvFw 
where v-1 to 3 and w-1 to (2v+l); 

Rll is H, Cl-CS-alkyl or benzyl; 
.10 R12 and Rl3 are independently B, Cl-CS-alkyl, 

phenyl or ·benzyl; 
Rl4 is CF3, Cl-CS-alkyl, or phenyl; 
Rl5 is H, Cl-CS-alkyl, or NR12R13; 
Rl6 is B or CH202CC(CH3)3; 

15 p is 1-5; 

r is 0-2; 
s and s' are o~s; 
"t is 0 or l; 

or a pharmaceutically acceptable salt thereo~. 
20 Preferred for their antihypertensive activity are 

novel compounds of Formula.I above wberein 
Rl is 

; 

R2 is H; 
25 R3 is Cl-CS-alkyl; 

. Rs is 

·ms •Sheet Has Been Replaced 

111111111111111111111111 
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(b) 

is·H; 

is H; 
is 

is 

(a} H, 

(b) . Cl-CS-alkyl, 
(C) Cl-CS-alkoxy, 
Cc} Cl-CS-alkyl optionally substituted with a· 

group consisting of: 
i) . c1..:cs-alkoxy; 

(a) Cl-CS-alkyl; 
(b) Cl-CS-alkyl optionally substituted with a 
group consisting of: 

i) Cl-CS-alkoxy, 
ii) phenyl or phenyl' substituted witn at 

least one substituent s~lec~ed fr~m the group 
consisting of halo (F,. Cl, Br, r>, alkyl, Cl-

20 CS-alkoxy, -OH, 

iii) benzyl or benzyl substituted with at 
least one substituent selected from the group 
consisting of halo (F, Cl, Br, I), c1-cs­
alkoxy, -OH; 

25 p is l; 

·s is l; 

s'. is O. 

Most preferred are compounds having the Formula ! 

above wherein 
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5 Rs is - (CH2) s_CH.<R'> (CH2) s 1 02CR8~ 
R7 is H; 

Rs is 
(a) 

(b) 

Cl-CS-alkoxy, 
Cl-CS~alkyl, 

10 (c) Cl-CS-alkyl optionally substituted with a 
qroup consisting of: 

15 

20 

i) Cl-CS•alkoxy; 
p is l; 

s is l. ~ 

• 

• 

• 

Specifically preferred are the follo~ing: 
·Trimethylacetoxymethyl 4-eth~l-2-propyl-l-[[2'­
(tetrazol-5-yl)biphenyl-4-yl)methyl]imidazole-5-
carboxylate; · 
Methoxycarbonyloxymethyl 4-ethyl-2-propyl-1-((2'-. 
(tetrazol-5-yl) biphenyl-4-yl)methyl] imidazole-.5-
carbo~ylate; · 

·t-Butoxycarbonyloxymethyl 4-ethyl-2-propyl-1-1(2'­
(tetrazol-5-yl)biphenyl-4-yl]methyl]imidazole-5-
carboxylate; 

25 • 1-(Metho>CYcarbonyl)ethyl 4-ethyi-2-propyl-l-{ (2 •·­
(tetrazol-5-yl)biphenyl-4..;ylJmethylJimidazole-5-
carboxylate. 

This invention also relates to pharmaceutical 
compositions containing these novel imidazole carboxylic 

3C acids and pharma~eutical methods usinq them. 
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Pharmaceutically acceptable salts include both the· 
metallic (inorganic) salts and organic salts;· a list of 
which is given in Remington's Pharmaceutical Science, 
17th Edition, page 1418 (1985) •. It is well known to one 

5 ski~led in the a~t·that an appropriate salt form is 
chosen based on physical and chemical stability, 
flowabi-lity, hydroscopicity and solubility. Preferred 
salts of this invention for the reasons cited above 
include pot_assiu~, sodium, calcium and ammonium salts. 

10 Also within the scope.of this invention are 
pharmaceutical compositions comprising a suitable 
pharmaceutical carrier and a compound of Formula I to 
treat hypertension or congestive heart failure. 

The disclosure of all publications and references 
15 mentioned herein are hereby incorporated by reference 

unless indicated otherwise. 

Sy!)thesis 

The compounds of Formula_ I can be prepared using 
20 the reagents an~ materials. described herein. The · 

rea.ctions· are performed in a solvent appropriate to the 
reagents and materials employed and su~table for the · 
transfo.rmation being effected. 

Synthesis of the terminal, ·substituted phenyl· ring 
25 of the biphenyl region of compounds ·having the structure 

of Formula I above is described in Scheme 1. Carboxylic 
acids (4), wh.ich ~re commercially available, can be 

protected with 2-amino-2-methylpropanol to form 
oxazolines (5) using the procedure.described in J. ·Jun. 

30 Chem. Soc. 97: 7383 (1975). Ortho lithiation of the 
oxazoline with butyl lithium followed by quenching with 
triisopropyl:borate and.bora~e hydrolysis with aqueous 
~cetic acid gives phenyl boronic acid· (6) as is 
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described in U. S. Patent No. 5,130,439 issued July 14, 
19S2. 

Similarly, nitriles (5) which are also commercially 

avai~able can be treated with tributyl tin chloride and 
S sodium azide to prepare the corresponding tin tetrazole 

which is.used in situ. Tributyl tin is removed using 

sodium hydroxide and the resulting tetrazole is 
protected with trityl chloride. As ~iscussed abQve, the 

.corresponding tetrazolyl phenyl boronic acids· (7) are 
10 produced. usinq o~ho lithiation with butyl lithium, 

quenching with triisopropyl borate and hydrolysis with 
aqueous acetic acid as is described in U.S. Patent.No. 
S,130,439 issued July 14, 1992. 

15 

CN 

o~ 
5 

Scheme 1 

1 ) Bu3SnN3, toluene 
2) NaOH (aq.), CICPh3 

3) n-BuU, THF 
4)f1-Pr0)3B 
5) 3% aq. AcOH 

. Biphenyl compounds (10) or (12) c~n be prepared 
using. ~he procedure illustrated in Scheme 2 below. 

2C Bor~nic acids (6) or (7) are coupled to halides (8) 
· using tetrakis (triphenylphosphine) palladium catalyst in 
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tolue.ne and 2M sodium carbonate·. to produce biphenyl 

compounds (9(a,b)) as described in Syn. Comm., 11: 513 

(19E_1). Bromination of biphenyl compounds (9a) wit.h N~ 

.bromosuccinimide (NBS) using azobisisobutyrylnitrile 
5 CAIBN) as a catalytic initiator according to the 

procedure described in U.S .. Patent No. 4, 820, 843. issued 

April. 11, 1989 produces the corresponding bromide 
compounds (10) • Alternatively, compound (.9b) can be 
hydrolyzed with aqueous mineral acid then reprotected 

10 with isobutylene and a catalytic amount of sulfuric acid 

to produce t-butyl esters (11) which can be .bromina~ed 

using NBS to produce the corresponding bromides (12). 
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Scheme 2 

-0 
Pd(Ph3P)4 

6 or 7 + toiuene 
Rst. Br 2M Na2C03 

8 

z-

9a 

9b 

J 
1) H3o+, refJux 
2) isobutylene, H2so, 

I 
~ C~t-Bu . NBS, _ 

- AIBN 
'/.._; 

A6 

11 

Br 
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N==N 
I \ '(NCPh, 

9a 

10 

12 

I 

-hN y 
9b 

Synthesis of the imida~ole portion of the compounds 

5 of Formula I are de$cribed in Scheme 3. Commercially 

available terminal acetylenes (13) are deprotonated with 

eithe: n-butyl lithium or ethyl magnesium bromide and 
. . . 

quenched with the appropriated chloroformate to produce 

esters (14) . Imidazoles (3) are made by re~cting .these 

. 10 · es~e:s (14) with ami~oximes, prepared according to the· 
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procedure described in Cancer Research 38: 1291 (1978), 
followed· by addition of xylene and refluxing for several 
hours. 

Scheme 3 

1) n-BuU or 
EtMgBr. 

H R4 
13 2)CIC~Ff 14 

NOH 
1) )l 

'R NH 3 2. 

2s-100°c 
2) xylenet reflux 

An alternative approach is set forth ~n Scheme 4. 
'l'bis alternative approach. is desirable .if a larger· . . 

10 quantities of the imidazole (3) are needed. 
Commercially available a-ketoesters are treated with 

·sodium nitrite in aqueous hydrochloric acid to make 
oximes (16). Condensation with ammonia in methanol 

. provides N-hydroxyimidazoles · (11). Deoxygenatlon ·of the 
15 n-hydroxyi~dazoles (11) with triisopropylphosphi~e 

produces the corresponding imidazoles (3). · 
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R3CHO 

5 Preparation of compounds of Formula I wherein Rs is 

H are se·t forth in Scheme 5. Imidazoles (3) a·re 

alkylated with bromoinethylbiphenyl .compounds (10) using 

potassium carbonate in dimethylformamide ·(~~) ·as 

described in PCT Patent Applica~ion ~aving International 

10 Publication Number WO 92/009777 pllbli•~ed January 23/ 

1992. These alkylations produce a mixture of 

reqioisoll\ers in which the major product is the . 

regioisomer corresponding to compound (18) •. Carboxylic 

~cids (2) are obtained by removing the trityl protecting 

15 groups using aqueous sodium hydroxide followed by an 

aqueous acid such as l N hydrochloric acid. 
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Scheme 5 · 

R4 

.R3J~R5 + 
.H 

3 

18 . aq. ~aOH 
. H30 (aq.) 

2 

5 Alkylation of carboxylic acids (2). is described in 

Scheme 6 belo~. The tetrazole compounds (2) is· 

protected with a trityl group by treating with trityl 
chloride in the .presence of triethylamine ·to produce the 

corresponding tetrazoles (20) ·which. are then alkylated 

10 with the appropriate alkyl halide. using a catalytic 

amount of _potassium iodide in the presen.ce of potassiu:n 

carbonate. The tetrazole is deprotected .b.y treating 
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with hydrochloric ·acid in methanol to produce tetrazoles 
(21) • 

An alternative approach involves alkylatinq 
compounds (20) with the. appropriate alkyi halide and 

5 tr.iethylamine· in tetrahydrofuran (TBF). Deprotection 
with silica qel in methanol produces tetrazoles (21). 

10 

2 

. 1)R5X, K~3. Kf, OMF. 
20 

2)6N HCI, MeOH . 
or 

20 1 )R5X, Et3N, THF 
2)Si°'2, MeOH 

Scheme 6 

CICPfb, 
Et3N 

21 

If the trityl protecting group is not used then 
alkylation of compounds (2) with the apProp~iate alkyl 
halide occurs at both the carboxylic acid and the 
tetrazole as shown in Scheme 7 to produce compounds 

15 (22) . 
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Scheme 7 

. R4 

)_-(. OR5 

R3 ~ry ~NR1& 
0 " . 

N N 
,~ 

R6"/. 
22 

Alkylation of imidazoles (3) with bromides (12) 

5 followed by monohydr~lysi~ with l N sodium hydroxide in 

methanol produces esters (23) which c.an then be 

.alkylated with the appropriate alkyl halide in 

triethylamine and THF. Deprotection with 

·trifluoroacetic· acid (TFA) in methylene chloride 

.10 produces the acids (24) ~ 
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Preparation of compounds of Foxmula I where Rs is' 

5 CH2NRl2Rl3 can be prepared as outlined in Scheme 9 below. 

The appropriate imonium salt is added to the carboxylic 

_acid (2) or (12) to form the corresponding_amine which 

can then be deprotected to give the desired compounds. 
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Scheme 9 

er 
1) ==N+R12R13, 

2 or 12 _TH_F ___ ~ 
· 2) SI~, MeOH 

or TFA, CH2Cla 

Preparation of the appropriate alkyl halides can 
5 found in Curran and Ross, U.S. Patent 4,914,091, issued 

April 3, 1990, J'ournal of Ant.ibiotics 40, 370-84, 1987, 

and Chemical and Pharmaceutical Bulletin·32, 2241, 
(1984). 

The compounds of this invention and their 
10 preparation can.be understood further by the following 

example~, which do not constitute a limit of the 
invention. In these examples, unless otherwise 
indicated, ali temperatures are in degrees centigrade 

, ~ _:;, 

and.parts and per~enta9es are by weight. The 
disclosures of all references cited herein are hereby 
incorporated by reference unless otherwise indicated. 

Example 1 

Preparotion·gf 

20 ~rppyl 4-ethyl-2-~r0Ry1-1-rr2 1 -<tetrezol-5-yllhiphenyi-

4~yllmethyllimidazole-s-carboxylate 

Pll_RT A: · Preparation of Jutyramidoxime · 

3,7.5 q of hydroxylamine-hydrochloride was 
25 dissolved in 3500 mL methanol and cooled to o0c. A 50% 
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aqueous solution of sodium hydroxide (412 g NaOH) was 
slowly added and allowed to stir at room temperature for 
30 . minutes . The precipitat·e was filtered and 435 mL of 
butyronitrile was ad~ed to the filtrate~ The mixture 

5 was stirred for an additional ·16 hours and 500 mL water . 
was added. The reaction was evaporated to remove the 
methanol, extracted with ethyl acetate, the organic 
extracts dried with Na2S04 and evapc)rated to give 306 9 

product. 
10 lH-NMR(cDCl3) 8 0.96 (t, 3H), 1.59 (t, 2H), 2.12 

(t, 2H), 4. 56 (bs, 2H) . 

PEU\T B: Preparation of Methyl 4-etbyl-2-

prORylimidazple-5-carboxylate 

.15 93 9 of methyl pentynoate and 82 g butyramidoxime 
are mixed together without solvent and heated to 50°C 
for 24 hours. 400 mL xylene was added and water was 
~zaeotropically removed for 6 hours:. Th~ re~c~ion was 
then distilied ·(140°C .at 0.2 torr) to give 44 g product. 

20. lH-NMR(COCl3) 3 0.99 (t, 3H), 1.15· Ct, 3H), 1.65 

(m, 2H), 2.71 (m, 2H), 2.97 (q, 2H), 3.87 (s, 3H). 

PART C; Preparation of 2-C2'-Triphenylmethyl-2'H­

tetra zol-5 ·• -yl > phenylbOrpnic •cid 
.. 

25 To a 22 L flask under nitrogen purge was charged 
8.25 L acetone, followed by 1.1 kg 5-phenyltetrazole. 
Triethylamine (800 9) was added in such.a rate that the 
temperature was maintained below 35°C with some cooling .. 
Solid trityl chloride was charged to this suspension in 

30 five 440 g portions. The ·temperature was maintained 
below 35°C. An additional 1.38 L acetone was added to 
the. reaction which was then maintained at 25° to 30°C 
with stirring for 2 hours. Water (2.2 L) was added and 
the mixture was chilled to 15° to 20°C.' The solid was 
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collected by filtration; the filter cake was rinsed with 

1.65 L SO'i acetone-water followed by excess amount of 
wat·er. The wet cak~ was re-slurried in 8 L acetone and 

·8 L of water was added slowly. The suspension was 
S stirred for 1 hour then filtered. The filter cake was 

rinsed with· 3 ~o s·L of water. The white solid was 
dried in a vacuum oven at 40°-45°C to a constant weiqht 
of 3.0. kg, mp 158-160°c. 

To a dry 12 L flask under nitrogen purge was 
10 ·charged 3.19 L of dry tetrahydrofuran. With agitation, 

398 9 o~ S-phenyl-1-trityl-tetrazole prepared above was 
charged. The· system was evacuated and released to 
nitrogen three ·times and then cooled to -20°c. A 
solution of n-but.Yl lithium in heptane (1. 6 M, 417 9) 

15 was then added to the reaction mixture while maintaining 
th~ temperature at -15°C to -2o•c. The resultant deep 
red solution was stirred at -s•c for 1 hour during which 

. . 

time the lithium salt crystallized out. The -solid 
suspension was cooled to -25°C again and 333 9 

20 triisopropylborate was charged at a temperature range of 

-20°c'to -25°C. After the addition, the mixture was 
allowed to warm to 20°C without.heating. About 2.5 L of 
S~lvent W~S removed by vacuum distillation while the pot 
temperature was·kept below 40°c. To the mixture was 

25 then ~dded·2.66·L of 3\'acetic acid and the resultant 
suspension was stirred for 1 hour. The white solid was 
collected by filtration. The· solid cake was rinsed with 
l.S L of 20\ tetrahydrofuran in water, followed by 3 L 
of water. The solid was dried under vacuum at room 

30 temperature to a constant weiqht of 502.3 g, mp 142-
14 6°c· (dee.) • 



W094/0343S 
c:.!-1

1q:T HAS BEEN V' '-.-.-1 

REPLACED 
PCT/US9l/07103 

27 
. , 

Pr.R~ p; Preparation pf 2'-fN-triphenylmethyl-flH­

tetrazol-5-yll lbiphenyl-4-yl>methane 

1.02 g of 4-bromotoluene, 2.16 g of phenyl boronic 
acid, 1.38 9 potassium carbonate, O.lS g tetrabutyl 

5 ammonium bromide and 1 mL water are mixed together. 
0.18 q of tetrakistriphenylphosphine palladium is added. 
and the·va~uum purged with nitrogen three times. The 
reaction was refluxed for 6 hours, cooled and diluted 
with a mixture of tol~ene and water. ~he mixture was 

10 separated and the aqueous layer was extracted with 
toluene,. dried with M9S04, filtered and· evaporated to 
give 1.87 g of cry.de product. This material was taken 
on without purification. 

lH-NMR(CDCl3> 3 2.4 (s, 3H), 6.9 "(d, 6H), 7.22-7.5 

15 (m, 16H) , 7. 97 (m, lH) • 

PA...-:U- E; ~reparation of 2'-fN-triphenylmethyl-flH-

tetrazol-5-ylllbiphenyl-4-yl>methyl b;:gmide 

2'-(N~triphenylmethyl-(lB-tetrazol-5-yl))biphenyl-

20 4-yl)methane (52.07 g, 109 mmol, l eq), ·N­

bromosuccinimide (19.4 g, 109 llllDOl, i·eq), benzoyl 
peroxide Cl.O g) and carbon tetrachloride (300 mL) were 
mixed and refluxed for 2.5 hours. The reaction was 

. . 

cooleq to room temperature and the. succinimide filtered. 
25 The filtrate was concentrated and the residue triturated 

with ether ~o yield a first crop of 36.0 9 of product. 
This material·was suitable for further transformation. 

mp l29.5-133.0°c (dee~). 
1H-NMR(CDCl3) 3.4.37 (s, 2B), 6.9 (d, 6H); 7.22-7.S 

30 Cm, 16H), 7. 97 (m, lH) . 



W094/0343S 
THIS· SHEET HAS BEEN 

REPLACED PCT/US93/07103 

28 

PA.l3,T F ;. Preparation of Methyl 4-ethyl-2-Propyl-l- r C2 '­
CN-t riphen ylmethyl <tet razol-5-yl l l hiphenyl-4-
yllmethyllimidazole•5•carbgxylate· . 

0.053 ·9 of.methyl 4-ethyl-2-propylimidazole-5-
5 carboxylate, 0.12 g 2'-(N-triphenylmethyl-(lH-tetrazol-

5-yl) )biphenyl-4-yl)inethyl brmnid• and 0.38 g potassium 
carbonate were dissolved/~uspended in 10 mL DMF. The 
reaction was stirred overnight and the~ evaporated. The 
crude oil was chromatographed with ethyl acetate/hexanes 

10 · (3:7) to give 0."14 g· of the desired regioisomer • 

15 

. lH-NMR(CDCl3) 8 0.96 (t, 3H),· ·1.21 (t, 3H), 1.67 
(rn, 2H), 2.58 (t, 2H}., 2.85 (q, 2H}, 3.77 (s, 3H), 5.42 
(s, 2H), 6 .• 82 (d, 2H), 6 .• 92 .(d, 6H), 7.22-7.5 (m, 14H}, 
i. 92 (m, lH) • 

PART G; Preparation pf 1-Sthyl-2-prcmyl-1-££2 1
-

<tetrazol-5-yllhiphenyl-1-yllmethyllimidazgle-5-
carbpxyli<; acid 

0. 97 9 of methyl 4-ethyl-2-propyl-l-·((2 '- (N-
20 t~iphenylmethyl(tetr~zol-5-yl))biphenyl-4-

yl]methyl]imidazole-5-carboxylate i~ dissolved in 2 mL 
methanol and added to 10 mL 3N potassium hydroxide. 

/ 

This was allowed to ref~ux for 6 hours then cooled to 
room temperature. The mixture was extracted with CH2Cl2. 

25 then acidified with l N HCl to pB 4 to give· 0.52 9 of 
product which precipitated and.was isolated.by 
filtration. 

1H-NMR ('=I>Cl3). g 0. 93 (t, lR) I 1.31 (t, 3H) , 1. 66 
(m, 2H), 2.57 (t, 2H), 2.8 (q~ 2H), 5.44 Cs, 2H), 6.86 

30 (d, 2H), 7. 20 Cd, 2H), 7 .25-7 .5 (m, 3H), 7. 88 "cm, lH) . 

i1iiiiiiITif 
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Part F.: Preparation of 4-Ethyl-2-propyl-1-Tf2'-<N-

triphepylmetbylftetrazol-5-ylllbiphenyl-4-

yllmethyllimidazole-5-clrboxylic acid 

A mixtur~ of. 7.S g of 4-ethyl-2~propyl-l-[[2'-

5 ftetrazol~5-yl) biphenyl-4-yl)methyl) imidazole-5-

carboxylic acid, 5.17 g trityl chloride -~d 1.9,2 g 

triethylamine in SO mL CH2Cl2 is stirred overnight. 

After water addition and acidification with lN BCl to pH 
3, the mixture was separated and the organic-phase was 

10 extracted with CH2Cl2/ethyl acetate (1: 1) • The mixture 
was dried.with Na2S04, suction filtered and the solvent 

evaporated. 6.46 g of product was obtained after flash 

chromatography with ethyt acetate. 
lff-NMR(Ct>Cl3) 3 0.93 (t, 3H), ·1.22 (t, 3B), 1.62 

15 . (m, 2H), 2.51 (t, 2H), 2.92 (q,· 2B), 5;4 (s, 2B), 6.76 

(d, 28),,6.91 (m, 6H), '.7.04 (d, 2H), .7.2-7.35 (m, lOB), 

7.43 (m, 2H),_7.89 (m, lB)~ 

Part I; Preparation pf Prppyl 4-ethyl-2-prgpy1-1-rr2•­

<N-triphepylmethyl<tetrazol-5-yll>biphenyl-4-

20 yl l methyl 1.imidazple-5-carboxylate 

1.32 g of 4-etbyl-2-propyl~l-[[2'-(N­
triphenylmethyl (tetrazol-5-.Yl) ) biphenyl-4-
yl] methyl] imidazole-S-carboxylic acid, 0.39 mL of· 

iodopropane and o.ss 9 potassium carbonate were added to 

25 ~ mL DMF. The reaction was allowed to stir for 24.hours 
then diluted with 12 mL water and 90 mL ethyl acetate. 

The organic layer was separated and washed five times 
with ~ater, once with br~ne and dried with MgS04. ·· 

Chromatography with a gradient· from S to SOt ethyl 

30 acetate in hexane gave o·. 96 g of desired product. 
iH-mm<CDc13> a o.s5 ct, 3H>, o.95 ct·, 3H>, i.26 

Ct, 3H}, 1.65 (m, 4H), 2.46 (t, 2H}, 2~97 (q, 2H}, 4.1 
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(t, 2H), 5.4 (s, 2H), 6.77 (m, 2H), 6.9 (m, 6H), 7.07 
(m, 2H), 7 .28 (m, · 9H), 7. 48 (m, 2H), ·7. 92 (m, lH) • 

Part J: Pre:Qaration pf·Propyl 4-ethyl-2-pro.pyl-1-CC2'­

ft@trazoi-5-yllhiphenyl-4-yllmethyllimidazole-5-

5 carboxylate 

i.o 

0.96 g of propyl 4-ethyl-2-propyl-l-[[2'-(N­
triphenylmethyl(tetrazol-5-yl))biphenyl-4-
yl)methyl]imidazole-5-carboxylate was dissolved in 22 mL 
of methanol and then 4.8 g silica gel and 6 drops ~f 6N 
HCl .were added. The gel was filtered away after 3 days 
and the result~n9 sil~ca was washed with CH2Cl2 and then 
ethyl acetate. The combined organic solutions were 
evaporated and the .residue was chromatographed with a 
gradient of O to 5' methanol in chloroform to provide 

· 15 0.25 g of the title compound • 

20 

. · 1H-NMR(CDCl3) & 0.8-0.95 (m, 9H), 1.45-l.65 (m, 

4H), 2.15 (t, 2H), 2.48 (t, 2H), 4.07 (t, 2H), ·5 •. 4 (s, 
2H), · 6. 74 (m, 2H), 7 .05 (m, 2H), 7 .27 (m, lH), 7 .48 (m, 
2H), 7.77 (m, lB). 

Example 2 

Preparation pf 

{N.N-Pimethylginolmethyl 4•etbyl-2-Prppy1-1-rr2•­

<te1:raz91-~-yilhiphenyl-4-y1Jmethyllimidazole-5-

25 Carhgxylate 

4-ethyl-2-propyl-1-((2'-(N~ 

triphenylmethyl (te.trazol-5-yl) )biphenyl-4-
yl)~ethyl] imidazole-5-carboxylic acid· is treated with 
Eschenmoser's salt ·in THF at room temperature overnight 

30 to give the title compound. 
r. 

1iil[iiITilr 
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Example 3 

Preparation of 

·Acetoxymethyl ~-ethyl-2-pr0By1-1-rr2•-<tetrazol-5-

yllb'phenyl-4-yllmetbyllimidazole-5-carboxyl1te 

Part A: · Prepafation of Chlgrpmetbyl acetate 

3.90 g potassium acetate was suspended in 50 mL 

DMF. 7 9 Iodochloromethane was added and the mixture 

stirred for 2.5 hours. 50 mL CH2Cl2 was added and the 

10 solution was was·hed six time.s with water and dried with 

MgS04. Suction filtration and evaporation of the . . 

filt~ate provided 3.1 g of the ester. 
lH-NMR-(CDCl3) 8 2.11 (s, 3H), S.31 (s, 2H). 

15 Per~ B: Preparation of Acgtoxymetbyl 4-ethyl-2-prapyl-

· 1- r f 2 '-Jtetrazpl-5-yl> biphenyl-4-yllmethylJ imidazole-5-

ca;bpxylate 

0.37 9 of 4-ethyl-2-propyl-l-[[2'-(N­

triphenylmethyl(tetrazol-~-yl))biphenyl-4-

20 yl]methyl]imidazole-5-carboxylic acid was dissolved in s 
mL THF and 0. 5 g . chloromethyl acetate and 0. S mL· 

triethylamine were addec. The resulting solution was 

stirred overnight. · The solvent was evaporated and the 

residue dissolved.in methanol with 0.25 mL acetic acid 
. .. 

25 and stirred 8 hours with 10 g silica _gel. The mixture 

was evaporated and the residue on the.gel was flash 

chromatographed w~th MeOH/CH2Cl2 (1:9) to provide 

0.124 9 of the title compound. 
lH_;NMR(CDCl3) 8 0_.94 · (t, 3H), 1.23 (t, 3H), 1.63 

30 Cm, 2H), 2.09 (s, 3H), 2.53 (t, 2H), 2.95 (q, 2H}, 5~42 

Cbs, 4H),6.76 (d, 2H), 7.04 (d, 2H), 7.35 (rn, lH}, 7.43 

Cm, 2H), 7.19 (m, lH). 

1ii~i~f 
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Example 4 

Preparation of 
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-Is9butyryloxymethyl 4-etbyl-2=prop,yl-1-ff2'-<tetrazol-5-

·yl>hiphenyl-4-yllmetbyllimidazole-5-carboxylat~ 

Part A: Preparation of Chloil>DU:tbyl i1pbutyrate 

Seve~al drops of 1.0 M Z~Cl2 in Et2o solution was 
added to a mixtu·re o~ 10. 48 ~ of isobutyryl chloride 
and 3. QO g of paraf ormaldehyde. · 'l'he reaction exothermed 

. . 
.. 10 and the paraformaldehyde dissolved. 'l'he mixture was 

stirred overnight at room temperature then in a 90°C oil 
bath for 4 hours. Distillati~n directly out of the 
reaction flask pro~ided 6.14 9 of the product (bp 137-
139 °C). 

15 . lff-NMR (CDCl3) a 1.12 . (d, 6H), 2. 54 · (m, lH) , S. 64 

(s~ 2H). 

Part B; Preparation of Isobutyryloxymethyl 4-ethyl-2-

proayl-1- C T2 '- CN-triphenylmethyl fteti'azol-5- , 

20 yll lbiphenyl-4-yllmej;hyll imidagole-5-carbpxylate 

0.2490 g KI in-on~ portion was added to a mixture 
of O. 6588 9 4.-ethyl-2-propyl-l-[(2 ~-(N­
triphenylmethyl (tetrazol-S:-yl) )biphenyl-4- · 
yl]methylJimidazole~s~carboxylic acid, 0.2049 g 

25 chlo~omethyl"isobutyrate, and 0.1382 9 K2C03 in 3 mL 

DMF. The mixture was st.irred overnight at room 
temperature under Ar. The reaction was then partitioned 
between B mL B20 and 40 mt. EtOAc. 'l'he organic layer was 
washed once with ice cold 0.1 N sodium thiosulfate,· once 

30 wit.h H20, once with brine a~d dried ·with MgS04. After 
suction filtration and evaporatio~ of ·the fi~trate.~ 
flash e~romatography with 25% EtOAc/hexanes provided 
0.46 g of the· desire~ product. 
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lH-NMR(CDCl3) S 0.88 (t, 3H), 1.13 (d, 6H), 1.25 

(t, 3H), 1. 68 (m, 2H), 2. 45-2. 60 (m, 3H), 1.93 (q, 2H), 
5.41 (s, 2H), 5.80 (s, 2H), 6.76 (m, .2H), ·6.93 (m, 6H), 
7. 08 (m, 2H) , 7. 2-7. 5 (m, 12H) , 7. 90 (m,. lH) • 

Part C; Preparation gf Isgbptyxylgxymethyl 4-ethyl-2-

prcu>yl-1- r r2 •-<tetr1zol-S-yllbiphenyl-4-

yllmethyllimidazole-5-carhgxylate 

To a solution of 0.46 g isobutyryloxymetbyl 4-
10 .ethyl-2-propyl-1-((2'-(N-tripbenylmethyl(tetrazol-5-

yl))biph•nyl-4-yl]methyl)imidazole-5-carboxylate in 
10 mL MeOH was added 1.5 mL glacial acetic acid and the 
mixture stirred 2 days at room temperature. The 
reaction was evaporated to near dryness.and the residue 

15 purified by flash chromatography using a 0'5 to 5'5 
·MeOH/CHCl3 gradient. There was obtained o.2so·g of the 
title compound.· 

1u-~ ccoc13> ·a o. 85 c2t, 6H> , 1. 00 <d, 6a> , 1. 55 
(m, 2H),· 2.21 {t, 2H), 2.41-2.59 (m, 3H), 5.43 (s, 2H), 

20 5.78 (s, :2H), 6.73 (m, 2H), 7.03 (m, 2B), 7.4-7.68 (m, 

3H), 7.78 (m, lB). 

Example 5 . 

Preparation pf 

25 Trimethylacetpxymetbyl 4~ethyl-2-prppy1-1-rr2•­

ftetrazol-5-yllbiphenyl-1-yllmethyllimidazole-5-

carhoxylate 

0.36 g of the title compound were.obtained using 
the procedure described .in Example 4 above using 0.242 g 

30 chloromethylpivalate. 
lB"."'NMR (CDCl3) s 0.88 (t, 3H), 1.18 (s, 9H) I 1.22 

(t, 3H), 1.65 Cm, 2H), 2.5 (m, 2H) I 2.9 (q, 2H), 5.41 
(S, 2H), 5.81 (s, 2H), 6.75 (d, 2H}, 7.04 (d, 2B), 7.2-
7.35 (m, 2H), 7.44 (m, lH), 7.9 (m, lH). 
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·Ex1nnple 6 

Preparation of 

-,------r 
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Trimethylacetoxymethyl 1-ethyl-2=prop_yl-1-ff2 1 -<N-

5 trimetbylacetgxyioethyl <tetrazol-5-yll >biphenyl-4-

yllmethyll imidazgle•S-ca;bOxylate 

0.8 g of 4-ethyl-2-propyl-1-((2'-(tetrazol-5-
yl)biphenyl-4-yl)methyl]imidasole-5-carboxylic acid was . 
dissolved in 10 mL 'l'BF and 0.5 g chloromethyl pivalate 

10 and 2 mL triethylamine were added. 'l'he resulting 
sol·ution was stirred overni9ht. 'l'he solvent was 
evaporated and the residue was flash chromatographed 
with MeOH/CH2Cl2 (1:9) to provide 0.257 9 of the title 
compound. . 

15 lH-NMR(CDCl3) 6 0.87 (t, 3H), 1.18 (s, 18H), 1.22 

(t, 3H), 1.71 (m, 2H), 2.62 (m, 2H), 2.87 (q, 2H), 5.51 
(s, 2H), 5.88 (s, 2H), 6~39 (s, 2H), 6.89 (d, 2H), 7.1 
~d, 2H), 7.2-7.35 (m, 3H), 7.82 (m, lH). 

20 Epmple 7 

25 

Preparatign gf 

Methoxycarbonvloxymethyl 4-ethyl-2-pro.pyl-1-fl2'-

· ctetrazgl-5-yllbipbenyl-1-yllmetbyllimidazole-s­

carhpxylate 

Part A; Preparation of Cblgrgmethyl methyl carbonate 

1.22 mL MeOB was added slowly to a suspension of 
1.29 g cbloromethyl cblorofo%Dlate and 1.52 g X2C03 in 50 
mL CH2Cl2. The reaction was stirred overnight at room 

30 temperat~re then suction filtered through glass fiber 
p~per, washing with CH2Cl2. Evaporation o~ the filtrate 

' ' 

provided i:.12 g of the product as an oil which was used 
without further purification. 

lH-NMR(CDCl3): 3.88 (s, 3H), S.75 (s, 2H). 
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Pa~t B; Preparation gf Methoxycarbonyloxymethyl 4-

ethy1-2-prqgyl-1-r r21-tN-triphenylmethyl <tetrazol-5-

ylllbiphenyl-4-yllmethyllimidazgle-5-Carbpxylate 

5 0.44 g of the title product;. was obtained after 
chromatography (EtOAc) from 0.66 g 4-ethyl-2-propyl-l­
( [2'-(N-triphenylmethyl(tetrazol-5-yl))biphenyl-4-
yl)methyl)imidazole-5-carboxylic acid, 0.19 g 

• chloromethyl methyl carbonate, 0.14 g X2C03, and 0.25 q 

10 KI ir. 3 mL. DMF from using the procedure described ln 
Example 4 above. · 

lff-NMR(CDCl3) a 0.88 (t, 3H), 1.26 (t, 3H), 1.67 

(m, 2H), 2.52 (t,2H), 2.94 (q, 2H), 3.79 (s, 3H), 5.41 

Cs, 2H), 5.79 (s, 2H), 6.76 (m, 2H), 6.~4 Cm, 6H), 7.06 

15 (m, 2H), 7.2-7.5 (m, 12H), 7.9 (m, lH). 

Pa;:-t- C; Preparjtign Qf Hethgxycarbgnylgxymethyl 4-

ethy1-2-propyl-l-C £2 • ... CtetrazOl-5-yllbiphenyl-4-

yl lmethyll imidazole-5-carboxylete 

20 0 .21 q of the· title compourad was obtained after 
chrom~tography CO\ to 10\ ~eOB/CHCl3· gradient) from 

0.35 g metJ:ioxycarbonyloxymethyl 4._ethyl-2-propyl-1-((2'­
(N-triphenylmethyl(tetrazol-5-yl))biphenyl-4-
yl]methyl]imidazole-5-carboxylate and 3 drops of 6 N HCl 

25 in 10 mL MeOH using the procedure described in Example l 
above. 

1H-NMR(CDCl3) 3 0.83 (2t, .6H), l.55 (m, 2H), 2.18 

(t, 2H), 2.45 (q, 21!), 3.75 (s, 3H), 5.4 (s, 2B), 5.78 

~s, 2H), 6.75 (m, 2H), 7.03 (m, 2H), 7.43-7 .• 65 (m, 3H), 

30 7. 78 (m, lH) • 
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Example 8 
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Preparation of 

Methoxydimethylacetoxymethyl 4-ethyl-2-propyl-1-CC2'­

<tetrazol-5-yllbiphenyl-4-yllmethyllimidazole-5-

. 5 carl?gxylate 

10 

15 

The title compound can be obtained usinq the 
procedure described in Example 4 above using 
chlorome~hyl methoxydimethylacetate. 

Ex1nnple 9 

Preparation gf 

t-Butoxycarbgnylgxymethyl 4-ethyl~2-prgpyl-l-CC2'­

. <tetra;oi-S-]tll biphgnyl-4-yllmethyll imida;ole-5-

carbpxylate 

Part A; Preparation of t-Butyl chlprQJJlE!thyl Carbonate 

O·. 62 mL pyridine was added dropwise to a solution 
· of 0 •. 77 g chloromethyl chloroformate ~d l ~32 mL t-BuOH 

in 60 mL CH2Cl2 cooled in an. ice bath under an Ar 
20 atmosphere. The reaction was stir~ed 2 hours at 0°C 

then t·ransferred to a separatory funnel. The reaction 

was wash~d twice with H20, once with 10' CuS04;·once 
with brine.and dried.with.MqS04. Suction filtration and 

evaporation .Provided 0~55 9 of desired product which was 

2~ used. withdut purification . 
. 1H-NMR(CDCl3) 3 1.48 (s, 9B), 5.65 (s, 2H) • 

. . 
Part B: Preparotign of t-Butoxycarqonylox.ymetbyl 1-

ethyl-2-propyl-1- C 12 ··-<N-triMCnylmethyl ftetrazol-5..; 

3 0 yl l · l biphenyl-4-yl 1 inetbyl l iljtidagole-5-carbgxylate 

·0.22 mL Et3N ~as added to a mixture· of 0.700 g 4-

ethyl-2-propyl-1-((2'-(N-triphenylmethyl(tetrazol-5-
yl) )bipheny.l-4-ylJmethyl]imidazole-5-carboxylate, 0 .26 g_ 
t-butyl chloromethyl. carbonate and 0.59 q.n-Bu4NI in 5 
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. mL dry THF under Ar. The reaction was stirred 6 days at 

room temperature and then concentrated on a rotary 
evaporator. ·The residue was partitioned be~ween .H20 and . 

·cH2Cl2, and the organic extracts dried with MgS04. Flash 

5 chromatography using 1 :1 EtOAc/pet,roleum ether (bp 40°-60 
°C) gave 0.40 9 of the title compound. 

lH-NMR(CDCl3) 8 0.88 (t, 3H), l.05 (t, 3H), 1.68 

(m, 2H), 2.5 (t, 3H), 2.93 (q,· 2H), 5.43 (s, 2H), 5.75 

(S, 2H), 6.78 (m, 2H), 6.93 (m, 6H), 7.08 (m, 2H), 7.2-

10 7.53 (~, 2H), 7.90 (m, lH). 

Part C: Preparation of t-Butgxycarbonyloxymethyl 4-

,ethyl-2-p:opyl-l- t C2 •- <tetrazol:-5-yllbiphenyl-4-. 

yllmethyllimidazgle-5-carboxylote 

15 ·0.43 g of the title compound was obtained after 
~hromatography (Oi to lOt MeOB/CHCl3 gradient) from 

0.40 q t-Butoxycarbonyloxymethyl·4-ethyl-2-propyl-l­
r [ 2 ' - (N-t·riphenylmethyl (tetrazol-5-yl) ) biphenyl-4-
yl] methyl] imidazole-S-carboxylate and 3 drops 6 N HCl in 

20 10 mL MeOH using the procedure described in Example 1 

above. 
lH-NMR(CDCl3) 8 0·.83 (m, 6H), 1.44 '(s, 9H), l.57 

(m, 2H), 2.17 (m, 2H)_, 2.41 (m, 2H), 5.41 (s, 2H), 5.73 

(s, 2H), 6.72 Cm; ·2H), 7.04 (m, 2H), 7~43 (m, lH), 7.57 
25 (m, 2H); 7 ~ 82 (m, .lH) • 

30 

l*•mple 10 

Preparatiop gf 

1-Acetoxvetbyl 4-ethyl:-2-prgpyl-l- q2 '- (tetrazgl-5-

yl> bipbenyl-4-yllmethyll imidazgle-5-cnrbQXYl•te 

Pa6t A: Preparation gf 1-Chlorgetbyl acetate 

0.25 q of zinc chloride was added to a mixture of 
3.6 9 of acetaldehy~e dimethyl acetal and 3 g of acetyl 
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chloride. The mix~ure was warmed to 50°C for 4 hours 
then eooled. The reaction mixture was quenched with . 
ice-cold NaBco3, extracted with CH2Cl2, dried with Na2S04 

and the solvent evaporated to give the crude acetate 
s· which wa,i:s us.ed without further purification. 

MS (CH4-CI) m/z 123.0 (M+H)~. 

Part I); Preparntion pf l-Acet;oxyethyl ·1-et;byl-2-prppyl-

1- r £2 '-<tetrn:z;ol;..5-yllhipbenyl-4-yllmet_byll imidaggle-5-

. earboxylate 

10 "The title compound was obtained following the 
procedure described in Example 4 above using chloroethyl 
acetate. 

lH-NMR(CDCl3) .8 0.91 (t, 3H) ,. 1.21 (t, 3H) I 1. 71 

(m, 2H), l_. 75 (d,· 3H), 2.05 (s, 3H), 2.-6 (m, 2H), 2. 75 

15 (q, 2H),·5.4l (s, 2H), 6 .• 85 (q, lH), 6.92 (d, 2H), 7.08 

(d, 2H), 7.2-7.35 (m, 3H), 7.8 (m, lH). 

E¥11QPle 11 

Preparation gf 

20 1-fMgthgxycgrbonyl>ethyl 1-gthyl-2-pnmy1-1-rr2•­

ftetrazol-5~yllbiphenyl-1-yllmethyllimidazgle-5~ 

carboxylate 

Pa~t A; Preparatign pf 1-Chiproethyl chlQtQfprm,ate 

· 25 108 g of ethyl chloroformate·was dissolved in 190 
mL of sulfuryl·chloride and th~n·0.24 g benzoyl peroxide 
was added. The mixture was refluxed for 5 hours and 
then cooled slightly. Excess sulfuryl chloride was 
distilled, then th~ product mixture was distilled 

30 through a lm ·spinning b_and C_OlWnn, 65°C at 22 torr I tO 

give 96 9 of t~e product. 
lH•NMR(CDCl3) ~-1.88 (d, 3H), 6.43 (q, 2H). 
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Part B: i-chloroethyl methyl carbonate 

11.07 g of chloroethyl chloroformate, s .. e g of 
methanol and 7. 84 g of. pyridine were added to 100 mL 

CH2Cl2 at 0°C. The reaction was stirred for one hour 

5 then the reaction mixture was quenched ~ith water and 
acidified with lN HCl to pH 3. The mixture was then 
extracted with CH2Cl2, dried with Na2S04 and the solvent 
evaporated to give t_he crude carbonate (12 g) which was 
used without further purification. 

10 lH-NMR(CDCl3) 8 1.83 (d, 3H), 3.84 (s, 3H}, 6.42 

_ (q, 2H) ; 

Part C: Preparation 1-Cffethoxycarbonvllethyl 4-ethyl-2-_ 

propyl-1-tT2'-<tetrazol-5-yllbiphenyl-4-

l5 yl 1 methyl J imidazole-s·-Cl,rboxylate 

20 

25 

The title compound was obtained following the 
procedure described in ·Example_ 4 above using chloroethyl 
methyl carbonate . 

1H-NMR(CDC13) & 0.95 Cm, 6H), 1.49" (d, 3H) I 1.6 (m, 

2H), 2.28 (m, 2H}, 2.57 (q, · 2H), 3.8 cs·, 3H) I 5.41 
2H); 6.77 (d, 2H), 6.82 (q, lH), 7.05 Cd, 2H), 7.42 
lH), 7.57 Cm, "2H), 7.84 (m, lH). 

Example 12 

Preparation of 

1-<t-Butgxycarbonylletbyl •-ethyl-2=prcu>yl-1-C£2'­

<tetrezgl-5-yllhiphenyl-4-yllmethyllimidazgle-5-

carhoxyiate 

(dd, 
cin, 

30 Pa;t A: Preparation gf 1-Chlorgethyl t-butyl carbonate 

12 g of chloroethyl chloroformate, _14 • 55 g of -t­
l;>utanol arid 8 •· 5 g of pyridine were added to 100 mL 

CH2Cl2 at 0°C. The reaction was stirred for one hour 

then the reaction mixture was quencheq with water and 
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acidified with lN HCl to pH 3. The mixture was then 
extracted with CB2Cl21 dried with Na2S04 and the solvent 
evaporated to give the crude carbonate '(13.04 g) which 
was used without furthe~ purification. 

5 lH-NMR(CDCl3) 6 1.53.(s, 9H), 1.83 (d, 3H), 6.39 

(q, 2B) . 

Part B; Preparntion gf 1-<t-Butoxycarbgnyllethyl 4-

ethyl-2-prgpyl-1- C £2 '- <tetrazol..;.5-yUbiphenyl-4-

ylJ metbyl 1 imid1;ole-s-·c1rbogl1te 

10 The title compound was obtained following the 
procedure outlined in Example 4 us~ng chloroethyl t­
butyl carbonate. 

lH-NMR(CDCl3) 3 0.92 (t, 3B), 1.14 (t, 3H), 1.14 

(s, 9H), 1.51 (d, 3H), 1.62 (m, 2H), 2.47 (m, 2H),. 2.92 
15 (q, 2H), 5. 4 (dd, 2H} I . 6. 9 (d, 2H) I 7. 03 (d, 2H} I 7. 32 

(m, 2H), 7.43 (m, lH), 7.87 (m, lB). 

Exomple 13 

Prepar1tign of 

20 1. 3-pi6xa-5-methyl-cyclgpenten-2-gne-4-ylmethyl 4-ethyl -

2-propy1-1-rr2 1-<tetr•zol-5-yl>hiphenyl-4-

yllmetbyl]imidazole=5-c1rboxyl1te 

Peri A; <1.·3-pioxa-$-methyl-cyclAAenten-2-one-4-

25 yl>methyl 4-etbyl-2-propy1-1-rr2•-cN­

tripbenylmetbyl <tetazOl-5-yll lbiphftnyl-4-

yi Jm@thyll imidazgle-5-carbpxylate 

A mixtu.re of 0.~59 g 4-ethyl-2-propyl-l-[ [2'-(N­
triphenylmethyl .(tetrazol-S-yl)) biphenyl-4- . 

. 30 ylJmethylJimidazole-5-carboxylic acid, 0.288 9 4- . 

br_omome·thyl-1, 3-dioxa~5-methyl-cyclopenten-2-one (Chem. 

P?i:arm. Bull. ~2 (6) ~241 (1984)) '· and 0 .13.8 g K2C03 in 
3 mL dimethylformamide was stirred at ro~m te~perature 
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under N2•for 4 hours. The reaction was partitioned. 

between 8 mL H20 and 40 mL ethyl acetate. The organic 

extract was washed with H20 (6 x 10 .mL) and brine and 

dried with MgS04 • Filtration, evaporat~on, and·flash 

5 chromatography of the residue with a Ot to St MeOH/CHCl3 

9radient provided 0.75 q of the title compound. 
lH-NMR(CDCl3) 3 0.88 (t, 3H, J•7.1 Hz), 1~14 (t, 

3H, J•7.3 Hz), 1.67 (m, 2H), 2.06 (s, 3H), 2.52 (t, 2H, 

J=7.7.Hz), 2.91 (q, 2H, J•7.5 Hz), 4,81 (s, 2H), S.55 

10 . (s, 2H), 6.73 (m, 2H), 6.95 (m, 6H), 7.07 (m, 2H}, 7.22-

7.39 (m, lOH), 7.45 (m, 2H), 7.86 (m, lH}. 

Pa~t B: Cl.3-Dioxe-S-methyl-cyclgpenten-2-one-4-

y1lmetbyi ~-ethyl-2-propyl-l-CC2 1 -ftetrazpl-5-

15 yl l hiphenyl-!J-yl l methyl l imidazoi,:-5-cnrbgxylnte 

4 drops 6'N ~Cl was added to a solution of 0.75 9 

of the above product in~l0.5 mL MeOB in a N2 ~tmosphere. 

The mixture was stirred at room temperature 2 days. The 

volatiles were evaporated and the residue immediately 

2 O chromatographed using a Ot to 6t MeOH/CHCl3 gradient . 

25 

There was obtained·0.35. 9 pf the desired compound as a 

white foam. 
1H-NMR(CDCl3) 3 0.80-0.93 (m, 6H), i.50·-1.62 (m, 

2H), 2.05 (s, 3H), 2.18-2.20 (t, 2H), 2.40-2.55 (q, 2H), 

4.83 (s, 2H), 5,40 (s, 2H), 6.65-6.75 (d, 2Hl, 7.00-7.ll 
(d, 2H), 7.43-7.50 (m, lB), 7.50-7.65 (m, 2H) I '-· 80-7. 83 
(m, lH) • 
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< 5- < 1 . 1 _.Dimethyletl:)yl l -1 .. 3-digxa-cyclopenten-2-one-4-

yl> methyl 4-ethl'.1-2-propyl-1-C [2'-CtetrAggl-5-

5 yl) biphenyl-4-yllmetbyU imidazoie-5-carbpxylate 

Part A: Preparation pf 2.2-Dimethyl-4-hydroxy-3-

JUmtanone 

This compound was prepared from 2,2-dimethyl-3-
10 pentanone (J. Am. Chem. Soc. "71, 4141 (1949); J. Am. 

Chem. Soc. 81, 2779 (19~?>> by the general literature 
procedure (Org. Synth. 64, 118 (1985)). 

0.24 9 of cuprous chloride·was suspended in 100 mL . . 
diethyl ether and then 22.l g of propionyl chloride was 

15 added.· The reaction was heated to reflux and 88 mL of 
. . 

t-butyl magnesium chloride.was added slowly to maintain 

reflux. The reaction was stirred overnight then poured 
into 200 g ice and the pH adjusted to 8 with solid 
NaHC~3. The react.ion was extracted with ether, washed 

20 with 10% aq. NaHC03, water and then brine followed by 

MgS04 drying •. Tbe·product was purified by distillation 

to give 12.5 g of the ketone. 

25 

lff-NMR(CDCl3) B l.~5. (s, 9H),· ·i.27 (d,· 3H}, 3.40 

(br d, lH), 4.56 (~, lH). 

Pert B; 4-Brgmomethyl-5-Cl~l-dimetbylethyll-1.3-dioxa­

cyclopepten-2-one 

This material was prepared from 2,2-dimethyl-4-
·hy~roxy-3-pentanone by the literat~re procedure 

30 described in (Chem. Pharm. Bull. 32, 2241 "(1984)) • 

l.94 9 of 2,2-dimethyl-4-hydroxy-3-pentanone was 
dissolved in 15 mL of benzene and cooled to 0°c. 23 mL 

of phosgene in.toluene was added followed by 23 mL 

pyri~ine and 20 mL toluene. The reaction was stirred 

, 
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overnight, the solids filte+ed and the filtrate washed 
with 10% HCl then· water and then dried with M9S04. 

Crude material was dissolved in 15 mL xylenes then 0~4 9 
p-TsOH was added and the reaction heated to reflux. The 

5 reaction was que~ched with saturated aq. NaBC03 then 

distilled at ioo-12s0c at 1 torr. 
·lH-NMRCCDCl3) 3 l.31 (s, 9H), 4.28 (s, 2H). 

Part C·; Preparetion of (5-<1.1-Dimethylethyll-1.3-
. . 

10 rlioxa-cyclopenten-2-one-4-yllmethyl 4-etbyl-2-propyl-1-

t f 2 ' - <N-triphenyl methyl<tetrezol-5-ylllhiphenyl-4-

yllmethyllimidazp~e-5-carboxylete 

0.620 g of the title compound was obtained from 
0.32 g 4-bromomethyl-5-(l,l-dimethylethyl)-l,3-dioxa-

15 cyclopenten-2-one and O. 60 g 4-ethyl-2-propyl_-l- [ (2 '- (N­

triphenylmethyl (tetrazol-S-yl) )biphenyl-4-
yl)methyl) imidaz·ole-5-carboxylic acid using the method 
shown in Example 13 above. 

lH-NMR (CDCl3) 8 0. 86 (t, 3H) , 1·. 23 (t, 3H) I 1. 25 

20 {s, 9H), l.70 (m, 2H), 2.49 (t, 2H), 2.90 (q, 2H), 4.99 
(s, 2H), 5.40 (S, 2H), 6.75 (m, lH), 6.95 (m, 6H), 7.08 
(rn, 2H), 1.2-7.5 (m, 12H), 7.88 (m, lH). 

Pa,..t ·n~ Preparation gf <5-<1.l-pimetbyletbvll-1.·3-

25 .d~oxa-Cyclopenten-2-one-4-yl>methyl 4-etbyl-2-prppyl-1-

t f2 '-<tetrazol-5-yllbipheny1-4-yllmetbyllimidazole-5-

carboxylate 

0.40 g of the title compound was obtained from 0.62 
g CS- c"l, l-dimethylethyl)-1, 3-dioxa-cyclopenten·-2-one-4-

30 yl)methyl 4-ethyl-2-propyl-1-((2'-(N­
triphenylmethyl(tetrazol-S-yl))biphenyl-4-
yl)methyl)imidazole-5-carboxylate using the method shown 
in Example 13 above. 
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lH-NMR (CDCl3) 

(s, 9H), 1.60 (m, 
(s, 2H), 5.41 (s, 
(m, lH), 7.59 (m, 
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a o.e5 (t, 3H), o·.93 (t, 3H), 1.26 

2B), 2.25 (t, 2H) ~ 2.56 (q, 2H), 5.01 

2B), 6.77 (m, 2H) I 7.08 (m, 2H) I 7.42 

2B) I 7.88 (Ill, lH). 

Example 15 

Preparation of 

Cl.3-dioxa-5-phenyl-cyclo,penten-Z-one-4-yl>methyl 1-

ethyl-2-propyl-l-t t2 1-·o:etr1zol-5-yl>b:l,phenyl-4-

10 yllmetpyllimidozole-5-carboxvlate 

Pa+t A; Preparation of 2-Hydroxy-p7opiophenone 

This was prepared from propiophenone by the general 

literature procedure described in Org. Synth. 6~, 118 

15 (1985) . 

6 q o~ the TMS ether of propiophenone was dissolved 

in 225 mL hexane and. cooled to -1s0c. 9.2 9 MCPBA was · 

added and· the reaction stirred for 20 minutes at -,l5°C 

then room t·emperature for 2 ·hours • The react1on was 

20 filtered then evaporated to give an oi~ which was 

diluted ·with 15.0 mL ethyi a~etate, washed with 1. SN HCl 

and stirred for 20 minutes. This was neutralized with 
NaHC0.3_ · t:tien extracte~ with ethyl acetate t)len washed 

with' brine. The product.was purified by chromatography 

25 to give ·2.52 9 p~oduct. 
1.H-NMR(Cl>Cl3) 8 1.46 (d, 3Bh 3.83. (d,' lH) 5.17 (m, 

lH), 7~51 (m, 2H), 7.63 (m, lB), 7.92 (m, 2H). 

Part B; l.3-pioxa-4-methyl-S=phenyl-cyclopenten-2-one 

30 This compound was prepar~d from 2-hydroxy-

propiophenone by ~he lite~ature proced~re described in 
Liebigs Ann~ Chem. 16•, 116 (1972). 

T~e· hydroxyketone was dissolved· in CH2Cl2 at 0°c 
and 26 mL phos9ene in toluene was added followed by 3 ~ 
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dimethylaniline. Stirred overnight at room temperature. 
Washed with 10' BCl, water and brine then dried with 
MgS04. Distillation (100°C at 0.06 torr) gave 2. 74 g of 

product. 
5 lff-NMR(CDCl3) & 2.39 (s, 3H), 7.35-7.50 (m, SH). 

Part C; 4-Brpmomethyl-1.3-digxa-5-phenyl-cyclopenten-2-

This compound was prepared from l,3-dioxa~4-methyl~ 
10 5-phenyl-cyclopenten-2-one by the literature procedure. 

describ~d in Chem. Pharm. Bull. 32, 2241 (1984). 
2.74 9 of 1,3-dioxa-4-methyl-5-phenyl-cyclopenten-

2-one, 3.32 9' NBS and 0.0613 9 AIBN were r~fi'uxed 
overnight. The reaction was cooled to 0°C then 

15 filtered. The filtrate was evaporated then 
recrystallized from benzene/cyclohexane to give 1.5 q of 
product. 

lH-NMR(CDCl3) 3 4.45 (s, 2H), 7.55 (m, SH). 

20 Part D; Cl .. 3-pipxa:-5-phenyl-cyclOpente.n-2-pne-4-

yllmetbyl 4-etpyl~2-prgpyl-1-f f2'-<N-

triphgnylmethylftetrazpl-5-ylllbiph@nyl-4-

yllmetbyllimidazole-5-carboxylate 

0.220 g of the title compound were obtained from 
25 0. 3826 9 4-bromomethyl-l, 3-dioxa-5-phenyl-cyclopenten-2-

one and 0.6588 9 4-ethyl-2•propyl-l-((2'-(N­
triphenylmethyl(tetrazol-5-yl))biphenyl-4-
yl)methyl)imidazole~S-carboxylic acid using the 
procedure described in Example 1 above. 

30 

. -

ll1iiflii1ilhii~ 
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Pa-t E: P~eparation of' <1. 3-Dioxa-5-phenyl-cyclopenten-

2-one-4-yl>methyl 4-ethyl-2-propy1-1-rr2 1 -<tetrazol-5-

y,lb~phenyl-4-yllmethyllimidezo1e-5-carpoxylate 

0.15 q of the title compound was obtained from 0.22 

5 9 (l,3-dioxa-S-phenyl-cyclopenten-2-one-4-yl)methyl 4-

ethyl-2-propyl-1-1 [2'-(N-triphenylmethyl(tetrazol-5-

yl))biphenyl-4-yl)methyl]imidazole-5-carboxylate using 

the procedure described in Example 1 above. 

10 

Rf· (silica 9el, MeOij/CHCl3 l: 9) O. 45. 

The compounds described in Examples 1-15 above are 

sec .torth in Table l. 

THIS SHEET HAS BEEN 
REPLACED 
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·Table 1 

Exann:>le Rl R2 
l propyl H 
2 CH2N(CH3)2 B 
3 CB202CCH3 H 
4 CH202CCH(CH3)2 H 
5 CH202CC(CB3)3· .H 
6. CH202CC(CB3)3 CH202CC(CH3)3 
i . CH202COCH3 .H 
8 CH202COC(OCH3) (CH3)2 H 
9 CB202COC(~H3)3 H 

10 .CH(CH3)02CCH3 H 
11 .. ~H (CH3)02COCH3 B 
12 CHCCH3)02COC(CB3)3 H 

0 

13 ·O~ H 

l....,,>=J...c~ 
0 

14 
' Jl 

i~ 
H 

0 

15 o~ H 
l...>=J..,h 

Additional examples are shown in Table 

J>Cr/US93/07103 

2 

______ . ___ __, 
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physical 
data 
NMR 

· NMR 
NMR 
NMR 
NMR 
NMR 

NMR 
NMR 
NMR 
NMR 

NMR 

NMR 

TLC 

which can 
be made according to the procedures outlined above. 
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Examele Rl R2 
16 Tet H 
17 Tet H 
18 Tet H 
19 Tet H 
20 Tet H 
21 Tet Et· 
22 Tet n-Pr 

. 23 Tet OEt 
24 Tet H 

. 25 . Tet H 

Tet • Tetrazole 

48 

R3 R4 
Et Et 

n-Pr Et 
n-Bu Et 
n-Pr Et 
n-Pr C2Fs 
n-Pr Cl 
n-Bu Cl 
n-Pr Cl 
n-Bu n-Pr 
n-Bu n-Pr 

PCT/US93/07103 

.· . RS R6 

CH202CC(CB3)3 H 
CB202CC(CH3)3 H 
CH202CC ( CliJ) 3 H 
CH202CC(CH3)3 F 

CH202CC(CH3)3 F 

CH202COC(CH3)3 H 

CH202COC(CH3)3 H 
CH202COC(OCH3) (CH3)2 H 

CH202COCH·(CH3) 2 Me 
CH202CO~H(CH3)2 Me 

THIS SHEET HAS BEEN 
REPLACED 
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Ailgiotensin-II (AII) produces numerous biological 
responses (e.g. -vasoconstriction) through stimulation of 
its receptors on .cell membranes .. For the purpose of 

5 identifying compounds such as AII antagonists which are 
capable of interacting with the AII receptor, a ligand­
receptor binding assay was utilized for the initial 
screen. The assay was carried out according to· the 
method described by (Chiu, et al., Beceptgr, l. 3~, 

10 (1990}]. In brief, aliquots of a freshly prepared 
particulate fraction of rat adrenal cortex were 
incubated with 0.05 nM [1251] AII and varying 
concentrations of potential AII antag~nists in a Tris 
buffer. After _a 1 h_incubation the reaction was 

15 terminated by addition of cold assay buffer. The bound 
and free radioactivity were rapidly separated through 
glass-fiber filters, and the trapped radioactivity was 
quantitated by scintillation counting. The inhibitory 
concentration (ICso> of potential AII antagonists which 

20 gives 50% displacement of the total ~pecifically bound 
[12511 AII is presented as a measure of the affinity of 
such compound for the AII receptor. 

Using the assay method described above, the 
compounds o~ this .invention are found to exhibit an 

25 activity of at least ICso <10 micromolar, thereby 

demonstrating an~ confirming the activity of these 
compounds as effective AII antagonists. Results are 
presented in Table 3. 

THIS SHEET HAS BEEN T 

REPLACED 
I 
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Table 3 

Angiotensin II 
Example Receptor Binding 

ICso nM 
2 100 
5 2 
6 

7 

9 

10 
11 

12 

13 

14 

15 

20 

3 

6 

20 

4 

5 

3 

3 

6 
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The potential antihypertensive effects of the 
compoun~s of .this invention may be demonstrated by 
administering.the compounds to awake r~ts made 

5 .·hypertensive by ligation of the left renal artery 
(Cangiano, et al., J. Pharmacol. Exp~ 2'ber., 1979, 208, 
310] . This procedure increases blood pressure by 
increasing renin production with consequent elevation of 
AII levels. Compounds are administered intravenously 

10 via cannul~-in the jugular vein to give a cumulative 
· dose of 10 mg/kg. Arterial blood pressure is - . 

continuously measured directly through a carotid·artery 
cannul~ and recorded using a pressure transducer and a 
polygraph. Blood pressure levels after treatment are 

15 compared to pretreatment leve_ls to determine the 
antihyperte~sive ~ffects of the compounds. 

Osing_~he .in ld.,m methodology described flbove, 
the compounds o_f this ft.nvention are found to exhibit 
an activity (intravenous) which· is 10 mg/kg or less, 

11im1nr 
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and/or an activity (oral) which is 100 mg/kg or 
less, thereby demonstrating and confirming the 
uti~ity of these compounds 
lowering blood pressure. 
in Table 4. 

as effective agents ~n 
The results are described 

Examples 

5 

8 

9 

11 

12 
13. 

14 

15 

Table 4 

Oral Antihypertensive 
Effects· in Renal 

Hypertensive Rats 

• 

~mg/kg 

0.03 
0.03 
0.02 

0.02 
0.3 

0.1 
0.3 

0.3 
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The compounds of the invention can be administered 
.10 for the treatment of hypertension by any means that 

effects contact of ·the active ingredient compound with 
the site of action in the_body of a warm-blooded ariimal: 

. . 
·For example, admin~stration can be parenteral, i.e., 
subcutaneous, intravenous, intramuscular, or 

15 intraperitoneal. Preferably, administration is by the· 
oral route. 

The compounds can be administered by any 
conventional means .available for use· in coriju_nction with 
pharmaceuticals, .either as individual therapeutic agents 

20 o: in a combination of therapeutic agents. They can be 
aciminis~ered alone; but are generally administered with 
a pharmaceutical carrier selected on the basi-s of the 
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chosen route of administration.and standard 
pharmaceutical practice. 
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The compounds C?f the invention are useful in 
treating hypertension •. They are also of value in the 

5 management of acute and chronic congestive heart failure 
and angina. These compounds may also be exp~cted to be 
useful in ·the treatment of primary and secondary 
hyperaldosteronism;.renal diseases such as diabetic 
nephropathy, glomerulonephritis, glo~rular sclerosis, 

. 10 nephrotic syndrome, hypertensive nephrosclerosis, end 
·stage renal disease, used in renal transplant therapy, 
and to treat renovascular hypertension, scleroderma, 
left ventricular dysfunction, systolic and diastolic. 
dysfunction, diab~tic retinopathy and in the management 

15 of vascular disorders such as migrane, Raynaud' s · 
disease, and as prophylaxis to minimize the 
atherosclerotic process and ~eointimal hyperplasia 
following angioplasty or vascular injury and to retard 
the onset of type II diabetes. The application of the 

20 compounds of. this invention for these and similar 
disGrders will be ~pparent to those skilled in the art. 

The compounds of this invention are also useful to 
treat elevated intraocul_ar pressure and ·to enhance 
retinal blood flow and can be administered to patients 

25 in ne~d of such treatment with typical pharmaceutical 
· formulations such as tablets, capsules, injectables and 
the . like as well as topical ocult·.r formulations in the 
form of solutions, ointments,· inserts, gels and the 
like. Pharmaceutical formulations prepared to treat 

30 intraocular pressure would typically containing about 
0.1% to 15% by weight, .preferably 0.5% to 2% by weight, 

. . 
of a· compound of ~his invention •.. For· this use, the 
compounds of this invention may also be used in · 
combination with.other medications for the treatment of 
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glaucoma including choline esterase.inhibitors such as 
physostigmine salicylate or demecarium bromide, 
parasympathomimetic agents such·as pilocarpine nitrate, 
~-adrenergic antagonists such as timolol maleate, 

5 adrenergic agonists such as epinephrine and carbonic 
anhydrase inhibitors such as MK-507. 

Th~ term, •a warm-blooded animal• as used herein 
means a member of the animal kingdom possessed of a 
homeostatic mechanism and includes mammals and birds. 

10 In ·the management of hypertension and the clinical 
conditions noted·above, the compounds of this invention 
may be utilized with a pharmaceutical carrier in 
compositions such as tablets, capsules or elixirs for 
oral administration, suppositories for rectal 

15 administration, sterile solutions or suspensions for 
parenteral or intramuscular administration, and the 
like. The· compounds of this invention can be 
. . 

administered a warm-blood animal in nee~. of such 
treatment in dosages that will provide optimal 

20 pharmaceutical_., efficacy. Althouqh ·the dose will vary 
from patient to patient depending upon the nature and 
severity of disease, the patient •·s weight, special diets 

. . 
being followed by a patient, concurrent medica~ion, and 
other factors which those skilled in the art will 

2.5 recognize, the dosage range will qenerally be about l to 
1000 mg per patient per day which can be administered in 
single or muitiple doses. Preferably, the dosage range 
will be about ~ to 500 mg per patient per day; more 
preferably about s·to 300 mg per patient per day. 

30 The compounds of this invention can also be 
administered ·in combination with other ant.ihypertensives 

.and/or diuretics. For example, the compounds of this 
invention can be given in combination with diuretics 
such as hydrochlorothiazide, ·chlorothiazide, 

.. 
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chlorthalidone, methylclotbiazide, furosemide, 
·ethacrynic acid, triamte~ene; amiloride spironolactone 
·and atriopeptin; calcium channel blockers, such as 
diltiazem, felodipine, nifedipine, amlodipine, 

5 nimodipine, ~sradipine, nitrendipine and verapamil; B­
-adrenerqic an~agonists such as timolol, atenolol, 
metoprolol, propanolol, nadolol and pindolol; 
anq~otensin converting enzyme inhibitors such as 
enal~pril, lisinopril, captopril, ramipr~l, quinapril 

10 and zofenopril; renin inhibitors such as.A-69729, FK 906 
and FK 74.4; a-adrenerqic antagonists such as prazosi~, 
doxazosin, and terazosin; sympatholytip agents such as 
methyldopa, clonidine and quanabenz; atriopeptidase 
inhibitors (alone .or with ANP) such as UK-79300; 

15 serotonin antagonists such as ketanserin; A2-adrenosine 
receptor agonists such as CGS 22492C; potassium channel 
agonists such as pinacidil and cromakalim; and various 
other antihypertensive drugs in~luding reserpine, 
mino.xidil, guanethidine, hydralazinc hydrochloride and 

20 sodium nitroprusside. as well as combinations of the 
. . 

above-named drugs: Combinations·useful in the 
management of congestive heart failure include, in 
addition, compounds of this invention with cardiac 
stimulants such dobutamine and xamoterol and 

25 phosphodiesterase inhibitors including amrinone and 
milrinone. 

Typically, the individual.daily dosages for these 
combinations can range from about one-fifth of the 
minimally recommended clinical dosages to the maximum 

.30 recommended levels for the entities when·they are given 
singly. To illustrate these combinations, one of the 
angiotensin-II antagonists of this invention effective 
clinically in the 5-500 milligram·s per day range can be 
effectively combined at levels at the 1.0-500 milligram~; 

ttiii1i1Uif 
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per day range with the following compounds at the 

indicated per day dose ranqe; hydrochlorothiazide (6-100 

mg), chlorothiazide (1250-500 mg), furosemide (5-80 mg), 

propranolol .(10-480 mg), timolol maleate (l-20 mg) 

5 methyldopa (125-2000 mg), felodipine (~-20 mg), 

nifedipine (5-120 mg), nitrendipine (5-60 mg), and 

diltiazem (30-540 mg). In· addition, triple drug 

combinations of hydrochlorothiazide (5-100 mg) plus 

amiloride cs-~o mg) plus ang~otensin-II antagonists of 

10 this invention (l-500 mg) or hydrochlorothiazide (5-100 

mg) plus timolol maleate (5-60 mg) plus an angiotensin­

I I antagonists of this invention (l-500 mg) or 

hydrochlorothiazide <.S-200 m q) and nifedipine (5-~0 mg) 

plus an angiotensin-II antagonists of this invention (l-

15 500 mg) are effective combinations to control blood 

pressure in hypertensive patients. Naturally, these 

dose ranges can be adjusted on a unit basis as necessary 

to permit divi~ed daily dosaqe and, _as noted above, the 
. . 

dose will vary depending on the nature.and severity of 

20 the disease, weight of patient, special· diets and other 

fact.ors. •. · 

The active inqredient can be administered orally in 

solid dosage forms, such as capsules, tablets, and 

powders, or in liquid dosage "forms, such as elixirs, 

25 syrups, and suspension. It can also. be administered· 

parenterally, in sterile liquid dosage forms. 

Gelatin capsules contain the active ingredient and 

powdered carriers, such as lactose, starch, cellulose 

derivat~ves, magnesium stearate, stearic acid, and the 

30 like. Similar diluents can be used to make coinpressed 

tablets. Both tablets and capsules can be manufactured 

as sustained release products to provid~ for continuous 

release of medication over a period of hours. 

Compressed tablets can be sugar coated for film coated 
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~o mask any unpleasant taste and protect· the tablet fro~ 
the atmosph~re~ or enteric coated for selective 
disintegration in the gastrointestinal tract. 

Liquid dosage forms for oral administration can 
5 contain coloring and flavoring to increase patient 

acceptance. 
In general, water, a suitable oil, saline, aqueous 

dextrose (glucose), and related sugar solutions and 
glycols ~uch as propylene glycol or polyethylene glycols. 

lC are sui~able .carriers for parenteral solutions. 
Solutions for parenteral.administration preferably 
contain a water soluble salt of the active ingredient, 
suitable stabilizing· agents,· and, if necessary, buffer 
substances. An~ioxidizing agents such as sodium 

15 bisulfite, sodium sulfite, or ascorbic acid, either 
alone or combined, are suitable stabilizing agents. 
Also.used are citric acid and its salts and.sodium EDTA. 
In addition, 'parenteral solutions can contain 
preservatives, such as benzalkonium chloride, methyl- or 

20 propylparaben, and chlorobutanol. 
Suitable pharmaceutical carriers. are described in 

Rem; ngton' s PhOrinaceutical sc;ienceS, A. Osol., a 

standard reference text in this field. 
U~ef ul pharmaceutical dosage-forms for 

25 aclminist.ration of the compounds of this invention can be 
illustrated as follows: 

Capsules. 

A large number of unit capsules .. are pre.pared by 
30 filling standard two-piece.hard gelatin capsules each 

with 100 milliqr~ of powdered active ingredient, .150 
milli9rams Qf lactose, 50 milligrams of cellulose, and 6 
milligrams magnesium stearate. 
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$oft Gelatin Capsules 

A mixture of active ingredient in a digestible oil 
such as soybean oil, ~ottonseed oil or olive oil is 
prepared and injected by ineans of a positive 

5 displacement pump into gelatin to form soft gelatin 
capsules containing 100 milligrams of the active 
ingredient. The capsules are washed •nd dried. 

Tnblets 

10 A ~arge number of tablets are prepared by 
convent~onal procedures so that the dosage unit is 100 
milligrams of active ingredient, 0.2 milligrams of 
collo~dal silicon dioxide, 5 milligrams of magnesium 
stearate, 275 milligrams of microcrystalline cellulose, 

15 11 milligrams of starch and 98.8 milligrams of lactose. 
Appropriate coatings may be applied to increase 
palatability or delay absorption. 

Injectable 

20 A parenteral composition suitaf>le for 

25 

administration by injection is prepared by stirring 1.5\ 
by weight of active ingredient in 10' by volume 
propylene glycol. The solution is made to volume with 
water for inject.ion and sterilized. 

SuapenaiOn 

~ aqueous suspension is prepared for oral 
administration so that each 5 milliliters contain 100 
milligrams of finely divided active ingredient, 100 

30 milligrams of sodium carboxymethyl cellulose, 5 
milligrams of sqdium benzoate, 1.0 grams of sorbitol 

.solution, U.S.P., and 0.025 milliliters of vanillin . 

. •· .. · 

·n1ii1iiif 

.. 
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WH!~ ·rs CLAIHEP IS: 

l. 

I 
5 wherein 

Rl is -C02H or 

(a) H, 
10 (b) Cl-CS-alkyl, 

(C) Cl-CS-alkoxy, 
(d) halo (F, Cl), 
{e) phenyl; 

15 ·R3 is Cl-CS-alkyl, C2-CS-alkenyl, 
R4 is 

(a) H, 
(b) halo (Cl, Br, I), . 

. (C) Cl-C6-alkyl, 

.J PCT/US93/07103 
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; 

C2~CS-alkynyl; 

20 (d) CvFw where v-1 to 3 and w-1 to (2v+l); 
·Rs is 

(a) Cl-CS-alkyl, 
. (b) ·C2-CS-alkenyl, 

Cc) C2-C5-alkynyl, 
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(d) -(CH~)pNR12Rl3, 

(e) -(CH2)sCH(R"7) (CH2)s'02CR8, 

(f) 
0 

~o THIS SHEET HAS BEEN 

iJ=(R9 
REPLACED. 

, 
5 (q} -(CH2)pC02RlO, 

(h} 

~cc~, 
-(CHVo N_) 

R11/ . 
" 

R6 is 

10 (a) H, 

(b) halogen (F, Cl, Br, I), 

(cl Cl-CS-alkyl, 

(d) -OH, 

(e) . Cl-C4-alkoxy, 

15 (f) -N02, 

(9) -NR12Rl3, 

(h} -NR12coRlS, 

(i) -NR12co2Rl~, 

(j) -S(O)rR14 where r is O, l or 2, 

20 (h} -co2R1s, 

(i) -CvFw where v•l to 3 and w-1 to (2V+1) I 

(J) ·-OCvFw where v-1 to 3 and w-1 to (2V+1) I or 

" (K) -CN; 
R; is H or Cl-C4-a·l.kyl; 

25 RS is 
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{b) Cl-CS-alkoxy, 

60 THIS Sl~EET HAS BEEN 
REPLl\CED 

(c) Cl-CS~alkyl optionally substituted with a 

group consisting of: 
5 i) Cl-CS-alkoxy, 

10 

R9 is 

ii) aryl, wherein aryl ·is phenyl or 
napthyl optionally substituted with one 
or two substituents selected from the. 
group· consisting of halo (F, Cl, Br, I), 
Cl-C4-alkyl, Cl-C4-alkoxy, -N02, 
-s (0) r .(Cl-CS-alkyl), -OH, -NR12al3, 
-co2al5, and -CvFw where v-1 to 3 and w=l 

to (2v+l); 

15 {a) Cl-CS-alkyl, 

20 

(b) -CvFw where. v-1 to 3 and w=l to (2v+l), 

{c) Cl-CS-alkyl optionally substituted with a 
group consisting of: 

i) c1-cs~alkoxy, 

ii) phenyl or phenyl substituted with at 
least one substituent selected from the group 
consisting of halo (F, Cl, Br, I), Cl-C4-
alkyl, Cl-C4-alkoxy, -N02, ~S(O)r(Cl-C4-
·alkyl), -OH,-NR12al3, -co2alS~ and -CvFw where 

25 · v=l to 3 and w-1 to (2v+l) ,· 
iii) benzyl or benzyl substituted with. 

at least one substituent selected from the 
group consisting of hal9 (F, Cl, Br, I), Cl­
.C4-alkyl, C1-C4.;.alkoxy, -N02, -S(O)r(Cl-C4-

30 alkyl), -OH,-NR12R13, -co2RlS, and ~CvFw where 

v=l to 3 and w-1 to (2v+l); 
RlO is 

(a") phenyl .or phenyl substituted with at 
least one substitu·ent selected from the group 
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consisting of halo (F, Cl, Br, I), Cl-C4-· 
alkyl, Cl-C4-alkoxy, -N02, -S(O)r(Cl~C4-
alkyl), -OH,-NR12R13, -co2RlS, and -CvFw where 

v=l to 3 and w=l to C2v+l), 
5 Cb> benzyl or benzyl substituted with at - . 

least one substituent selected from the group 
consisting of halo CF, Cl, Br, I), Cl-C4-
alkyl, Cl-C4-alkoxy, -N02, -S(O)r(Cl-C4-
alkyl) ,. -OH, -NR12R13, -co2R15, and -CvFw 

10 where v-1 to 3 and w-1 to (2v+l); 
Rll is H, Cl-CS-alkyl or benzyl; 
Rl2 and.Rl~ are independently H, Cl-CS-alkyl, 

phenyl or benzyl; 
R14 is CF3, Cl-CS-alkyl, or phenyl; 

15 Rl5 is H, Cl-CS-alkyl, or NR12R13; 
Rl6 is Hor CH202CCCCH3)3; 

p is 1-5; 

r is 0-2; 

s and s' are 0-5; 
20 t is 0 or 1; 

25 

30 

or a pharmaceutically acceptable salt thereof 
provided that when R4 is H, halo (Cl, Br, I) or CF3 
then RS.cannot be CH(CH3)02CR8 wherein Ra is Cl-CS 

alkoxy. 
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R6 is H; 

R7 is H; 

s .Rs is 

(a). B, 

. (b) Cl-CS-alkoxy, 
. (C) Cl-CS-alkyl optionally substituted with a 
group consisting of: 

10 i) Cl-CS-alkoxy; 
R9 is 

{a) Cl-CS-alkyl, 
(b) Cl-CS-alkyl opti;onally substituted with a 
group consisting of: 

15 i> c1-cs-alkoxy, 
ii) phenyl or phenyl substituted with at 

least one substituent selected from the group 
consisting of halo (F, Cl, Br, I),alkyl, Cl­
CS-alkoxy, -OH; 

20 iii) benzyl· or benzyl substituted with at 
least one substituent selected from the group 
consisting of halo (F, Cl,. Br, I), Cl-CS­
alkoxy, -OH; 

p is l.; 

2S s is l; · 
· s' is O. · 

3. A compound according ~o claim 1 wherein 
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R2 ·is H; 

R3 is Cl-CS-alkyl; 
s Rs is -(CH2)sCHCR'> (CH2)s 1 02cR8; 

R7 is H; 
Ra is 

(a) Cl-CS-alkoxy, 
.(b) Cl-CS-alkyl° optionally substituted with a 

10 group consisting of: 

15 

20 

25 

30 

. p is l; 

s is l; 

s' is O. 

i) Cl-CS-alkoxy; 

4 . A compound accor~ing to claim 1 · which is 
trimethylacetoxymethyl 4-ethyl-2-propyl-1-[(2'­
(tetrazol-S-yl)biphenyl-4-yl)methyl]imidazole-5-
carboxylate. 

5, A compound according to ~laim 1 which is 
methoxycarbonyloxymethyl ·4-ethyl-2-propyl-l-[[2'-. . 

(tetrazol-S-yl)biphenyl-4-yl]methyl)imidazole-s-
carboxylate. 

6. A compound according to claim 1 which is 
t-butoxycarbonyloxymethyl 4-ethyl-2-Propyl-1-((2'­
. (tetrazol-5-yl) biphenyl-4-yl] methyl J imidazole-S- . 
carboxylate. 
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7. A compound according to claim 1 which is 

1-(Methoxycarbonyl)ethyl 4-ethyl-2""."Propyl-1-([2'­

(tetrazol-5-yl)biphenyl-4-yl)methyl]imidazole-5-

carboxylate. 

8. A pharmaceutical composition comprising a 

pharmaceutically suitab~e carrier and a therapeutically 

effective amount· of the cOnipOUnd of any one of claims 1 

through 7. 

.9. A method of treating hypertension in a warm-
. . 

blooded animal comprising orally administering to the 

animal a therapeutically effective amount of a compound 

of any one ·of claims 1 through 7. 

10. A method of "treating.congesti~e heart failure 
. . 

in a warm-blooded animal comprising orally administering 

to the animal a therapeutically effective amount of a 

compound of any·one of claims· 1 through 7. 
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