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This is a cont1nuat1on-1n-part of USSN 07/373,755, 
filed June 30, 198"9~ Also, ·carini 1 Ouncia" and Wong , . 
U.S. application Serial No. 07/279,194, Ailed 

. I 

December 6 1 1988, discloses and clafms ·substituted 
imidazoles which are ang1Qtensin II (All) blockers and 
their use, alone or in combination with other drugs, to 
treat hypertension and congestive heart failure.· 

BACKGROUND OF THE INVENTION 
Field of the Invention· 

This invention relates to novel substituted 
imidazoles, and processes for their preparation. The 
inve~tion also relates to pharmaceutical compositions 
containing the noveh·im1dazoles and pharmaceutical 
methods using them, alone and in conjunction with other 
drugs, especially diuretics and non-steroidal ant1-
1nflammatory drugs (NSAID's}. 

20 The compounds of th1s 1nventf on inh1b1t the action 

25 

·30 

of the hormone ang1otens1n II (All) and are useful 
therefore 1n a11ev1at1ng angiotensin induced 
hypertension. The enzyme ren1ri acts on a blood.plasma 
az-globu11n, ang1otensfnogen, to·produce ang1otens1n I, 
which is then converted by angiotenstn convert1~g­
enzyme to All.. The latter substance 1s a powerful 
va·sopressor agent which has· been implicated· as a 

caus1t1ve agent for producing h1gh blood pressure in 
· various mammalian species, such as the rat, dog, and 

man. The compounds of th1s tnventk>n inh1btt the 
action of All at its receptors on target cells and thus 
prevent the increase 1n blood pressure produced by th1s 
hormone-receptor 1nteract1on. By adm1n1stering .a 

compound of th_1s invention to a species of manunal w1th 
35 hypertension due to All, the blood pressure 1s reduced. 
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The compounds of this 1nvent1on are also useful for the 
treatment of congestive heart fa1lure. Admfn1strat1on 
of a co~pound of th1s 1nvent1on w1th a dfuret1c such as 
furosemfde or hydrochloroth1az1de, e1ther as a stepw1se 

5 combined therapy (dturet1c·ffrst) or as a phys1ca1 
mixture, enhances the ant1hypertens1ve effect of the 
compound. Adm1n1strat1on of a compound of this 
invention with a non-steroidal ant1-1nflanvnatory drug 
(NSAIO) can prevent renal failure whfch sometimes 

10 results from adm1n1strat1on of a NSAIO. 
European Published Application o 253 310, publ1shed 

January 20, 1988f discloses that certa1n substituted 
imidazoles block the ~II receptor and are useful 
therefore 1n alleviating ang1otens1n 1nduced 

15 hypertension as well as 1n treating congestive heart 
failure. The 1m1dazoles disclosed have the formula: 

1t' 

20 

25 

The imidazoles of the present 1nvent1on differ from 
30 those of EPA O 253 310 1n the substituents R7 and RB at 

pos1t1ons 4 and 5 of the 1m1dazole r1ng. In EPA 
o. 253 310, R7 and RB are defined as follows: 
R7 is H, F, Cl, Br, I, N02, CF3 or CM; 
RS 1s Hf CN, alkyl of 1 to 10 carbon atoms, alkenyl of 

35 3 to 10 carbon atoms, or the same groups subst1tuted 
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wtth F; phenylalkenyl wherein the alfphatfc portion 

ts 2 to 6 carbon atoms: -(CHz)m-fmfdazol-1-yl; 

-(CH2)m-l,2,3-tr1azoly1 optionally substituted w1th 

one or two groups selected from C02CH3 or alkyl of 1 

. to 4 carbon atoms; -(CHz)m~tetrazolyl; 

0 

-(CHz)nOR11 : -(CH2)nO~R14: -(CH2)nsR15: 

Rl4 . 0 0 

I 5 .. 16 M 

-CH=CH(CHz)sCHORl : -CH=CH(CHz)sCR ; -cR16: 

0 .. 
-CH=CH(CHz)~OcRll: 

0 y 

-(CH2)s-CH-CORl6; -(CH2) 0CR16; -(CHz)nOCNHRlO; 
I -
CH3 • 

y 0 

.-(CH2)nNRllcoRlO: -(CHz)nNRllcNHRlO; -(CH2)nNRllso2RlO: 
y 

-(CH2)nNRllcRlO, etc., where RIO, Rll, R14, RlS, R16, and 

Y are as def1ned below for the present invention. 

Pals et al .• , Circulation Research, li, 673 

(1971) describe the 1ntroduct1on of a sarcos1ne residue 

in position 1 and alan1ne 1n position 8 of the 

endogenous vasoconstr1ctor honnone All to yield an 

(octa)peptide that blocks the effects of All on the 

blood pressure of pithed rats.· This analog, [Sarl, 

Ala8] All, initially called "P-113" and subsequently 

•saralas1n .. , was found to be one of the most potent 

competitive antagonists of the actions of All, 

although, 11ke most of the so-called peptide-All-

-------
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antagon1sts, 1t also possesses agon1st1c actions of 1ts 
own. Saralastn has been demonstrated to lower arterial 
pressure 1 n mct1M1a ls and man when the (e 1 evated) 
pressure 1s dependent on c1rculat1ng AII (P~ls et al.,· 

5 C1rculat1on Research, Z2, 673 (1971); Streeten and 
Anderson, Handbook of Hypertens1on, Vol. 5, C11n1ca1 
Pharmacology of Ant1hypertensive Drugs, A. E. Doyle 
(Ed1tor), Elsevier Science Publishers B.V., p. 246 
(1984)). However, due to 1ts agon1st1c character, 

to saralastn generally elfc1ts pressor effects when the 
pressure 1s not sustained by AII. Be1ng a peptide, the 
pharmacolog1ca1 effects to saralasfn are relatively 
short-lastfng and are only manifest after parenteral 
admtn1stration, oral doses be1ng 1neffect1ve. Although 

15 the therapeutic uses of pept1de All-blockers. 11ke 
saralasin, are severely 11m1ted due to their oral 
1neffect f veness and short du rat 1on of action, the1 r 
major ut 111 ty 1 s as a;.-pha rmaceut ica l standard. 

Some known non-peptide ant1hypertens1ve agents 
20 act by inh1b1ting an enzyme, called ang1otens1n 

converting enzyme (ACE). which is responsible for 
conversion of ang1otens1n I to All •. such agents are 
thus ref erred to as ACE 1nh1b1 tors. or convert1 ng 
enzyme 1nh1bHors (CEI's). Captopr11 and enalaprtl are 

25 conunercially available CEl's. Based on experimental 
and clinical evidence, about 40% of hypertensfve 
patients are non-responsive to treatment with CEl's. 
But when a d1uret1c such as furosem1de or 
hydrochloro~h1aztde 1s given together w1th_ a CEI, the 

30 blood_ pressure of the majority of hypertensive patients 
1s effectively normaltzed. 01uret1c treatment converts 
the non-ren1n dependent state 1n regulating blood 
pressure to a ren1n-dependent state. Although the 
1m1dazoles of thfs 1nvent1on act by a different 

35 mechanism. t.e., by blocktng the All receptor rather 

--.------- ---- -·--·- -·-·---
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than by 1nh1b1ttng the ang1otens1n converting enzyme, 
both mechanisms involve interference w1th the ren1n- · 
angiotensin cascade. A comb1nat1on of the CEI 
enalapr11 maleate and the diuretic hydrochlorothiazfde 

5 is commerc1ally available under the trademark 
Vaseretic® from Merck & Co. Publications which relate 
to the use of d1uret1cs w1th CEI 1s to treat 
hypertension. 1n either a diuret1c-f1rst, stepwise 
approach or 1n phys1cal comb1nat1on, 1nclude Keeton, 

10 T. K. and Campbell, W. B., Pharmacol. Rev., 31:81 
(1981) and Weinberger, M. H., Medical Clinics N. 

America, 71:979 (1987). 01uret1cs have also been 
administered 1n comb1nat1on w1th saralas1n to enhance 
·the ant1hypertens1ve effect • 

15 . Non-steroidal ant1-1nflammatory drugs 
(NSAIO's) have been reported to induce renal failure 1n 
patients wtth renal underperfus1on and h1gh plasma 
level of All. (Dunn, H.J., Hospital Pract1ce, 19:99, 
1984}. Administration of an All blocking compound of 

20 this 1nvent1on 1n comb1nat1on with an NSAID (e1ther 
stepwise or 1n phys1cal c~mbinat1on) can prevent .such 
renal failure. Saralastn has been shown to 1nh1b1t the 
renal vasoconstr1ctor effect of 1ndomethac1n and 
meclofenamate 1n dogs (Satoh et al., Circ. Res. 36/37 

25 (Suppl. 1):1-89, 1975; Blas1ngham et al., Am. J, 
Phys1ol. 239:F360, 1980). The CEI captopr11 has been 
demonstrated to reverse-the renal vasoconstrtctor 
effect of fndomethactn in dogs with non-hypotens1ve 
hemorrhage. (Wong et al., J. Phannacol. Exp. Ther. 

30 219:104, 1980). 
Summary Of The Invention 

According to the present 1nvent1on there are 
provided novel compounds of fonnula (I) which have 
ang1otens1n II-antagon1z1ng properties and are useful 

35 as ant1hypertensfves. 

SUBSTITUT5 SHEET • 
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vherein 
0 

R1 is 
• 

4-COii; 4-CQiR9 : -0-S·OH· -SO,,Hi 
II • 

15 0 
0 0 

'V u • 
-C(CFa)20H : ·O-P·OH· -POaH2: ·NH-P·OH· 

I • I • 
OH OH 

20 
4-NHS02CHa; 4-NHSCiCFa; -CONHOR12 : 

OH 0 N-N 
I II ,)( ,t 

-S"2NH2; ·C-P·OH • • 
' ' t 2T I N 

25 R OH H 

F F 
N-N -CRU ~x:Q:F )Z \\ . 4-X ~ • • 

4 ,N t ' t 

N . I R3 
H" R2 R1l F 

30 
0 
II 

-HNC 

) 4·Xm •. 
a 

• 
R13 ~ I ~ 

• • . 
' 

t • 
I 

35 HOC .. 
0 
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N-N C()zH 
I I/ " 

4 -CONH~ N ,N ; 4-CONHNHS02Cf3; 4-CONH-CHCHAHs; 

H 

4 .co-l::) (!.-isomer) ; 

C(hH 

(t.-isoaer) 

N-N · 
• 
' 

4 ,, )\ 
~N CF3 

H 

• 
' 

0 R13 

4./Y_f-.. 113 : 

~~ 
0 R2 

or 

R2 1s H: Cl; Br: I: f; N02: CN; alkyl of 1 to 4 carbon atoms: 
acyloxy of 1 to 4·carbon atoms: alkox,r of 1 to 4 carbon atoms; 
C02H: COzR9; NHS02CH3; NHS02CF3: 

N-N 
CONHOR12: S02NH2: " ) : aryl: or furyl; · 

N H. 
R3 ts H: Cl, Br, I or f; alkyl af 1 to 4 carbon atoms.or alkoxy 

of 1 to 4 carbon atoms: 
R~ 1s CH, N02 or C02R 11: 

RS is H, alkyl of 1 to 6 carbon atoms, cycloalkyl of 3 to 6 
carbon atoms alkenyl or alkynyl of 2 to 4 carbon atoms; 

R6 ts alkyl of 2 to 10 carbon atoms, ~lkenyl or alkynyl of 3 to 
10 carbon atoms or the same groups substituted with F or 
C02R14; cycloalkyl of 3 to ·a carbon atoms, cycloalkylalkyl of 
4 to 10 carbon atoms: cycloalkylalkenyl or cycloalkylalkynyl 
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of 5 to 10 carbon atoms: (Ctt2)sZ(Ctt2)mR5 opt1onally 
substituted with F or C02R14; benzyl or benzyl substituted on 
the phenyl rtng with 1 or 2 halogens, alkoxy of 1 to 4 carbon 
atoms, alkyl of 1 to 4 carbon atoms or nftro; 

R7 ts vinyl; cycloalkyltdenyl: alkynyl of 2-10 carbon atoms; 
phenylalkynyl where the alkynyl por~fon is 2-6 carbon atoms; 
heteroaryl selected from 2- and 3-th1eny1, 2- and 3-furyl, 2-, 
3-, and 4-pyr1dyl, 2-pyraz1ny1, 2-, 4-, and 5-pyr1m1dtny1, 3-
and 4-pyr1daz1nyl, 2-, 4- and 5-th1azolyl, 2-, 4-, and 
5-selenazolyl, and 2-, 4-, and 5-oxazolyl, 2- or 3-pyrrolyl, 
3-, 4- or 5-pyrazolyl, 2-, 4- or 5-1m1dazolyl; o-, m- or p­
biphenylyl; o-, m- or p-phenoxyphenyl: 2-oxazolinyl: 
2-thiazolinyl; subst1tuted phenylalkynyl, heteroaryl, 
biphenylyl or phenoxyphenyl as defined above substituted w1th 

15 I or 2 substituents selected from halogen, hydroxy, mercapto, 
alkoxy of 1-5 carbon atoms, alkyl of 1-5 carbon atoms, -NOz, 
-CN, -Cf3, -CoR16~ -CH20R17, -NHCOR17, -CONR18R19, S(O)rR17, 
and SOzNR18Rl9: pyrrolyl, pyrazolyl or 1m1dazoly1 a:s .. def1ned 
above subst1tuted on ring ri1trogen w1th alkyl of 1-5 carbon 

20 atoms, phenyl or benzyl; or substituted alkylt alkenyl, or 
alkynyl of 1 to 10 carbon atoms substituted w1th a substituted 
or unsubstituted heteroaryl, b1phenyly1 .or phenoxyphenyl group 
as defined above; -S(O)r-heteroaryl, -S-(O)r~b1phenylyl, 

-S(O)r-phenoxyphenyl, -S-tetrazole, -S(O)rR17, -NR1BR19, 
25 -NRIB_heteroaryl, -NR18_phenyl, -NR18_b1phenylyl, 

-NR18_phenoxyphenyl, -N-phtha11m1do, -NH-S02-phenoxyphenyl, 
-NH-S02-heteroaryl,.-NH-S02-b1phenyly1, -NH-S0z-R17, and -S-
(c~o)-Rl7, N-1m1dazolyl, N-1,2,3-tr1azolyl, N-1,2,4-triazolyl, 
where heteroaryl f s a heterocycle defined 1n the scope of R7 

30 and where the phenyl group 1n Rl7 of -S-(O)rR17, the N-
1m1dazolyl, N-l,2,3-tr1azolyl, and N-1,2,4-triazolyls may be 

subst1.tuted with one or two subst1tuents as descr1bed above 

for heteroaryl; 

35 

-- ----···-·-
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0 .. . 

-{CH2>n-1CH-R11 ; -(CHz)nOCR14; -(CHz)nsR15; 

bR17 

R14 0 0 . I 
-CH=CH(CH2) 5CHOR15; -CH=CH(CH2)sCRl6; -cR16; 

0 .. 
-CH=CH(CH2) 50CR11; -(~H2)m-tetrazolyl; 

0 y 

{CH2) 5-CH-COR16: -(CH2) 0CR16; -(CHz) 00CNHRlO; 

' CH3 
y . 0 

- ( CH2) 0 NR llcoRl 0; . -(CH2) 0NR11CNHR 10; - ( CHz} 0NR11S02R10; 
y .,.... 

-(CH2)nNRllcRlO; 

~24 0 

Rg 1s -CH-OCR21; 

RlO 1s alkyl of 1 to 6 carbon atoms. or perfluoroalkyl of 1 to 6 
carbon atoms, 1-adamantyl, 1-naphthyl, 1-(i-naphthyl)ethyl, or 
(CH2)pC6H5; 

Rll 1s H, alkyl of 1 to 6 carbon a~oms, cycloalkyl of 3 to 6 
carbon atoms, phenyl or benzyl; 

R12 1s H, methyl or benzyl: 
Rl3 f s -COzH; -COzR9; -CHzCOzH, -CH2C02R9; 

0 0 0 
.. .. .. 

-0-S-OH; -0-P-OH; -S03H; -NHP-OH 
II I I 
0 OH OH 

-P03Hz; -C(CF3)20H; -NHCOCF3; 

liUiiiiOr 
SUBSTITUTE SHEET 
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10 

N1 11 
• ~~ ; • ~ ; -COllHNHSOzCF3; 

H H 

R14 is H, alkyl or perfluoroalkyl of 1 to 8 carbon 
atoms, cycloalkyl of 3 to 6 carbon atoms, phenyl or 
benzyl; 

Rl5 is H, alkyl of 1 to 6 carbon atoms, cycloalkyl of 3 
to 6 carbon atoms, phenyl, benzyl, acyl of 1 to 4 

15 carbon atoms, phenacyl; 
R16 ts H, alkyl of1t'l to 6 carbon atoms, cycloalkyl of 3 

to 6 carbon atoms, (CH2)pC6H5, OR17, or NR18Rl9: 
Rl7 f s H, alkyl of 1 to 6 carbon atoms, cycloalkyl of 3 

to 6 carbon atoms, phenyl or benzyl; 
20 RlB and Rl9 independently are H, alkyl of 1 to 4 carbon 

25 

30 

35 

atoms, phenyl, benzyl, a-methylberizyl, or taken 
together wfth the n1trogen form a r1ng of the 
formula 

. • 

Q Is NR20, 0 or CH2: 
R20 f s H, alkyl of 1-4 carbon atoms, or phenyl; 
R21 is alkyl of l to 6 carbon atoms, -NR22R23, 

or -yHCHzCOzCH3: 

NHz 

R2~ and R23 independently are H, alkyl of 1 to 6 carbon 
atoms, benzyl, or are taken together as (CHz)u where 
u 1s 3-6; 

R24 1s H, CH3 or -C6Hs; 

SUBSTITUTE SHEET 

.. 
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R25 is NR27R28, OR28, NHCONHz, NHCSNHz, 

-NHSOz-Q-Ql;,. or -NHS02-o 
5 · R2

6 
fs hydrogen, alkyl with from l to 6 carbon atoms, 

benzyl, or allyl; 

10 

15 

20 

25 

JO 

35 

R27 and R28 are independently hydrogen, alkyl with from 
l to 5 carbon atoms, or phenyl; 

R29 and R30 are f ndependently alkyl of 1-4 carbon atoms 
or taken together are -(CHz)q-; 

R31 is H, alkyl of l to 4 carbon atoms, -CH2CH=CH2 or 
-CHzC6H4R32; 

R32 is H, H02, HHz, OH or OCH3; 

X f s a carbon-carbon sfngle bond, -CO-, -CH2-
1 

-0-, -s-. 

-NH-, -N- , -CON- , -NCO-, -OCHz-, -CHzO-, 
Jz6 Jz3 *'. Jz3 

. 27 28 23 -SCH2-, -CH2s-, -NHC(R )(R ), -NR so
2
-, 

-so2NR
23

-, -C(R
27

)(R28)HH-, -CH=CH-, -Cf=CF-, 

-CH=CF-, -CF•CH-, -CHzCHz-· -CFzCFz-· ~· 

fR14 1coR11 _V_Rzs R290\ ,ORio 
-CH- , -CH- ~. or -C- : 

Y is O or S: 

Z 1s O, NRll, or S; 
m f s 1 to 5; 

n 1s l to 10; 

p 1s o to 3; 

q ·1s 2 to 3; 
r 1s O to 2; 

s · 15 o to 5; 

t f s O or· 1: 

• 
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and pharmaceutically acceptable salts of these 

compounds; 
provided that: 

(1) the Rl group is not 1n the ortho pos1t1on; 

(2) when R
1 

1s -X~ X Is a single bond, 

R2 

N-N 

and R
13 

f s co2H, or,/( ,~ , then R13 must 
N 
H 

be f n the ortho or meta position; or when Rl 

and X are as above and Rl3 1s NHSOzCF3 or 

NHS02CH3, Rl3 must be ortho: ... 

h 
(3) when R

1 
1s -X~ and X 1s <>ther than 

R2 

a single bond 1 then Rl3 must be ortho except 

when X = NR23co and Rl3 f s NHS02CF3 or 

NHS02CH3, then R13 must be ortho or meta; 

(4) when Rl f s 4-C02H or a salt thereof, R6 cannot 

be S-alkyl; 

(5) when Rl f s 4-COzH or a salt thereof, the 

substltuent on the 4~pos1t1on of the 1m1dazole 

cannot be CHzOH. CH20COCH3, or CH2C02H: 

CF~ . 

(6) when Rl Is -~ , f!6 1s not methoxy­

benzyl: 

SUBSTfTUiE SHEET 
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(7) the R6 group 1s not -CHCH2CH2CH3 or CHzOH; 

i 

5 
Preferred for the1r ant1hypertens1ve act1v1ty 

are novel compounds hav1ng the fonnula: 

Ni7 " , . 10 R6,J(N R8 
I (Il) 

15 
Q 

R1 
wherein 

R'3 
N-N 

o~ R1 is -C02H; -NHS02CF3; ,/( \\ ,N 
N -x 20 H 

or 

25 

R6 1s alkyl of 3 to 10 carbon atoms, alkenyl of 3 to 10 
carbon atoms, alkynyl of 3 to 10 carbon atoms. 
cycloalkyl of 3 to 8 carbon atoms, benzyl ·subst1tuted 
on the phenyl r1ng w1th up to two groups selected 

30 from alkoxy of 1 to 4 carbon atoms, halogen, alkyl of 
1 to 4 carbon atoms, and n1tro: 

35 

0 
RS 1s -(CH2)m-tetrazolyl, -(CH2)nORll; -(CHz)

0
0cR14; 

SUBS-1ru-- nJ·r--.,. I Iii: iliittl 

• • 
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0 R14 
I 

-CH:CH(CH2)sCR16, -CH=CH(CH2) 5 CHOR15; 
0 0 

-(CH2) 0 CR16: -(CH2) 0NH-COR10 ; -(CH2) 0 NHS02RlO; 
0 

-cR16: ·N-N 

PCT/US90/03683 

~). ; 
N 
H 

R16 f s H, alkyl of 1 to 5 carbon atoms, 
NR18Rl9; 

OR17 • o.r 

X 1s carbon-carbon single bond 1 -co-, -CON- 1 

~23 
-CH2CH2-, -NCO-, -OCH2-, -CH20-, -SCH2-, 

123 R.,.. 

-CHzS-, -NHCH2-. -CH2NH- or -CH=CH-: and 

pharmaceutically a~ceptable salts of these 
compounds. 

More preferred are compounds of the preferred 
scope where: 
R2 1s H, alkyl of 1 to 4 carbon atoms, halogen, or 

alkoxy of 1 to 4 carbon atoms: 
R6 1s alkyl, alkenyl or alkynyl of 3 to 7 carbon atoms; 
R7 1s heteroaryl selected from 2- and 3-th1eny1 1 2- and 

3-furyl. 2-. 3-, and 4-pyr1dy1, or p-b1phenylyl, 

-so·. -sO = 



' 

5 

10 

15 

15 

0 
8 11 .. 14 R is -(CH2)mOR ; -(CH2)mOCR ; 

0 0 
.. 16 u 10 -(CH2)mCR : -CH2NHCOR ; 

-(CH2)mNHS02RlO; or -CoR16; 

R14 
I 

-CH=CH-CHOR15; 

PCT /US90/03683 

RIO 1 s CF3 1 a·l kyl of 1 to 6 carbon atoms or phenyl: 
Rll 1s H, or alkyl of 1 to 4 carbon atoms; 
R13 1s C02H; C02CHiQCOC(CH3)3; HHS02CF3 

N-N 
or ,( ,'N ; 

N 
H 

R14 1s H, or alkyl of 1 to 4 carbon atoms; 
$" 

R15 ts H, alkyl of l to 4 carbon atoms, or·acyl of 1 to 
4 carbon atoms; 

R16 fs H, alkyl of 1 to 5 carbon atoms; OR17: or 

20 -o. 
25 

30 

35 

m 1s l to 5; 
X = sfngle bond, -0-; -CO-: -NHCO-; or -OCHz-; and 

pharmaceutically acceptable salts. 

Note that throughoui_.the text when an alkyl 
subst1tuent 1s ment1oned, the normal alkyl structure is 
meant (i.e., nutyl 1s n-butyl) unless otherwise 
spec1f1ed. 

Pharmaceutically suitable salts 1nclude both the 
metallic (1norgan1c) salts and organic salts: a list of 
which 1s g1ven 1n Rem1nqton•s Pharmaceutical Sciences, 
17th Ed1t1on, pg. 1418 (1985). It 1s well known to one 
skf lled 1n the art that an appropr1ate salt form 1s 
chosen based on physical and chemical stab111ty, 

-------- ----·-·---

SUBSTITUTE SHEET 
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flowab1lfty, hydroscop1c1ty and solubility. Preferred 
salts of this 1nvention for the reasons cf ted above 
include potassium, sodium. calcium and ammontum salts. 

Also w1th1n the SCQpe of this 1nvent1on are 
5 pha.rmaceut1cal compos1t1ons compr1s1ng a suitable 

pharmaceutical carrier and a compound of Fonnula (I), 
and methods of using the compounds of Formula (I) to 
treat hypertension and congest1ve heart failure. The 
pharmaceutical compos1t1ons can optionally contain one 

10 or more other therapeut1c agents, such as a d1uret1c or 
a non-steroidal ant11nflammatory drug. Also wfthfn the 
scope of this 1nventfon Is a method of preventing renal 
failure result1ng from admfn1strat1on of a non­
sterofdal ant11nflammatory drug (NSAID) which comprises 

15 admf n1stering a compound of Formula {I) f n stepwise or 
physical combfnat10t1 with the NSAID. The compounds of 
this 1nvent1on can also be used as d1agnost1c agents to 
test the renin ang1otens1n system. 

It should be noted 1n the forego1ng structural 
20 formula, when a radical can be a subst1tuent in more 

than one previously defined radical, that first radical 
can be selected independently 1n each previously 
defined radical. For example, Rl, R2 and R3 can ea~h 
be CONHOR12. R12 need not be the same substituent 1n 

25 each of Rl, R2 and R3 but can be selected Independently 
for each of them. · 

Detailed Oescr1pt1on 
Synthesis 

30 The novel compounds of Formula (I) may be prepared 
using the reactions and techniques described 1n th1s · 
section. The react1ons are performed 1n a solvent 
appropriate to the reagents and materials employed and 
su1table for the transformat1on be1ng effected. It 1s 

35 understood by those sk11led in the art of organ1c 
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synthesis ~hat the functtona11ty present on the 
im1dazole and other portions of the molecule must be 
consistent w1th the chemical transformations proposed. 
Th1s will frequently necess1tate judgment as to the 

5 order of synthetic steps, protecting groups requ1red. 
deprotectton cond1t1ons, and activation of a benzyltc 
position to enable attachment to nitrogen on the 
imidazole nucleus. Throughout the following section, 
not all compounds of Formula (I) falling 1nto .a gtven 

10 class may necessarfly be prepared by all methods. 
described for th~t class. Substituents on the starting 
materials may be 1ncompat1ble w1th some of the react1on 
cond1t1ons required in some of the methods described. 
Such restrictions to the subst1tuents .which are 

15 compatible with the reaction cond1t1ons will be readtly 
apparent to one sk11fed 1n the art and alternative 
methods described must then be.used. 

20 

25 

30 

35 
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Scheme 1 

X • Br, Cl, Gra, QHs 
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Generally, compounds of fonnula (1) can be 
prepared by direct alkylation onto 1midazole (1), wtth 
an appropr1ately protected benzyl hal1de, tosylate or 
mesylate (l) 1n the presence of base, as shown 1n path 

5 a}. Preferably, the metallic 1m1dazol1de salt 1s 
prepared by reacting 1mfdazole (1} w1th a proton 
acceptor such as MH where M 1s 11th1um, sodium or 
potassium in a solvent such as dimethylformamide (OMF) 

or by reacting 1t w1th a metal alkox1de of formula MOR 
10 where R 1s methyl, ethyl, t-butyl or the 11ke 1n an 

alcohol solvent such as ethanol or t-butanol, or a 
dipolar aprot1c solvent such as d1methylformam1de. The 
1m1dazole salt is· dissolved in an inert aprot1c solvent 
such as DMF, and treated w1th an appropriate alkylating 

15 agent {£). Alternatively, imidazole (1} can be 

alkylated with a benzyl '1a11de (i, wh~re X=Br, Cl) tn 
the presence of a base such as sodium carbonate, 
potassium carbonate, tr1ethylam1ne or pyridine. The 
reaction is run 1n an 1nert solvent· such as DMF or DMSO 

20 at 20°C to the reflux temperature of the solvent for 
1-10 hours. 

For example, the 4-n1trobenzyl intermed1ate 
(3a, wherein Rl = 4-N02. R2 = R3 = H) may be obta1ned 
by direct alkylat1on onto 1m1dazole (!) wtth a 

25 4-nftrobenzyl halide, tosylate or mesylate 1n the 
presence of base. 

As R7 and RB are d1fferent, mixtures of two 
regio1somer alkylat1on products (3b, and le) are 
obtained tn which R7 and Ra are interchanged. When Ra 

30 is CHO the alkyla~ion 1s such that the benzyl group 
becomes attached to the adjacent nitrogen 
preferentially. These isomers possess d1st1nct 
physical and b1olog1cal properties and can usually be 
separated and 1solated by conventional separation 

35 techniques such as chromatography and/or 
crysta111zat1on. 
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· In a 11 ser1 es exam1 ned, the more rapidly 
eluted tsomer of a g1ven pa1r has greater b1olog1cal 
potency than the less rapidly eluted isomer. 

Alternatively, any properly funct1ona11zed 
5 benzylam1ne der1vat1ve (i) may be converted to tmfne 

(§) by treatment w1th an acylam1no ketone (~) 1n the 
presence of an inert solvent such as benzene, toluene, 
or the 11ke, and a catalytic amount of p-toluene­
sulfonic ac1d or molecular sieves, N. Engel, and 

10 W. Stegltch, l1ebigs Ann. Chem., 1916, (1978), or 1n 
the presence of alumina, F. Texter-Boulet, Synthesis, 
679 (1985). The resulting imine (~) can be cyclized to 
the N-benzyl 1midazole (1) with pho~phorus penta­
chloride (PCl5), phosphorus oxychlor1de (POC13) or 

15 triphenylphosphine (PPh3) in dichloroethane 1n the 
presence of a base such as tr1ethylam1ne, N. Engel and 
W. Steg11ch, L1eb1gs Ann. Chem., 1916, (1978). 

Acylamtno ketone (~) 1s readtly obtainable 
from am1no acids via the Oak1n-West reaction, H.O. 

20 Dakin, R. West, J. B1ol. Chem., 78, 95 and 745 (1928), 
and various modfffcations thereof, W. Stegl1ch, G. · 
Hofle 1 Angew. Chem. Int. Ed. Engl., §, 981 (1969): G. 
Hofle, W. Steglich, H. Vorbruggen, Angew. Chem. Int. 
Ed. Engl., ll, 569 (1978); W. Steg11ch, G. Hofle, 

25 Ber., 102, 883 (1969), or by selective reduction of 
acyl cyanides, A. Pfaltz, S. Anwar, Tet. Lett •. 2977 
(1984). or from a-halo, ~-tosyl or a-mesyl ketones v1a. 
the appropriate substitution reactions that one skilled 

30 

1n the art w111 readily recognize. 
The functtonalf zed benzylam1nes (!) may be 

made from the corresponding benzyl halide, tosylate or 
mesylate (Z) via displacement with a nitrogen 
nucleophfle, a procedure famflfar to one skilled 1n the 
art. Th1s displacement may be achieved using az1de 

35 1on, anunon1a 1 or phtha11m1de an1on, etc •• 1.n a neutral 
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solvent such as dimethylformamfde, d1methylsulfox1de 
etc., or under pµase transfer conditions. The benzyl 
halide (l) may be made by a variety of benzy11c halo­
genation methods fam11ta~ to one sk11led 1n the art, 

5 for example benzy11c bromfnatfon of toluene der1vat1ves 
w1th N-bromosucc1n1m1de 1n an 1nert solvent such as 
carbon tetrachloride in the presence of a rad1cal 
1n1t1ator such as benzoyl peroxide at temperatures up 
to reflux cond1t1ons. 

10 A w1de var1ety of toluene der1vat1ves may be 
made fr~m simple electroph111c subst1tutton reactions. 
on an aromatic rf ng. Thf s includes n1trat1on, 
sulfonatfon. phosphorylation, Fr1edel-Crafts 
alkylat1on, Fr1edel-Crafts acylat1on, halogenation, and 

15 other sim11ar reactions known to one skilled 1n the 
art, G. A. Olah, •fr1ldel-Crafts and Related 
Reactions," Vol. 1-5, Intersc1ence, New York, (1965). 

Another way to synthes1ze funct1onal1zed 
benzyl halides 1s v1a chloromethylat1on of the 

20 corresponding aromatic precursor. Thus. the 
appropr1ately substituted benzene ring may be 
chloromethylated with formaldehyde and hydrochloric 
acid (HCl) for example w1th or wtthout an 1nert solvent 
such as chloroform, carbon tetrachloride, 11ght 

25 petroleum ether or acetic ac1d. A lew1s acid such as 
zinc chloride (ZnCl2) or a mineral ac1d such as 
phosphoric acid may also be added as a catalyst or 
condensing agent, R. C. Fuson, c. H. McKeever, ~ 
Reactions, 11 63 (1942). 

30 Alternatively, N-benzyltmtdazoles (1) can also 

35 

be prepared as shown 1n path b) by formf ng an R6 sub­
stituted am1d1ne (Z) from an appropriately substituted 
benzylamf ne (!) whtch fs fn turn reacted with an 
a-haloketonet a-hydroxyketone (§), a-haloaldehyde, or 
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a-hydroxyaldehyde, F. Kunckell, Ber •• 34, 637 
(1901). 

PCT /US90/03683 

As shown 1n path a), 1m1dazole (!) may be 
alkylated by a var1ety of benzyl der1vat1ves. These 

5 include compounds w1th latent acid funct1onal1t1es such 
as o, m, and p-cyanobenzylhal1des, mesylates or 
tosylates pS shown tn path c). Nitriles of formula (2) 
may be hydrolyzed to carboxylfc ac1ds of fonnula (10) 

by treatment w1th strong acid or alka11. Preferably, 
10 treatment w1th a 1:1 (v/v) m1xture of concentrated 

aqueous hydrochloric ac1d/glac1al acetic acid at reflux 
temperatures for 2-96 hours or by treatment w1th lN · 
sodium hydroxide fn an alcohol solvent such as ethanol 
or ethylene glycol for 2-96 hours at temperatures from 

15 20°c to reflux can be used. If another nitr11e group 
1s present it will 'also be hydrolyzed. The n1tr11e 
functionality can also be hydrolyzed 1n two steps by 
f1rst stirring in sul_fur1c ac1d to form the amide 
followed by hydrolysis w1th sodium hydroxide or a 

20 mineral ac1d to give the carboxy11c ac1d (10). 

The n1tr1les (2) can be converted into the 
corresponding tetrazole der1vat1ve (11) by a var1ety of 
methods using hydrazo1c acid. For example, the n1tr1le 
can be heated with sodium azide and ammonium chloride 

25 1n OMF at temperatures between 30°C and reflux for 1-10 
ct·:1s, J. P. Hurw1 tz and A. J. Tomson, J. Org. Chem,. 
~. 3392 (1961). Preferably, the tetrazole ts prepared 
by the 1,3-dipolar cycloadd1t1on of tr1alkylt1n or 
tr1arylt1n az1des to the appropr1ately substituted 

30 n1trile as described 1n detail by Scheme 15. 

35 

The start1ng 1m1dazole compounds (!) are 
read11y ava11able by any of a number of standard 
methods. For example, acylam1noketone (~) can be 

cyc11zed w1th ammonia or equ1valents thereof, ~· 

Davidson, et at., J. Org. Chem., z. 319 (1937) to the 
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corresponding 1m1dazole as shown 1n Scheme 1. The 
corresponding oxazole can.also be converted to 
1mtdazole (1) by action of ammonf a or amines 1n 
general, H. Bredereck, et al., Ber,. 88, 1351 (195.5); 

5 J. W. Cornforth and R.H. Cornforth, J. Chem_Soc., 96, 
(~947). 

Several ·alternat1ve routes to 1m1dazoles (1) 

are illustrated in Scheme 2. As shown in Scheme 2 
equation a), reaction of the appropriate R6 subst1t11ted 

10 1m1date esters (ll) w1th an appropriately substituted 
a~hydroxy- or a-haloketone or aldehyde (§) 1n ammonia 
leads to im1dazoles of formula (l), P. Dz1uron, and 
W. Schunack, Archiv. Pharmaz., 307 and 470 (1974). 

The starting imidazole compounds (1) wherein 
15 R7 and Ra are both hydrogen can be prepared·as shown in 

equat1on b) by reactioR of the appropriate 
R6-subst1tuted 1m1date ester (12) w1th a-. -
am1noacetaldehyde dimethyl acetal (.11), M. R. Grimmett, 
Adv. Heterocyc11c Chem,, 12, 103 (1970). 

20 As shown 1n equation c), 1m1dazole (15; 
where1n R7 = hydrogen and Rs = CH20H) can be prepared 
by treatment of the 1m1date ester (12) with 
1,3-d1hydroxyacetone (14) 1n ammon1a by the procedure 
described 1n Archive der Pharmaz1e, 307, 470 (1974). 

25 Halogenat1on _of fm1dazole (15) or any 1m1dazole wherein 
R7 or Ra 1s hydrogen 1s preferably accomplfshed by 
reactfon w1th one to two equivalents of N­
halosucc1n1m1de fn a polar solvent such as dfoxane or 
2-methoxyethanol at a temperature of 40-100°C for 1-10 

30 hours. Reactfon of the halogenated fmfdazole (16) w1th 
a benzylhal1de {2) 1n the manner descr1bed 1n Scheme l 
affords the correspond1ng N-benzy11m1dazole (ll); 
where1n R7 fs halogen and RS fs CH20H}. Thfs procedure 
1s descrfbed 1n U.S. Patent 4,355,040. Alternatively, 

35 
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tmfdazole (!I) can be prepared by the procedure 
described 1n ·U.S. Patent 4,207,324. 

Compounds of formula (11) can also be prepared 
by treatment of the startfng 1m1dazole compound (1) 
wheref n R7 and RB are both hydrogen, with the 
appropriate benzyl halide followed by funct1onalizat1on 
of R7 and R8 by treatment with fonnaldehyde as 
described 1n E. F. Godefro1, et al., Recue11, 91, 1383 
(1972) followed by halogenat1on as was descrfbed above. 

10 As shown 1n equat1on d) the 1m1dazoles (1) can 
also be prepared by reaction of R6 substituted am1d1nes 
(18) wf th an a-hydroxy- or a-haloketone or aldehyde (~) 

as des·cr1bed by F. Kunckel, Ber. 1 34, 637, (1901}. 
Compounds of Formula (1) wherein Rs= CH20H can 

15 be prepared as shown 1n equation e). The 1m1dazoles 
(!) were preparecf'as described ~n L. A. Reiter, J. Org. 
Chem., 52, 2714 (1987). Hydroxymethylat1on of(!) as 
descr1bed by u. Kempe, et aL 1n U.S. Patent 4,278,801 
provides the hydroxymethyl1m1dazoles (la). 
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Scheme 2 (cont1nued) 
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As shown in Scheme 3, path a) for 
benzy11m1dazoles (ll.) where Ra = CH20H, the 
hydroxymethyl groups may.be easily converted to the 
correspondfng halide, mesylate or tosylate by a variety 

5 ·of methods fam111ar to one skilled 1n the art. 
Preferably, the alcohol (!I) 1s converted to the 
chlor1de (25} w1th thionyl chloride 1n an inert solvent 
at temperatures of 20°C to the reflux temperature of 
the solvent. 

10 Chloride (~) may be displaced by a variety of 
nucleoph11es by nucleoph111c displacement react1on 
procedures familiar to one skilled 1n the art. For 
example, excess sodium cyanide 1n OMSO may be used to 
form cyanomethyl derivat1ves (26) at temperatures of 

15 20°c to 100°c. 
Nitrf le (26) may be hydrolyzed to an acet1c ,,. 

acid der1vat1ve {27), by a variety of methods. These 
methods include methods described previously for the 
hydrolysis of nttr11es of formula (2). Examples of 

20 des1re~ acids and bases for this hydrolysis fnclude 
mineral actds such as sulfurtc actd, hydrochloric actd. 
and mixtures of either of the above with 30-50% acetic 
acid (when solub111ty 1s a problem), and alkali metal 
hydroxides such as sodtum hydroxide or potassium 

25 hydroxide. The hydrolysis reaction proceeds under 
heat1ng at temperatures ranging from 50-160°C for 2-48 

hours. Carboxy11c acid .(zz.) may be ester1f1ed by a 
var1ety of methods w1thout affecting other parts of the 
molecule. Preferably. (Zl) 1s refluxed 1n a 

30 hydrochloric acid/methanol solution for 2-48 hours 
to g1ve ester (~). 

Ester (~) may be hydrolyzed to carboxylic 
actd (21.}, for instance, after Rt, R2 and R3 have been 
elaborated. Var1ous ·methods, ac1d1c or basf c, may be 

35 used. For example, compound (Z§.) f s stirred with O.Sfi 
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potassium hydroxide in methanol, or 1f base soluble, 1t 
is stirred in l.Oli sodium hydroxide for 1-48 h at 20°c 
to reflux temperatures. 

Hydroxymethyl der1vat1ve (17) may be acylated 
5 to give (29) by a var1ety of procedures. As shown in 

path b) acylat1on can be achieved w1th 1-3 equivalents 
of an acyl hal1de or an anhydr1de 1n a solvent such as 
d1ethy1 ether, tetrahydrofuran, methylene chlor1de or 
the like in the presence of a base such as pyr1d1ne or 

10 · triethylam1ne. Alternat1vely (17) may be acylated by 
reaction with a carboxylic acid and d1cyclohexylcarbo­
d1imide {DCC) in the presence of a catalytic amount of 
4-{N,N-d1methylam1no)pyrtd1ne (OMAP) v1a the procedure 
described by A. Hassner, Tet. Lett., 46, 4475 (1978). 

15 Treatment of (12) w1th a solution of carboxy11c ac1d 
anhydr1de 1n pyr1d1ne optionally w1th a catalyt1c 
amount of OMAP at temperatures of 20-100°c for 2-48 
hours 1s the preferred method. 

The ether (Jo)· can be prepared from the 
20 alcohol (17) as shown 1n patn c) by methods such as 

treatment of (17) in a solvent such as 
dimethylfonnamtde or dimethylsulfox1de wtth potassium 
1-butox1de, sodium hydride, or the like followed by 
treatment w1th Rlll at 25°C for 1-20 hours, where L 1s 

25 a halogen, tosylate or mesylate. 
Alternatively, treatment of {11) w1th 1-5 

equivalents of th1onyl chloride 1n chloroform for 2-6 
hours at 25°C followed by treatment of the 1ntermed1ate 
(~5) w1th 1-3 equivalents of MORll, where M 1s sodtum 

30 or potassium, for 2-10 hours at 25°C either in Rl~oH as 
solvent or tn a polar solvent such as d1methylform­
amtde or the 11ke w111 also y1eld ether (12,). 

35 

The ether {30} can also be prepared for 
example by heating (11) for 3-15 hours at 60-160°C 1n 
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RlloH containing an 1norgan1c acid such as a 
hydrochloric actd or sulfuric acid. 

N-arylimfdazoles of formula I (compounds 
wherein r=o) can be prepared by the following methods, 

5 1t betng understood by one sk1 lled 1n the art that 
certain manipulations, protecting and deprotecting 
steps, and other synthetic procedures df sclosed above 
may be necessary to produce compounds with the desired 
comb1nat1ons of R6, R7, RB and Rl3. 

10 As shown in Scheme 4, equatfon a) the reaction 
of an111ne dertvat1ve (34) wfth 1m1date ester (12) to 
form the substituted am1d1ne (35) provides material 
whfch can be cyclfzed with d1hydroxyacetone to form 
structure· (36). Subsequent elaboration fnto (I) 

15 provides the N-ary11m1dazole compounds of the 
invent ton. t1· 

Alternatively as shown by equation b) the 
Marckwald procedure, described by Marckwald et al., 
~. 22, 568, 1353 (1889}; Ber., 25, 2354 (1892) can 

20 form a 2-mercapto1m1dazole (38) from an111ne der1vat1ve 
(34) v1a 1soth1ocyanate (1Z). Desulfurizatton of (38) 

with dilute n1tr1c acfd followed by anion format1on at 
the 2-posf tfon of the 1mfdazole (39) and reaction wfth 
R6X where X fs Cl, Br, I, allows the formation of (40) 

25 wh1 ch can be subsequently elaborated to I. 

A varf atfon of Marckwald's process as shown fn 
equation c) using an a-am1noketone (!l) and 
isothfocyanate (37) can also be employed, see Norris 
and McKee, J. Amer. Chem. Soc., 77, 1056 (1955) can 

30 also be employed. Intermed1ate (!Z.) can be converted 
to (I) by known sequences. The· general pr0cedure of 
Carboni et 41., J, Amer. Chem. Soc., 89, 2626 (1967) 
(111ustrated by equatfon d)) can also be used to 
prepare N-aryl substituted 1m1dazoles from appropriate 

35 haloaromat1c compounds (43; X=F, Cl, Br) and imtdazoles 
(1): 

----------- --------- -
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Schem_!L_! (continued) 
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In var1ous synthetic routes Rl, R2 and R3 do 
·not necessarily rema1n the same from the start1ng 
compound to the final products, but are often 
man1pulated through known reactions 1n the 1ntenned1ate 
steps as shown 1n Schemes 5-22. All of the 
transformations shown in Schemes 5-10 and 1Z can also 
be carried out on the terminal aromatfc r1ng (1.e., 
b1phenyl ring). 

> 

Scheme 5 

.. ~· 
·~ :r•' a'"'u toJ ) 

I 
(CH2>r 

a2{)-
•' 

As shown 1n Scheme 5, compounds where Rl 1s a 
sulfonic acid group may be prepared by oxidation of the 

25 corresponding th1ol (45). Thus, an N-benzylim1dazole 
derivative bearing a th1o1 group may be converted into 
a sulfonic ac1d (46) by the action of hydrogen 
peroxide, peroxyac1ds such as metachloroperoxybenzo1c 
actd, potassium permanganate or by a variety. of other 

30 ox1diz1ng agents, E. E. Refd, Organic Chemistry of 
Bivalent Sulfur,· 1, Chemical Pub11sh1ng Co., New York, 
120-121 (1958). 

Aromatic hydroxy or thfol groups are obta1ned 
from deprotect1on of the corresponding alkyl ether or 

35 th1oethers. Thus, for example, a methyl ether or ~ 
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methyl th;oether derivative (44) of an N-benzylimid­
azole conta1n1ng one or more aromatic r1ngs may be 
converted 1 nto the free pheno 1 or thl opheno l ( 45) by 
the action of boron tribrom1de methyl sul f1de, P. G. 

5 W1llard and C. F. Fryhle, Tet. Lett.,·z.l, 3731 (1980); 
tr1methyls11yl 1odfde, M. E. Jung and M. A. Lyster, 
!L_ Org. Chem., 42, 3761 (1977)i KSEt and derfvatives 
thereof, G. I. Feutr11l, R. N. M1rrington, let. Lett,, 
1327, (1970), and a variety of other reagents. 

10 Alternatfvely, N-benzylfmfdazoles may be 
sulfonated by st1rr1ng with H2S04 at a variety of 
different concentrations or with other sulfonating 
agents such as chlorosulfon1c acid or sulfur trioxide 
with or without complexing agents such as d1oxane or 

15 pyr1d1ne at temperatures from o to 200°c w1th or 
without solvent,~K. LeRo1 Nelson 1n Friedel-Crafts and 
Related Reactions, III part 2, G. A. Olah, ed., 
Interscfence Publ., 1355 (1964). 

The synthesis of compounds where Rl is a 
20 sulfate, phosphate or phosphon1c acid are depicted 1n 

Scheme 6: 
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Scheme 6 (continued) 

ct . ,,. 
~,~,.1 

. ~~~, 
• JIClJ C'.Jll! > J!. •' •' . a' II • I (CH2>r • (CH2>r . 

,.2~ .. 2- 2~· ~ 10.r-· 
10 

,., 
•' 

$3 S-' X • IF 4 , 111' I, lnc:l.J ~ ,,...-

!~ 
15 

[$•' Jt •' •' . 
I 

• JIC1 

4:¥: 20 

Jt2 &! 
13 52 .,,.,,,,, 

d>. s~a1 

-~·· ·25 Jt ,,, 
J!. •' ,,, . • CbOJ~ bv ~ •' . ~ 52 I I ,...,,, 

(CH2lr 

~ • A'-. Rt. ti halogen ~k ,.2 ,_2 CCU 

30 . • •' 55 ;!-""-

I CEU>t~ 1'. 
~ ex • ~ £: • 

35 

Thiii{i1ir 
SUBSTliUTE SnEET 



o~J. 

37 

N-Benzylimidazoles conta1n1ng a phenolic 
hydroxyl group (47) may be read11y converted into 

PCT /US90/03683 

the corresponding sulfate (48) or phosphate (49). As 
shown fn equation a), react1.on of the phenol wfth a 

5 sulfur trioxtde-amine complex will give the 
corresponding sulfate (48), E. E. Gilbert, Sulfonat1on 
and Related Reactions, Interscience, New York, chapter 
6 (1965). React1on of the phenol (47) w1th phosphorus 
pentachloride followed by hydrolysis wfl l give the 

10 corresponding phosphate (49). G. M. Kosolapoff, 
Organophosphorus Compounds, John Wiley, New York, 

235 (1950). 
·As shown in equation b) N-benzylimidazoles may 

be converted into the corresponding phosphon1c ac1ds by 
15 reaction with phosphorus trichloride (PCl3) .and 

aluminum chloride (Ale13) 1n an inert solvent for 
0.5-96 hours from temperatures of 25·°C to the reflux 
temperatures of the solvent. Appropriate workup 
followed by reaction w1th chlorine (Clz) and subsequent 

20 hydrolysis of the tetrachloride (2.1..) gives the 
phosphon1c ac1d der1vat1ve (52), G. M. Kosolapoff 1n 
Org. Reactions, 2, R. Adams, editor, John Wiley and 
Sons, New York, 297 (1951). Another more direct route 
involves reaction of t~e N-benzylim1dazole w1th PSCl3 

25 and A1Cl3 followed by hydrolysis, R. S. Edmunson 1n 

Comprehensive Organic Chemistry, Vol. z. D. Barton and 
W. O. 0111s ed1tors, Pergamon Press, New York, 1285 
(1979). 

Alternatively, equation c) illustrates that 
30 aryl phosphon1c ac1ds (21) may be formed from reaction 

of the corresponding d1azonium salt (53) w1th PCl3 1n 
the presence of Cu(I) followed by hydrolysis with water 
(1bid, p. 1286). 

As shown 1n equation°d), the aryl halides (55) 
35 may be photolyzed 1n the presence of phosph1te esters 
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to g1ve phosphonate esters (56), R. Kluger, J. l. W. 
Chan, J. Am. Chem. Soc., 95, 2362, (1973). These same 
ary1 hal1des also react with phosph1te esters fn the 
presence of n1ckel or palladium salts to g1ve 

5 phosphonate esters, P. Tavs,· Chem. Ber., 103, 2428 
(1970), wh1ch can be subsequently converted to 
phosphonic acids (52) by procedures known to one 
skilled 1n the art. 

N-Benzyl1m1dazoles contatntng an aldehyde or 
10 ketone (57) may be reacted with a phosphorus triha11de 

followed by water hydrolysis to give a-hydroxyphos­
phonic acid derivatives, G.M. Kosolapoff, op. cit., 
304, as shown in Scheme 7. 

15 Scheme 7 
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Compounds where Rl is -CONHOR12 may be 
. prepared as shown 1n Scheme 8, by the treatment of a 

carboxylic acid (10) w1th 1-4 equivalents of th1onyl 
chloride for 1-10 hours. Th1s react1on can be run 

5 w1thout solvent or 1n a nonreactive solvent such as 
benzene or chloroform at temperatures of 25-65°C. The 
1ntermed1ate acid chloride is then treated with 2-10 
equivalents of the app~opr1ate am1ne derfvatfve, H2N­
OR12, for 2-18 hours at temperatures of 25-80°C 

10 in a polar aprot1c solvent such as tetrahydrofuran or 
dimethylsulfox1de to give the hydroxam1c acid (59). 

15 

20 

25 

30 

Scheme 8 

.ina· 

Alternatively, the carboxy11c ac1d {.IQ) can be 
converted to the hydroxam1c ac1d (59) according to the 
procedure 1n J, Med. Chem., ~. 1158 (1985) by 

35 employing d1cyclohexylcarbod1fm1de, 1-hydroxybenzo-
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triazole, arid H2NOR12 or according to the procedure 
descr1bed 1n Synthesis, 929 (1985) employing the 
Vilsmeier reagent and HzNOR12. 

Compounds where Rl is -CONHS02Ar (59a, 
5 Ar=phenyl, o-tolyl, etc.) may be produced by treatment 

of the 1ntermedf ate ac1d chlorides from the preparation 
of the hydroxam1c acids (59), wtth ArS02NHNa. 
Alternatively, these acylsulfonam1des (59a) can be 
prepared from the carboxylic ac1ds (10) through the 

10 corresponding N,N-d1phenylcarbamoy1 anhydr1des (lOa) as 
descr1bed by F. J. Brown, et al. 1n Eur. Pat. Appl. 
EP 199543 (see Scheme 8). 
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Anil1ne intermediates (63) are disclosed in 
U.S. Patent No: 4,355,040 and may be obtained from the 
corresponding nitro compound precursor by reduction. A 
var1 ety ·of reductton procedures may be used such as 

5 iron/acetic acid, 0. c. Owsley, J. J. Bloomfield, 
Synthesis, 118, (1977), stannous chloride, F. D. 
Bellamy, Tet. Lett,, 839, (1984) or careful hydro­
genation· over a metal catalyst such as palladium. 

As shown in Scheme 9, anf 11ne intermediates of 
10 N-benzy11m1dazoles may also be prepared from the corre­

sponding carboxy11c acid (10) or acid chloride via a 
Curtius rearrangement of an intermediate acyl az1de 
(60). More modern methods include using d1pheny1-
phosphoryl azide as a source of azide, T. Sh1oir1, 

15 K. Ninomiya, s .. Yamada, J. Am. Chem. Soc., 94, 6203 
v· 

(1972), and trapping the intermediate isocyanate (61) 
produced by the Curtf us rearrangement with 2-trfmethyl­
silylethanol and cleaving the resultant carbamate (62) 
·with fluoride to lfberate the amine (63), T. L. Capson 

20 and c. D. Poulter, Tet. Lett., Z2, 3515 {1984). 

25 

30 

35 

Classical procedures familiar.to one sk1lled in the art 
may also be employed. 

Compounds where Rl 1s -SOzNHz may be made 
as shown 1n Scheme 10: 
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Scheme 10 

65 
N 

Sulfonam1de compounds (65) may be made by 

PCT/US90/03683 

15 react1nQ an arylsulfonyl chloride (64) w1th anmon1a, or 
its equivalent. Unsubst1tuted arylsulfonam1des are 
made by reaction w1th ammonia in aqueous solut1on or 1n 
an 1nert organic solvent, F. H. Bergheim and W. Braker, 
J, Am. Chem. Soc., 66, 1459 {1944), or w1th dry 

20 powdered ammonium carbonate, E. H. Huntress and J. S. 
Autenrieth, J. Am. Chem. Soc., ~. 3446 (1941); E. H. 
Huntress and F. H. Carten, J. Am. Chem. Soc., 62, 511 
(1940). 

The sulfonyl chlor1de precursor may be 
25 prepared by chlorosulfonation w1th chlo.rosulfon1c add 

on the aromatic r1 ng d1 rectly, E. H. Huntress. and F. H. 
Carten, ib1d.; E. E. Gilbert, op. c1t., 84, or by 

reacting the corresponding aromatic d1azon1um chloride 
salt (.21) with sulfur dioxide in the presence of a 

30 copper catalyst, H. Meerwe1n, et al., J. Prakt. Chem., 
[11], 12Z,, 251 (1939), or by reacting the aromatic 
su1fon1c acid (46) with PCl5 or POC13 1 C. M. Suter, 
The Organic Che~1strv of Sulfur, John W11ey, 459 
(1948). 

35 
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Linked ester compounds of formula (I) where Rl 
0 

is -C02CH(R24)ocR21 can be ma.de by procedures well 
known in pen1c111 f n and cepha 1 ospor1 n. chem1 s'try. The 

5 purpose is to provide materials which are more 
lipophilic and which will be useful orally by rapid 
transit from the gut into the bloodstream, and which 
will then cleave at a suff1c1ently rapid rate to provide 
therapeutically useful concentrations of the a~t1ve 

10 carboxylic acid form. The following review articles and 
references cited therein discuss this concept and the 
chemistry involved tn preparing such compounds V. J. 
Stella, et al., Drugs, 29, 455-473 (1985): H. Ferres, 
Drugs of Today. 19 (9), 499-538 (1983); A • .A. Sfrkula, 

15 Ann. 'Repts. Med. Chem., 10, 306-315 (1975). 

20 

25 

30 

35 

Experimental procedbres which are applicable to 
the preparation of chemically stable linked esters are 
illustrated by equations a-e of Scheme 11. 
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Scheiae 11 

(a) RC02Na + (CH3)3CC02CH2Bt --> BC02CH20COC(CH3)3 

10 66 
~ ,...,,, 

. < 

G. Francheschi et al •• :J. Antibioticc. 3£. ('7). f. 

(b) 

(C) 

938-941 ("1983). 

e 
RCO~ + 

rl . 
(CH3}2NCON(CH3)2 + ClCHOCOC(CH3)3 

CH3 l . 
I 

RC02CHOCOC(CH3)3 

6'7 
,.J 

J. BudaviQ.. U.S. Patent C.CC0.942 

82c 

I 
BC02CH-OCOCHCHzCOzCH3 I . •2 

~ 
B. Daehne et al •• C.B. Patent 1.290.'787 

a2C 
I 

(d) RCOzH ---> RCOzCHCONll22a23 

'' """' Perres. Chem. Ina •• ClS-CIO (1110) 
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8
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Clayton et al., Antimicrob. Agents Chemotherapy, 

~. (6), 670-671 {1974) 

"):•' In equat1 ons a-e: R= •'~ 
N a7 

•2~ 
Compounds of Formula I where RI 1s -C(CF3)20H 

may be prepared as shown 1n Scheme 12. 

----- _____ : ________ _ 
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Scheme 12 
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Hexafluoro1sopropanol compounds {72) may be 

prepared by treatment of aryls1lane (Z!.) w1th 1-5 

OH 

equivalents of hexafluoroacetone 1n a solvent such as 
methylene ch 1 or1detr_at temperatures rang1 ng from about 

-50° to 25°C for a per1od of 2-10 hours. The requ1s1te 
arylsf'lane (Zl) can be prepared using methods known to 

one sk11led 1n the art such as the procedures descr1bed 

20 in Chapter 10 of Butterworth's •s111con in Organic 
C.hemi stry11

• 
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Scheme 13 
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As shown fn Scheme 13, compound (73) 1n wh1ch X= 
-NHCO and R13= -COOH may be easily prepared, for 
example, by reacting aniline precursor {63) with a 
phthalic anhydride derivative in an appropriate solvent 
such as ben~ene, chlorofonn, ethyl acetate, etc. Often 
the carboxylic acid product will precipitate from 
solution w1th the reactants rema1n1ng behind, 
M.L. Sherrill, f.l. Schaeffer, E.P. Shoyer, J. Am. Chem. 
Soc., 50, 474 (1928). 

When R13•NHSOzCH3, NHSOzCF3 or tetrazolyl (or a 
variety of other carboxylic acid equivalents), c~mpound 

(73) may be obtained by reacting aniline (63) with the 
requisite acid chloride by either a Schotten-Baumann 
procedure, or simply stirring 1n a solvent such as 

15 methylene chloride in the presence of a base such as 
sodium bicarbonate"". pyridine, or triethylam1ne. 

likewise, an111ne (63) may be coupled with an 
appropr1ate carboxylic ac1d v1a a variety of am1de or 
peptide bond fonn1ng reactions such as DCC coupling, 

20 azide coupling,_ mixed anhydride synthesis, or any other 
co~pling procedure familiar to one skilled in the art. 

Anf11ne der1vat1ves (63) w111 undergo reduc~1ve 
am1nat1on with aldehydes and ketones to form secondary 
amines {74). Thus the an111ne 1s f1rst stirred w1th the 

25 carbonyl compound 1n the presence of a dehydrat1on 
catalyst such as molecular s1eves or p-toluenesulfon1c 
acid. Afterwards the resultant 1m1ne 1s reduced to the 
amine wf th a borohydr1de reducing agent such as sodtum 
cyanoborohydride or sodium borohydr1de.. Standard 

30 · catalytic hydrogenation reagents such as hydrogen and 
palladium/carbon can also be emp°loyed. 

Alternatfvely, anf lfne (~) may be monoalkylated 
by reaction with ethyl formate followed by reduction 
with, for example, lithium alumtnum hydride to produce 

35 the N-methyl derivative (74). An111nes (74) may in turn 
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be reacted w1th carboxyltc ac1d anhydr1des and ac1d 
chlorides or carboxy11c ac1ds by any of the coup11ng 
procedures descr1bed previously to yield (73) where X= 
-N(CH3)CO-. 

5 An1l1ne (63) or (74) or other 1ntermed1ate 
an111nes where the amfno group may be located on another 
aromatic ring for example, also react w1th other 
anhydrid~s to make am1de-carboxy11c ac1d der1vat1ves of 
formula (75). Thus, for example, maleic anhydride, 

10 2,3-naphthalened1carboxy11c acid anhydr1de, and d1phen1c 
anhydride are reacted in a similar fashion to phthalic 
anhydride with an111ne (63) or (74) to yield carboxylic 
ac1.ds (76)". (77). and (78), respectively. 

Phthal1m1de derfvat1ves of aniline (63) may be 
15 made by a variety of methods, preferably by stirring 

aniline (63) wlth phthal1c anhydride )n acet1c acid at a 
temperature between 20°C and reflux, G. Wanag, 
A. Veinbergs, Ber., 75, 1558 (1942), or by stirring {63) 
with phthaloyl chloride, a base such as trfethylamfne, 

20 and an inert solvent. 
1 ·~ 

An111ne (63) may be converted 1nto 1ts tri-. :· 

q fluoromethanesulfonam1de derivative or its 
:i trf fluoroacetamf do derivative preferably by reacting 1t ! 
; 

I I w1th tr1fl1c anhydr1de or tr1fluoroacetfc anhydride and 
25 a base such as tr1ethylam1ne 1n an 1nert solvent such as 

methylene chlorfde at -78°C followed by warming to room ' temperature. 
Compounds of structure (I) where X 1s a carbon-

carbon linkage wh1ch are depicted as (80) can be made as 
30 shown in Scheme 14. 

35 

49 
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Scheme 14 (continued) 
e) 

5 

CH3 Q Q + zna2-

MgX ZnCI 

l 

Br -N~ 

Ct Ni (II) G -CN 
JO 

Equation a) 11 lustrat.es that the b1phenyl com-
15 pounds (80) can be prepared by alkylat1on of 1m1dazole 

(1) w1th the appropr1ate hC3)omethylb1ph~nyl compound 
(79) by the general procedure descr1bed 1n Scheme 1. 

The requ1s1te halomethylb1phenyl 1ntermed1ates 
(79) are prepared by Ullman Coupling of (81) and (§g) as 

20 described 1n 110rganf c Reactions•, z, 6 (1944) to provide 
1ntennedfates (83), whfch are 1n turn halogenated. 
Halogenatfon can be accomplished by refluxing (~) in an 
inert solvent such as carbon tetrachloride for 1-6-hours 
f n the presence of a N-halosuccf nimide and an 1n1t1ator 

25 such as azob1 s1-sobutyron1tr11 e (equation b). 
As·shown 1n equation c), der1vattves of 1nter­

med1ate (83) 1n which Rl3 f s at the 2• position (83a) 
can also be prepared by the method described 1n ~ Org. 
Chem., !l, 1320 (1976), that is D1els-Alder addftfon of 

30 a 1,3-butadfene to a styrene (84) followed by 
aromat1zation of intenned1ate (85). 

Alternatively, the substituted b1phenyl precursors 
(83: where Rl3 c COOH) and their esters (§2) can be 
prepared as illustrated 1n equat1on d), which 1nvolves 

35 oxazo 11 ne compounds as key 1 ntermed1 ates, A. I. Meyers 

and E. O. M1helfch, 4..t.. Am. Chem. Soc., 2Z., 7383 (1975). 

·----·-
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PCT/US90/0 further, as shown tn Equatfon e), nfckel­
catalyzed cross-coupling of an arylzfnc ha11de w1th a 

halobenzonftrf le yfelds a b1phenyln1tr11e whfch can tn 
turn be hydrolyzed by standard methods to afford actd 

5 88. 

The subst1tuted b1pheny1 tetrazoles (§1: where 

13 f::=~ . 
R = N~) can be prepared from the n1tr11e 

10 precursors (R13cCN) by the methods described 1n 
Scheme 1, equat1on c) and Scheme 15, equatfon c). 

15 

20 

25 

However, a preferred method for preparing 
tetrazoles is described 1n Scheme 15, equations a) and 
b). Compounds (90) may be prepared by the 1,3-dtpolar 
cycloadd1t1on of tr1alkylt1n or t.r1phenylt1n aztdes to 
the appropr1ately substf tuted nf tr11e (§1) as 1n 
equat1on a). Alkyl 1s defined as normal alkyl of 1-6 . 
carbon atoms and SJClohexyl. An example of thts 
technique 1s described by S. Koztma, et al., 
~ Organometallfc Ch~m1stry, 337 (1971). The required 
trialkyl or tr1arylt1n azfdes are made from the 
requ1s1te commerc1al tr1alky1 or tr1ary1 tt-n chlor1de 
and sod1um az1de. The trtalkyl or tr1arylttn group ts 
removed v1a ac1d1c or baste hydrolysis and.the 
tetrazole can ~e protected with the tr1ty1 group by 
reaction w1th trftyl chloride and tr1ethylam1ne to gtve 
(i!). Bromtnatfon as prev1ously descrtbed heretn w1th 
H-bromosucc1nfm1de and d1benzoylperox1de affords 
compound (2Z). Alkylat1on of (1) w1th the 

30 approprtately substituted benzyl halide ustng 
cond1t1ons prev1ously described followed by 
deprotect1on of the tr1ty1 group vta hydrolysts affords 
(!lQ; R13 s tetrazole). Other protecting groups such as 
p-nitrobenzyl and 1-ethoxyethyl can be used tnstead of 

35 the tr1tyl group to protect the tetrazole mo1ety. 
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·:fhese groups as -11 as the tr1ty1 group can be 
fntroduced and remove~ by procedures described 1n 
Greene, Protective Groups 1n Organ1c Synthesis, W11ey­
Jntersc1ence, (1980). 
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.S..cheme 15 (cont1nued) 
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Compounds of structure 93-95 where X is an 
-0-, -S-, or -N- linkage can be prepared as shown 

~26 

5 1n Scheme 16 by alkylat1on of 1mfdazole {1) w1th the 
appropr1ate benzyl hal1de (96). 
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The halomethyld1phenyl ether (109) employed as an 
alkylating agent 1n the present invention is prepared as 

shown in equat1on b). An Ullman ether condensation of 
the phenol (97) and a halobenzo1c ac1d as described in 

5 Russian Chemical Reviews, 43, 679 (1974) provides the 
1ntermed1ate acid (101). The conversion of (101) 1nto 

10 

15 

(109) 1s accomplished by ester1ficat1on with 
d1azoinethane to afford (105) foll.owed by halogenat1on 
employing the procedure used in the preparation of (79). 

The dfphenylsulffde (110) and the dfphenylamfne {111) 
can be prepared from the appropriate thiophenol (98) or 
aniline (99) by th1s procedure. 

The tertiary d1phenylam1ne (112) can be prepared 
from the secondary aniline (100) by ~he above procedure. 
Alternatively (107) can be alkylated by one of the 
following procedur~-s: 1) direct alkylat1on of (107) with 
R26L where t is a leaving group such as a halogen or 
tosylate employing phase-transfer conditions and 
ultrasound as described in Tetrahedron Letters, li,@5907 

20 (1983), 2) treatment of (107) with 1-1.5 equ1valents of 
an appropr1ate aldehyde and 0.5-5.0 equ1valents of 
sodium cyanoborohydr1de in a solvent such as methanol at 
25°C at a pH of 3-6 for 1-24 hours, or 3) reductive 
am1nat1on of (107) employing an appropriate carboxyltc 

25 ac1d and sod1um borohydrfde as described f n ~ Am. Chem. 

30 

35 

Soc., 96, 7812 (1974). The tertiary am1ne (108) is then 
halogenated by the procedure previously described to 
give (112). 
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Compounds of structure (73) where X is -CO- are 
prepared as shown in Scheme 17 by alkylat1on of 
im'idazole {l) wHh the requ1s1te benzoylbenzyl halides. 
For example, esters (113) where Rl3 is 2-C02CH3 are 

5 prepared by alkylation of fmidazole (1) with 
carbomethoxybenzoyl benzyl halide (114). Ester (113) 
may be hydr.olyzed to the corresponding carboxyl1c ac1d 
{116) by a variety of met~ods including hydrolysis w1th 
a base such as sodium hydroxide or potassium hydroxide 

10 1n an alcohol1c aqueous solvent such as methanol/HzO at 
a temperature from 20°C to the reflux temperature of the 
solvent. 

Carboalkoxybenzoylbenzyl halides (114) are 
prepared by benzylic halogenatton of the correspond1ng 

15 toluoylbenzene precursor by a variety of methods 
prevtously desco.tbed herein. For example, methyl 
2-(4-methylbenzoyl)benzoate (115) can be refluxed for 
2-48 hours with N-bromosucc1nimide, benzoyl peroxide and 
carbon tetrachloride to effect benzy11c brom1nat1on. 
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W091/00277 PCT /US90/03683 As shown 1n Scheme 18 the toluoyl lcetones (73; 

5 

where X•CO) may be further transformed tnto a variety of 
ketone der1vatf ves fncludfng compounds where X ts 

NR25 R29o OR30 
• \ I 

-c- • -c-

OCOR17 

I 
, -CH 

OR14 

I 
, and -C- • 

Reaction.of ketone (73a) wtth a hydroxylam1ne or an 
appropr1ately subst1tuted hydraz1ne wtll give the 

10 requ1sfte ox1mes (ill) and hydrazones (ill). Reaction 
w1lh alcohols 1n the presence of an actdtc catalyst w1th 
removal of water w1ll give ketals (1.12). Reduction, 
wHh 11thfum alumfnum hydrfde, a metal borohyddde, 
z1nc/acetfc ac1d or catalytic hydrogenation w111 g1ve 

15 the corresponding alcohol (ill) or fully reduced 
methylene compound (Jll). These alcohols may be 
acyla~ed by a var1ety of anhydr1des or acid halides fn 
the presence of a base with or without solvent to give 

tr' 

20 

25 

30 

35 

the corresponding esters (ill). The alcohols (l.2.Q) may 
be converted into thef r corresponding ethers (Jll) by 
reaction of the metal alkoxide with an alkyl halide, 
mesylate or tosylate 1n the approprfate solvent or by 
treatment w1th a mineral ac1d 1n an alcoholfc solvent, 
or by reaction of the alcohol w1th d1azomethane as 
descr1bed 1n G. H1lgetag and A. Martini, MPreparattve 
Organic Chemistry", John Wiley, New York, 355-368 
(1972). 

Compounds of formula (I) where X 1s -OCHz-, 
-SCH2-. and -NHCH2- are prepared as shown tn Scheme 19. 
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As 11lustrated 1n Scheme 19, equatton A. 
hydrolysis of benzyl ether (124) or methyl ether (112) 
affords hydroxy compound {Jl§} wh1ch can be alkylated 
w1th the appropriate benzyl haltde to gtve (1.Zl). Jn· 
the case of the methyl ethers {fil). the hydrolysfs step 
can be effected by heating the ether at temperatures of 
so•-1so•c for l-10 hours tn 20-60: hydrobrom1c ·acid, or 
heat1ng at so•-go•c 1n aceton1tr11e w1th 1-5 e4utvalents 
of tr1methyls11y1 todlde for 10-50 hours followed by 

10 treatment with water. Hydrolysts can also be carr1ed 
out by treatment w1th 1-2 equ1valents of boron 
tr1brom1de in methylene chlor1de at 10°-30°C for 1-10 
hours followed by treatment w1th water, or by treatment 
w1th an actd such as aluminum thlor1de and 3-30 

15 equivalents of a sulfur-conta1n1ng compound such as 
th1opheno1, ethaned1th1o1, or dimethyl disulfide tn 
methylene chlorf de,..at 0-30°C for 1-20 hours followed by 
treatment w1 th water. for compound (lll), hydrolysis 
can be accomplished by refluxing 1n trtfluoroacettc actd 

20 for 0.2-1 hours or by catalytic hydrogenolysts 1n the 
presence of a su1table catalyst such as 10% palladium on 
carbon. Oeprotonat1on of (ill) w1th a base, such as 
sodtum methox1de, sodium hydr1de or the 11ke 1n a 
solvent such as d1methylformamfde or d1methylsulfox1de 

25 at room temperature followed by alkylat1on wtth an 
appropr1ate benzyl halide at 2s•c for 2-20 hours affords 
ethers of formula (ill). as shown 1n equatton 1. 

The sulfide (112) can be prepared from the 
th1ophenol (45) by the procedure descrtbed above to 

30 prepare the ether (ill) from the phenol (J.ll). The 
thtophenol (!2) can be prepared for example by treatment 
of the benzylsulftde (ill) w1th sodtum tn 11qu1d 
ammon1a. 

The amtne (130) can be prepared as shown tn 
35 equatton ~. from the an11tne (63), 1tself avatlable from 

i( 1 
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fijj_J/00277 PCT/US90/03683 ~·· reduction of the correspond1ng p-n1tro compound (la) 

whtch has prev1ously been described. The reductive 
am1natfon can be carried out by the same procedure as 
descrfbed 1n Scheme 11 for the preparation of compoun~ 

5 (74). 

10 

15 

20 

25 

30 

35 

Compounds of formula (I) where the X 11nkage 1s 
-CffsCH~, -CH2CH2-, andAare prepared as shown 1n 
Scheme 20. 
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The c1s or trans sttlbene (132) can be obtained by 
employfng a Wittig react1on between the aldehyde {57) 
and the phosphorane (131). 

The stilbene (132) can readfly be converted to the 
5 saturated derivative (133) for example by catalytic· 

hydrogenation employ1ng a heterogeneous catalyst such as 
palladium/carbon or platinum/carbon or alternatively 
with a homogeneous catalyst such as trtstr1phenylphos­
phine rhodium chloride. The reduction 1s performed 1n a 

10 solvent such as benzene, tetrahydrofuran or ethanol at 
25°C unde.r \-3 atmospheres of hydrogen for 1-24 hours. 

The cyclopropane (134) can be prepared by treating 
the st1lbene {132) w1th the S1nmons-Sm1th reagent as 
described fn J. Am. Chem. Soc., 81, 4256 (1959), or by 

15 treating (132) with methylene diiodide and copper powder 
as described tn~J. Am. Chem. Soc., 101, 2~39 (1979), 

20 

25 

30 

35 

or by treatment with the iron-containing methylene­
transfer reagent described 1n J. Am. Chem. Soc., 101, 
6473 (1979). 

The preparation of compounds of formula (I) where 
X 1 s -CF2CH2-.1 -Cf=CH-, -CH=CF-, -CF=CF- and -CF2CF2-
are depicted 1n Scheme 21. 
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Vinylene fluorides (137) and (140) can be prepared 
by reaction of Sf 4 or Et2NSF3 (OAST) with the 
appropriate ketone (135) or (138) 1n which Ar bears. a 
methyl group convertible to a benzylfc halide suitable 

5 for attachment to an·1m1dazole nitrogen, and Ar' bears a 
cyano, n1tro, ester, or other suitable group wh1ch can 
be subsequently converted to COzH, NHSOzCF3, etc. The 
initially formed d1fluoroethylene·(l36) and (139) can be 
formed 1n a non-polar solvent such as methylene chloride 

10 • and subsequently converted to the v1nylene fluoride by 
means of alumina, or converted directly into the 
unsaturated fluoride by running the reaction 1n a polar 
solvent such as tetrahydrofuran, d1glyme or N­
methylpyrrolidone in the presence of mineral acid. 
[Equations~ and Q]. Experimental details of such 
procedures are· found in D.R. Strobach and G.A. Boswell, 
J. Orq. Chem., 36, 818 (1971): G.A. Boswell, U.S. 
Patents 3,413,321 (1968) ·and 4,212,515 (1980). 

As shown in equation ~) an appropriate benzoin 
(141) may be similarly converted to the corresponding 
1,2-difluorostilbene (143). Likewise as shown in 
equation g) an appropriate benzil (1!!) can be.converted 
to a tetrafluorod1arylethylene·(145} using DAST or SF4. 
Experimental details are described 1n M.E. Christy, et 

25 al., J. Med. Chem., 20, (1), 421-430, (1977). 
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I 

Compounds of fonnula 1 where X = -CON-, -ctt2o-, 
-CH2S-, -CH2NH-, can be made as shown in Scheme 22. 
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As previously descr1bed, ac1d (lQ) can be made by 
alkylating the appropriate imidazole with methyl 
4-chloromethylbenzoate in the presence of a base such as 
potassium carbonate 1n a polar solvent such as 
d1methylformam1de followed by hydrolysis of the 
resulting ester. Compound (10} can be converted to 
(148} by reaction w1th the requ1.s1te amine {146) (RB 

may need to be protected and subsequently deprotected) 
and dicyclohexyl carbodi1mide (DCC) in methylene 
chloride {J. R. Beek, et al~, J. Am. Chem. Soc, 90, 4706 
(1968)] or by reaction w1th tosyl chloride 1n pyridine 
(J. H. Brewster and C. J. C1ott1, Jr.,~ Am. Chem. 
Soc., 77, 6214 (1955)]. Yet another process 1nvolves 
conversion of carboxylic acid (10) to 1ts ac1d chloride 
w1th, for example, thionyl chloride followed by reaction 
w1th the amine in aqtteous base (Schotten-Baumann 
conditions) or 1n an orga"ic solvent 1n the presence of 
an acid scavenger such as NaHC03, pyridine or 
triethylam1ne 1 or by other procedures known to form an 
amide bond betwee~ an aromatic acid and an amine. 

The compounds where X= -CH20-, -CHzS-, and 
-CH2NH2- can be made as shown in pathway ~. The ester 
(149) is reduced with a reducing agent such as lithium 
aluminum hydride in an inert solvent to form the alcohol 
(150) which can "then be reacted with tosyl chloride in 
pyridine to fonn tosylate (151), which is 1n turn 
reacted 1n the presence of base w1th a corresponding 
phenol (152) thiophenol {153L or aniline (ill; where 
R23=H) to form compounds (154), (.122) or (156). Again 
this may require that R13.be protected with a su1table 
protecting group, however modifications necessary 
because of spec1f1c functional groups are understood to 
be incorporated by one skilled 1n the art of organic 
synthesis. 
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Alternatively, the alcohol (150) can be converted 

to the corresponding halide with SOCl2 1 
(COC1)2

1 
etc, 

and the resulting hal1de can then be reacted w1th a 

phenol, th1ophenol or anf11ne 1n ·the presence of base to 

5 form the desired compound, where X 1s -CH20-, -CHzS-, 

-CHzNH- respect1vely. 
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Compounds of Formula (I) where X= -S02NR23_ and 
-NR23so2- may be prepared as shown 1n Scheme 23. As 
shown in equation ~. sulfonylchlor1de derivative (157} 
can be reacted with aniline derivative (158) in a 
solvent in the presence of an acid scavenger such as 
sodium bicarbonate, triethylamfne or pyridine or under 
Schotten-Baumann 11ke condft1ons to give (159). 
Sulfonylchloride derivative (157} can be obtained by 
sulfonation of the corresponding benzyl derivative as 
described earlier, followed by reaction w1th PCl5 or 
POCl3." Likewise, aniline {74) may be reacted in the 
same manner as described above with sulfonylchlor1de 
derivative (160) to give (161). 

Scheme 24 shows the preparation of furan analogs 
of the biphenyl compounds (80). Thus, a-ketoester 
(162), W. Wierenga and H. I. Skuln1ck, J. Org. Chem., 
44f 310 (1979), or the corresponding n1tr11e {E=CN} can 

• be easily alkylated via standard procedures already 
mentioned by an alkyl bromide derfvatfve to give {163). 
The alkene moiety of (163) can be subsequently cleaved 
by ox1dat1on, for example, wfth osmium tetrox1de, Fieser 
and Fieser, V.1, p. 812 (Lemieux-Johnson oxidat_ion)_ to 
y1eld d1carbonyl-conta1n1ng compound (164). Cycl1zat1on 
in mineral ac1ds, ac1d1c 1on-exchange resin, 
POCl3/pyrfdine, ·or trifluoroacet1c anhydride w1th a 
catalytic amount of tr1fluoroacet1c ac1d y1elds furan 
(165; Z=O). Reaction of.(164) with P4S10, for example, 
wfll yield the corresponding thiophene (165: Z=S). 
Reaction of (164) wfth an amine 1n refluxing benzene, 
with azeotropic removal of water or by using molecular 
sieves to absorb the water will y1eld the corresponding 
pyrrole (165: Z=NRll). Compounds (166) may be prepared 
from (165} by standard procedures already described. 
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Compounds wherein a methylene group ts inserted 
between the terminal aromatic ring and the actdic 
functionalfty may be prepared as shown tn Scheme 25, 
equatfon a). Thus reduction of ester (167) wfth, for 

5 example, 11th1um aluminum hydride. gives alcohol (168). 
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Conversion of (168) to the chloride (169) vfa thionyl 
chloride followed by react1on with cyanide anfon as 
pre~1ously described yields n1tr1le (170). Compound 
(170) may be hydrolyzed to carboxyl1c acid (171} by 
methods already described or reacted wf th a hydrazo1c 
acid equivalent to produce tetrazole (172). 

Compounds where1n Rl3 1s a trffluoromethylsul­
fonyl hydrazide acidic functional group were prepared by 

the procedure described in equation b). That is. 
conversion of ester (167) to the hydraz1de_(l73) by 
standard hydrazfn~lysis followed by reaction w1th 
trfflfc anhydride affords hydraz1des (174). 
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The syntneses of compounds wherein R13 1s 
subst ttuted and unsubst1tuted 1,2,3-tr1.azoles are 
des~ribed 1n Scheme Z§. Thus reduction of ester (ill) 
with a reduc1ng agent such as 11th1um aluminum hydride 

or d11sobutylalum1num hydr1de gives alcohol (fil). · 

Oxtdat1on w1th Mn02 or pyr1d1n1um chlorochromate 
converts (176} into aldehyde (ill). Nttroethylene 
deriva~ive (178) 1s prepared by condensat1on of aldehyde 
(177) with n1tromethane 1n the presence of a catalyst, 
R. M. Letcher and H. P. Sames, J..i. Chem. ~. §1, 262 
(1985). Reaction of (178) with sod1um az1de produces 
the 1,2,3-trtazole (ll.2), (N. s. Zeftrov, et al •• 
J..:. Chem. Soc. Chem. Comm., 1001 (1971)) which may be 
transformed via procedures already described into 
product (180). 

Aldehyde (l.Zl} can also be converted into 
subst 1 tuted 1.2, 3-triazoJ.es (183) v1a the sulfone (ill), 
G. Beck, O. Gunther Chem. Ber. , 106 1 2758 (1973), 
followed by reaction with sodium azfde to give the 
11 2,3-triazole (182). Subsequent standard man1pulat1ons 
lead to 1,2,3-triazoles (183) where E•CN and COzRll. 
The n1trotr1azole (183; E•NOz} may be synthesized from 
the unprotected tr1azote (llii P•H) via nftrat1on, 
R. Huttet, et al., Chem. Ber. , ~. 1586 (1955), C. L. 

25 fiabraken and P. Cohen-Fernandes J. Chem. ~. 37 
(1972), or from bromon1troetbylene derivative (184), G. 
Kh. l<h1samutd1nov, et al._ Zh. Org. Khim., ll, 2445 
(1975). by reaction w1th sodium azide. 

A variety of protecting groups may be used 1n the 
30 manfpulat 1on of the above trfazol~s, amongst whtch ts 

the trf tyl group. Thf s group may be eastly attached by 
reaction of the trfazole wfth tr1phenylmethy1 bromfde or 
chlorfde f n an tnert solvent such as methylene chlortde 
1n the presence of an acid scavenger such as tr1ethyl 

35 amine. The tr1ty1 group may be later removed by 
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st1rr1ng or refluxing 1n an ac1d1c med1um such as 

trifluoroacetic acf d/water, HCl tn methylene chlortde, 

or acet1c ac1d/water. The trttyl group may also be 

l~ydrogenolyzed us1ng a noble ll\etal catalyst such as 

pa 11 adf um and hydrogen. 
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The syn .... ~sfs of trffluoromethyl-1,2.4-trfazt. .s 
(190) 1s depicted tn Scheme zz. Ac1d chlortde (186) 1s 
converted to am1de (187) us1ng standard procedures 
fam1ltar to one skilled fn the art. A preferred 
protecting group 1s the 2-propton1tr11e group 
(PsCHzCHzCN). Thus (187: PaCHzCHzCN) can be synthesized 
fron1 (186) and p-aminoprop1onitr11e under Schotten­
Baumann lt~e condtt1ons, ustng aqueous base tn an 
organtc solvent to help solubtttie (186) and (187). 

JO Amide (187) ts converted to amidrazone (188) by reaction 
w1th PCls or phosgene to make an tmfnoyl chloride wh1ch 
then 1n turn ts reacted wfth excess hydrazine. 
Amidrazone (188) h cycl tzed to the tri fl uoromethyl-
l 1214-trtazole {189) w1th tr1fluoroacet1c anhydride and 

15 then converted to 190 v1a bromtnation, alkylat1on and 
deprotectton as prevtously described. 
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Pertinent R6 groups 11ay be variously Introduced by llll\nY procedures Including those described In ~heme Zft which desert bes 1m1daz.ole constructton. lhe R6 groups so Introduced 11ay stand unchanged or llll\Y be further elaborated If appropriately f unc t I on• ti zed, accord Ing to Ille thod s f amll la r to tbOse skilled in the art such as are ttluStrated In ~chemt u. 
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The 2-a llceny 1f mt dazo 1 es (ill) can be prep a red by 

brom1nat1on of the 2-alkyl1n•1dazoles (J.li) followed by 

elfm1nat1on of hydrogen bromfde. The bromfnat1on is 
preferably accompl fshed by UV-1 rradfatfon for t-4 hours 

5 of 1midazole (199) and N-bromosucc1n1m1de, 1n an inert 
solvent, such as carbon tetrachlortde at 2s•c. 

PCT /US90/03683 

Treatment of the 1ntermed1ate bron11de (200) with a base, . . 

such as OBU, tr1ethylamf ne, or potassium t-butoxfde, 
affords the trans 2-alkenyl1m1dazoles (lQl). C1s 

10 alkenyl der1vat1ves (203) are prepared from the trans 
alkenyl compounds by treatment wfth osmf um tetroxtde and 
sodium per1odate to afford aldehydes (zgz) followed by 
Wittig reaction. 
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3 

may be 1ntroduced by PCT/US90/03683 

t 

meta1 lat1on of a protected 1m1da·zole or protected 

2-methyl1mfdazole followed by add1t1on of an appropriate 

electrophtle as 111ustrated 1n Scheme 30, equat1ons 1) 

5 and h). lhe products (alcohols, esters, halides, 
aldehydes, alkyls) are suitable for further elaboration 

by methods f am111ar to those sk111 ed 1n the art. 

Metallat1on of 1m1dazoles 1s des~rtbed tn K.L. Ktrk, .L. 
Orq. Chem., 43, 4381 (1978): R.J. Sundberg, J, Het, 

JO Chem., ll, 517 (1977): J. V. Hay et al., J, Ora. Chem., 

38, 4379 (1973); 8. lddon, Heterocvcles, ~. 417 (1985). 

Condensation of 2-methyl1m1dazole and approprtate 

electrophtles (equat1on ~) wfU1 cata1yUc acid or base 

as described 1n A.R. Katr1tzky (Ed.), •comprehens1ve 

15 Heterocycl1c Chemistry•, Vol. 5, p. 431, Pergamon Press, 

N.Y., 1984 affords products where1n R6 1s alkenyl which 

are suitable for further elaboratton. 
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Various 2-substttuted 1m1dazoles can be prepa.~d 
by reaction of a protected 2-tr1methyls1lyltmfdazole 

. wtth a suitable el_ectroph1le by the method described by 

f.H. Pinkerton and S.F. Thames, J, Het, Chem., j, 67 
(1972), which can be further elaborated as destred. 
Alternatively, R6 may ·also be introduced by nickel 
catalyzed cross-coupling of Grtgnard reagents w1th 
Z-(methylthfo)fm1dazoles (Scheme 31) as descrfbed by 

. . 
E. Wenkert and T.~. Ferreira, J, Chem. Soc., Chem. 

JO Commun re 840, (1982 h E. lilen\ce rt et a 1., J. Chem, Soc" 

Chem. Commun., 637, (1979): and H. Sugtmura and 

15 

20 

25 

30 

35 

H. Take1, Bull. Chem. Soc. Japan, 2§, 664 (1985). 
The 2-(methylth1o)1m1dazoles can be produced by the 
procedure described 1n German Patent No. 2,618,370 and 
the references cited therein. 

Schemey31 
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As shown 1n Schemes 32-36, elaborat1on of Re can 
be aq:omplfshed by some of the procedures descrfbed 1n 
SchemeLl and ~. by chain extensfon reactions fam111ar 
to those sktll~d 1n the art, or by degradatton reacttons 

5 such as conversion of an ester to an ac1d or an alkene 
to an aldehyde. 

Spec1f1ca11y, the hydroxymethyl group can be 
activated for the displacement reaction by react1ng wtth 
th1onyl chloride, PC15 or w1th carbon tetra-

10 chlorf de/trtphenylphosphfne to form a corresponding 
chloro der1vat1ve. By a sfm1lar reaction bro1RO and 1odo 
der1vat1ves can be obtained. The hydroxymethyl group 
can also be activated by foT11l1ng the correspond1ng p­
toluenesulfonate, methanesulfonate and trtfluoromethane 

15 sulfonate der1vat1ves. 
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As shown in Scheme 32, the hydroxyl group ca1. a>e 
converted to th1olacet1c ac1d der1vat1ve (lJ.2). J, Y. 

_Gauthier, let. Lett,, 15 (1986), and to th1o1 der1vattve 
(216) by subsequent hydrolys1s. 

PCT /US90/03fis3 

The hydroxymethyl group on compound (ll) can be· 
readily oxidized to an aldehyde group by means of 

manganese d1ox1de or eerie ammonium nitrate. The 
aldehyde group w111 undergo chain extension reactions 
such as the W1tt1g and W1tt\g-ttorner reactions and enter 
1nto typical carbon-carbon bond forming reactions w1th 
Gr1gnard and lithium reagents as well as w1th compounds 
bearing act1vlted ~ethylene groups. ~\ternat1ve1y, the 

hydroxymethyl group can be ox1d1zed dtrettly to an actd 
funct1ona11ty wh1ch can tn turn be converted to ester 
and amide derivatives. The esters and amides can be 
prepared directly from the aldehydes by manganese 
dioxide ox1dat1on 1n the presence of sodtum cyanide and ,,. 
an alcohol or amine, J. Am. Chem. Sec., 90, 5616 (1968) 
and J. Chem. Soc. (C), 2355 (19i1). 

As shown 1n Scheme 33, the chlorine on compound 
Cz..a) can be displaced by the an1on of d1alky1 malonate 
to g1ve the corresponding malonate dertvatfve (Zll). 
The sapon1f1cat1on of (ill) ·wtth NaOH (or KOH) g1.ves the 
corresponding d1ac1d whtch can be decarboxylated to give 

2s the corresponding prop1on1c acid derf vatfve (ZJ!) by 
heating to 12o•c. Alternattvely, (~) can be directly 
obtained by refluxing (Zll.1 w1th a mineral actd such as 
HCl or sulfuric acid. The free acid (fil) can be 
estertf1ed by heat1ng 1n a medium of the various 

30 alcohols and a catalytic amount o.f ftl1nera1 acids such as 
HCI or sulfuric ac1d to give the correspondtng esters 
{l.lj). Alternatively the esters can be obtained by 
reacting the free acid (ll.§.) and the corresponding 

.. 

alcohols 1n the pres_ence of coupling reagents such as 
35 OOQ or EEOQ. A s1m11ar reaction wf th vartous mono· 

---------------

' ·.S 
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substituted and d1subst1tuted amines produces the 

corresponding amides (220). A s1m11ar reaction w1th 
various mercaptans produces the corresponding 

th1oesters. 
Scheme 33 

PCT /US90/03683 

217 ,.,,,, 

218 ,....,,, 
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As shown in ~cheme llt the chloro group on (~1 
can be displaced by the sodium salt or potassium salt of 
the alkyl. aryl or arylalkyl mercapt:ans to ghe the 
corresponding sulfide der1vat1ves (lZ.l). The amine · 
derivative (222) can be obtained by treating (Z,2) w1th 
anunon1a or wtth the correspondtng mono-substituted 
amines. Alternatively. the chloro group may be dis­
placed.by sodium az1de to ghe an az1de 1ntermed1ate 
wh1ch upon reductfon with Hz over a noble metal catalyst 

or with a reducing agent such as chromous chloride 
(W. K. Warburton, J, Chem, Soc,, 2651 (1961)) yields 

(222) where RlO and Rll are hydrogen. Thf s amfne can 
be s~bsequentty alkylated w1th alkyl halides, or 
reductively alkylated with aldehydes and ketones to gtve 
alkyl dertvatfves of (z.zi). Th~ amfnes (Z.ZZ.) are 
converted to the corresponding carbamates (Z,Z!), 

sul !onamides (225), amides (226} or ureas (ill) by .,,. 
standard procedures illustrated 1n Scheme 1! and 
fami11ar to one sktl led tn the art .. 
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Scheme 34 (Cont•d) 
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I 

227 
~ 

The react1on between the th1opyr1dy1 ester (229) 

and a suitable Gr1gnard reagent produces the ketones 
(230). 

:v 

22D (I = p7rid7l) ,_, 

Scheme 35 

230 

'"""" 
As shown 1n Scheme 36 when the 1m1dazo1e 4- and/or 

5-posf tf on contains an aldehyde (231) then reaction w1th 

organometallic reagents such as Grignard or 

alkyl/ary111th1um reagents w111 y1eld alcohols (~) 

which 1n turn may be transformed tnto a var1ety of other 

funct1ona11ty fam111ar to one sk111ed 1n the art. 

----·---------
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Scheme 36 

R11M~ . 

or~" 
R11Li 

(X=halogcn) 

As shown 1n Scheme 37, ester 234 may be obtatned 
25 by direct ox1dat1on of aldehyde 233 w1th NaCN, MnOz 1n 

methanol (Corey, £. J., et al. J, Am. Chem. Soc. (1968) 
t 2Q,.5616). Ox1dat1on of Z11 with NaCN, Mn02 1 and an 

amine 1n 2-propanol 1e~ds to the corresponding amtde ~ 
(G~lman. N. W. Chem. Comm. (1971) 733). 

30 

35 
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Scheme 37 

· N ~CHO N---:- C~R ,,/!.... -7-R7 ,,/!.... ~ R' 
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NaCN I 5 
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Mn~ o· R'6 R1 
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234 11 
10 233 """ .,..,.. R =alkyl 

NaCN 
Mn Oft -OH 

N orR'R"NH 
iP:OH 

15 

N~ CONR'R" 
N kC~H ,,/!.... ~ R6 N' 'R1 :sr A ?\-R' ~s N I 

(CH2)r 
. I 

(CHz), 
20 R'6 R'6 ~~':I ~~~ R2 Rs . R2 R3 

. 235 R' or R" = H or alkyl 236 ..,..,,. 
""" 25 Sapon1f1cat1on of ester 234 w11t aeao ~o 

carboxy11c ac1d 236. 
Aldehyde 233, in turn, may be made from the 

corresponding alcohol ll by a variety of methods 
fam111ar to one skilled 1n the art, including pyr1d1um 

30. chlorochromate (PCC), Swern and eerie ammonium nitrate 
(CAN) ox1dat1ons. 

Likewise, the unalkylated hydroxymethy11m1dazole 
der1vat1 ve 1 (RBsCHzOH) may undergo the transf ormat1 ons 
to the aldehyde, ester, carboxyltc acid and carboxam1de 

35 by the reactions mentioned above for the alkylated case. 

--- ··--------~ 
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l6aJ ~ Compounds 238 (where Ar • p-btphenylyl, p- PCT /US90/03683 

' 

phenoxyphenyl, or a heteroaryl group as described 1n the 
scope under lhe def1n1t1on of R.7) can be prepared by the 
coupling of an arylmetal der1vatfve (Art~. where M=ZnBr, 

5 He3Sn, ·a(OH)z, etc.) w1th a halo1mfdazo1e ill tn the 
presence of a trans1t1on metal catalyst such.as 
palladtum, n1ckel, platinum, z1rcon1um, etc. (Scheme 
38a). ·Alternat1vely an 1m1dazole metal derivative 139 

can be coupled to an arylha11de to prepare 238 (Scheme 
JO 38b). 

The arylmethyl derivatives 240 can be prepared 

employing the transition metal catalysed coupling of ZJ1. 
and an arylmethylmetal (ArCH2M', where M'-=ZnBr, etc.), 
as shown in Scheme 38c. 

15 Compounds·lli may be prepared, as described 1n 
Scheme 38d, by the coupling of an alkenyl .. or 
alkylnylmetal. derfvat1ve (AM) or the corresponding 
alkene or alkyne (AH) w1tb 237. 

Likewise, the unalkylated 1m1dazoles (1, where 
20 R7ser or I) may undergo the coupling reacttons described 

1n Scheme 38a-d [For references to trans1tfon metal 
catalysed coupling react1ons, see: Richard C. Heck, 
Palladfum Reagents 1n Organic Synthesis, Academic Press, 
New York, Chapters 6, 7, and 8; and references ctted 

25 

30 

35 

therein.] 
The compounds of formula I where R7 ts an alkynyl 

group, a substituted alkynyl group, or a substituted 
alkenyl group and the carbon-carbon double or trtple 
bond ts not adjacent to the. 1m1dazole r1ng (e.g., 
R7s(CH2)4CH=CH(CH2)vAr, where v~O) can be ·prepared by a 
var1ety of cha1n elongation methods and chain coupling 
reactions known to one skilled 1n the art including 
those described 1n Schemes 3, 28, 29, 33, 35, 36, &nd 
38. 
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The compounds of formula J where R7 1s a 103683 

substituted alkyl group (R7=(CHz)wAr. where w=2-10) can 

be prepared by reduction of the corresponding alkenes 

(241) by catalytic hydrogenation. 
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Compounds of formula I where R7 c v1nyl or 

arylalkenyl and RB c CHzOH, aldehyde, or COOH can be 
prepared as shown 1n Scheme 39. 

PCT /US90/03683 

2-Alkyltmfdazole-4.5-dtcarboxylfc acfds (Z!Z). 
prepared by the method of R.G. Fargher and f .L. Pyman· 

(J. Chem~ Soc., (1919) 1.12, 217), can be converted 1nto 

thef r corresponding d1esters (243) by simply refluxtng 

1n an ~lcohol solvent fn the presence of an acfd such as 
. HCl, or py many other methods fam1 Har to one skt lled 1n 

10 the art. 

Oiester (243) can then be converted into 1ts 
metallic salt by reaction w1th sodium methoxtde, sodtum 

ethoxtde, sod\un\ hydrfde, potassium hydride or any other 

base 1n an appropriate solvent such as DMF. The 

15 resultant salt 1s then alkylated w1th the appropriately 

substituied benzyl derivative (Z) to yteld 

benzylfmidazole (244). The above alkylatfon sequence 

may be also performed by heat1ng or refluxing the benzyl 
1t" 

hal tde (tosylate or 111esylate) (Z) wt th 1n11dazole (243) 

20 fn a solvent such as Of.IF fn the presence of .an actd 

scavenger such as potasstum er sodfum carbonate. 
01ester (244·) can be reduced w1th lithium aluminum 

hydrfde f n an inert solvent such as THF to the 

correspond1ng dialcohol (245). Selective ox1dat1on of 

25 dialcohol (245) w1th manganese d1ox1de in an 1nert 
solvent such as THF yields primarily aldehyde (lli) with 

a min~r product dialdehyde (246). Separation of (Z!Z.) 

from (246) e1ther by cryst~111zat1on or 

chromatograph1ca1 ly. fol lowed by W1tttg reactton of 

JO (ill) with methylenetr1phenylphosphorane or the 

appropriately subst 1 tuted aryl allcy11denetr1phenyl­

phosphorane 1n an 1nert solvent such as THF yields the 

4-a 1kenyl-5-hydroxymethyl1m1dazo1 e (ill). Further 

ox1dat ion of (248) w1th the Dess-Mart 1n pertod1nane ~ 

35 Org. Chem •• (1983) 48, 4155). wHh manganese dtodde; 
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w1th pyr1d1n1um chlorochromate. with barium manganate or 
with other oxidants fam111ar to one skf lled fn the art, 
1n an tnert solvent such as THF or methylene chloride 
followed by deprotect1on of either al, R2, or R3 1f 

5 . necessary y1elds the 4-alkeny11m1dazole-5-carboxaldehyde 
(ill). 

Ox1datton of {249) wtth, for example, manganese 
dioxide/cyanide ton (Corey, E.J., et al. J, Am. Chem. 
Soc,, (1968) 90, 5616) or wfth potass1um permanganate 

10 (Sam, O.J. et al. J, Am. Chem. Soc., (1972) ~. 4024) 
yields 4-a1keny11mtdazole-5-carboxy11c acfd (250). 
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Scheme 39 
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R2 R 244 

2 

_1_. ox_tft!_e~~~-d 
z. deprotect 

(opllonal} 

2. deptOtect cdt21 

y 

R'~ 
I 'n' ni 

248 
M9 

where T=H, y=H, (CH2)x-Aryl or T and y taken together 

form a cyclic ring of 3-8· carbons and the reg1ochem1stry 

about the double bond 1n 248, 249 and 250 can be z or E. 

---------------
-------------

250 
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· ~~ Jm1dazoles represented by structure (ill) where X 

ts Cl, Br, or l and E 1s an elect~on w1thdraw1ng group 
such as an ester, ketone, n1tro, alkylsulfonyl, 

arylsulfonyl. etc., can undergo the nucleoph111c 
5 aromatic subst1tut1on reaction (H. Schubert, H. S1mon, 

A. Jumar, z, Chem, (1968) 62-63) where the leaving group 
X ts substituted by a nucleoph11e such as sulfur, 
carbon,· or nitrogen to y1eld adducts (~) (Scheme 40). 
The reaction can be done 1n hydroxy11c solvent such as 

10 methanol or non-hydroxy11c solvent such as DMSO at room 
temperature to tl\e reflux temperature of the solvent. 

The nuc 1eopht1 e somet 1 mes 11\US t be converted 1 nto t ts 
an1on to make 1t more nucleoph111c. For example, 
thiophenol can be refluxed 1n methanol 1n the presence 

15 of sodium methox1de and the halo1m1dazole (2ll). Other 
nucleoph11es include other alkyl and arylth1ols, 

heteroarylth1ols, th1ollcet1c acid, alkyl and 
arylsul fonamides, heleroarylsulfunaut1des, dtacylamfnes 1 . 

alkyl and arylam1nes, heteroarylam1nes, etc., familiar 
20 to one skilled 1n the art. 

25 

30 

35 

If a sulfur nucleophtle is used, the resultant 
sulfides can be ox1d1zed to the corresponding sulfox1des 
and s u 1 f ones by methods f am111 ar to one sk 111 ed 1 n the 
art. · 

... 
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Scheme 40 
PCT /US90/03683 

Nucteophite "Nu" 

Solvent 

251 

The compounds of th1s tnventton and their 
preparation can be understood further by the following 

15 examples, which do not constitute ~ 11m1tat1on of the 
1nvent1on. In these examples, unless otherwise 
indicated, all temperatures are fn degrees centigrade 
and parts and percentages are by we1ght. 

tr 

20 

25 

30 

35 

---- ----·----

252 
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Example 1 

PART A: Preparatfo? of 2-n-Pro~yl-4,5-
dicarbomethoxy1m1dazole. 

2-n-Propylfm1dazole-4,5-d1carboxy11c ac1d 
15 [prepared by the method of R.G. fargher and .f .L. Pyman 

(J. Chem. Soc., (1919) ill. 217). mp 257 (dee.) •c] 
(17.14 g. 86.6mmo1, 1 eq). methanol (400ml) and 
acetyl chlor1de (38.1 ml, 534 mn1ol, 6 eq) were 
cautfously mixed (ac1ety1 chloride addftfon to methanol 

20 1s very exothermic} and refluxed overnight. The 
solvent was removed fn vacuo and water (100 ml) and 10 
N NaOH were added unt11 pH•7. The aqueous mfxture was 
extracted with ethyl acetate (3X), the organic layers 
combined, dr1ed (MgS04} and the solvent removed tn 

25 vacuo to y1eld 12.00 g of a wh1te so11d. 
Recrystallization from hexane/ethyl acetate yielded 
ll.41 g of a wh1te sol1d (58~); mp: 162.0-164.s•c. 
NMR (CDC13) 6 3.95 (s,6H): 2.78 (t,2H): 1.83 (t of t, 
2H,J=7,7Hz): 0.97 (t,3H,J=7Hz); IR (neat) 1735 cm-1. 

30 Anal. calcd. for C10H14Nz04•(HzO)o.25: C, 52.D6; H, 
6.28; N. 12.14. Found: C, 52.06; H, 6.17: N,.12.49. 

35 

' «110 91 
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10 

Part B: Preparation of 4-Methyl-2f-(N-tr1phenylmethy1-

15 (lH-tetrazol-5-yl))biphenyl 

4 1-Methylbi1>heny1-2-n1tr11 e (preparation 

descrtbed 1n European patent applfcat1on.0253310, 

20 publ1shed on 20.01.88) (10.00 g, 51.7 mnol, 1 eq), tr1-

n-butylt1n chloride (14.0 ml, 51. 7 mol, 1 eq), sodium 

aztde (3.4 g, 51.7 mmol, 1 eq), and xylene (50 nil) were 

mixed and refluxed for 64 h after which the reaction 

mf xture was cooled to room temperature. 10.0 N NaOH 

25 (6.10 ml, .061 mniol, 1.2 eq) and trityl chloride (14 .99 

g, 53.8 nvnol, 1.04 eq) were then added and the mixture 

stirred for 24 h after wht cli water (39 nil) and heptane 

(100 ml) were added. The resultant slurry was stirred 

at o•c for 1.5 h. The resultant solids thus obtained 

30 were filtered, washed w1th water (2X 55 ml) washed once 
w1th 3:2 heptane/toluene (55 ml) a_nd drted overn1ght 
under h1gh vacuum to yield 19.97g of a light yellow 

powder: mp 148.0-155.o•c (dee.). These solids were 
slurried 1n ethyl acetate (75 nil) and filtered to yteld 

35 15.0g of a lfght yellow powder: mp 164.0-165.5°C 

-----------------
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(dee.). NMR (COCl3) 6 7.91 (d,1H,Jc9Hz): 7.53-7.18 
(m,13H); 7.02-6.84 (m.9H); 2.25 (s.3H). 

PART C: Preparation of 4-Bromomethy1-2'•(N-
15 tr1phenylmethyl-(1H-tetrazo1-5-y1 ))b1pheny1, 

a representative procedure. 

4-Methyt-2•-(N-tr1pheny1methy1-(JH-tetrazo1-

PCT /US90/03683 

20 5-yl)}btphenyl (52.07 g, 109 mmol, 1 eq), N­
bromosucc1n1mfde (19.4 g, 109 mmol, 1 eq), benzoyl 
peroxide (1.0 g) and carbon tetrachlor1de (300 ml) were 
mixed and refluxed for 2.5 h. The reaction was cooled 
to room temperature and the succ1n1m1de filtered. The 

25 filtrate was concentrated and the res1due tr1turated 
with ether to yield a first crop of 36.0 g: mp 129.5-
llJ.o•c (dee.). NMR (COCl3) 6 4.37 (CH2Br). Thfs 
material was suitable for further transformatton. 

30 

35 

---------------· -----· 
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PART 0: Preparation of 4,5-dlcarbomethoxy-2-n-propyl­
l-[ (2 '-(N-tr1phenylmethy1-(1H-tetrazol •5-

1" • 
yl) )b1pheny1-4-yl )methyl] tmtdazole. 

Sodium hydride (1.06 g, 44.2 qmol, 1 eq) was 
added to a solution of 4,5-dicarbomethoxy-2-n-
propyl fm1dazole (10.00 g, 44.2 mmol, 1 eq) .In DMF at 
room temperature. Foaming and gas evolution occurred. 

25 The temperature was increased to 60°C for 15 minutes to 
dissolve all of the sodium hydrtde. Gas evolut_ton 
ceased and the mf xture was cooled to room temperature. 
To thf s mixture was added a DMF solution of 4-
bromomethyl-2 • -(N-trtph.enylmethyl :-{lH-tetrazol-5-

30 yl))bfpheny.1 (24.64 g, 44.2 n1111ol, 1 eq). After 24 h, 
the solvent was removed in vacuo, and the residue was 
flash chromatographed 1n 75:25 hexane/ethyl acetate to 
100% ·ethyl acetate over s1Hca gel to yield 15.78 g 
(Sll) of a \t/h1te glass which. was su1table for further 

35 transformation. Recrystalltzatton from ethanol yielded 

' 
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an analytical sample (whtt.e crystals); mp: 124.0-

125.s•c. NMR (CDCl3) 6 7.91 (d of d,1H,J=3,9 Hz): 
7.59-7.20 (m,12H): 7.09 (d,2H,J=9Hz); 6.94 (m, 6H): 
6.76 (d,2H,J=9Uz); 5~30 (s,2H); 3.89 (s,JH); 2.50 
(t,2H,J=7Hz); 1.67 (t oft, 2H,J=7,7Hz); 0.85 
(t,3H,J=7Hz).· IR (neat) 1718 cm-1. Anal. calcd. for 
C43H35N504: C, 73.49: H, 5.45; N, 11.96. Found: C, 
73.23: H, 5.48; N, 12.22. 

PART E: Preparation of 4,5-d1hydroxymethy1-2.:n­
propyl-l-[ (2 '-(N-tr1phenylmethy1-(1H-
tetrazo 1-:5-yl) )b1phenyl-4-yl )methy1] 1m1dazo1 e. 

25 4,5-0lcarbomethoxy-2-n-propyl-1-.[(2'-(N-
tr1phenylmethy1-(lH-tetrazo1-5-y1) )b1pheny1-4-
yl)methyl]hn1dazole (9.88 g, 14.1 nmol, 1 eq) was 
dtssolved 1n a m1n1mum of THF and to th1s solution, 
11thtum aluminum hydride (1.0 M 1n THF) (15.48 ml, 

30 15.48 mmol, 1.1 eq) was slowly added dropw1se. The 
mixture was allowed to sttr at room temperature 
overnight after wh1ch it was quenched by the Steinhardt 
procedure (Fieser & F.teser V.1, p.5&4) as follows: to 
the reaction mixture water (0.66 ml) was first 

35 carefully added followed by 1si NaOH (0.66 ml) fol lowed 
by water (l.97 ml). After stfrr1ng for 72 h. a very 

iiltl ii1i1i Ui1ced 
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fine suspensfon of particulate had formed wh1ch was 

slowly filtered through Celfte™. The ftltrat~ was 

dried (MgS04) and the solvent removed !n vacuo to yteld 
8.83 g of a yellow glass whfch could not be 

5 recrystallized. This fntermedfate was suitable for 

further transformation. NMR (OMSO-d6) 6 7.82 

(d,1H,J=9Hz); 7.68-7.28 (m.12H)i 7.05 (d,2H,J=9Hz); 
6.87 (d,6H,J=9Hz); 5.16 (s,2H); 4.94 (t,1H,J=7Hz): 4.66 
(t,JH,J=7Hz); 4.37 {d,2H,J=7Hz); 4.32 (d,2H,J=7Hz); 

10 2.34 (t,2H,J=7Hz): 1.52 (t of q,2H,J=7,7Hz); 0.77 
(t,3H,J=7Hz). IR (neat) 3300 br: 3061: 1027; 1006; 

909; 732; 699 cm-1• Anal: calcd. for C41H3sN502•HzO: 

15 

20 

25 

30 

35 

C, 74.07: H, 6.06; N, 12.64. Found: C, 74.06; H, 

5.95; N, 11.86. 

-----------



W091/00277 

5 

PCT/~590/03683' 

110 

PART F: Preparat1on of 5-hydroxymethyl-2-n-propyl-1-
[(2'-(N-tr1phenylmethyl-(1H-tetrazol-5-
yl))b1pheny1-4-yl)methy1]1m1dazole-
4-carboxaldehyde and 2-n-propyl-1-[(2'-(N­
tr1phenylmethy1-(1H-tetrazol-5-yl))b1phenyl-4-
yl)methyl]1m1dazole-4,5-d1carboxaldehyde. 

4,5-D1hydroxymethyl-2-n-propy1-1-[(2'-(N-
10 tr1phenylmethy1(1H-tetrazol-5-yl))b1phenyl-4-. 

yl)methyl]imidazole (8.56 g, 13.2 nvnol, 1 eq) was 
dissolved 1n a minimum of THF and added to a slurry of 

manganese d1ox1de (11.14 g, 128.1 mmol, 9.7 eq) 1n THF 
(100 ml) at room temperature. After 24 h, the contents 

15 were filtered through Ce11te™, the cake washed with 
THF, and the sol~nt of the filtrate removed in YA£YQ. 

The res1due was flash (hromatographed 1n 1:1 
hexane/ethyl acetate to 100% ethyl acetate over s111ca 
gel to y1eld the d1aldehyde wh1ch eluted first: 1.25 g 

20 (15%)·of a tan glass. NMR (OMSO-d6) 6 10.27 (s,IH): · 
10.17 (s.lH); 7.81 (d,1H,J=7Hz); 7.68 (m,2H): 7.50-7.23 
(m,lOH); 7.09 (d,2H,J=9Hz); 6.96 (d,2H,J=9Hz): 6.86 
(m,6H); 5.59 {s,2H); 2.52 (t,2H,J=7Hz)i 1.58 (t of q, 
2H,J=7,7Hz); 0.77 (t,3H,J=7Hz). IR (neat) 1697; 1672 

25 cm-1• Anal. calcd. for C41H34N602: C, 76.62: H, 5.33: 

30 

35 

------

N, 13.07. Found: C, 76 •. 46; H, 5.54; N, 12.94. 
Continued elution yielded the 4-

hydroxymethyl1m1dazole-5-carboxaldehyde product as a 
lfght yellow sol1d: mp 164.5-166.0°C. NMR (OMSO-d6) 6 

9.86 (s,lH); 7.80 (d,1H,J•9Hz); 7.63 (t,1H,J=9Hz); 7.53 
(t,1H,J=7Hz}; 7.50-7.25 (m,lOH); 7.07 (d,2H,J=9Hz): 
6.97-6.80 (m,SH); 5.47 (t,1H,J•7Hz): 5.29 (s,2H); 4.63 
(d,2H,J=7Hz); 2.37 (t,2H,J=7Hz); 1.49 (t of 
q,2H,J=7,7Hz); 0.73 (t,3H,J=7Hz). IR (Nujol) 1688 
cm-1. Anal. calcd. for C41H36N602•(H20)o.1: C, 76.16; 

-------------· 
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H, 5.64; N, 12.84. found: C, 76.02; H, 5.36; N, 
12.84. 

PART G: Preparation of 5-hydroxymethy1-2-n-propyl-1-
[ {2'-(N-tr1phenylmethyl-(1H-tetrazol-5-

15 yl))b1phenyl-4-yl)methyl]-4-v1ny1-1m1dazole • 
.... 

n-Bul1 (2.5 M tn THF) (1.70 ml, 4.3 nmol, 2.1 
eq) was added dropw1se to a suspension of methyltr1-
phenylphosphonium bromide (1.53 g, 4.3 mmol, 2.1 eq} 1n 

20 THF (50mL) at 0°C under N2. 

25 

The suspension became a dark yellow solution~ 
Afterwards, a solution of 5-hydroxymethyl-2-n-propyl-1-
((2'-(N-triphenylmethyl-{lH-tetrazol-5-yl) )biphenyl-4-
yl)methy1]1m1dazole-4-carboxaldehyde (1.31 g, 2.0 nvnol, 
1.0 eq) 1n THF {minimum to dissolve) was added thereto 
and the resultant light m~lky yellow solution was 
stirred overnight at room temperature. The solution 
was diluted with ethyl acetate and washed with water 
(3X). The organic layer was dried (MgS04), the solvent 

30 removed 1n vacuo, and the residue flash chromatographed 
over silica gel in 1:1 hexane/ethyl acetate to yield 
620 mg (48%) of a white glass: NMR (OMSO-d6) 6 7.79 
(d,1H,J=7Hz); 7.62 (t,1H,J=7Hz):. 7.55 (t,1H,J=7Hz); 
7.45 (d,1H,J=7Hz); 7.41-7.18° (m,9H}; 7.06 (d,2H,J=9Hz).; 

35 6.95-6.80 (m,8H)~ 6.80~6.55 (m,lH); 5.73 (d of 
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d,1H,J=l7,3 Hz); 5.17 (s,2H); 5.10 (t,1H,J=7Hz): 5.05 
(d of d,1H,J=l2,3Hz); 4.28 {d,2H 1 J=7Hz); 2.37 
(t,2H,J=7Hz): 1.50 (t of q,2H,J=7,7Hz); 0.78 
(t,3H,J=7Hz). IR (neat) 1029; 1006; 909; 733; 698 
cm-1. Ana1. calcd. for C42H3aN60•H20: C, 76.34; H, 
6.10; N1 12.72. Found: C, 76.49; H, 5.88; N, 12.52. 

PART H: 

N~ ~N, CHO 

y 
Preparation of 2-n-propyl-l-[(2'-(N-
·triphenylmethyl-(lH-tetrazol-5-
yl))b1phenyl-4-yl)methyl]-4-vtnyl-1m1dazole-
5-carboxaldehyde. 

5-hydroxymethyl-2-n-propyl-l-[(2'-(N­
tr1phenylmethyl-(1H-tetrazol-5-yl))biphenyl-4-

25 yl)methyl]-4-vfny11midazole (470 mg, 0.73 mmol, 1 eq), 
Dess-Martin per1od1nane (J. Org. Chem. (1983) 48, 4155) 
(341 mg, o.so nunol, 1.l'eq) and methylene chlor1de 
(10ml) were mixed and stirred under n1trogen overnight. 
The solvent was removed 1n vacuo and the residue flash 

30 chromatographed fn 3:2 hexane ethyl acetate over s111ca 
gel to yield 310 mg (66%) of a white glass. NMR (DMSO­
d6) 6 9.91 (s,lH); 7.80 (d,1H,J=7Hz): 7.61 (t,lH, 
J=7Hz): 7.54 (t,1H,J=7Hz): 7.48-7.22(m,10H); 7.20· 
(d,1H,J=9Hz); 7.06 (d,2H,J=9Hz); 7.00-6.75 (m,8H); 6.15 

35 (d of d,1H,J=17,3 Hz); 5.52 (s,2H); 5.47 (d of 

-------··· 
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d,1H,J=l2,3 Hz); 2.49 (t.2H,J=7Hz); 1.57 (t of 
q,2H,J=7,7Hz); 0.79 (t,3H,J=7Hz). IR (neat) 1658 cm-1. 
Anal. calcd. for C42H36N60•(H20)o.s: C, 77.63; H, 
5.74; N, 12.93. Found: C, 77.53; H, 5.73; N, 12.64. 

"i:: ~N, CHO 

15 PART I: Preparation of 2-n-propy"l-1-[(2'-(1H-tetrazo1-
5-yl)b1phenyl..:r4-yl)methyl]-4-vinyl-im1dazole-
5-carboxaldehyde. 

2-n-propyl-l-[(2•-(N-tr1phenylmethyl-(1H-
20 tetrazol-5-yl))biphenyl-4-yl)methyl]-4-v1ny1-im1dazole-

25 

30 

35 

5-carboxaldehyde (330 mg), tr1fluoroacet1c ac1d (1.65 
ml), water {l.65 ml), and THF (1.65 ml) were m1xed and 

.stirred at room temperature. After 8 h, the mixture 
was neutralized to pH=7 w1th ION NaOH and the solvents 
removed 1n vacuo. The residue was flash 
chromatographed in 1:1 hexane/ethyl acetate to 100% 
ethanol to yield 270 mg uf a white glass. NMR (DMSO­
d6) 6 9.92 (s,lH): 7.65-7.50 (m,lH); 7.50-7.12 (m,3H}; 
7.09 (d,2H,J=9Hz): 6.89 (d,2H,J=9Hz}; 6.11 (d of 
d,1H,J=17,3Hz); 5.55 (s,2H); 5.45 (d of d, 1H,J=12,3 
Hz); 2.63 {t,2H,J=7Hz); 1.64 (t of q,2H,J=7,7Hz): 0.90 
{t,3H,J=7Hz). IR (Nujol) 1680 cm-1. 
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Exa111ple 2 

5 

N-\('I 
. , ·-~ ~N CffaOH . I 

H 

PART A: Preparatf on of 5-hydroxymethyl-4-todo-2-n-
10 . propyl1m1dazole. 

15 

20 

25 

30 

A solution of 31.5 g of 4{5)-hydroxymethyl-2-
·n-propyl1m1daz·ole and 50.6 g of N-1odosucc1n1m1de 1n 

560 ml of 1,4-dioxane and 480 ml of 2-methoxyethanol 
was st1rred at 45°C for 2 h. The solvents then were 
removed under vacuum. The resultfng sol1ds were washed 

~ . 
w1th d1st111ed water and then were dried to afford 54.6 
g of the product as a yellow solfd; mp 169-170°C. NMR 
(DMSO-d6) 6 12.06 (br s,iH); 5.08 (t,lH): 4.27 (d,2H); 
2.50; (t,2H): 1.59 (sext.,2H); 0.84 {t,3H). 

I N,. 
~N~O 

I 
H 

PART B: Preparation of 4-1odo-2-n-propy11m1dazole-5 
carboxaldehyde 

To a solution of 35.8 g of 5-hydroxymethyl-4-
35 1odo-2-n-propy11m1dazole 1n 325 ml of SJ1ac1al acet1c 

i1imfi1ii1nr SUBSTITUTE SHEET 
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acid at 20°C was added dropwise over 1 h 290 ml of 
1.0 N aqueous ceric anmonium nitrate solution. The 
result1ng mixture was stirred at 20°c for 1 h. The 

reaction mixture then was diluted w1th water, adjusted 
5 to pH 5-6 employing aqueous sodium hydroxide solution, 

and extracted with chloroform. The combined organic 
phases were washed with water and brine, dr1ed over 
anhydrous sodium sulfate, f11tered, and concentrated. 
The resulting crude sol1d was recrystall1zed from 1-

10 chlorobutane to furnish 29.9 g of product as a light 

yellow solid; mp 141-142°C. NMR (CDCl3) 6 11.51 (br 

s,lH}; 9.43 (s,lff); 2.81 (t,2H): 1.81 (sext., 2H); 0.97 
(t,3H). 

15 

20 . 

25 

N 

~' N CHO 
I 
H 

PART C: Preparation of 3-n-propyl-4-
(phenylethynyl )im1dazole-5-carboxaldehyde. 

A solut1on of 2~64 g (0.01 mol) of 4-1odo-2~n­

propy11m1dazole-5-carboxaldehyde, 25 ml of dry DMF, 2.5 

ml of tr1ethylam1ne, 1.00 g (0~001426 mol) of 
30 b1s(tr1phenylphosph1ne)pa11ad1um chloride and 5.00 g 

(0.017 mol) of (phenylethynyl)tr1butylt1n was heated to 
70°C under nitrogen. The reaction was stirred for 120 
hours, then cooled. The precipitate was filtered and 

washed w1th methylene chloride, and the resulting 
35 • filtrate was evaporated under reduced pressure. The 

.. 
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residue was dissolved in 200 ml of methylene chlor1de 

and extracted three ttmes w1th 100 ml of 10% HCl. The 
aqueous layer pH was adjusted to 10 w1th 50% sodium 

hydroxide and extracted three t1mes w1th 100 ml of 

5 methylene chloride. The organic phase was dried over 

sodium sulfate and evaporated under reduced pressure. 
Yield 0.56 g (0.0023 mol, 23%) of 3-n-propyl-
4-(phenylethynyl)1mtdazole-5-carboxaldehyde. NMR 

10 

15 

20 

25 

30 

35 

(CDCl3) 6 9.89 (s,lH); 8.22 (s,lH); 7.93 (mf3H); 7.53 

(m,2H); 2.87 (t,2H); 1.87 (m,2H); 1.03 (t,3H). 

.,.. .. 
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The following intermediates could be prepared by the 
procedure described in example 2, part C: • . 

5 

N 

~' CHO N 
10 I 

H 

R6 R mp (OC) 

15 
n-propyl 4-CF3 
n-propyl 4-0Me 
n-propyl 'St' 4-COOH 
n-propyl 4-CON(Me)2 
n-propyl 4-S02CH3 
n-propyl 4-S02NMe2 

20 
n-propyl 3-CF3 
n-propyl 3-0Me 
n-propyl · 3-COOH 
n-propyl 3-CON(Me)2 
n-propyl 3-S02CH3 
n-propyl 3-S02NMe2 

25 n-butyl 4-CF3 

' 
n-butyl 4-0Me 
n-butyl 4-COOH 
n-butyl 4-CON{Me)2 
n-butyl 4-~02CH3. 
n-butyl 4-S02NMe2 

30 n-bµtyl 3·CF3 
n-butyl 3-0Me 
n-butyJ 3-COOH 
n-butyl 3-CON(Me)2 
n-butyl 3-S02CH3 
n-butyl 3-S02NMe2 

35 

---- --------- - - ----- -
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PART O. Preparation of 4-phenylethyny1-~-n-propyl-l­
((2'-(1H-tetrazol-5-yl )b1phenyl-4-yl) 
rnethyl]tmt.cJazole-5-carboxaldehyde. 

3-n-Propyl-4-(phenylethynyl)irn1dazole-5-
20 carboxaldehyde was alkylated with 4-brornomethyl-2'-(N­

tr1phenylmethyl-(1H-tetrazol-5-yl ))bfphenyl 
by the procedure described 1n example 1, parts 0 and I, 
to yield the entitled product. NMR (COC13) 6 9.88 
(s,lH): 8.03 {m,lH); 7.57-7.27 (m,8H); 7.17 (m,2H): 

25 7.01 {rn,2H); 5.55 (s,2H): 2.61 (t,2H): 1.75 (m,2H); 
0.99 (t,3H). 

30 

35 

Examples 3-26 (Table 1) could be made by the 
procedures described fn Example 2. 

-----------
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Table 1 

5 

10 

Example No. R6 A mp (OC) 

15 
3 n-propyl 4-CF3 
4 n-propyl '"" 4-0Me 
5 n-propyl 4-COOH 
6 n-propyl 4-CON(Me)2 
7 n-propyl 4-S02CH3 

20 8 n-propyl 4-S02NMe2 
9 n-propyl 3-CF3 
10 n-propyl 3-0Me 
11 n-propyl 3-COOH 
12 n-propyl 3-CON(Me)2 
13 n-propyl 3-S02CH3 

25 
14 n-propyl 3-S02NMe2 , 
15 n-butyl 4-CF3 
16 n-butyl 4-0Me 
17 n-butyl 4-COOH 
18 n-butyl 4-CON(Me)2 

30 
19 n-butyr 4-S02CH3 
20 · n-butyl 4-S02NMe2 
21 n-butyl 3-CF3 
22 n-butyl 3-0Me 
23 n-butyl 3-COOH 
24 n-butyl 3-CON(Me)2 

35 
25 n-butyl 3-S02CH3 
26 n-butyl 3-S02NMe2 

- -·-·----·-- - ·---- - - .. --- ···-
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Example 27 

N 

~N' 
I 
H 

CHO 

_PCT/US90/03683 

10 PART A: Preparat1on of 4-(furan-2-yl)-2-n-
propylimidazole-5-carboxaldehyde. 

A solution of 2.64 g (0.01 mol) of 4-1odo-3-n-
15 propyl1midazole-5-carboxaldehyde, 60 ml of toluene, and 

0.33 g {0.00029 moJ)' of tetrak1str1phenylphosph1ne 
palladium (0) was st1.rred at room temperature under 
nitrogen, while a solut1on of 2.34 g (0.0174 mol) of 
furan-2-ylboronf~ ac1d in 50 ml of ethanol was slowly 

20 added. The reaction was st1rred for 5 minutes, after 
wh1ch 12 ml of 2M sod1um carbonate was slowly added. 
After the add1t1on was completed, the reaction was 
refluxed for 8 h and cooled. The reaction was 
filtered, the filtrate was evaporated under reduced 

25 pressure, and the resulting residue was dissolved 1n 

300 ml of methylene chloride, washed twice w1th 100 ml 
of saturated sodium chloride solution, washed tw1ce 
wfth 100 ml of d1st111ed water, and washed tw1ce w1th 
300 ml of 10% HCl. The HCl layer was made basic w1th 

30 50% sodium hydroxide unt11 the pH•lO. At th1s po1nt, 
the baste water layer was extracted three times w1th 
300 ml of methylene chlor1de. the methylene chlor1de 
layer was dr1ed over sodfum sulfate and· evaporated 
under reduced pressure. Yield: 0.34 g {O. 00156 mol, 

35 

------------
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5-carboxaldehyde. NMR (CDCl3) 6 10.14 (s,lH); 7.54 

(s,lH); 7.00 (d,lH); 6.55 (m,lH); 2.79 (t,2H); 1.80 
(m,2H); 1.02 (t,3H). 

The following intermediates (Table 2) were or 

5 could be prepared by the procedure described in Example 
27, part A: 

10 

15 
,.. 

20 

25 

30 

35 

----------- ·---- ---
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Table 2 

N~7 
r ' . 

5 ~N CHO 
I 
H 

R6 R7 mp (OC) 

\0 
10 ·-0-0 n-propyl gtassa 

n-propyl A) waxb 1 

15 ,l s 

'Y N 

n-propyl ,,-() 
·l s 

20 

n-propyl ~) ·l Se 

. 25 ,)J . 
n-propy> 

-\ 0 

30 n-propyl ·ro 
0 

35 
n-propyl ·10 

s 
122 

Th~u1~1111111r~r 
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Table 2, continued. 

R7 

N=c 
R.)!...N CHO 

I 
H 

R6 R7 mp (OC) 

JO 

n-propyf ,l~j 
15 -~1=) n-propyl 

s 

20 
n-propyl --~,.(j 

n-propyl +l) 
25 Se 

' .,~> n-propyl 

30 -t-c; n-propyl 
0 

35 

123 

------

Thi1iiDmi1i1r 
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Table 2, continued. 

Ns:7 
r ' 5 R...(N CHO 5 

~ 
RS R7 mp (OC) 

10 10 
3 

n-propyl 
N:) 

.tAN I 
15 1! 

vCN n-propyl •l NJ 
20 ,,Co n-propyl. •l N 

25 ~ n-propyl ·l N N 

30 ~N II 
n-propyJ ~ N 

35 
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Table 2. continued. 

PCT /US90/03683 , 
;· 

RT 

J-S 5 R N CHO 

A 
RS R7 mp (OC) 

JO 

n-propyl 
~N) 

#l N 

15 

20 n-propyl 
waxc 

.. , # 

25 

- n-propyl 

'~ 30 

35 
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Table 2, continued. 'I 

N1C7 
~ '. 

5 
R"'N CHO 

I 
.H 

RS R7 mp (OC) 

1 

10 

.lA) n-butyl 

15 n-buty1 JA) 

n-butyl ~~J 
·l s 20 

n-butyl ~) 
·~ Se 

·: 25 

'l 
.N 

n-butyl ,.,.() ~ 

,~ 0 

30 ·tu n-butyl 
0 

35 n-butyl tu 
s 

-------------- -

1

T~ii1ii1illi 
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Table 2t continued. 

. RT 

N=c RAN CHO 
I 
H 

R6 R7· ·mp (OC) 

JO 

n-butyl ,i~>. 
15 ·t-c> n-butyl 

s 
tt· 

20 
n-butyl --~-0 

-l-i=N n-butyl , } 
25 Se 

• n-butyJ .,,,0 
30 

-ttj n-butyl 
. 0 

35 

---------------.· ··-

This Sheet Has .B 
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Table 2, continued • 

R7 . 

N~ 
5 R~N CHO 

I 
H 

RS R7 mp (OC) 

10 

n-butyl 
N:J 

·lAN l 
15 

,(:N 
n-butyl .-t NJ 

20 ~} n-butyl •l N 

25 ~ n-butyl ~ N 

~N 30 It 
n-butyl N 

·l 

35 

-----
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10 

15 

20 

25 

30 
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Table 2, continued. 

R7 

N~ R.J!..N CHO 
. I 
H 

A6 R7 mp (OC) 

n-butyl 
~N) 

-t N 

¥~ f)o ~ n-butyl 

~t 

,, I 
n-butyl 

8NMR {CDCl3) a t0.25 (s,1H);9.85 (s, 1H); 7.85 (m, 2H); 7.65 (m, 3H); 
7.25 (m, 4H); 2.83 (t, 2H); 1.85 {m, 2H); 1.05 (t, 3H). 

bNMR (CDCl3) a 11.45 (bs, 1 H); 9.88 (s, 1 H); 7 .55 {m, 1H);7 .37 (m, 
1H); 7.13 (m, 1H); 2.73 (t, 2H); 1.80 (m, 2H); 0.91 (t. 3H). 

c.NMR (DMSO-Ds) a 9.66 (s, 1H), 7.70 (m, 1H), 7.38 (m, 2H), 7.11 (m, 
2H), 7 .04 (m, 4H), 2.70 )t, 2H), 1.80 (m, 2H), 0.97 (t, 3H). 

liUli~ilDf .. SUBSTITUTE SHEET 

" 
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__n 
N~~~ ~N CHO 

PART 6: Preparation of 4-(furan-2-yl)-2-n-propyl-1-
. 15 ((2'-(lH-tet.razol-5-yl )b1phenyl-4-

yl)methyl]1m1dazole-5-carboxaldehyde • .,. .. 

4-(furan-2-y1)-2-n-propy11m1dazole-5-

PCT/US90/0 

20 carboxaldehyde was transformed into the entitled 
product by the procedures described 1n Example 1, parts 
D and I: mp 129 {dee.). NMR (CDC13) 6 10.15 (s.tH): 

7.95 (d,lH); 7.55 (m.2H}; 7.38 (m.2H); 7.10 (d,2H): 
6.98 (d,2H); 6.85 (d,lH); 6.45 (m,lH); 5.55 (s,2H): 

25 2.55 (t,2H); 1.70 (m,2H); 0.91 (t,3H). 

" 
The e_xamples 1n Table 3 could be prepared by 

the procedures described 1n example 27 ustng the 
appropriate startfng materials: 

30 

35 

\0 
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Table 3 

5 

Example No. R6 mp (OC) 

10 -tO-O . 28 n-propyl glass• 

29 n-propyl j,)J 
15 

30 n-propyl ~) ·l s 
20 

31 n-propyl ~~ ·l se 

25 

~) 32 n-propyl ,, 0 

30 ·ro 33 . n-propyl 
0 

" ·ro 35 34 n-propyl 
: s 

------·-------
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Table 3, continued. 

5 

Example No. R6 mp (OC) 

10 

35 n-propyl -t~> 
15 -~""{) 36 n-propyt 

'tt" s 

20 
37 n-propyl --~~j 
38 n-propyl -tl) 

25 Se 

39 n-propyl .,.,(>. 
30 

-t(J 40 n-propyl 
0 

35 



---------
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Tabfe 3, continued •. 

5 

Example No. 
R6 

mp (OC) 

10 NJ 

41 
n-propyl .. iAN I 

15 ,(:N 
.,.. .. , NJ 

42 ' n-propyl 

20 

43 
n-propyl 

~u •l N 

25 

t 44 
n-propyl ~ ~ N 

30 

~N II 

45 
n-propyl 

N 

-t 

)5 
- ---- ----~--

li1~Dkilli~ 
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Table 3, continued. 

5 

Exampre No. R6 mp (OC) 

10 

46 n-propyl 
~N) 

_, N 

15 

20 
47 n-propyt 

25 

48 n-propyl 

30 

35 

---------
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Table 3, continued. 

OC) r Example No. R6 mp (OC) 

~ 
1io 

49 n-butyl _,A) 
15 50 n-butyl ~ 

,.. .. 

.51 . n-butyl )ZJ 
20 ·l s 

52 n-butyl )(~ ·l Se 

25 

53 n-butyl }() 
-l 0 

30 ·r-o 54 n-butyl 
0 

15 ·t-o 55 n-butyl 
. s 

------

Th11111iiinr 
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; 

'. l Table 3, continued. 

5 

Example No. R6 

10 

56 n-butyt ~t~> 
15 -~-CJ. 57 n-butyl · ... '! 

s .. 
:tt· 

20 
58 n-butyl .. ~-0 
59 n-butyl -t-c) 

25 Se 

60 n-butyl .,,,0 
30 .-t-c; . 61 . n-butyl 

0 

.35 
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Table 3, continued. 
PCT /US90/03683 

Example No. R6 mp (OC) 
) 

....... 10 

62 n-butyJ ~l~; 
15 

63 n-butyl 
,c.N 

4 N)J 
20 

~ 64 n-butyl ~ N 
25 

~ ' 
65 n-buty1 l N 

30 ;:N ll 

66 n-butyl 
N 

·l 
35 
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~o 9110 

Table 3, continued. 

5 
5 

Example No. R6 mp (OC) 
10 

1( 

67 n-buty( 
AN) 

. -l N 15 

;tt·· 

,,() 20 

D'° 68 n-butyl 
~ 

~t 
25 

'1 

' 69 n-butyl 

' 
JO 

'~ 
I 8NMR (COCl3) a 9.81 ~· 1H), 7.92 ~· 2H), 7.53 (m. 9Ha· 7.27 (m, 4H), 7.11 (d, 2H), 6.98 (d. 2 ). 5.60 {s, 2 ), 2.51 {t, 2H), 1.7 (m, 2H), 0.99(t, 3H). 
J . I 35 

bNMR (CDCl3) a 9.69 (s, 1H~ 8.10 (m, 1H), 7 .. 58 (m, 4H), 7.48 (m, 
t s> 

1 
3H), 7.18 (d, 2H), 7.00 (m, 7 ), 5.62 (s, 2H), 2.61 (t, 2H), 1.79 (m, 2H), 1.02 (t, 3H). . . 

------- --

Tiiiii1iUT 
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15 
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35 
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The examples 1n Tables 4 and 5 can be made by 

procedures described 1n examples 1, 2, or 27 ustng the 

b1phenyl starting materials disclosed 1n this patent or 

by other methods familiar to one skilled in the art. 

li1ii11mr11nr 
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Table 4 

s 

N 
~, 

R N RB 

~A \0 x-6 ,~ 

~ 

Ex. No. R6 R ·Ra x A mp (OC) 

1' 

70 n-propyl 4-CF3 CHO single bond COCH 
71 n-propyJ 4-0Me,.. 

. 
CHO single bond COOH 

72 n-propyl 4-COOH CHO single bond COCH 
73 n-propyl 4-CON(Me)2 CHO single bond COCH 
74 n-propyt 4-S02CH3 CHO single bond ·cooH 
75 n-pr9pyl 4-S02NMe2 . CHO single bond COOH 
76 n~propyl 3-CF3 CHO single bond COOH 
77 n-propyl 3-0Me CHO single bond COOH 
78 n-propyl 3-COOH CHO single bond CCOH 
79 n-propyl 3-CON(Me)2 CHO single bond COCH 
80 . n-propyl 3-S02CH3 CHO single bond .COOH 
81 n-propyl 3-S02NMe2 CHO single bond COCH 

82 n-butyl 4-CF3 CHO single bond COCH 
j: 83 n-buty1 4-0Me CHO single bond COCH 
I 

84 n·butyl 4-COOH CHO single bond COOH 
85 n-butyl 4-CON(Me)2 CHO single bond COCH 
86 · n-butyl 4-S02CH3 CHO single bond COOH 
87 n·butyl 4-S02NM~2 CHO single bond COOH 
88 n-butyl 3-CF3 CHO single bond COOH 
89 n-butyl 3-0Me CHO single bond COOH 
90 n-butyl 3-COOH CHO single bond COOH 
91 n-butyl 3-S02CH3 CHO single bond COOH 
92 n-butyl 3-S02NMe2 CHO single bond COOH 

-----·--
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Table 4 (cont1nued) 

¢- ~~R 
. j N , 

5 R~N R8 

~A 
x~ ,. '~ ·· 10 

,. Ex. No. R6 R RS x A mp (OC) 

93 n-propyl 4-CF3 COOH single bond CN4H 
15 94 n-propyt 4-0Me COOH single ·bond CN4H 

95 n-propyl 4-COOH COOH single bond CN4H 
96 n-propyl 4-CON(Me)2 COOH single bond CN4H 
97 n-propyJ 4-S02CH3 COOH single bond CN4H 
98 n-propyl 4-S02NMe2 COCH single bond CN4H 
99 n-propyl 3-CF3 COOH single bond CN4H 

20 100 n-propyl 3-0Me COCH single bond CN4H 
101 n-propyl 3-CCOH COOH single bond CN4H 
102 n-propyl 3-CON(Me)2 COOH single bond CN4H 
103 n-propyl 3-S02CH3 COOH single bond CN4H 
104 n~propyl 3-S02NMe2 COOH single bond CN4H 

25 105 n-butyl. 4-CF3 COOH single bond CN4H 
106 n-butyl 4-0Me COOH ·single bond CN4H 
107 n-butyl · 4-COOH COOH single bond CN4H 
108 n-butyl 4-CON(Me)2 COCH single bond CN4H 
109 n-buty1 4-S02CH3 COOH single bond CN4H 
110 n-butyl 4-S02NMe2 COOH s.ingte bond CN4H 

30 111 n-butyl 3-CF3 COCH single bond CN4H 
112 n-butyl 3-0Me COOH single bond CN4H 
113 n-butyl 3-COOH COOH single bond CN4H 
114 n-butyl. 3-S02NMe2 COCH single bond CN4H 

. 35 



:: 

I! 
,. 
' ... . ' 
i 

·• I 
• . 
' 

WO 9J/00277 

5 

10 

Ex. No. R6 

115 n-propyl 
15 116 n-propyl 

117 n-propyl 
118 n-propyl 
119 n-propyl 
120 n-propyl 
121 n-propyl 

20 122 n-propyl 
123 n-propyl 
124 n-propyl 
1-25 n-propyl 
126 n-propyl 

25 127 n-butyf 
128 n-butyl 
129 n-butyl 
130 n-butyt 
131 n-butyl 
132 n-butyl 30 133 n-butyl 
134 n-butyl 
135 n-butyl 
136 n-butyl 

·.35 

0 9·· 142 
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Table 4 (cont1nued) 

¢ 
N ~ 

.R~N R8 

~A x-6 ,~ 

~ 

A RB x A mp (OC) 

4-CF3 CHO single bond NHS02CF3 : 4-0Me CHO single bond NHS02CF3 4-COOH CHO single bond NHS02CF3 4-CON(Me)2 CHO single bond NHS02CF3 4-~02CH3 CHO single bond NHS02CF3 4-S02NMe2 CHO single bond NHS02CF3 3-CF3 CHO single bond NHS02CF3 3-0Me CHO single bond NHS02CF3 3-COOH CHO single bond NHS02CF3 3-CON{Me)2 CHO single bond NHS02CF3 3-S02CH3 · CHO single bond .NHS02CF3 3-S02NMe2 CHO single bond NHS02CF3 
4-CF3 CHO single bond . NHS02CF3 4-0Me CHO single bond NHS02CF3 4-COOH CHO single bond NHS02CF3 c 4-CON(Me}2 CHO single bond NHS02CF3 4-S02CH3 CHO single bond NHS02CF3 4-S02NMe2 CHO single bond NHS02CF3 3-CFa CHO single bond NHS02CF3 3-0Me CHO single bond NHS02CF3 3-COOH CHO single bond · NHS02CF3 3-S02NMe2 CHO single bond NHS02CF3 

I 
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Table 4 (cont1nued) 

s N. ~ 
5 /!.. , 

R N R8 

)Oj 

,. ~A 
J1 xi) I~ 

JO ~ 
a 

!J Ex. No. R6 R RS x A mp (OC) 

.. 
137 n-propyl 4-CF3 CHO -NHCO- CN4H 

JS 138 n-propyl 4-0Me CHO -0- CN4H 
139 n-propyl 4-COOH CHO -S- CN4H 
140 n-propyl 4-CON(Me)2 CHO -NH- · CN4H 
141 n-propyl 4-S02CH~ CHO -OCH2- CN4H 
142 n-propy{ 4-S02NMe2 CHO -SCH2- CN4H 
143 n-propyl 3-CF3 CHO -CH20- CN4H 

20 144 n-propyl 3-0Me CHO -NHS02- CN4H 
145 n-propyl 3-COOH CHO ·S02NH CN4H 
146 n-propyl 3-CON{Me)2 CHO -CH-=CH- CN4H 
147 n-propy1 3:-S02CH3 CHO ·CO- CN4H 
148 n-propyl 3-S02NMe2 CHO -CH2- CN4H 

25 149 n-butyl 4-CF3 CHO -NHCO- CN4H 
150 n-butyl 4~0Me CHO -0- CN4H 
151 n-butyl 4-CON(Me)2 CHO -s- CN4H 
152 n-butyl 4-S02CH3 CHO -NH· CN4H 
153 n-butyl 4-S02NMe2 CHO -CH2S- CN4H 

30 
154 n-butyl 3-CF3 CHO -SCH2- CN4H 
155 n-butyf 3-0Me CHO -S02NH- CN4H 
156 n-butyl 3-COOH CHO -CO- CN4H 
157 n-butyl 3-S02NMe2 CHO -CH2- CN4H 

35 
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Table 5 NJ:::R7 
_,/!.. , 

R6 N R1 

y, A 
~ 5 xo I~ ~ 

Ex. No. R6 R7 RB X A 
E} 

10 

JA) 158 n-propyl COOH sing\e bond CN4H 1( t 

15 
159 n-propyl JA) COOH single bond CN4H 1!> 

160 n-propy1 yi() COCH single .bond CN4H ·l s 2( 
20 

161 n-propyl ,)) 
·~ se 

COCH single bond CN4H 

25 

,)) 162 n:-propy1 COCH single bond CN4H -l 0 

30 tD 163 n-propyf COOH single bond CN4H 
0 

164 n-propyl ·t-u . 
35 COOH single bond CN4H . . 

s 



145 1. 
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N R7 

R6,.l!N):R1 

5 ~A xo 
(OCJ . 1 ~ 

(~ Ex. No. R6 R7 RB X A mp (OC) 

JO 

165 n-propyl ,1,,C> CHO single bond COOH 

15 

-~-c> 166 n-propyl CHO single bond COOH 

s 
tr 
N. 

20. 167 n-propyl --~~J CHO single bond COOH 

168 n-propy1 -l-c} CHO single bond COOH 
25 Se 

169 n-propyl ~l~) CHO single bond COOH 

30 

170 n-propyl -t-c; CHO single bond COCH 

- 0 
' 

35 
' .· 

------------------
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Table 5 (conttnued) PCT /US90/03683 

5 5 

Ex. No. R6 
10 

NJ 171 n-propyl .tAN I CHO single bond NHSOzCP3 

15 l! 

172 
. ~N 

n-propyl. ·l ~~NJ CHO single bond NHsOza3 

20 

173 n-propyl 
,(,n 1 N CHO single bond NHSOzCF3 

25 

17 4 n-propyl ,0 ·~ N 
CHO single bond NHSOzC:3 

30 

~N II 
175 n-propyl ·l N CHO single bond NHSOzCF3 

35 

• 



--- ·----- --- --- ----------
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5 

Ex. No. R6 

10 

182 n-propyl 

15 

20 183. n-propyl 

25 
184 n-propyl 

30 

185 n-propy1 

I. 
Ii 35 

148 

Table 5 (continued) 

-1_() 
I 
CH3 

~11/ 
N 
I 
CH3 

N. 

-1-() 
. I 

H 

CHO 

CHO 

CHO 

CHO 

PCT /US90/03683 

A. mp (OC) 

single bond CN4H 

e 

single bond CN4H 

single bond CN4H 

single bond CN4H 

.. 
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Table 5 (continued) 

N R7 

R6,,J!..N(R8 

5 

~x6 
>c1 '~ 
~ Ex. No. R6 R7 A8 X A mp (DC) 

10 

186 n-propyl <J'' CHO single bond CN4H 
15 N 

I 
H 

. ,... 

20 187 n-propyl -0 -t N'N CHO single bond CN4H 
I 
CH3 

x 
25 0 188 n-propyl CHO single bond· CN4H N 

I 
CH3 

30 

,189 n-propyl 0 CHO single bond CN4H N' 
I 

35 CH3 



WO 91100277 

5 

Ex. No. R6 
10 

190 n-propyl 

15 

20 191 n-propyl 

25 

192 n-propyl 

JO 

193 n-propyl 

35 

• 

150 

Table S {cont1nued) 

-0 .... \ N'N 
I 
H 

)(b , . 

,N 
N 
I 
H 

~\-0 
I 
CH3 

~ . 

0 
N 
I 
CH3 

-----

CHO 

CHO 

CHO 

CHO 

PCT /US90/03683 

5 

A mp (OC) 

single bond CN4H 

singfe bond CN4H 

single bond CN4H 

single bond CN4H 
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Table 5 (conttnued) 

N R7 

R6.)!N~R1 
5 UA . xo 

'~ 
Ex. No. R6 R7 RB X A mp (OC) 

10 

194 n-propyl ,,\-0 CHO single bond CN4H 

15 I 
H 

r ~· 

20 . 195 n-propyl 0 CHO single bond CN4H N 
I . 

·H 

25 . 
196 n-propyt COOH single bond CN4H 

30 

197 n-propyr COOH single bond CN4H 

35 



I 
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152 

Table 5 (continued} 
N R7 

,'! 1= 
R6 N" R1 

5 ~A 5 xo I .& 

Ex. No. R6 .R7 RB . X A mp (OC) )'. 

10 10 

198 n-propyl .l-0 CH20H s\ngle bond CN4H 

15 199 n-propy1· J~ CH20H slngre bond CN4H 15 

tt· 

200 n-propyl ~) CH20H singre bond CN4H 
20 ·l s 20 

201 n-propyr ~) CH20H single bond CN4H ·l Se 
25 25 

202 n ·propyl ~) CH20H single bond CN4H 1 ,t 0 I 
30 to 203 n-propyl CH20H singfe bond CN4H 

0 

35 
204 . n-propyl ·1-u CH20H single bond CN4H 

s 
--------

Th\11~1~ iftiiirrlf 
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Table 5 (continued) 

N R7 

R6~N):R1 

UA xo !) 

''" I~ 
... . Ex. No. R6 R7 RB x A mp (OC) 

10 

205 n-propyl -tc=c-H CHO single bond CN4H 

206 n-propyl ·~-C::C-Ctfa CHO single bond CN4H 
15 

rC::C-CH2·CH3 207 n-propyl CHO single bond CN4H 
,,. 

208 n-propyl ·~-c=c-CHrPh CHO single bond CN4H 

20 ,;:) 209 n-propy1 CHO single bond CN4H -{CH2) 0 

210 n-propyl -ctf:CH-0 CHO single bond CN4H 

25 
. ") 

211 n-propyl -CHz-CH=CH..-(_S, CHO single bond CN4H 

30 

212 n-propyl CHO single bond CN4H 

·. 

35 

·-- --··-----· ----- ---
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Table 5 (conttnued) 

N R7 

R6,J.!N§':R8 . 
5 

~xQ 
'~ Ex. No. R6 R7 RB x A 

10 

0 
213 n-propyJ 00 CHO single bond CN4H 

-(CH::)2 I ~ 

15 -CH=CH-CH20 214 n-propyf CHO single bond CN4H 
s ,,. 

20 215 n-propyl 
-CHrCJi=CH.t) 

CHO single bond CN4H 

216 n-propyl ~"' _(N , c~ J 
C t!!.N CHO single bond CN4H 

25 

217 n-propyJ CHO singre bond CN4H 

30 

218 n-propyl CHO single bond CN4H 

0 
. 35 219 n-propyl -(CH2lJo-O CHO single bond CN4H 
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Table 5 (continued) 

't ~ 
!. JO Ex. No. R6 x A mp (OC) 

CHO singre bond CN4H 
!\ 15 ., 

20 

25 

30 

35 
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The following compounds in Table 6 were prepared or 
could be prepared by the procedure in example 1: 

Table 6 

N 

,)( ' Ra N Ra 

Ex. No. Rs Ra A 

221 n-butyl 
·~ 

c.,ANJ 
els"'~ 

CHO 

222 n-butyl ,0 ·CHO CN4H ~ N 
els"' 

223 n-butyl ,() 
.,,.'i; CHO CN4H 

224 n-butyl .tA) CHO CN4H 

225 n-butyl · J~ CHO CN4H 

----·-
-- -------------

mp(O 
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Table 6, continued. 

Ex. No. Rs Ra A mp (OC) 

226 n-bufyl ~) -t s CHO CN4H 

227 n-propyl ,() CHO CN4H !t; N els.,. 

(0 228 n-propyl D CHO CN4H !t; N 
els" · 

tr 

229 n-propyl ,0 /'<:; CHO CN4H 

230 n-propyl )0 -l 0 
COOH CN4H 

231 n-propyl ,l~ CHO COCH 

232 n-propyl ~) -l s COOH CN4H 

: 

·---------
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Tabre 6, continued. 

Ex. No. Rs Ra A 

233 n-propyJ ~) CH20H CN4H ·l Se 

~J 
234 n-butyl -t 0 CH20H CN4H 

NJ 
235 n-bu~yl 

,fAN I 
COOH CN4H 

~,,() 

236 n-propyJ 
~ ~NJ 

CHO CN4H 

237 n-propyl 
i'(Y-0 

COOH ·NHS02CF3 

238 n-propyl ~i,() CHO COOH 

-··------------ -·-- - --- -----.. -
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Table 6, continued. 

mp~ Ex. No. Rs R1 Ra A mp (OC) 

239 n-propyl 
;~J:j CHO . CN4H 

240 n-propyl .,~> CHO COOH 

241 n-butyl 

-lt) 
0 CHO CN4H 

,... 

•. 
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Example 242 

Q 
s 

~~HO 

Preparation of 2-f\"-Butyl-4-phenylth1o-1-[{2 '-(lH­

tetrazot-5-yl )bfphenyl-4-yl )methyl] fmf dazole-
5-ca rboxy a 1 dehyde 

2-n-Butyl-4-chloro-l-({2'-N-triphenyl-
methyl (lH-tetrazol-5-yl)b1pheny1-4..,yl)methy1]­
imidazole-5•carboxyaldehyde (synthesized as described 
in European Patent Appl1catfon Number 89100144.8, 
published 7.19.89) (590 mg, 0.89 mmol, 1 eq), and 
th1ophenol {0.91 ml, ~.9 mol, 10 eq) were added to a · 
freshly prepared solution of sodium methoxfde 1n 
methanol (sodium: 205 mg,8.9 mmol, 10 eq; methanol, 40 
ml) and. the mixture refluxed overnight under Nz. The 
solvent was removed in vacuo and the residue dissolved 
·1n water (50 ml). The pH was adjusted ~o 10-12 with 10 

N NaOH. Gummy solids {trttyl group-conta1nfng 
compound) formed wh1ch were dissolved by the add1t1on 
of ethyl ether (50 ml). The layers were separated and 
the aqueous layer extracted w1th ethyl ether (2 x 50 

---------· 

01 
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ml). The aqueous layer was then extracted w1th ethyl 
acetate (6 x 50 ml). The ethyl acetate layers were 
collected, dr1ed (MgS04), and the solvent removed 1n 
vacuo to yield a re~idue which was redissolved 1n water 

5 (50 ml). The pH was adjusted to 1 with cone. HCl. A 
gummy precipitate containing product formed which was 
dissolved in ethyl acetate (50 ml). The layers were 
separated and the aqueous layer was extracted ~1th 
ethyl acetate {2 x 50 ml). The ethyl acetate layers 

10 were collected, dried (HgS04) 1 and the solvent removed 
1n vacuo to yield a white glass (200 mg). 
Crysta111zat1on from hot n-butylchlorfde yielded a 
wh1te solid (14i mg): mp. 1435-145.5°C. NMR (DMSO-d6) 
6 9.82 (s, lH): 7.80-761 (m, 2H); 7.58 (d, lH, J=8Hz); 

15 7.52 {d, lH, J=BHz): 7.45-7.20 (m, SH): 7.09 (d, lH, 

J=8Hz): 7.03 (d, 2H, J=SHz): 5.62 (s, 2H); 2.64 {t, 2H, 
J=7Hz}: 1.50 (t oft, TH, J=7,7Hz); 1.25 (t of q, 2H, 
J=7,7Hz); 0.80( t, 3H, J=7Hz). Anal. calcd. for 
CC2sH26N60S·(H20)o.4: c. 67.02; H. 5.38: N, 16.75: s, 

20 6.39. Found: C, 66.90: H, 5.20: N, 16.75; S, 6.00. 
Examples 243-253 tn Table 7 can be made by 

procedures described 1n example 242 and other examples 
In this patent appltcatton and tn EP 89100144.8 
(published 7.19.89) or by other methods famtltar to one 

25 skilled in the art. 

30 

35 

•. 
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Table 7 

Ex. No. Rs Ra A mp (OC) E 

243 n-butyl -s 
_() CHO COOH 142.5-143.5 

tt _() 244 n-butyl CHO COOH a -s 

.0 ~ 24"5 n-butyl CHO CN4H b -S N 

SH 

246 n-butyl ,() CHO COOH c -s 

247 n-butyl ":J -sAN I CHO CN4H 
'· 

,0 248 n-butyl I CHO CN4H -s 

-----

Th' iii iliiiiiced 
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Table 7 (cont1nued) 

Ex.No. ·Rs R7 . Rs A mp (OC) 
~ 

249 n-propyl -NHCOCH3 CHO CN4H 

250 n-propyl CHO NHS02CF3 CN4H 
"$r 

251 n-propyl 
HOX) 

-S ~N CHO COOH 

252 n-propyl 
N~ 

-SAN I CH3 COOH COOH 

s 
253 n-propyl 

-s-{) 
CH20H COOH N 

s 
254 n-propyl 

-s-{) 
CH20H CN4H N 
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Table 7 (continued) 

Ex. No. Rs Ra A mp (OC) 

N-N --1( ,, 
·S N 

N' 

255 n-propyl ¥6 CHO COOH 

N-N 
-s--1( ~ 

N' 
256 n-butyl I CHO CN4H CH3 

CH3 
I 
N 

257 n-butyl -s--<) CHO CN4H 
N 

0 

258 n-butyl -s-<'N) CH20H CN4H 

------
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Table 7 {cont1nued) 

Ex. No. Rs Rs A mp (OC) 

N=N 
I t 

-N N 
~ 

259 n-propyl CHO COCH 

260 n-propyl 
~N-i 

-N 
~N CHO CN4H 

N=N 
261 n-butyl -rJ~ CHO CN4H 

• MeOOC COO Me . )=( 
262 n-butyl CHO CN4H -NV'N 

263 n-butyl 
J-\ 

-NVN CHO CN4H 
. 

. 264 n-propyl ·NHS02-0 CHO CN4H 

--- --
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Ex. No. Rs 

265 n-propyl 

266 n-butyl 

166 

Table 7 (continued} 

;:., 
-SA) 

~~­

-s~ 
11 
0 

Ra 

CHO 

A 

COCH 

COCH 

?. 0 267 n-butyl 'f~ CHO CN4H 
0 

PCT /US90/03683 

mp (OC) 

&NMR (DMSO-d5) a 9.97 (s, 1 H); 7.59 -{d, 1 H, J=8Hz); &.50-7.10 (m, 
SH); 7.~4 (d, 2H, J=8H); 6.91 Cd, _2H, J=8Hz); 5.32 (s, 2H); ~.66 {t, 2H, 
J-7Hz), 1.58 (t oft, 2H, J=7,7Hz), 1.28 (t of q, 2H, J-7,7Hz), 0.82 (t, 
3H,J-7Hz). 

bNMR (DMSO-d5) a 9.80 (s, 1H); 8.41 (d, 1H, J.-7Hz); 7.72 (d, 1H, 
. J-7Hz); 7.~5 (d, 1 ~· J=7Hz); 7.49-7.25 (!11, 3H); 7.19 ~t, 2H, J=7Hz); 
7.09 (d, 2H, J-7Hz), 6.95 (d, 2H, J==7Hz), 5.63 (s, 2H), 2.70 (t, 2H, 
J=7Hz); 1.57(toft,2H,J=7,7Hz}; 1.29(tofq,·2H,J=7,7Hz); 0.81 (t, 
3H,J-7Hz).. . . 

CNMR (DMSO-ds) a 9.83 (s, 1H); 7.72 (d, 1H, J=BHz); 7.65-7.15 (m, 
9H); 7.10 (d, 2H, J=BHz); 5.64 (s, 2H); ~-64 (t, 2H, J=7Hz); 1.50 (t oft, 
2H, J.-7,7Hz); 1.23 (t of q, 2H, J=7,7Hz), 0.78 (t, 3H, J=7Hz). 

---------------------:. __ _ 
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Example 268 

N 

~N H 

N 

. Ph3C~N 
PJ\RT A: Preparation of 2-n-propyJ.:4-cyclobutyl1denyl-

5-hydroxymethyl-l-[(2 1 -(N-tr1phenylmethyl-(1H­
tetrazo 1-5-yl) )bf phenyl-4-yl )methyl] f midazo 1 e. 

(6-Bromo-n-butyl)trtphenylphosphonfum bromide 
(7.42 g 1 0.0155 mmol, 2 eq) was suspended 1n THF (125 
ml} and 0.75 M potassium hexamethyld1s11azane· (41.4 ml, 

20 0.031 mmol, 4 eq) was added at room temperature. The 
mixture turned blood red. After 0.5 h, 2-n-propyl-5- . 
hydroxymethyl-1-( (2 1 -(N-trf phenylmethyl-(1H-tetrazol-5-
y1) )bf phenyl-4-yl-methyl] 1m1dazole-4-carboxaldehyde 
.(5.00 g, 7.75 nunol, 1 eq) as a slurry 1n THF was added. 

25 The mf xture eventually turned 1 nto a ye 11 ow-orange 
suspension. After 24 h, the reaction was worked up by 
adding a little methanol to quench, followed by ethyl 
acetate and water. The layers were seperated and the 
organic layer was washed w1th water (2X) and brine . 

30 (lX). The organic layer was dried (MgS04). and solvent 

35 

removed !n ~, and the ~es1due flash chromatographed 
in 60:40 pentane/ethyl acetate to 100% ethyl acetate to 
yfeld 4.12 g (78%) of a wh1te sol1d: mp 181.5-
182.50C. NMR (DMSO-d6) 6 7.78 (m,lH); 7.61 (t,lH, 
J=7Hz); 7.54 (t,1H,J=7Hz); 7.48-7.20 (m,lOH): 7.03 

lliHii1iilDf 
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(d,2H,J=8Hz); 6.96-6.70.(m,BH); 5.99 (s,lH); 5.13 
(s,2H); 4.97 (t,1H,J=7Hz); 4.21 (d,2H,J=7Hz); 3.05 
(m,2H); 2.79 (m,2H): 2.31 (t,2H,J=7Hz); 1.98 (m,2H); 
1.48 (t of q, 2H,J=7,7Hz); 0.77 (t,3H,J=7Hz). Anal. 
((C45H42N60•(HzO)o.15) c. H, N. 

N 

~N H 

PART B: Preparation of 2-n-propyl-4-cyclobuty11denyl-
:tt· 

5-hydroxymethyl-1-[(2•-(tH-tetrazo1-5-
yl )b1pheny1-4-yl)methy1]1m1dazole. 

2-n-Propyl-4-cyclobuty11deny1-5-hydroxymethyl­
l-[ (2'-(N-tr1phenylmethyl-(1H-tetrazo1-S~y1) )b1phenyl-
4-yl )methyl]im1dazole (1.00 g), methanol (25 ml) and 

25 THF (15 ml) were mixed and refluxed for 24 h. The 
solvents were removed in vacuo and the residue 
invnediate ly fl ash chromatographed quickly 1 n 1: 1 

pentane/ethyl acetate to 100% tsopropanol and 
eventually to 100% ethanol to yield 320 mg of a light 

30 yellow glass: NMR (DMSO-d6) 6 7.59 (d,1H,J=7Hz); 7.54· 
(t,1H,J=7Hz); 7.46 (t,1H,J=7Hz); 7.42 (d,1H,J=7Hz): 
7.06 (d,2H,J=7Hz): 6.90 (d,2H,J=7Hz); 5.97 (s,lH): 5.17 
(s,2H): 4.31 (s,2H): 3.04 (m,2H); 2.77 (m,2H); 2.42 
(t,2H,J=7Hz); 1.97 (m,2H): l.53 (t of q,2H.J=7,7Hz): 

35 . 0.86 (t 3H,J=7Hz). Anal. (C26H2sN60) c, H, N. 

---------
----·-· 
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Utt 11 ty 

The hormone angtotensfn II (All) produces 
numerous b1olog1cal responses (e.g. vasoconstrtct1on) 
through stimulation of 1ts receptors on cell membranes. 

5 For the purpose of 1dent1fytng compounds such as Aii 
antagonists which are capable of tnteract1ng wtth the 
All receptor, a ligand-receptor b1nd1ng assay was 
utflized for the fnftial screen. The assay was carried 
out according to the method described by [Glossmann et 

10 al., J. B1ol. Chem., 249, 825 (1974)], but with some 
modifications. The reaction m1xture contained rat 
adrenal cortical mtcrosomes (source of All receptor) 1n 
Tris buffer and 2 nM of 3H-AII with or wtthout 
potenttal All antagontst. This mfxture was incubated 

15 for 1 hour at room temperature and the reaction was 
subsequently termi"nated by rapid filtration and r1ns1ng 

through glass micro-ftt>.re filter. Receptor-bound 3H­
AII trapped in filter was quantitated by scintillation 
countlng. The 1nh1b\tory concentrat1on (IC50) of 

20 potential All antagonist which gives 50% _displacement 
of the total spec1f1cally bound 3ff-AII 1s a measure of 
the affinity of such compound for the All receptor. 
Compounds of this invention which were tested 1n thts 
binding assay exhibited IC50 of 10-SM or less (Table 

25 8). 

30 

35 
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27 
28 

10 47 
242 
243 
244 
245 
246 
268 
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Table 8 

Angf otens1n II Antf hypertensfve 
Receptor Effects tn renal 
Bindfng H~Qertensfve Bats 

IC50 Intravenous Oral 

(µmolar) Actf v1tyl Act1v1ty2 

0.013 + + 
0.021 + NT3 
0.17 + NT3 
0.35 NA NT 
0.21 NA NT 
0.024 + + 
0.28 NA NT 
0.37 NA NT 
0.024 + + 
0.27 + NT 
0.044 NT HT 

-----. -------
This Sheet Has B . 
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The potential ant1hypertens1ve effects of the 
compounds of this invention may be demonstrated by 
administering the compounds to awake rats made 
hype rt ens ive by 1 f gat f on of the left rena 1 artery 

PCT /US90/03683 

5 [Cangiano et al., J. Pharmacol. Exp. Ther., 208, 310 
(1979)). This procedure t·ncreases blood pressure by 
increasing ren1n production w1.th consequent elevation 
of All levels. Compounds are adm1n1stered orally at 30 
mg/kg and/or intravenously via a cannula in the jugular 

10 vein at 3 mg/kg. Arterial blood pressure 1s 
continuously measured directly through a carotid artery 
cannula and recorded using a pressure transducer and a 
polygraph. Blood pressure levels after treatment are 
compared to pretreatment levels to determine the 

15 antfhypertensfve· effects of the compounds which were 
tested. Some ·compounds of this invention exMb1ted 
intravenous actfvtty at¥3 mg/kg and some exh1b1ted oral 
activity at 30 mg/kg (Table 8). 
Dosage forms 

20 The compounds of this invention can be 
administered for the treatment of hypertension 
accordfng to the 1nventfon by any means that effects 
contact of the active Ingredient compound with the site 
of action 1n the body of a warm-blodded an1mal. For 

25 example, adm1n1strat1on can be parenteral, 1.e., 
subcutaneous, intravenous, intramuscular, or intra 
peritoneal. Alternatively, or concurrently, 1n some 
cases adm1n1strat1on can be by the oral route. 

The compounds can be administered by any 
JO conventional means available for use fn conjunction 

with pharmaceuticals, either as indiv1dua1 therapeutic 
agents or in a combination of therapeutic agents. They 
can be admf ntstered alone, but are generally 
adm1n1stered with a pharmaceutical carrier selected on 

35 

----- --------- - -
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the basts of the chosen route of admtn1stratton and 
standard pharmaceutical pract1ce. 

for the purpose of this disclosure. a warm­
blooded animal ts a member of the animal kingdom 
possessed of a homeostatic mechanism and includes 
mammals and b1rds. 

The dosage administered w111 be dependent on 
the age, health and weight of the recfpient, the extent · 

of disease, kind of concurrent treatment, tf any, 
frequency of treatment and the nature of the effect 
desired. Usually. a daily dosage of active fngred1ent 
compound w111 be from about 1-500 m11 ligrams per day. 
Ordinarily, from 10 to 100 mt111grams per day in one or 
more applications is effective to obta1n des1red 

15 results. These dosages are the effective amounts both 
for treatment of hypertension and for treatment of 
congestive heart failure, 1.e., for lowering blood 

20 

1" 
pressure and for correcting the hemodynam1c burden on 
the heart to relieve the congestion. 

The actfve fngred1ent can.be admfn1stered orally 
1n solid dosage fonnst such as capsules. tablets, and 
powders, or fn 11qu1d dosage forms. such as elixirs 
syrups, and suspensions. It can also be adm1n1stered 
parenterally, in sterile 11qu1d dosage forms. 

25 Gelatin capsules contain the active 1n~red1ent 

~nd powdered carriers, such as lactose, starch, 
cellulose der1vat1ves, magnesium stearate, steartc 
acid, and the 11ke. Similar d11uents can be used to 
make compressed tablets. Both.tablets and capsules can . 

30 be manufactured as sustained release products to 

35 

provtde for continuous release of medication over a 
pertod of hours. Compressed tablets can be sugar 
coated or ff lm coated to mask any unpleasant taste and 
protect the tablet from the atmosphere, or enter1c 

\ 
I 
i 

\ 

' 

\ 
\ 
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coated for selective disintegration 1n the 
gastrointestinal tract. 

Uqufd dosage .forms for oral adm1nhtratton can 
contatn colorfng and flavorfng to increase patf ent 

S . acceptance. 
In general, water, a suitable ofl, salfne 1 

aqueous dextrose (glucose), and related sugar solutions 
and glycols such as propylene glycol or polyethylene 
glycols are suitable carrfers for parenteral solutions. 

10 Solutions for parenteral adm1n1stration preferably 
contain a water soluble salt of the active tngredf ent, 
su1table stab111z1ng agents, and 1f necessary, buffer 
substances. Antioxid1z1ng agents such as sodium 
bfsulf1te, sodfum sulfite, or ascorbic acfd, either 

15 alone or combined, are suttable stabilizing agents. 

20 

Also used are c1tr1c ac1d and 1ts salts and sod1um 
EDTA. In add1t1on, tyarenteral solutions can contain 

preservatives, such as benzalkonium chloride, methyl­
or propylparaben, and chlorobutanol. 

Suitable pharmaceutical carriers are described in 

Remf ngton • s Pha rmaceut fca 1 Sciences, A.. Oso 1, a 
standard reference text fn this field. 

Useful pharmaceutfca 1 dosage-forms fo·r 

administration of the compounds of this invention can 
25 be 111ustrated as follows: 

Capsules 
A large number of unit capsules are prepared by 

ftll fn·g standard two-piece hard gelat1n capsules each 
w1th 100 milligrams of powdered active fngred1ent, 150 

30 milligrams of lactose, 50 n1f111grams of cellulose, and 
6 milligrams magnesium stearate. 

Soft Gelatin Capsules 
A mixture of active ingredient in a digestible 

oil such as soybean oil, cottonseed 011 or olt ve oil 1s 

35 · prepared and injected by means of a positive 

-----

li1fUlared 
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displacement pump 1nto gelatfn to form soft gelat1n 
capsules containing 100 m1111grams of the act1ve 
ingredient. The capsules are washed and drfed. 

Tablets 
A large number of tablets are prepared by 

conventional procedures so that the dosage un1t 1s 
100 mfllfgrams of actfve fngred1ent, 0.2 mf111grams of 
colloidal silicon dioxfde, 5 m111igrams of magnesium 
stearate. 275 mfllfgrams of m1crocrysta111ne cellulose, 
11 milligrams of starch and 98.8 mf llfgrams of lactose. 
Approprf ate coatings may be app11ed to increase 
palatabf lfty or delay ~bsorpt1on. 

ln1ectable 
A parenteral composf tfon suttable for 

15 administration by 1nject1on 1s prepared by st1rrf ng 
1.5% by weight of active ingredient 1n 10% by volume 
propylene glycol;. The solution 1s made to volume w1th 

water for injection and sterilized. 

20 

25 

30 

35 

Suspens1on 
An aqueous suspensfon is prepared for oral 

admfnfstration so that each 5 m111111ters contain 
100 m1111grams of finely dfvfded active 1ngred1ent, 100 
milligrams of sodfum carboxymethyl cellulose, 5 

milligrams of sod1um benzoate, 1.0 grams of sorb1tol 
solution, U.S.P •• and 0.025 mi11111ters of vanfll1n~ 

The same dosage forms can generally be used when 
the compounds of thfs invention are adm1n1stered 
stepwise 1n conjunction with another therapeutic agent. 
When the drugs are admfnf stered 1n physical 
comb1nat1on, the dosage form and adm1n1strat1on route 
should be selected for compat1b11tty w1th both drugs. 
Suitable dosages, dosage forms and adm1n1strat1on 
routes are illustrated in the following tables. 

ilfilliiUf 
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. Examples of NSAIO's that can be combtned 
w1th All blockers of thts tnvent1on: 

Dose 

5 Drug 1mgl Formulation Route 

lndomethactn 25 Tab·let oral 
{2/3 times daily} 

10 Meclof enamate 50-100 Tablet Oral 
{2/3 times daily) 

Jbuprof en 300-400 Tablet Oral 
{3/4 times daily) 

15 
P1roxfcam 10-20 Tablet oral 

(1/2 J:·1mes datly) 

sul1ndac 150-200 Tablet oral 
20 (2 times daily) 

Azapropazone 200-500 Tablet Oral 
(3/4 times da1ly) 

25 

30 

35 
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Examples of diuretics that can be combined 
with Aii blockers of th1s 1nvent1on: 

Oose 

1ID9l formulation Route 

Benzoth1ad1zides 25-100 (daily) Tablet Oral 
(e.g. hydrochloroth1az1de) 

loop d1uretfcs 
(e.g. furosem1de) 

50-80 (daily)_ Tablet 

When used w1th an NSAln, the dosage of All 
blockers will generally be the same as when the All 

blocker is used alone, 1.e., 1-500 m1111grams per day, 
ordinarily from 10 to 100 mfl 11grams per day fo one or 

more app11cat1ons.'$' When used with diuretics, the 
1n1t1al dose of Aii blocker can be less, e.g., 1-100 
m1llfgrams per day and for the more active compounds 

Qral 

20 1·10 mf111grams per day. 

25 

30 

35 

It 1s expected that the compounds of th1s 
invention w111 also be useful 1n the treatment of 
chronic renal failure. 

\
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CLAIMS: 
1. An ant 1 hypertens he compound of the formula: 

'Wherein 

0 

" -C(CF3)20H: -0-P·OH · I • 
OH 

0 • -o-s-OH· It • -SO.SH; 
0 

0 
I -POaH2: -NH-P·OH • I • 
OH 

4 -NHS02Cl-b: 4-NHSOzCF3: -CONHOR't; 

-SOzNH2: 

OH 0 
I II 

-C-P·OH I I 
R-zT OH 

• • 

------ ··-·-

.· I fllf l~lllj/11, H ~I 

N-N 
3)( _,'N 

N 
H 

• t 

---------------·-·----- --- --·--
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N-N J( \\ 
4 _.N 

N 
H 

0 
II 

-HNC) ; 
HOC 

u 
0 

178 

-CR" ~ • 4-X 1) ' . J_r.R3 
R2 

4-X~; 
R13~ 

f F 

4-Xn-F . 
• 

R13 F 

• 
' 

• 
' 

N-N 

4-CONHJ(N,_"N ; 4-CONHNHS02CF3; 

H"' 

r<'2H 
4-CONH-CHCHAHs: 

4 -co·Q (!.-is011er) : 

C02H 

Rt3 

4-x-b . 
• • 

' 

or -~·NHS~-(CHa}1 ; 
0 -OR20 

(t-isomer) 

R2 1s H: Cl; Br; I; F; N02: CN; alkyl of 1 to 4 carbon 
atoms:. acyloxy of 1 to 4 carbon atoms: alkoxy of 1 

to 4 carbon atoms; C02H; C02R9; NHSOzCH3; NHSOzCF3; 

--------

111111111111111111111111111111 
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N-N 
; _)( ,~: 

N 
H 

aryl: or furyl; 

R3 1s H; Cl, Br, I ·or F: alkyl of 1 to 4 carbon atoms 
or alkoxy of 1 to 4 carbon atoms; 

R4 is CN, N02 or C02nll; 
RS f s H, alkyl of 1 to 6 carbon atoms, cycloalkyl of 

3 to 6 carbon atoms, alkenyl or alkynyl of 2 to 4 

carbon atoms; 
R6 1s alkyl of 2 to.10 carbon atoms, alkenyl or alkynyl 

of 3 to 10 carbon atoms or the same groups 
subst1tu~ed w1th F or C02R14; cycloalkyl of 3 to 8 
carbon atoms, cycloalkylalkyl of 4 to 10 carbon 
atoms: cycloalkylalkenyl or cycloalkylalkynyl of 5 

to 10 carbon atom~; (CH2) 5Z(CH2)mRS optionally 
substituted w1th f or COzR14; benzyl or benzyl 
substftuted on the phenyl ring with 1 or 2 halogens, 
alkoxy of 1 to 4 carbon atoms, alkyl of 1 to 4 
carbon atoms or nitro; 

R7 fs vinyl; cycloalkylfdenyl; alkynyl of 2-10 carbon 
atoms: phenylalkynyl where the alkynyl portion 1s 2-
6 carbon atoms; heteroaryl selected from 2- and 3-

thfenyl, 2- and 3-furyl, 2-, 3-, and 4-pyrfdyl, 2-
pyrazfnyl, 2-, 4-, and 5-pyrimfd1ny1, 3- and 4-
pyridaz1ny1, 2-, 4- and 5-thiazolyl, 2- 1 4-, and 5- · 
selenazolyl, and 2-.·4-, and 5-oxazolyl, 2- or 3-
pyrrolyl, 3-, 4- or 5-pyrazolyl. 2-, 4- or 5-
1midazolyl; o-, m- or p-b1phenylyl: o-, m- or p­
phenoxyphenyl; 2-oxazoltnyl; 2-thtazoltnyl; 
subst1tuted phenylalkynyl, heteroaryl, biphenylyl or 
phenoxyphenyl as defined above substituted with 1 or 
2 substftuents selected from halogen, hydroxy. 
mercapto, alkoxy of 1-5 carbon atoms, alkyl of 1-5 
carbon atoms, -NOz, -CN, -cr3, -CoR16, -CHzOR17, 

----------- -
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-NHCOR1 7, -CONR18Rl9, S(O)rR17, and so2NR18R19i 

pyrrolyl. pyrazolyl or fmfdazolyl as defined above 

substituted on ring nitrogen with alkyl of 1-5 

carbon atoms, phenyl or benzyl; or substituted 

5 alkyl, alkenyl, or alkynyl of l to 10 carbon atoms 

substituted wfth a substituted or unsubstituted 

heteroaryl, biphenylyl or phenoxyphenyl group as 

defined above; -S(O)r-heteroaryl, -S-(O)r­

bfphenylyl, -S(O)r-phenoxyphenyl, -S-tetrazole, 
10 -S (0) rR17 • -NR18R19, -NRlB_heteroaryl ., -NR18_pheny1, 

-NRl8_b1phenyly1, -NRlB_phenoxyphenyl, -N­

phthaltmido, -NH-S02-phenoxyphenyl, -NH-SOz­
heteroaryl, -NH-SOz-blphenylyl, -NH-SOz-R17, and 

-S-(C=O)-R17, N-fmidazolyl, N-1,2,3-tr1azolyl, 

15 N-1,2,4-triazolyl, where heteroaryl 1s a heterocycle 

defined in the scope of R7 and where the phenyl 

group 1n R17~of -S-(O)rR17, the N-fmfdazolyl, N-
1,2,3-trfazolyl, and N-1,2,4-trfazolyls may be 

substituted with one or two subst1tuents as 

20 descrtbed above for heteroaryl; 

25 

30 

35 

0 

RB ts -(CH2)n-1CH-Rll : -(CHz)nOCR14; -(CH2)nSR1s, 

!Rt7 

Rl4 0 0 
I 

-CH=CH(CHz)sCHOR15; -CH=CH(CH2)sCRl6: -cR16; 

0 .. 

(CH2)s-CH-COf~ 16 ; 
I 
CH3 

y 

0 y 

-(CH2)nCR16: -(CH2) 00CNHR10; 

0 

-(CH2)nNRllcoRt0: -(CH2)nNRllcNHRlO; -(CH2)nNRllso2R10, 

-----·-·- ·------­------ -- - ---- - -
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5 ' n R9 is -CH-OCR2li 
RlO 1s alkyl of 1 to 6 carbon atoms or perfluoroalkyl of 1 to 6 

carbon atoms, 1-adamantyl, 1-naphthyl, 1-{t-naphthyl)ethyl. or 

(CH2)pC6H5; 
Rll is H, alkyl of l to 6 carbon atoms, cycloalkyl of 3 to 6 

carbon atoms, phenyl or benzyl; 10 

Rl2 is H, methyl or benzyl; 
R13 1s -COzH; -COzR9: -CHzCOzH, -CHzCOzR9

; or 

15 ~ ~R20 
-C-HHSOz-(CHz)s"\.;_t 

0 
•• 

-O-S-OH; 

t 

0 .. 
-S03H: -NHP .. OH 

!tt 
(cf ) OH -NHS0

2
tH

3
: -NHSO~CF3 ; -NHCOCF3; 

-P03Hz: -C 3 2 ; ' 

0 .. 
-0-P-OH: 

~H 
20 

25 

30 

35 

---~- - ------------- -
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R14 1s H, alkyl or perfluoroalkyl of 1 to 8 carbon 
atoms, cycloalkyl of 3 to 6 carbon atoms, phenyl or 
henzyl; 

Rl5 1s H, alkyl of 1 to 6 carbon atoms, cycloalkyl of 3 
5 to 6 carbon atoms, phenyl, benzyl, acyl of 1 to 4 

carbon atoms. phenacyl; 
R16 1s H-. alkyl of 1 to 6 carbon atoms, cycloalkyl of 3 

to 6 carbon atoms, (CH2)pC6H5, oR17, or NR18R19; 
R17 Is H, alkyl of 1 to 6 cal'bon atoms, cycloalkyl of 3 

10 to 6 carbon atoms, phenyl or benzyl; 
R18 and Rl9 independently are ff,· alkyl of 1 to 4 carbon 

atoms, phenyl, benzyl, a-methylbenzyl, or taken 
together w1 th the nt trogen form a rt ng 9f the 
formula 

15 /~HJ>. 
-\__;Q 

tr 

Q fs NR20, 0 or CH2:-
R20 is H, alkyl of 1-4 carbon atoms, or phenyl: 

20 R21 1s alkyl of 1 to 6 carbon atoms, -NR22R23, 

or -fHCH2co2cH3: 

NH2 

R22 and R23 1ndependently are H, alkyl of 1 to 6 carbon 

25 atoms, benzyl, or are taken together as (CHz}u where 
u 1s 3-6; 

30 

35 

R24 f s H, CH3 or -CGHs: 

R26 f s hydrogen. a 1 ky l wfth from 1 to 6 carbon a toms• 
benzyl, or allyl; 

R27 and R28 are independently hydrogen, alkyl w1th from 
1 to 5 carbon atoms, or phenyl: 

tllllt 111111 1111111111111111 
* C l M S * 
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R29 and R30 are 1ndependently alkyl of 1-4 carbon atoms or taken together are -(CHz)q-i R31 1s H, alkyl of 1 to 4 carbon atoms, -CH2CH=CH2 or -CH2C6H4R32; 5 R32 1s H. NOz, NHz, OH or OCH3i X 1s a carbon-carbon stngle bond, -CO-, -CH2-. -0-, -s-, -NH-, -N- , -coN- • -Nco-, -octt2-, -CttzO-, ~26 !23 !23 
27 28 23 

lO -SCH
2-. -CH2S-, -NHC(R ){R )-, -NR so2-, 23 27 28 -so

2
NR -, -C(R ){R )NH-, -CH=CH-, -CfcCf-, 

15 

20 

25 

30 

35 

-CH•Cf-, -CF•CH-, -CHzCHz-· -CFzCFz-· ~ 

on14 ocoR17 
1 I -CH- , -CH-

Y 1s o or S: 
2 ts O, NR11, or S; 
m 1s l to 5; 
n 1s 1 to 10; 
p ts O to 3; 
q 1s 2 to 3; 
r 1s o to 2; 
s 1s o to 5: 
t 1 s o or 1: 

-C- or • • 

or a pharmaceutically acceptable salt thereof: provided that: 
(1) the Rl g~oup is not 1n the ortho position; 

(2) when R1 1s 

R" 
x__r/~ . x 1s a single bond, -""\t-~R' Rz 

I tllllll llllll lllll lllll ll llll * C L M S * 
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N-N 13 
and R13 1s CO H or I \\N, then R must\ 

2' ~, . 
N 
H 

be f n the ortho or meta posftlon: or when Rl 

and X are as above and R13 is NHS02CF3 or 

NHS02CH3, R13 must be ortho: 

n's 
10 

(3) when R1 1s xfi1~ , and X is other than 
\:kii'R3 

a single bond, then Rl3 must be ortho except 
15 when X = NR23co and R13 1s NHS02CF3 or 

NHS02CH3 1 then R13 must be ortho or meta; 
(4) when R ly 1 s 4-COzH or a sa 1t thereof, R6 cannot 

bes-alkyl; 
(5) when RI 1s 4-COzH or a salt thereof, the 

20 subst1tuent on the 4-pos1tton of the 1m1dazole 

cannot be CH20H, CH20COCH3, or CH2C02H: 

CF3S02HN 
(6} when Rl 1s ~ , R6 ls not methoxy-

-NHC -25 benzyl; 

(7) the n6 group 1s not -CHCHzCHzCH3 or CH20H; 
I 
F 

30 2. A compound of Cla1m 1 hav1ng the formula: 

R7 

R")~R" 
I 

Q 
R' 

(D) 

35 

--------------

.wo 
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wherein 

~R' 
-X-\_/ 

5 

or 

10 R6 1s alkyl of 3 to JO carbon atoms, alkenyl of 3 to 10 carbon 

15 

20 

25 

atoms, alkynyl of 3 to 10 carbon atoms, cycloalkyl of 3 to 8 
carbon atoms, benzyl substituted on the phenyl r1ng w1th up to 
two groups selected from alkoxy of 1 to 4 carbon atoms, 
halogen, alkyl of 1 to 4 carbon atoms, and n1tro; 

0 
Ra is -(CH2}m-tetrazoiy1, -(CH2) 0oR11: -(CHz) 00cR14; 

0 R14 
" I -CH=CH(CHz) 5CR16 , -CH=CH(CH2)sCHOR15; 

0 0 
-(CH2)ncRl6: -(CHz)nNHCORt0; -(CH2)nNHS02R10; 
0 

N-N 
Rl3 1s -COzH, -C02R9, NHSOzCF3; S03Hi or ~ ~~ 

N 
H 

• 
' 

R16 is H, alkyl of 1 to 5 carbon atoms, oR17, or NR18Rl9; 
X 1s carbon-carbon single bond, -CO-, -CON-, 

30 ~23 
-CHzCHz-, -NCO-, -OCHz-, -CHzO-, -o-. -SCH2-. 

~23 
-CHzS-, -NHCHz-, -CHzNH- or -CH=CH-; 

35 
or a pharmaceut 1ca11 y acceptab 1 e sa 1t thereof. 

----------
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3. A compound of C1a1m 2 wherein: 

R2 is-H, alkyl of l to 4 carbon atoms, halogen, or 

alkoxy of I to 4 carbon atoms; 

n
6 

·1s alkyi, alkenyJ or alkynyl of 3 to 7 carbon atoms; 

R7 is heteroary1 selected from 2- and 3-thi enyl, 2- and 

3-furyl, 2-, 3-, and 4-pyrfdyl, or p-bfphenylyl 

-s.Q. ~-0 

0 0 

-(CHz)mCR16; -CHzNHCORlO; 

RlO f s Cf 3 1 a 1 kyl of 1 to 6 carbon atoms or phenyl: 

Rll 1s H, or alkyl of 1 to 4 carbon atoms: 

R
13 

f s COzH: COzCHzOCOC(CH3)3; HHSOzCF3 

N-N 
or }( ,~ ; 

N 
H 

R14 f s H, or alkyl of 1 to 4 carbon atoms: 

Rl5 Is H, alkyl of I to 4 carbon .atoms, or acyl of I to 4 carbon 

atoms; 

----· -·-- .. -·--
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Rl6 1s H, alkyl of 1 to 5 carbon atoms; oR17; or 

-0 1 

5 m is l to S: 

10 

15 

X = sf ngle bond, -O-: -CO-: -NHCO-; or -OCH2-; or a 
pharmaceut1ca11y acceptable salt thereof • 

. 4. A compound of Claim 3 wherein RI 1s 
R13 R2 
-X~ and X ls a single bond, or a phanaaceutlcally 

suitable salt thereof. 

5. A pharmaceutical composit1on comprising a 
pharmaceut1ca11y suitable carrfer and a compound of any .,.. 
one of Claims 1 through 4. 

6. Pharmaceutical composition of Claim 5 which 
20 add1t1onally contatns a d1uret1c or a non-steroidal 

ant11nflammatory drug. 

7. A metho~ of preventing renal failure in a 
warm blooded animal result1ng from admfn1strat1on of a 

25 non-steroidal antf-fnflammatory drug (NSAID) wh1ch 
compr1ses adm1nfster1ng, stepwise or 1n physical 
combination with the NSAIO, a compound of any of Claims 
1 through 4 ;n an amount effective to prevent renal 
failure. 

30 

35 

8. A method of treat f ng hypertension 1 n a warm · 
blooded animal comprf sing aclm1nfstering to the animal 1n 
an amount effective to lower the an1mal•s blood pressure 
a compound of any of Claims 1 through 4. 

·-----
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9. Method of Clatm 8 wherein a df urettc ts 
administered to the animal prior to or simultaneously 
with the 1midazole compound. 

10. A method of treat1ng congestive heart failure 
in a warm-blooded animal compr1s1ng admf n1stertng to the 
animal a compound of any one of Clatms 1 through 4 tn an 
amount effective to correct the hemodynamtc burden on 
the heart to rel1eve the congestion. 

11. A process for the preparat1on of a compound 
of Claim 1 wherein r 1s 1 wh1ch comprises contacting an 

' 
imidazole derivative of Formula 1 with a benzyl 
derivative of Formula 2 1n a solvent fn the presence of 
a base for about 1 to about 10 hours at a temperature 1n 
the range of about 20°c to the-· reflux temperature of the 
sol vent to form a-vbenzyl1midazo le of Formula 3: 

R' 
~citl RJ!)-R7 + 

3 ,; 

. H R 

l 2 - -
3 -

wherein each of RI, R2, R3, R6, R7 and RB fs stable 
under the react1on conditions and 1s a group as defined 

30 f n Claim 1 or an intermediate or protected form thereof 
which can be transformed to such a group and wherein xl 
is halogen, p-toluenesulfonyloxy or methylsulfonyloxy; 
and thereafter .as necessary transforming sa1d 
1 ntermed1 ate or protected forms of the R groups to R 

35 groups as defined 1n Cla1m 1. 

1111111\ \111111111\ \11\1 \11111 
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12. Process of Clafm 11 wherefn compounds 1 and 2 

are contacted 1n the presence of a base selected from 
the group cons1st1ng of a metal hydride (MH), a metal 
a lkox ide (MOR). sodium carbonate, potass tum carbonate, 

5 tr1ethylam1ne and pyrfdfne. fn a dipolar aprotfc solvent 
or, where the base 1s MOR, the solvent can be an 
alcohol, ROH, where M fs 11thfum, sodium or potassium 

and R 1s methyl, ethyl or t-butyl. 

10 

15 

20 

13. Process .of Claim ll wherein a two-phase solvent 
system, one an organic phase such as methylene chlorfde 
and the other an aqueous phase, 1s used 1n the presence 
of a phase transfer catalyst such as 
tr1caprylmethylammonium chloride. 

14. Process of Claim 12 wherein: Rl 1s 
'Y 

13 

-4-X~ ; .. 4. ; or 

2 3 

X 1s a carbon-carbon single bond, -CO-, -0-, -s-, or 
25 ·-NH-; 

30 

35 

R2 and R3 are e~ch independently ff, Cl, Br, I, 
C02R14 , F, HOz, alkyl of 1 to 4 carbon atoms, 
alkoxy of 1 to 4 carb~n atoms, aryl or furyl: 

R6 and R7. are as defined in Claim l; 

R8 is -(CHz)nORll; -(CH2}nSR15: or -(CHz)nCN; 
Rll is as defined fn Cla1m 1: 
R1 3 ts C02R14, CN, N02, tr1alkylt1n tetrazole, 

or trityltetrazole; and 
R14 and R15 are as deftned 1n Clatm 1. 

l lllllll llllll lllll Ill~ 111111 
* C L M S * 

• • 



W091/00277 PCT /US90/03683 . ) . 190 

15. Process of Cla1m 14 wherein R13 1s -C02R14 

and the product of formula 3 1s contacted w1th an 
alkali 1n an aqueous alcoholic solvent or with CF3C02H 
at a temperature f n the range of about 20°c to the 

5 reflux temperature of the solvent for about 1-24 hours, 
followed by adjustment of the p)"i of the mixture to a 
value in the range of 3 to 7, to convert the product to 
the corresponding product where1n.Rl3 1s -COzH. 

10 16 •. Process of Claim 15 whereto at least one of 

15 

R2, R3 or R13 1n Formula 1 1s -C02R14 and 1s converted 

to -COzH. 

17. Process of Claim 15 wherein R14 ts t-butyl 

and the reaction is conducted 1n CF3C02H. 

18. Process of Claim 14 wherein R13 is -CN and 
1r 

the product of Formula 3 1s contacted with (1) a strong 

acid at reflux temperature of the solvent for about 
20 2-96 hours or (11) a strong alkali 1n an alcohol 

solvent at a temperature in the range of about 20°C and 
the reflux temperature of the solvent for about 2-96 

hours followed by adjustment of the pH to about 3-7, or 
(1i1) sulfuric ac1d followed by actd or alka11, to 

25 convert the product to the correspond1 ng compound 

wherein R13 is -COzH. 

30 

35 

-----

19. Process of Claim 18 wherein at least one of 
R2, R3 or RlJ is -co2RI4 and 1s converted to -COzH. 

20. Process of Claim 18 where1n RB is -(CHz)nCN 
_and 1 s converted to -(CH2) 0 COzH, or 1s ·-(CH2) nORll and 
1s converted to (CH2) 00H when R13 1s converted to 
-COzH. 

. -- -----------·-

' 
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21. Process of Claim 14 wherefn Rl3 ts -CN and 
the product of formula 3 1s contacted wfth a mfxture of 
equ1molar amotmts of sodf um azide and ammonium chloride 
fn a polar aprotic solvent at a temperature 1n the 

5 range of about 30°C to the reflux temperature of the · 
solvent, for about 1 hour to 10 days, to convert the 
product to the corresponding compound wherein Rl3 1s 

5-tetrazolyl. 

10 22. Process of Claim 21 wherein RB is -(CH2)mCN 
and 1s converted to -(CH2)m-tetrazolyl when R13 1s 
converted to 5-tetrazolyl. 

23. Process of Claim 14 wherein R13 1s -CN and 
15 the product of formula 3 is reacted with tr1alkylt1n 

az1de or tr1aryltin az1de followed by acidic or baste 
hydrolysis to conveft the product to the corresponding 
compound wherein R13 f s 5-tetrazolyl. 

20 24. Process of Cla1m 14 wherein R13 1s -CN and 
the product of Formula 3 1s reacted wtth tr1alkylt1n 
azide or tr1arylt1n az1de to produce a compound of· 
Formula 3 wherein Rl3 1s tr1alkyl or tr1aryl stannyl 
tetrazol-5-yl, the latter compound fs reacted with 

25 trf phenylmethyl chloride to produce a compound of 
formula 3 wherein R13 1s tr1phenylmethyl-tetrazo1-5-y1. 
and the latter compound 1s hydrolyzed to produce a 

· compound of Formula 3 wherein nlJ 1 s 5-tetrazolyl. 

30 25. Process of Claim 23 wherein Ra is 

35 

-(CHz) 0 CN and is converted to -(CHz)m-tetrazotyl when 
R13 is converted to 5-tetrazolyl. 

26. Process ()f Cla1m 14 where1n R13 1s -N02 and 
the product of formula 3 1s contacted wfth a reductng 

-----
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agent to form a second tntermed1ate of Formula 3 f n 
wh1ch R13 1s NH2, and the latter 1s contacte~ w1th an 
anhydride (CH3S02}20 or (Cf3S02)20 or a chloride 
CH3S02Cl or Cf3SOzCl of sulfontc acid 1n a solvent to 

5 produce a compound in whf ch R13 fs -NHS02CH3 or 
-NHS02Cf 3. 

10 

27. Process of Cla1m 26 where1n at least one of 
R2, n3, or Rl3 ts -N02 and 1s con~erted to -NHS02CH3 or 
-NHS02CF3. 

28. Process of Claim 15 or 18 wherein the 
compound of Formula 3 wf th R13=C02H either 

(a) 1s contacted w1th about 1-4 ~qu1valents 
15 of thionyl chloride fn excess thfonyl chlorfde or 

another solvent at a temperature f n the range of about 
20°C to the r~fluK temperature of the solvent for a 

period of about 5 minutes to about 2 hours to form an 
intermediate of formula 3 wherein R13 is COCl, and the 

20 latter ts contacted w1th about 2-10 equtvalents of 

hydr~xylam1ne der1vat1ve H2NOR12 1n excess 
hydroxylam1ne der1vat1ve HzNOR12 or other solvent, at a 
temperature f n the range of about 25-80°C for about 
2-18 hours, or 

25 .Cb) 1s contacted the hydroxylam1ne 
derivative H2Non12, dicy~lohexylcarbod1imide and 

1-hydroxybenzotr1azole in a solvent at a temperature 1n 
the range of about 0-30°C for about 1-24 hours; 

to provide a compound fn wh1ch R13 1s 
30 CONHOR12. 

35 

----· 



WO 91100277 • > • PCT /US90/03683 
193 

29. Process of Clafm 11 wherein: Rl is 

• -4- ; or 

5 

X 1s a carbon-carbon s1ngle bond, -co-, ·-0-, -s-, or 
10 -NH-; 

15 

R2, R3, R6 and R7 are as deftned tn Cla\m 1; 
and 

R8 is (CH2)nOR1 1, (CHz}nOCORl4, (CH2)nCH(OH)Rl6, 
(CH2)11COR16 (CHz)nCl, (CH2)nCN, CHO. 

30. Process of Claim 29 wherein R8 1s (CH2)nOH 
and the product of formula 3 1s contacted with an 
alcohol RlloH 1n the anhydrous state 1n the presence of 
a strong acid or a Lewis acid, followed by 

20 saponification of any £02Rl4 groups concomitantly 
formed or present 1n 1ntenned1ate ,l, to fonn the 
corresponding compound of formula 3 wherein RB is 
(CHz)noRll and Rll is ~ot H. 

25 31. Process of Cla1m 29 wherein RS is (CH2) 0oRll 
and Rll fs not H and the product of fonnul a 3 1s 

contacted with an aqueous ac1dic medium at a 
temperature 1n the range of about 25°C and the reflux 
temperature of the solvent for a period of about 0.5-24 

30 hours to form the corresponding compound of Formula 3 
wherein RB 1s (CHz)nOH •. 

35 

32. Process of Cla1m 29 wherefn R8 1s (CH2) 110H 
and the product of Formula 3 1s contacted w1th 

----

\ 

--------------- -------- ------- ----
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(a) a carboxylfc ac1d anhydride (Rl4co)20 or 
chloride R14cocl fn a solvent 1n presence of a base at 
a temperature f n the range of about o•c and the reflux 
temperature of the solvent for about 0.5-24 hours or 

5 (b) a carboxyl1c ac1d R14cozH under 

10 

15 

20 

25 

anhydrous conditions 1n presence of a strong acid or 
Lewis acid at about 0°-100°c for about 0.5 to 24 hours, 
to form the corresponding compound in which Ra 1s 

(C~z)nOCOR 14 • 

33. Process of Claim 29 where1n RS is 
(CH2) 110COR14 and the product of Formula 3 1s contacted 
with aqueous acid or alkali to form the corresponding 
compound wherein R8 f s (CH2) 00H. 

34. Process of Claim 29 wherein RB fs (CH2)nOH 
and the product otf Formula 3 is contacted with an 

' 
oxidizing agent at a temperature of about 25-45°C for 
about 1-200 hours to produce a corresponding compound 
of Formula 3 in which RB 1s (CH2)n-1CORl6 and R16 1s H. 

35. Process of Claim 29 wherein Ra 1s 
(CHz) 0coR16 and R16 1s Hand the product of Formula 3 
is contacted with an organometallic compound Rl6p tn 
which P 1s MgBr or Lt in a solvent at a temperature fn 

the range of about -78°C to 1oo•c for about 0.5-24 
hours to form a compound of Formula 3 tn which Ra 1s 

(CH2)nCH(OH)Rl6 and R16 1s not H. 

30 36. Process of Claim 2~ wherein RB ts 

35 

(CH2)0CH(OH)Rl6 and R16 ts not H and the ·product of 
formula 3 1s contacted w1th an oxtd1z1ng agent 1n a 

solvent to form a corresponding compound of Formula 3 
1n which Ra 1s (CH2) 0 COR16 and R16 ts not H. 

--------
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37. Process of Claim 29 wherein Ra ts 
(CH2)nCORl6 and R16 1s H and the -compound of Formula 3 
f s contacted with an ox1d1zfng agent 1n a solvent to 
form a corresponding compound of Formula 3 tn whf ch RS 

5 is (CH2) 0 COR16 and Rl6 1s OH. 

10 

15 

20 

38. Process of Clafm 29 wherein Ra fs 
(CHz)nCOR1° and R16 1s Off and the compound of Formula 3 
is coqtacted wtth thfooyl chlortde 1n excess or fn 

another solvent at a temperature 1n the range of about 
o•c to the reflux temperature of the solvent for about 

5 minutes to about 24 hours to form a corresponding 
compound of Formula 3 1n whtch Ra 1s' (CHz)nCOCl 
followed by contact of the latter wfth an am1ne 
NHR18Rl9 in excess or 1n a solvent at temperatures fn 
the range of about 0°C and reflux temperature of the 
solvent for about 5 m11·nutes to about 24 hours to form a 
corresponding compound of Formula 3 in which Ra 1s 
(CHz)nCONR18Rl9. 

39. Process of ciaim 29 wherein RB 1s {CHz)nORll 
and Rll is H and the product of Formula 3 1s contacted 
with thionyl chloride 1n excess or 1n a solvent at a 
temperature 1n the range of about 2o•c to the reflux 

25 temperature of t~e solvent for about 0.5-24 hours to 
form an intermediate compound of Formula 3 1n which Ra 
1s (CH2}nC1. 

40. Process of ·cla1m 39 wherein the compound of 
30 Formula 3 in which RB 1s (CH2)nCl f s contacted wtth 

sodium or potassium salt of a mercaptan RlSsH 1n a 
solvent at a temperature tn the range of about 25-100°C 
for about 1-24 hours to form a compound of Formula 3 1n 
which Ra ts (CH2) 0SRts. 

35 
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\ \11\11\ \\\l\\ Ill\\ \\1\1 \\\\I\ 
~ C L M S 



--------- ---·----------

W091/00277 PCT /US90/03683 
. ~ . 196 

41. Process of Cla1m 29 wherein the compQund of 
formula 3 1n wh1ch Ra 1s (cH2) 0 Cl ts contacted w1th an 
alkali metal cyantde fn a solvent at a temperature 1n 
the range of about 20-100°C for about 1-24 hours to 

5 form a compound of ·Formula 3 1n wh1ch R8 1s (CH2) 0CN 
and the 1 atter compound 1s hydrolyzed to the 
correspondtng compound of Formula 3 1n wh1ch RB 1s 
(CH2) 11COR16 and Rl6 1s OH. 

10 42. Process of Cla1m 29 wherein the compound of 

15 

20 

25 

Formula 3 1n wh1ch RB fs (CH2)n-1Cl 1s contacted with 
the sodium or potassium salt of a d1alkyl ma~onate fn a 
solvent at a temperature 1n the range of about 20-100°C 
for about 0.5-24 hours to form a compound of Formula 3 
in which RB is (CH2)n-1CH(C02alkyl)2 followed by 

saponif1cat1on of the latter w1th aqueous alkal1 at a 
temperature 1 n the"tl"range of about 2s•c to the reflux 
temperature of the solvent followed by ac1d1ffcat1on 
with mineral ac1d to form a compound of Formula 3 1n 
wh1ch RB is (CH2)n-1CH(C02H)2 followed by heating the 
latter to about 120°C or 1n df lute mineral ac1d at 
reflux temperature to form a product of Formula 3 1n 
which R8 ls (CH2}nCORl6 and Rl6 1s OH. 

43. Process of Clafm 29 wherefn RB 1s -CHO and 
the compound of Formula 3 1s contacted w1th a methylene 
phosphorane. (c6HsbP=CH(CHz)sCHR14oR15 or 
(C6H5)3P=CH(CH2)sCOR16 in a solvent at a temperature 1n 
the range of about 25°C to the reflux temperature of 

30 · the solvent for about 1-24 hours to form a compound of 
Formula 3 1n which Ra is -CH=CH(CH2) 5CHR14oR15 or 
-CH=CH(CHz) 5CoR16, except where R15 1s Hand Rl6 is OH,. 
and optionally then contacting the compound of Formula 
3 in which RB is -CH=CH(CH2)sCORl6 with a reducing 

35 · agent in a sol vent at a temperature of about 0°-25°C 
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for about o. 5-24 hours to form a product of formula 3 
in which Ra 1s -CH=CH(CH2)sCHR14oH. 

44. Process of Clafm 29 wherefn R8 1s (CH2)nOH 
5 and the compound of Formula 3 is contacted w1th an 

isocyanate of formula RlOnco 1n a solvent at a 
temperature fn the range of about 25°C to the reflux 

temperature of the so 1 vent for a pert od of about 5 · 
minutes to about 24 hours to form a compound of formula 

10 3 in which Rs fs (CHz)nOCONHRlO. 

45. Process of Claim 29 wherein the compound 1n 

which Ra is (CHz}nCl ts contacted wfth an amine RllNtt2 
in excess amine or another solvent for a period of 

15 about 1-24 hours at a temperature 1n the range of about 
0°c to the reflux temperature of the solvent to form an 
intermed1ate of Formula 3 fn whfch Ra fs (CHz) 0NHR11. 

46. Process of Clafm 29 fn wh1ch Ra 1s (CHz)nCl 
20 and the compound of formula 3 1s contacted with an 

alkali metal az1de in an aprotfc solvent at a 
temperature 1n the range of about 25-80°C for about 
1-24 hours to form a compound of Formula 3 in whfch RB • 
1s (CHz) 0 N3 and the latter fs contacted with a reducing 

25 agent to form an 1ntermed1ate of formula 3 fn wh1ch Ra 
ts (CHz) 0NHz. 

47. Process of Claim 45 or 46 1n which Ra 1s 

(CHz) 0NHR 11 or (CH2)nNH2 and the compound of Formula 3 

30 1s contacted wf th a chloroformate of Formula R10ococ1 

or a sulfony1 der1vat1ve of Formula RlOso2Cl, or 
(R1°so2)20 1h a solvent ·in the presence of a base at a 
temperature 1n the range of about 0°C to the reflux 
temperature of a solvent for about 5 minutes to about 

. 35 

-----
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24 hours to form a compound of formula 3 1 n wh f ch R8 f s 

-(CH2}nNR1 1co2RlO or
0

-(CH2)nNRllso2R10. 

48. Process of Claim 45 or 46 1n which the 
5 compound of Formula 3 w1th RB equa 1 to - ( CH2) nNHR 11 or 

(CHz) 0NH2 ts contacted w1th an isocyanate or 
f soth1ocyanate RlONCY fn a solvent at a temperature 1n 
the range of about 25°C to the reflux temperature of 
the solvent for about 5 mf nutes to about 24 hours to 

10 form a compound of the Formula 3 1n which RB 1s 
-(CH2)nNRllcvNHR10. 

15 

49. Process of Clafm 11 where1n Rl 1s NOz and R2, 
R3, R6, R~. and Ra are as deffned 1n Claim 34 1n whfch 
the compound of Fo rmu 1 a 3 where 1 n R 1 1 s N02 1s reduced 
by means of 1ron and acetic acid, stannous chloride, or 
hydrogen and pa11ad1um to a compound of fonnula 3 
wherein Rl is NH2 and the latter 1s reacted wtth an 
appropriate acid anhydride such as phthalic anhydride 

20 or a substf tuted phthal1c anhydride 1n a solvent or 
wHh an appropriate acid chloride such as substituted 
anthran1ltc acfd chloride fn the presence of aqueous 
alkali or a base or w1th an appropriately subst1tuted 
phthal1c or anthrani11c acid 1n the presence of 

25 d1cyclohexylcarbod1fmfde 1n a solvent to produce a 
compound of the Formula 3 tn whf ch Rt ts 

30 

13 

-4-x-f?t 
r\3 

; or ; -4-

35 

and X 1s NHCO. 
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50. Process of Cla1m 11 wherein R1 1s OCH2C6H5, 

R2 and R3 are H and R6, R7, and RB are as defined 1n 

Claim 11 and the resu 1 t 1 ng compound of Formu 1 a 3 w1th 

Rl equal io OCHzC5H5 1s contacted w1th tr1fluoroacet1c 

5 acid at reflux temperature for a period of about 0.2-1 

hour or wtth hydrogen and palladium to form the 

correspond1ng compound of formula 3 f n wh1ch Rl js OH 

and the latter is contacted w1th a base at about 25°C 

and a suitable benzyl hallde of the formula: 

10 

13 

'or 

15 

• 

20 to produce the correspondtng compound of Formula 3 

wherein Rl ts 

25 

30 

; -4-
; Dr 

and x 1s -OCHz-. 

0 51. Process of Claim 11 wherein Re 1s -CHO, 

whereby the benzyl der1vat1ve of Formula 2 attaches to 

the 1m1dazole derfvative of Formula 1 preferentially at 

the n1trogen atom adjacent the·carbon atom of the 

35 imidazole ring to which Rs Is attached. 
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52. A process for the preparation of a compound 
of Claim 1 wherein r 1s O which comprises contacting an 
fmfdazole derfvat1ve of Formula 1 or 1ts meta111c salt 
wf th 4-fluoro-l-n1trobenzene 1n a solvent, 1n the 

5 presence of a base if the free 1m1dazole ts used, for 
1-10 days at a temperature of 25-150°C to fonn an N­

phenyl1mfdazole followed by elaboration to compounds 
wherein X=NHCO by _the process descrtbed In Clatm 49. 

10 53. A process of Cla1m 29 wherein RB ts CHO, and 
X is a carbon-carbon single bond, and the product of 
Formula 3 fs contacted wfth an organometallic reagent 
such as RllMgBr or Rlll1 1n the presence of an 
anhydrous nonhydroxyltc solvent such as ether, THF or 

15 dimethoxyethane at -7~ to 25°C followed by aqueous 
work-up followed by a~1d hydrolysis of any C02Rl4 
groups where Rl4 1~ t-butyl or hydrolysis of any 
trityl-protected tetrazole groups to form the 
corresponding compound of Forumula 3 wherein RB 1s 

20 -(CHz)n-1-CH-R~l, where Rll ~ H. 

!Ru 

25 

30 

35 

54. A process for the preparation of the 
compounds of claim 1 where R7 = substituted or 
unsubstituted btphenylyl, phenoxyphenyl, or heteroaryl, 
characterf zed in that halo1m1dazole 237 1s coupled wtth 
an arylmetal derivative ArM, where M=ZnBr, Me3Sn, 
B(OH)2, etc. 1n the presence of a trans1t1on metal 
catalyst such as palladium, platinum, n1ckel, or 
zfrconfum, to form an arylim1dazole 238: 

-------------·-
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ArM 

237 238 

where RI, R2, R3, R6, Re and r have-the meanings g1ven 
1n Claim 1, X 1s Sr or I, M is ZnBr, Me3Sn, B(OH)z, 
etc., and Ar 1s substituted or unsubstituted 
biphenylyl, phenoxyphenyl, or heteroaryl. 

15 55. A process for the preparation of the 
compounds of Claim 1 where R7=subst1tuted or 

1' 

unsubstituted biphenylylmethyl, phenoxyphenylmethyl, or 
heteroaryl'methyl characterized 1n that a halo1m1dazole 
237 is coupled with an arylmethylmetal derivative 

20 ArCHzM 1 in the presence of a transition metal catalyst 
to form an arylmethy11m1dazole 240: 

25 

30 
237 240 

35 
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15 

20 

25 

30 

35 

where Rl, R2, R3, R6, Ra and r have the meanings given 
tn Clatm 1, X ts Br ot I, M• is ZnBr, etc., and Ar 
ts subst 1tuted or unsubslt tuted heteroarylmethyl, 
biphenylmethyl, phenoxyphenylmethyl. 

56. A process for the preparation of the 
compounds of Claim 1 where R7=v1nyl, alkynyl, 
substituted alkenyl, or subst1tuted

0

alkynyl 
characterized in that a haloim1dazo1e 237 ts coupled 
with an 1-alkenylmetal or an 1-alkynylmetal dertvat1ve 
(AM). or an 1-alkene, or an 1-alkyne (AH) fn the 
presence of a trans1t1on metal catalyst to form a 
1-alkenyl- or l-alkyny11m1dazole 241: 

·N~X 

p_e_./( ?;-R' 
N~A 

_./( ..!!-R' 
R' N/ N 

I 
AM or AH 

I 

3. 3. 1 

. 
Pd0 

-R1 -R 

R'y~~R2 R'iy~~ 
R' 

237 241 

where RI, R2, R3, R6, Ra and r have the meanings given 
in Claim 1, X 1s Br or I, M 1s a metal, A 1s vinyl, 
CH=CH(CHz)xAr, c:C(CH2)yCH3, c:C(CH2)zPh 1

, or 
c:c (CHz)xAr, Ph• is phenyl or substf tuted phenyl, 

- ----- ----
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and Ar ts subst Huted or unsubs t Huted bf phenylyl, 
· phenoxyphenyl or heteroaryl, x==O-B. yc0-7 and 

z==0-4. 

5 57. A process for the preparation of the 
compounds of clafm 1 where R7=vfnyl or substituted 

alkenyl ·characterized 1n that 1midazole aldehyde 253 1s 

reacted wt th nle thy l ene tri pheny I phospho rane or a 
subst1tuted 01ethylenetrtpheny,phosphorane to fofl\ a 

10 v1nyl1midazole or a substituted alkeny11m1dazo1e 254: 

15 

20 

25 

30 

35 

PPh3 
-1 

or 
v PPh3 

Ar(~ 

or 

Ph3P=()(CHzln 

where nc0-5 

where Rl, R2, ·R3. R6. RS and r have the meanings given 
1n Claim J, Ar 1s subsl1tuted or unsubstituted 
btphenylyl, phenoxyphenyl or heteroaryl, and 
u + v = 0 to 8. 
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58. A process for the preparation of the 
compounds of Formula I wherein R7 1s -S(O) r-heteroaryl, 
-S-(O)r-biphenylyl, -S(O)r-phenoxyphenyl, -S-tetrazole, 
-S(O)rR17, -NR18Rl9,_ -NRlB_heteroaryl, -NRIB_phenyl, 
-NR18_b1phenylyl, -NR18phenoxypheny1, -N-phtha11mfdo, 

-NH-SOz-phenoxyphenyl, -NH-SOz-heteroaryl, -NH-
S02-biphenylyl, -NH-S02-R17, and -S-(C=O)-R17, N­
imidazolyl, N-l,2,J-tr1azoly1, and N-l,2,4-tr1azoly1, 
characterized 1n that 1m1dazole conta1n1ng compounds 

10 255 substituted with an electron w1thdraw1ng group E 
are reacted with nucleoph11es 1n a suitable solvent at 

room temperature to the reflux temperature of the 

solvent resulting in an aromatic subst1tut1on reaction 
whereby the leaving group X is substituted w1th a 

15 

20 

25 

30 

35 

nuc 1 eoph i1 e Nu such as sulfur or n 1 t rogen to produce 

compounds of structure 256: 
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