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Relg;gd Application

This is a continuation-in-part of USSN 07/373,755,
filed June 30, 1989, Also, Carini, Duncia and Wong
U.S. application Serial No. 07/279,194, filed
December 6, 1988, discloses and claims substituted
imidazoles which are angiotensin II (AII) 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
invention also relates to pharmaceutical compositions
containing the novelrimidazoles and pharmaceutical
methods using them, alone and in conjunction with other
drugs, especially diuretics and non-steroidal anti-

~ inflammatory drugs {NSAID's}.

The compounds of this i{nvention inhibit the action
of the hormone angiotensin II (AII) and are useful
therefore in alleviating angiotensin induced
hypertension. The enzyme renin acts on a blood plasma
ag—globulin, angliotensinogen, to produce angiotensin I,
which is then converted by angiotensin converting-
enzyme to AII.  The latter substance 1is 2 powerful
vasopressor agent which has been implicated as a
causitive agent for producing high blood pressure in
various mammalian spectes, such as the rat, dog, and
man. The compounds of this inventton inhibit the
action of AIl at its receptors on target cells and thus
prevent the increase in blood pressure produced by this
hormone-receptor interaction. By administering.a
compound of this invention to a species of mammal with
hypertension due to AII, the blood pressure 1s reduced.
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This igvention relates to novel substituted I m dazol es, an O&R7 g3for wo 9V
theirg &BHP%T’on. The 15 I nvention also relates to ph Fﬁéceut?%al :
- conpesiditons containing the novel iniglazol es and pharnaceutical nethods

using them alone and in conjunction with other drugs, especially diuretics

comounds of s CoippundsTbr ST, BlventlD Sk eIl Ror the gl otensi n
- IIm(DAII) and artéeiuéwgw r‘i@%ﬁ%ﬁé‘-’iﬂ?aéF@ﬁit‘af?-ngA%@ﬁangBﬂ indgced
‘hypertensi on. ofhe compyumd bénthisativenttorn withad dpleette such as
furosemide or hydrochlorothiazide, efther as a stepwise
5 combined therapy (diuretic first) or as a physical
mixture, enhances the antihypertensive effect of the
compound, Administration of a compound of this
invention with a non-steroidal anti-inflammatory drug
{NSAID) can prevent renal failure which sometimes
10 results from administration of a NSAID.
European Published Application 0 253 310, published
January 20, 1988, discloses that certain substituted
imidazoles block the AII receptor and are useful
therefore in alleviating angiotensin induced ' ,
15 hypertension as well as in treating congestive heart

failure. The tmidazoles disclosed have the formula:
¥

N— _R’
&

—e R
. A

1
25 R

< ]
%X

The imidazoles of the 6;esent invention differ from
30 those of EPA 0 253 310 in the substituents R’ and RS at
positions 4 and 5 of the imidazole ring. In EPA
0. 253 310, R7 and R8 are defined as follows:
R’ §s W, F, C1, Br, I, NOp, CF3 or CN;
R {s H, CN, alkyl of 1 to 10 carbon atoms, alkenyl of

R

35 3 to 10 carbon atoms, or the same groups substituted
_ ___________/"
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[err]-globulin, angiotensinogen, to produce angiotensin I, 25 which is
gshen gap'yesdogey by angi otensin converting- enzynme to All. P US 90703683
Stbst ange is a powerful vasopressor ggent which has been inplicated as a
causitive agent for producing high blood pressure in various mamalian
speci es, such as wilth Fatphenpplkanygl 3@erein the.al{phet icoppotiods of this

I nvention inhibit ti f r .target cells and
t hus prevent the |n2 gogs%eclgﬁbqg\l d*pregé’}@ﬁ@ rg’%g{eé 83 'this
hor mone- r ecept or -|(ﬁﬂg)@dt.?oi’rtriagzobdnvnt@meﬂF gubstitutedrmwitdi this
invention to a spgGl 67 Qlo GROUFR! s¥fddied from COCH3 or alkyl of 1
5 . to 4 carbon atoms; -(CHz)y-tetrazolyl;
0
~(CH2)nORIL ; -(CHp)4OCR4; -(CHp),SRIS;

R14 | 0 0

l “ |
10 ~CH=CH(CHy) sCHOR1S; -CH=CH(CHp) sCR10; -CR16;

0
-CH=CH(CH2)s0CR11;

0 Y
) 15 _(CHy) <~CH-CORL;  —(CHy) nCR16; - (CHp)OCNHR1O;
278 2 2)n
CH3 ¥
Y 0
-(CH) pNRIECORIO; - (CHp) oMRIICNHRIO; - (CHp)NR11S0,R10;
.20 4
—(CHz)nNRIICRIO, etc., where p10, gll, R14. R15. Rlﬁ, and

Y are as defined below for the present invention.

25 Pals et al., Circulation Research, 29, 673

(1971) describe the introduction of a sarcosine residue
’ _ in position 1 and alanine in position 8 of the
' endogenous vasoconstrictor hormone AII to yield an
(octa)peptide that blocks the effects of AII on the
30 blood pressure of pithed vats.  This analog, [sarl,
A1a8] AII, inftially called "P-113" and subsequently
“Saralasin®, was found to be one of the most potent
competitive antagonists of the actions of AIl,
although, like most of the so-called peptide-AIl-

35
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35 NYPSR1¢e237 on due to All, the blood pressure is reduced wO
compounds of this invention are al soduseful for the treatneﬁﬁng*sgéﬂgggtive
heakt ailure. Adnministration of a conpound of this invention with a

di ureti ¢ such aa$aganisseniide abso IPPgpessesorganisard detions dr{es a stepwise 5

S N Aol
pressure is dependent on circulating AI1 (Pals et al.,
5 Circulation Research, 29, 673 (1971): Streeten and
Anderson, Handbook of Hypertension, Vol. 5, Cl{nical
Pharmacology of Antihypertensive Drugs, A. E. Doyle
(Editor), Elsevier Science Publishers B.V., p. 246
(1984)). However, due to fts agonistic character,
10 saralasin generally elicits pressor effects when the
pressure is not sustained by AII. Being a peptide, the
pharmacological effects to saralasin are relatively
short—lastingland are only manifest after parenteral
administration, oral doses being ineffective. Although
15 the therapeutic uses of peptide AlI-blockers, like
saralasin, are severely limited due to their oral
ineffect{veness and short duration of action, their
major utility s as aypharmaceuticaT standard.
Some known non-peptide antihypertensive agents
20 act by inhibiting an enzyme, called angfotensin
converting enzyme (ACE), which {s responsible for
conversion of angiotensin I to ATI. Such agents are
thus referred to as ACE inhibitors, or converting
enzyme fnhibitors (CEI's). Captopril and enalapril are
25 commercially available CEI's. Based on experimental
and clinical evidence, about 40% of hypertensive
patients are non-responsive to treatment with CEI's,
But when a diuretic such as furosemide or
_ hydrochlorothiazide is given together with a CEI, the
30 blood_pressuré of the majority of hypertensive patients
is effectively normalized. Diuretic treatment converts
the non-renin dependent state {n regulating blood
pressure to a renin-dependent state. Although the T
imidazoles of this {nvention act by a different '
35 mechanism, f.e., by blocking the All receptor rather

=
r3
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conﬁ%und. Adm ni stration of a conpound of this invention with a

36¢30N- s%p,i,g@j-nant i-inflanmmatory drug (NSAI D) can prevent pPeTAISY0a03683 e
whi'ch "soneti mes 10 results fromadm nistration of a MSAID. European
Publ i sifed Application 0 253 310, pullished January 20, 1988, discl oses that
certain substituted inm dazoles block the Al receptor and are useful

i treat ing coubLY IAMBIENY PE MR Rot iR KontRre ng AR 000 108 the °°

fornmul a; 20 both mechanisms involve interferpage with the renin-
angiotensin cascade., A combinatjon of the CEI
enalapril maleate and the diuretic hydrochlorothiazide

5 is commercially available under the trademark
vaseretic® from Merck & Co. Publications which relate
to the use of diuretics with CEI's to treat
hypertension, in either a diuretic-first, stepwise
approach or in physical combination, include Keeton,

10 T. K. and Campbell, W. B., Pharmacol. Rev., 31:81
(1981) and Weinberger, M. H., Medical Clinics N.
America, 71:979 (1987). Diuretics have also been
administered in combination with saralasin to enhance
‘the antthypertensive effect.

15 ~ Non-steroidal anti-inflammatory drugs
(NSAID's) have been réported to induce renal failure in
patients with renal underperfusion and high plasma
level of AII. (Dunn, M.J., Hospital Practice, 19:99,
1984). Administration of an AIl blocking compound of

20 this invention in combination with an NSAID (efther
stepwise or in physical combination) can prevent such
renal failure. Saralasin has been shown to inhibit the
renal vasoconstrictor effect of indomethacin and
meclofenamate in dogs (Satoh et al., Circ. Res., 36/37

25 (Suppl. I):1-89, 1975; Blasingham et al., Am, J.

! Physiol. 239:F360, 1980). The CEI captopril has been
demonstrated to reverse ‘the renal vasoconstrictor
effect of indomethacin in dogs with non-hypotensive
hemorrhage. (Wong et al., J. Pharmacol. Exp, Ther,

30 219:104, 1980).

' " Summary Of The Invention
According to the present invention there are
provided novel compounds of formula {I) which have
angiotensin II-antagonizing properties and are useful
35 as antihypertensives.
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;
0 253 3Moin/alze7substituents Rlerr] and Rerr] at position ewg’
|mdazole ring. In EPA 0 253 310, R[err] and R err] are defined as foll o:

25 The im dazoles of the present invention differ from 30
rp 3%

R[e_rr] i's H F, d, Br, I, [err], [er®] or CN; [err] is H CM alkyl of
to 10 carbon atoms, al kenyl of 35 3,t0.10 carbon atoms, or the sang
groups substituted N——n/
._.‘.L.RG
\
RS N/
5 {CH2), M
R‘-—-—/ ‘
lye
S8
10 RZ 33
wherein 9
. . )
Rlis  4-COM;: 4-COR’ -0-S-OH:  —SOM;
15 ' 0
(o] o]
' v U B
—C[CF3);0H; -O-P-OH; —POsHz; -NH—P-OH;
| |
OH OH
2 : —CONHOR!'2:
4 —NHSO2CH3 ; 4—NHSO.CF3; C
OH O N—=N -
0 . A%,
—SO,NHz ; -C—P-OH 3 3Ny’ :
' 27
25 R<’ OH
o F F
'/q-'i‘ 4-x )R P 4-X F o
. . : . :
4/LN,N \<l g |
H R®W F
30 .
(o]
]
-HNC
)0
\ 13
35 "° R
nReplaced
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wma wrih F; phenyl al kenyl wherein the aliphatic portionis 2 to 6 carbon
t ons; Rodt? mimdazol -1-yl; [err]-1,2,3-triazolyl opt
o GRS

substl uted with one or two groups selected fromJ[err] or

to 4 carbon atons; [err]; [err] [err] [err] 15 [err] [err]
=4 gos
4-c0NH'k,N,N : 4—CONHNHSO,CF3;  4—CONH-CHCHCeHs ;
H | (2-isoaer)
HO,C (Al '
/ 5 ; / .
1o 4.CO-N . (L-isomer) . 4 _@R" s 4 _A )cF,
COzH
' N=N - r /\‘
\ . 4 —l—a’ b4
) ' 4'—L§ﬁr’hW! . 4-X ; -N \\\\<? '
/
15 R4 o nz.

. O ¥ =\ R
or -— (',': -« NHSO2— (CHZ)‘_@ e

20
RZ 1s H; C1; Br; I; F; NOp; CN; alkyl of 1 to 4 carbon atoms;
acyloxy of 1 to 4 carbon atoms; alkoxy of 1 to 4 carbon atoms;
COpH; COpR9; NHSOCH3; NHSOoCF3;
N—N
25

|
CONHOR!Z; SOoNHo; /( N ;aryl; or furyl;-
N
’ | H -
R3 is H; €1, Br, I or F; alky) of 1 to 4 carbon atoms or alkoxy
of 1 to 4 carbon atoms;
RY 1s CN, NOp or COpR1L;

30 RS {s #, alkyl of 1 to 6 carbon atoms, cycloalkyl of 3 to 6
carbon atoms alkenyl or alkynyl of 2 to 4 carbon atoms;
RO 1s alkyl of 2 to 10 carbon atoms, alkenyl or alkynyl of 3 to
10 carbon atoms or the same groups substituted with For
35 C02914; cycloalkyl of 3 to 8 carbon atoms, cycloalkylalkyl of

4 to 10 carbon atoms; cycloalgylalkenyl or cycloalkylalkynyl
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defined below for the present invention. 25

I
ul ati on Research, 29, 673 (1971) describe rhEYWvamﬂﬂEtioﬁK)g‘

of a‘sarcwesine residue in position 1 gnd alanine in position 8 of the
endogenous vasoconstrictor hornmone Al to yield an (octa)peptide that

Thi s anal og,

[ Sar

bl ocks the effecteafof A §0atarbbe aims: (chl‘,psqch?en?u?&c}%am hed rats.
al I'ed "

subsequent |y " Sar
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R’

sohittptedadthit i footld: ey

arnbenid; spRstppER 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;

ts vinyl; cycloalkylidenyl; alkynyl of 2-10 carbon atoms;
phenylalkynyl where the alkynyl portion is 2-6 carbon atoms;
heteroaryl selected from 2- and 3-thienyl, 2- and 3-furyl, 2-,
3-, and 4-pyridyl, 2-pyrazinyl, 2-, 4-, and 5-pyrimidinyl, 3-
and 4-pyridazinyl, 2-, 4- and 5-thiazolyl, 2-, 4-, and
5-selenazolyl, and 2-, 4-, and 5-oxazolyl, 2- or 3-pyrrolyl,
3-, 4- or 5-pyrazolyl, 2-, 4- or 5-imidazolyl; o-, m- or p-
biphenylyl; o-, m- or p-phenoxyphenyl; 2-oxazolinyl;
2-thiazolinyl; substituted phenylalkynyl, heteroaryl,

- biphenylyl or phenoxyphenyl as defined above substituted with

1 or 2 substituents selected from halogen, hydroxy, mercapto,
alkoxy of 1-5 carbon atoms, alkyl of 1-5 carbon atoms, -NOj,
-CN, -CF3, -CORY6Y —cHo0RY?, -NHCOR1?, -conr1BR19, s(0)R17,
and SOoNRIBR1S; pyrrolyl, pyrazolyl or imtdazolyl as defined
above substituted on ring nitrogen with alkyl of 1-5 carbon
atoms, phenyl or benzyl; or substituted alkyl, alkenyl, or
alkynyl of 1 to 10 carbon atoms substituted with a substituted
or unsubstituted heteroaryl, biphenylyl .or phenoxyphenyl group
as defined above; -S(0),-heteroaryl, -S-(0)p-biphenylyl,

-S{0) p-phenoxyphenyl, -S-tetrazole, -S(O)rR17, -NR18R19,
-NR18_peteroaryl, -NRls-phenyl, -NR18_biphenylyl,
-NRla-phenoxypheny]. -N-phthalimido, -NH-SO2-phenoxyphenyl,
-NH-S02-heteroaryl, . -NH-S02-biphenylyl, ~NH-502-R17, and -S-
(c=0)-R17, N-imidazolyl, N-1,2,3-triazolyl, N-1,2,4-triazolyl,
where heteroaryl is a heterocycle defined in the scope of R’
and where the phenyl group in R17 of -S-(O)rR17. the N-
imidazolyl, N-1,2,3-triazolyl, and N-1,2,4-trfazolyls may be
substituted with one or two substituents as described above
for heteroaryl;
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coﬂ%etitive antagoni sts of the actions of All, although, Iike nost of the
6850~ C0 erfoempt i de- Al l - 35 4 antagonists, it al so possBEEAISIHEIMBLL i c

actlons of

its own. Saral asin has been dennnstrated to lower arterial

pressure in mammal s and man when thé (el evated) pressure is dependent on
circulating Al (Pals et al.

10

15

20

25

30

35

0
RE is -(CHg)n-1CH-R11; -(CH) OCRY4; - (CHp) nSR1S;
orl7
14 o 0

I l “ "
~CH=CH(CHp) sCHOR13; -CH=CH(CH,)¢CR16; -CRI6;
0
-CH=CH{CHp) sOCR}Y; -(CHp)p-tetrazolyl;

0 Y
(CH2) -CH-CORIE;  ~(CHo) oCR16; - (CHp) ,OCNHR1O;
CH3

Y .0

- (CH2) oNRI1COR1O; * - (CHp) fNRILCNHRIO; - (CHp)NR11SO,R1D;
2/n n

',

- (CH2) oNRI1ER1D;

24
R9 s -EH-OERZI:

R10 is alkyl of 1 to 6 carbon atoms. or perfluoroalkyl of 1 to 6
carbon atoms, l-adamantyl, 1-naphthyl, 1-(1-naphthyl)ethyl, or
(CH2) pCeHs:

Rl {s H, alkyl of 1 to 6 carbon atoms, cycloalkyl of 3 to 6
carbon atoms, phenyl or benzyl;

R1Z {s H, methyl or benzyl;

R13 1s -COoH; -COpRY; -CHpCOoH, -CHaCOHRY;

0 0 0
-O-E-OH: -0-P-OH; -SO3H; -NH?-OH
0 OH OH

-PO3Hp; -C(CF3)2o0H; -NHSOpCH3; -NHSOCF3; -NHCOCF3;

OH E
-CONHOR12; -SOpNHp;  -&—P—0H ,O .
R27 OH L
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5 Circul ation Research, 22, 673 (1971); Streeten and Anderson, Handb ok 91
of Hyperwersivaoz77Vol . 5, Cinical Pharmacol ogy of Antthyper tiIgUS20/08683S, wo
A. E. Doyle (Editor), Elsevier Science Publishers B.V., p. 246 (1984)).

However, due to its agonistic character,, 10 saral asin generally elicijts
pressor effects when the pressure is not sustained by All. Being a peptid

t he pharnacolt ogi cal effe t o saral asj re relatively short-lasting and
are only mani fest after jar@nteral ad tratian, orat doses bei ng

i neffective. Al thoug t he GONH ch iide All-bl ockers)

li ke - H H

5 0
y§ -y : *
N ch . ; or -C‘“HSOZ" (CHZ) S@
H R* '

10 R14 is H, alky) or perfluoroalkyl of 1 to 8 carbon
atoms, cycloalkyl of 3 to 6 carbon atoms, phenyl or
benzyl; .
R15 is H, alkyl of 1 to 6 carbon atoms, cycloalkyl of 3 s
to 6 carbon atoms, phenyl, benzyl, acyl of 1 to 4
15 carbon atoms, phenacyl; \
R16 {g H, alkyl of,l to 6 carbon atoms, cycloalkyl of 3
to 6 carbon atoms, (CHp)pCeHs, OR!7, or NRIBR1Y;
R17 s H, alkyl of 1 to 6 carbon atoms, cycloalkyl of 3
to 6 carbon atoms, phenyl or benzyl;
20 R18 and R19 independently are H, alkyl of 1 to 4 carbon
atoms, phenyl, benzyl, a-methylbenzyl, or taken
together with the nitrogen form a ring of the
formula

CHy)
25 <-n(r-L§: ‘,

Q is NRZ0, 0 or CHy;

R20 {s H, alkyl of 1-4 carbon atoms, or phenyl;

R21 s alkyl of 1 to 6 carbon atoms, -NR22R23
30 or -CHCH,CO,CH

2-Y2""3¢
NH2

R22 and RZ3 independently are H, alkyl of 1 to 6 carbon
atoms, benzyl, or are taken together as (CHz), where
35 uis 3-6;
R2% {s H, CH3 or -CgHs;

SUBSTITUTE SHEET
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saralfasin, are severely limted due to their oral ineffectiveness and short
B68xnt/i w0 8108277 on, their major utility is as a pharmaceutical standard.
Sonme* known non-peptide anti hypertensi \{z agents 20 act BCTIUSH0be3IBRg an
enzyne, called aggiotensin converting“enzynme (ACE), which is responsible
for ¢onversion Bf” drsgNet/ma8i nyg28t Nflohy. Sygh agents are thus referred to as
ACE {nhibitors, or converting enzyme |H%ﬁ§ﬁ€8ﬂg.(CEl's). Capt.opril and

enal gpril are 25 commgfctwxl |y avail abl e CEIl Based on experi nment al

and clinical evi deNRgO,=R A 3(9ypﬁﬁ%8n8i
’ - 2 ;

5 . p26
R°® 1s hydrogen, alkyl with from 1 to 6 carbon atoms
benzyl, or aliyi; '
27 28 '
R4’ and R are independent]y hydrogen, alkyl with from
291 to 5 carbon atoms, or phenyl;
30 '
R¢% and R3O0 are Independent 1y alkyl of 1-4 carbon atoms

10 3lor taken together are -(CHz)q--
R°Y is H alkyl of 1 to 4 n a
. carbon atoms, -C =
Rt H2CH=CH, or

R3Z §s H, No,, NHz, OH or OCH;;
X is a carbon-carbon single bond, -CO- -CHz-, -0 S
. ] ¢ TUT, -,

15
“NH-, -N- ', -CON- , -NCO-, -0CH,-, ~CH20-,

Azs Aza v p23

“SCHy=, ~CH,S-, -NHC(RZ7) (r28) -NR23502-.

en w23
SO MR-, -c(R?7) (R%)p-. ~CH=CH-, ~CF=CF-,

20
H=CF-, -CF=CH ' -CH2CH -y 'CFZCFZ-' i E
¥

or1%  ocor?? gnzs R2%  op30
-

-CH- , ~CH- - or . Ec{ :

25 YisOors:;
) Z14s 0, NR11, or s,
mis 1 to 5; |
nis 1 to 10;
30 p is 0 to 3;
q1s 2 to 3;
r is 0 to 2
s 1s 0 to 5;
tis0or

35
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lents are non-responsive to treatnent with CEl's. But when a diuretic

h as furo®én91d@0237 hydr ochl orot hi azide is given together w thpPEr/CS90/035683
i * ‘blood pressure of the majority of hypertensive patients is

ectively nornmalized. Diuretic treatnent nverts the non-renin dependent
te in regulating blood pressure to a renin-dependent state. Although the

 dazol es of this inaenphommagsitienl By QcbésradMt sHts of FREANI sm i.e., by
cking the Al receé)otm%mg St_her

provided that:
(1) the R! group is not in the ortho position;

13

1

(2) when R® 15X X is a single bond,

R2
N-b{
and R13 is COZH, or /(N,N , then Rl3 must
H

be in the ortho or meta position; or when Rl
15 and X are as above and R13 is NHSO2CF3 or
NHSO2CH3, R13 must be ortho;

10

13

(3) when Rl is - X . and X is other than
20 : R
R2
a single bond, then R13 must be ortho except
when X = NRZ3CO and R13 s NHSO,CF3 or
NHSO2CH3, then R13 must be ortho or meta;
(4) when Rl is 4-COoH or a salt thereof, RO cannot
be S-alkyl;
(5) when Rl 1s 4-COoH or a salt thereof, the
substituent on the 4-position of the imidazole
cannot be CHy0H, CHp0COCH3, or CHpCOoH;

CF3SO2HN

(6) when R} 1s 'NHCO'D . RS is not methoxy-

benzyl;

25

30

35
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tharf by inhibiting the angi otensin converting enzyne, both nechani sns

invol veo $ive0272r ence with the renin- angi ot ensi n cascade. I natjon of
the -CElI" enal april nmaleate and the diuretic hydrochl orot hi am%‘%%% S
comercially avail abl e under the trademark Vaseretic[err] from Merck & Co.
Publ i cations which relate to the use b diuretics with CEl's to treat
hypertension; in h{hegk gliuretic-first, stepw se approach or in physical
conbi nation, incl Sd}e ﬁgee?%n,gr%p 1s ngt -'Rﬂ%cdz@&mpnemzowv B., Pharnacol .
F

Rev., 31:81
|
5 P
referred for their antihypertensive activity
are novel compounds having the formula:
R’
N
10 /.-jg\ |
R® N R®
i 019
CH,
15
¥ 81
wherein
. 13
Rlis -COH; -NHSO,CRy: [ b A 2
235 - 2535 _JZ‘ N =P
20 ﬁ \ / i
or
¥ an
25 R
!’ RO s 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 substituted
on the phenyl ring with Up to two groups selected
30 from alkoxy of 1 to 4 carbon atoms, halogen, alky! of
1 to 4 carbon atoms, and nitro;
RE 1 ; :
s -(CHz)n-tetrazolyl, -(CHp)a0R1L; - (CHp),0CR14:

35
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(1981) and Weinberger, H H., Medical dinics H Anerica, 71:979 (1987).
D ureti cewadmvgoabso been adm ni stered in conbi nati on with sg@l/assoroBes3
enhance the antihypertensive effect. 15 ' Non- st er oi da
anti-inflammtory drugs (NSAID s) have pbeen reported to induce renal
failure in patients with renal underper*iwion and high plasma | evel of A
(Dunn, MJ., Hospital Practice, 19:99, 1984)._jy4dm nistration of an Al

'vn>9“

bl ocki ng conpound of 20 _tk?s i nvention ichonbination wi th an NSAID
(either-stepw se or JCR=W§5Y$3R159’U€HQGNCQQ)S 1pr event such
0 0
-(CHz)nCRI®; - (CHp) NH-CORID ; - (CH,) NHSOoR1O;
0
-ERIG: .

N

13 9 .

R13 s -COpH, -COoR%, NHSOCF3; SO3H; or A N
N

. H
R16 §s H, alkyl of 1 to 5 carbon atoms, OR!7, or

10
NR18R19;

X is carbon-carbon single bond, -C0O-, -CON- ,
13
-CHaCHp-, -NCO-, -OCHp-, -CH20-, -SCHo-,
RZ3
~CH2S-, -NHCH2-, -CHoNH- or -CH=CH-; and

15

pharmaceutically apceptab]e salts of these

compounds .
20

More preferred are compounds of the preferred
scope where: .
RZ {s 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-thienyl, 2- and
3-furyl, 2-, 3-, and 4-pyridyl, or p-biphenylyl,

25

30

35
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Sar al asi n has been shown to inhibit the renal

rengr—fallure
ef fect of indonethacin and necl of enamate i oh et
%ﬂﬁ%ih&?fV p%ﬁgn$ﬁq :§§§

36/ 37 25 (Suppl. 1):1-89, 1975: Blasin

J. PhyS|oI 239: F360, 1980). The CElI captopril has been dennnstrateq,to
reverse the renal vasoconstrictor effléct of indonethacin in dogs with

non- hypot ensi ve henorrhage. (Wng et al., J. Phargacol. EXD. Ther.

219: 104, 1980). Sunmary O The Inventbon Accordi Rg*to the present

there are

10

15

20

25

30

35

8 14 15

R” is -(CHZ) or!! -(CHZ) OCR
0 0

-(CHy),, CRY®. _cH.NHCOR

-CH=CH-CHOR

10
2

- (CHp) yNHSOoR10;  or -CORIG,;
2/'m 2

R10 s CF3, alkyl of 1 to 6 carbon atoms or phenyl;
R11 {s H, or alkyl of 1 to 4 carbon atoms;

- R13 s COoH; CO2CH20COC(CH3)3; NHSO2CF3

N—N
or ’4; | | ;
SN

N
H

R14 4 H, or alkyl ofy] to 4 carbon atoms;

R15 {s H, alkyl of 1 to 4 carbon atoms, or acyl of 1 to
4 carbon atoms;

R16 is H, alkyl of 1 to 5 carbon atoms; ORl7; or

mis 1 to 5; _
X = single bond, -0-; -CO-; -NHCO-; or -0CH2-; and
pharmaceutically acceptable salts.

Note that throughoui;the text when an alky!l
substituent 1s mentioned, the normal alkyl structure is
meant (i.e., butyl is n-butyl) unless otherwise
specified.

Pharmaceutically suitable salts fnclude both the

metallic (inorganic) salts and organic salts: a 1ist of

which {s given 1n Remington's Pharmaceutical Sciences,'
17th Edition, pg. 1418 (1985). It is well known to one

skilled in the art that an appropriate salt form is
chosen based on physical and chemical stabilfty,
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provi ded novel

| |- ant yO@1200237 properti es and are useful 35 as anti hyparit/7es90/08683

[ err]

10-[err]

10

15

20

25

30

35

conpounds of fornula (1) which have angi otensin

20
16

flowability, hydroscopicity and solubility. Preferred
salts of this invention for the reasons cited above
include potassium, sodium, calcium and ammonium salts.

Also within the scope of this invention are
pharmaceutical compositions comprising a suitable '
pharmaceutical carrier and a compound of Formula (I),
and methods of using the compounds of Formula (I) to
treat hypertension and congestive heart failure. The
pharmaceutical compositions can optionally contain one
or more other therapeutic agents, such as a diuretic or
a non-steroidal antiinflammatory drug. Also within the
scope of this invention is a method of preventing renal
failure resulting from administration of a non-

~ steroidal antiinflammatory drug (NSAID) which comprises

administering a compound of Formula {I) in stepwise or
physical combination with the NSAID. The compounds of
this invention can also be used as diagnostic agents'to
test the renin angiotensin system.

It should be noted in the foregoing structural
formula, when a radical can be a substituent in more
than one previously defined radical, that first radical
can be selected independently {n each previously
defined radical. For example, Rl, RZ and R3 can each
be CONHOR1Z, R12 need not be the same substituent in
each of Rl, RZ and R3 but can be selected independently
for each of them.:

Detailed Description

Synthesis
The novel compounds of Formula (I) may be prepared

using the reactions and techniques described in this
section. The reactions are performed in a solvent
appropriate to the reagents and materials employed and -
suitable for the transformation being effected. It {s

understood by those skilled in the art of organic

EBLJE;E§T11FLJ1‘EiEBii!EIE1ﬂ
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rr] 25 [err] 30 35 lerr] [err]
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[err

03683
17

synthesis that the functionality present on the
imidazole and other portions of the molecule must be
consistent with the chemical transformations proposed.
This will frequently necessitate judgment as to the

5 order of synthetic steps, protecting groups required,
deprotection conditions, and activation of a benzylic
position to enable attachment to nitrogen on the
imidazole nucleus. Throughout the following section,
not all compounds of Formula (I) falling into a given

10 class may necessarily be prepared by all methods
described for that class. Substituents on the starting
materials may be incompatible with some of the reaction

} conditions required in some of the methods described.

Such restrictions to the substituents which are

’ 15 compatible with the reaction conditions will be readily
apparent to one skilfed in the art and alternative
methods described must then be used.

20

.25
30

35
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10 [err] 15 20 Rerr] is H d; Br; |I; F, [err]; CN, alkyl of 1 to 4 car
atons: adyOM002r71 to 4 carbon atons: al koxy of 1 to 4 carb 0
[err]; Terr]; [err]; [err]; [err] [err] is H d, Br, 1 or F; iki 0?681
4 carbon atoms or al koxy of l1to 4 carb?g atonms: [err] is CN, [err] or
[err];

Scheme 1
a) . N—.zks
—— 7
Nﬁéi R6 ,(N >R

WK
NH’ 3a Rl - 4‘"02, -Rz -R} - H
NH. R7or RS
2 + O or
\ N R‘ANK(R"'“R‘ \ 0 R7or;(8
R o H O —— RSN R7OrRE
)@
R2 NZ R3 5 H N
Rz/\exks
£
4 —> R6 NH RS l g._R'l
- ' R7 6 N/
RLY n —
P RIS
R27N> R3 JI/ e
R27N>"R3
7 8 R
— 1
R"(N/ R RS
c) X 7
Nﬁyk8 —-—-—Rs;( /—R"
2_R7 - | N
Rﬁ’( 7 y N N
CN N
i Base / . o L
. CO.H
N— R®
l .-4—-R7 .
RS N/
(0¥ |
11 N=N
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-a;

err|
al k
9@@

ituted with F or CO2R14; cycloal kyl of 3 to 8 carbon atons,

is H alkyl of | to 6 carbon atons, cycloalkyl of 3 to 6 carbon
| or alkynyl of 2 to 4 carbon atons: [err] | 2 to 10
al kenyl or al kynyl of 3 to 10 carbon ato égﬁlétgﬁ}eosgé?ne gr oups

c cIoaIkyIaIkyI of 4 to 10 carbon ¥ ons; cycl oal kyl al kenyl or

10

15

20

25

30

35

th F or

cgcl oal kyl al kynyl of 5 to 10 carbon atons; [err] optionally substituted
[err]; berfieperailyheenmpousdsoofi Earmada of3) can be

prepared by direct alkylation onto imidazole (1), with
an appropriately protected benzyl halide, tosylate or
mesylate {2) in the presence of base, as shown in path
a). Preferably, the metallic imidazolide salt is
prepared by reacting imidazole (1) with a proton
acceptor such as MH where M {s 1ithium, sodium or
potassium in a solvent such as dimethylformamide (DMF)
or by reacting it with a metal alkoxide of formula MOR
where R is methyl, ethyl, t-butyl or the like in an
alcohol solvent such as ethanol or t-butanol, or a
dipolar aprotic solvent such as dimethylformamide. The
imidazole salt is dissolved in an inert aprotic solvent
such as DMF, and treated with an appropriate alkylating
agent (2). Alternatively, imidazole (1) can be
alkylated with a benzyl *halide (2, where X=Br, C1) in
the presence of a base such as sodium carbonate,.
potassium carbonate, triethylamine or pyridine. The
reaction is run in an inert solvent such as DMF or DMSO
at 20°C to the reflux temperature of the solvent for
1-10 hours.

For example, the 4-nitrobenzyl intermediate
(3a, wherein Rl = 4-NO2, RZ = R3 = H) may be obtained
by direct alkylation onto imidazole (1) with a
4-nitrobenzyl halide, tosylate or mesylate in the
presence of base.

As R’ and R8 are different, mixtures of two
regioisomer a1ky1at10n products (3b, and 3c) are
obtained in which R7 and R® are interchanged. When RS
is CHO the alkytation 1s such that the benzyl group
becomes attached to the adjacent nitrogen
preferentially. These isomers possess distinct
physical and biological properties and can usdally be
separated and 1solated by conventional separation
techniques such as chromatography and/or
crystallization.
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the phenyl ring with 1 or 2 hal ogens, al koxy of 1 to 4 carbon atons, alk

of 1 to 4wamspepzAtons or nitro; 5 [err] is vinyl: cycl oapkyh %%83
alkynyr of 2-10 carbon atons; phenyl al kynyl where the al kynyl portion is

2-6 carbon atons; heteroaryl selected fron12 and 3-thienyl, 2- and
3-fury), 2-, 3-, and 4-pyridyl, 2- pyra2| , 4 -éngngo pyrinidinyl, 3
S sel ehazol yi . and 2 4. TR seRl& @Y;%meé ‘@F@Qrﬁymbﬁ%y 3. 4 or
5-pyrazolyl, 2-, Mlﬁedﬂﬂomdaﬁobygiveo paim has gpeaturpbesidgital o-, m or
p- phenoxypheny! : 25 ¢b6agp!tnB ! she21484 301d 13 biutadPldneltt €0 Phenyl al kynyl,
heteroaryl, Alternatively, any properly functionalized
5 benzylamine derivative (4) may be converted to imine
(6) by treatment with an acylamino ketone (5) in the
presence of an inert solvent such as benzene, toluene,
or the 11ke, and a catalytic amount of p-toluene-
sulfonic acid or molecular sieves, N. Engel, and
10 W. Steglich, Liebigs Ann. Chem., 1916, (1978), or in
the presence of alumina, F. Texfer-Boulet, Synthesis,
679 (1985). The resulting imine (6) can be cyclized to
the N-benzyl! imidazole (3) with phosphorus penta-
chloride (PC15), phosphorus oxychloride (POC13) or
15 triphenylphosphine (PPh3) in dichloroethane in the
presence of a base such as triethylamine, N. Engel and
W. Steglich, Liebigs Ann. Chem., 1916, (1978). '
Acylamino ketone (5) is readily obtainable
from amino acids via the Dakin-West reaction, H.D.
20 Dakin, R. West, J. Biol. Chem., 78, 95 and 745 (1928),
and various modifications thereof, W. Steglich, G.
Hofle, Angew. Chem. Int. Ed. Engl,, 8, 981 (1969); G.
Hofle, W. Steglich, H. Vorbruggen, Angew. Chem. Int.
Ed. Engl., 17, 569 (1978); W. Steglich, G. Hofle,
25 Ber., 102, 883 (1969), or by selective reduction of
acyl cyanides, A. Pfaltz, S. Anwar, Jet, tett,.2977
(1984), or from a-halo, a-tosyl or e-mesyl ketones via
the appropriate substitution reactions that one skilled
in the art will readily recognize.
30 The functionatized benzylamines (4) may be
made from the corresponding benzyl halide, tosylate or
mesylate (2) via displacement with a nitrogen
nucleophile, a procedure familiar to one skilled in the
art. This displacement may be achieved using azide
35 fon, ammonia, or phthalimide anion, etc., in a neutral

.
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nnyI or phenoxyphenyl as defined above substituted with 15
or nts sel ected from hal ogen, hydroxy, nercapt f 1- 5
a3 fo WO il

ons, al kyl of 1-5 carbon atons, [err], -CN, [err], err],
[edr], [err], [err], and [err]; pyrronI pyrazolyl or |n1dazolyl as
de |ned above substltuted on ring rn&rogen wi th al kyl of 1-5 carbon 20
at pns, phenyl or benzyl; or substituted al kyl, al ken or alkynyl of 1 to
10{ carbon at on®1¥8bks suehitasd dipethyaf %WBE’?‘H-U%‘!!B%W]& gf@t&éf‘?tut ed heteroaryl,

bi phenylyl or ét:f&enoawmh@éwIphswttpawcde&tmdmbpvewhe S@Qﬂ het eroaryl ,

Egrg]o? - bi phery] l¥dé (2§( Ogy behn(?an exgphaer\l!xriety o;’ebtern%ﬂc haior A rRerrl,

genation methods familiar to one skilled in the art,

5 = for example‘benzylic bromination of toluene derivatives
with N-bromosuccinimide {n an fnert solvent such as
carbon tetrachloride in the presence of a radical
initiator such as benzoyl peroxide at temperatures up
to reflux conditions.

10 _ A wide variety of toluene derivatives may be
made from simple electrophilic substitution reactions
on an aromatic ring. This includes nitration,

sulfonation, phosphorylation, fFriedel-Crafts

? alkylation, Friedel-Crafts acylation, halogenation, and

15 other similar reactions known to one skilled in the
art, G. A. Olah, “Fri&del-Crafts and Related
Reactions,” Vol. 1-5, Interscience, New York, (1965).

Another way to synthesize functionalized
benzyl halides is via chloromethylation of the

20 corresponding aromatic precursor. Thus, the

| appropriately substituted benzene ring may be
chloromethylated with formaldehyde and hydrochloric
acfd (HC1) for example with or without an inert solvent

~ such as chloroform, carbon tetrachloride, 1ight

25 petroleum ether or acetic acid. A Lewis acid such as

!’ zinc chloride (ZnC1,) or a mineral acid such as

phosphoric acid may also be added as a catalyst or
condensing agent, R. C. Fuson, C. H. McKeever, Org,
Reactions, 1, 63 (1942).

30 . Alternatively, N-benzylimidazoles (3) can also
be prepared as shown in path b) by forming an R® sub-
stituted amidine (7) from an appropriately substituted
benzylamine {4) which {s in turn reacted with an
a-haloketone, a-hydroxyketone (8), a-haloaldehyde, or

35

—_—

—_—

—
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25 [err], [err], [err], [err], [err], [err], [err] [err], [err]

-arJd -S-webfdo2ierr], [err], [err], where heteroaryl is a hptenmmmwsg
~défiined i.n the scope of [err] 30 and where the phenyl group in [

of [err], the N imdazolyl, N1,2, 3-t %azolyl and N-1,2,4-triazolyls
be substituted with one or two substitfients as described above f or

heteroaryl: 35 a-hydroxyaldehyde, F. Kunckell, Ber,, 34, 637
(1901).

As shown in path a), imidazole (1) may be
alkylated by a variety of benzyl derivatives. These

5 include compounds with latent acid functionalities such
as o, m, and p-cyanobenzylhalides, mesylates or
tosylates as shown in path c}. Nitriles of formula (9)
may be hydrolyzed to carboxylic acids of formula (10)
by treatment with strong acid or alkali, Preferably,

10 treatment with a 1:1 (v/v) mixture of concentrated
aqueous hydrochloric acid/glacial acetic acid at reflux
temperatures for 2-96 hours or by treatment with 1N
sodium hydroxide in an alcohol solvent such as ethanol
or ethylene glycol for 2-96 hours at temperatures from

15 20°C to refiux can be used. If another nitrile group
is present it will*lso be hydrolyzed. The nitrile
functionality can also be hydrolyzed in two steps by
first stirring in sulfuric acid to form the amide
followed by hydrolysis with sodium hydroxide or a

20 mineral acid to give the carboxylic acid (10).

The nitriles (9) can be converted into the
corresponding tetrazole derivative (11) by a variety of
methods using hydrazoic acid. For example, the nitrile
can be heated with sodium azide and ammonium chloride

25 in DMF at temperatures between 30°C and reflux for 1-10
d-vs, J. P. Hurwitz and A. J. Tomson, J, Org. Chem,,
26, 3392 (1961). Preferably, the tetrazole is prepared
by the 1,3-dipolar cycloaddition of trialkyltin or
triaryltin azides to the appropriately substituted

30 nitrile as described in detail by Scheme 15.

' The starting imidazole compounds (1) are
readily available by any of a number of standard
methods. For example, acylaminoketone (5) can be
cyclized with ammonia or equivalents thereof, D.

35 Davidson, et al., J. Org. Chem,, 2, 319 (1937) to the
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err]; [err]; [err];'5 [err] [err] 10 [err] 15

PCT/US90/03683

23

corresponding imidazole as shown in Scheme 1. The
corresponding oxazole can_also be converted to
imidazole (1) by action of ammonia or amines in
general, H. Bredereck, et al., Ber,, 88, 1351 (1955);
J. W. Cornforth and R. H. Cornforth, J. Chem Seoc., 96,
(1947).

Several alternative routes to imidazoles (1)
are fllustrated in Scheme 2. As shown in Scheme 2
equation a), reaction of the appropriate R0 substityted
imidate esters (12) with an appropriately substituted
a-hydroxy- or a-haloketone or aldehyde (8) in ammonia
leads to imidazoles of formula (1), P. Dziuron, and
W. Schunack, Archiv. Pharmaz., 307 and 470 (1974).

The starting imidazole compounds (1) wherein

7 and R8 are both hydrogen can be prepared-as shown in
equation b) by reactiow of the appropriate
RO-substituted imidate ester (12) with a-
aminocacetaldehyde dimethyl acetal (13), M. R. Grimmett,
Adv, Heterocyclic Chem,, 12, 103 (1970).

As shown in equation c), imidazole (15;
wherein R7 = hydrogen and RS = CHoOH) can be prepared
by treatment of the imidate ester (12} with
1,3-dihydroxyacetone (14) in ammonia by the procedure
described in Archive der Pharmazie, 307, 470 (1974).
Halogenation of imidazole (15) or any {midazole wherein
R? or RB 1s hydrogen is preferably accomplished by
reaction with one to two equivalents of N-
halosuccinimide in a polar solvent such as dioxane or
2-methoxyethanol at a temperature of 40-100°C for 1-10
hours. Reaction of the halogenated imidazole (16) with
a benzylhalide {2) in the manner described in Scheme }
affords the corresponding N-benzylimidazole (17);
wherein R is halogen and R8 is CH20H). This procedure
is described in U.S. Patent 4,355,040. Alternatively,
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20 [err] is [err]; [err] is alkyl of 1 to 6 carbon atons or
perfluored 4popf7 | to 6 carbon atons, 1-adamantyl, 1-napht hpE€T/US90/0368;
1- (1- napht hyl )ethyl or [err]; 25 [err] is H, aIkyI of 1 to 6 carbon
atonms, cycloal kyl of 3 to 6 carbon atonE phenyl or benzyl; [err] is H,
met hyl or benzyl; [err] Is [err]; [err]* 4[err], [err]; 30 [err]

Lerr] [err] imidazole (17} can be prepared by the procedure
described in U.S. Patent 4,207,324.
Compounds of formula (17) can also be prepared
by treatment of the starting imidazole compound (1)

5 wherein R7 and R8 are both hydrogen, with the
appropriate benzyl halide followed by functionalization
of R? and RS by treatment with formaldehyde as
described 1n E. F. Godefroi, et al., Recueil, 91, 1383
(1972) followed by halogenation as was described above.

10 As shown in equation d) the imidazoles (1) can
also be prepared by reaction of R0 substituted amidines
(18) with an a-hydroxy- or a-haloketone or aldehyde (8)
as described by F. Kunckel, Ber., 34, 637, {1901).

Compounds of Formula (1) wherein R8= CHoOH can

15 be prepared as shown in equation e). The imidazoles
(1) were prepared”as described in L. A. Reiter, J. Org.
Chem., 52, 2714 (1987). Hydroxymethylation of (1)} as
described by U. Kempe, et al. in U.S. Patent 4,278,801
provides the hydroxymethylimidazoles (la).

20

25

! 30

35
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10f[err] [err] 10 ' [err] is H alkyl or perfluoroal kyl of 1 to 8 carbon

ﬁt nﬁw)gnawzaalkyl of 3 to 6 carbon atons, phenyl or benzyl. | s H,
yl of -1 to 6 carbon atons, cycloalkyl of 3 to 6 car bo%&g‘tlg)sﬁémsﬁ#ényl

be zyl, acyl of 1 to 4 25

Scheme 2

THeHC1 -
! "‘ﬁn‘a"‘: - mm\.’(z\. =, L

12 i
o~/
£ |
~ N
R
’z\:_s, ’L (wherein R7R8.y)

This Sheet Has Bee

IWMMANE  sussirs:z



car boRodi gy Phenacyl; [err] is H alkyl of 1 to 6 carbon atons,
oal kyl of 3 to 6 carbon atons, [err], [err], or [err]; [err] iSPdTVUS90/03683
B of 1 to 6 carbon atonms, cycloalkyl of 3 to 6 carbon atons, phenyl or

vl ; 20 [err] and [err] independently a6 H, alkyl of 1 to 4 carbon

s, phenyl, benzyl, [err]-nethyl benzyl, or taken together with the

ogen forma ring of the fornula 25§éﬂﬁ._ge(m0]lt1lmedl) [err]:

5
1) NH;, Cu*?
e) RCOCH20H+ROCHO D BS
R=pyridyl, p-biphenylyl, etc. N
10
1
~
H)ooc 0'110
15 H
¥ la
P

20

25

30

.35
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s H_al kyl of 1-4 carbon atons, or phenyl; [err] is alkyl of 1 to 6

o5

nwadb®8277 err], 30 or [err]; [err] and [err] ?4 y are
H, kyl -of .1 to 6 carbon atons, benzyl, or are taken toge her as&{ké )
wherfe 35 uis 3-6; [err] is H,27[err] or [err];
Scheme 3
’ .
] ]
L)
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K‘Z“ ' [ . 5 h 09
wtn tr SROBHL ot bon' Gt o, benzyl Cor allyl; [err] and FEIEoargRRP] ¥

.independently hydrogen, alkyl with from1 to 5 carbon atoms, or phenyl;

[err] dnd [err] are |ndependently al kyl28of 1-4 carbon atons 10 or
taken together are [err]: é is H alkyl of 1 to 4 carbon atons, [err]
or [err]; [err] is N, [eﬁ?] PR iy Schemey 3, (rathya) fo

benzylimidazoles (17) where R8 = CHp0H, the
hydroxymethyl groups may.be easily converted to the
corresponding halfde, mesylate or tosylate by a variety

5 of methods familiar to one skilled in the art.
Preferably, the alcohol (17) is converted to the
chloride (25) with thionyl chloride in an inert solvent
at temperatures of 20°C to the reflux temperature of
the solvent. |

10 Chloride (25) may be displaced by a variety of
nucleophiles by nucleophilic displacement reaction
procedures familiar to one skilled in the art. For
example, excess sodium cyanide in DMSO may be used to
form cyanomethyl derivatives (26) at temperatures of

15 20°C to 100°C.

Nitrile (26) may be hydrolyzed to an acetic
acid derivative (gi), by a variety of methods. These
methods include methods described previously for the
hydrolysis of nitriles of formula (9). Examples of

20 desired acids and bases for this hydrolysts include
mineral acids such as sulfuric acid, hydrochlaric acid,
and mixtures of either of the above with 30-50% acetic
acid (when solubility is a problem), and alkali metal
hydroxides such as sodium hydroxide or potassium

25 hydroxide. The hydrolysis reaction proceeds under
heating at temperatures ranging from 50-160°C for 2-48
hours. Carboxylic acid -(27) may be esterified by a
variety of methods without affecting other parts of the
molecule. Preferably, (27) is refluxed in a

30 hydrochloric acid/methanol solution for 2-48 hours
to give ester (28). ;

Ester (28) may be hydrolyzed to carboxylic
acid (27), for instance, after Rl, RZ and R3 have been
elaborated. Various methods, acidic or basic, may be

35 used. For example, compound (28) s stirred with 0.5N
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Sheet Has Been Reﬂlaced

i




X s a carbon-carbon single bond, -CO, [err], -O, -S-, 15 - NH,
68N wo9100¥77 -NCO-, [err], [err], [err] [err] 12 anBCHRERH368% i cal | y
ackeptrabl e salts of these conpoundgé provi ded t hat:
potassium hydroxide in methanol, or if base soluble, it
is stirred in 1.0N sodium hydroxide for 1-48 h at 20°C
to reflux temperétures.
Hydroxymethyl derivative (17) may be acylated
5 to give {29) by a variety of procedures. As shown in
path b) acylation can be achieved with 1-3 equivalents
of an acyl halide or an anhydride in a solvent such as
diethyl ether, tetrahydrofuran, methylene chloride or
the 1ike in the presence of a base such as pyridine or
10 triethylamine. Alternatively (17) may be acylated by
reaction with a carboxylic acid and dicyclohexylcarbo-
diimide {DCC) in the presence of a catalytic amount of
4-(N,N-dimethylamino)pyridine (DMAP) via the procedure
described by A. Hassner, Tet. Lett., 46, 4475 (1978).
15 Treatment of (17) with a solution of carboxylic acid
' anhydride in pyridine optionally with a catalytic
- amount of DMAP at temperatures of 20-100°C for 2-48
hours is the preferred method.
The ether (30) can be prepared from the
20 alcohol (17) as shown in path c) by methods such as
treatment of {17) in a solvent such as '
dimethylformamide or dimethylsulfoxide with potassium
t-butoxide, sodium hydride, or the 1ike followed by
treatment with R1}L at 25°C for 1-20 hours, where L is
25 ‘a halogen, tosylate or mesylate,
Alternatively, treatment of (17) with 1-5
equivalents of thionyl chloride in chloroform for 2-6
hours at 25°C followed by treatment of the intermediate
(25) with 1-3 equivalents of MOR!1, where M is sodium
30 or potassium, for 2-10 hours at 25°C either 1in R1¥0H as
solvent or in a potar solvent such as dimethylform-
amide or the like will also yield ether (30).
The ether (30) can also be prepared for
example by heating (17) for 3-15 hours at 60-160°C in

35
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(1) the [err] group is not in the ortho position; 5 (2) when [err] is 91/
[err] is &’%?Hgﬂ‘?%ond, 10 and [err] is [err], or [err] , th /é}‘%”?mﬁﬁ@t wo
be #n-the ortho or neta position; or when [err] 15 and X are s
above and [err] is [err] or [err], [err]agust be ortho; [err] (3) when
[err] is [err] and X is other than 20

R11loy containing an {norganic acid such as a
hydrochloric acid or sulfuric acid.
N-arylimidazoles of formula I (compounds
wherein r=o0) can be prepared by the following methods,
5 it being understood by one skilled in the art that
certain manipulations, protecting and deprotecting
steps, and other synthetic procedures disclosed above
may be necessary to produce compounds with the desired
combinations of R6, R7, R8 and R13-

10 As shown in Scheme 4, equatfon a) the reaction
of aniline derivative {34) with imidate ester (12) to
form the substituted amidine (35) provides material
which can be cyclized with dihydroxyacetone to form
structure {36). Subsequent elaboration into (I)

15 provides the N-arylimidazole compounds of the
invention. ¥

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

20 form a 2-mercaptoimidazole (38) from aniline derivative
(34) via isothiocyanate (37). Desulfurization of (38)
with dilute nitric acid followed by anion formation at
the 2-position of the imidazole (39) and reaction with
R6X where X is €1, Br, I, allows the formation of (40)

25 which can be subsequently elaborated to I.

i _ A variation of Marckwald's process as shown in

.3 equation c} using an a-aminoketone (41) and
{sothiocyanate (37) can also be employed, see Norris
and McKee, J. Amer. Chem. Soc,, 77, 1056 (1955) can

30 also be employed. Intermediate (42) can be converted
to (I) by known sequences. The general procedure of
Carbont et al., J. Amer, Chem. Soc., 89, 2626 (1967)
(11lustrated by equatfon d)) can also be used to
prepare N-aryl substituted imidazoles from appropriate

35 haloaromatic compounds (43; X=F, Cl1, Br) and imidazoles
(1): .

isS
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e bond, then [err] nust be ortho except when X = [err] and [err] is
| w@91/06277 [err], then [err] nust be ortho OF 0\,\#]&3 when
1 Ts<[err] or a salt thereof [err] cannot be S-al ky %; en [err]

err] or a salt thereof, the §Ubst|tuent on the 4- p03|t|on of the

i miazol e cannot be [err], [erré or [err] (6) when [err] is [err], [err]
not net hoxy- benzyl : 35 Schem

2 2 “oxt
10 ' @
R13 R13
J $

15
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25 | n
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13 (7) the [err] group is not [err]
t hei r antWO\ié0W23hsi ve activity are novel

[err] 15-[erT]
t C5C12_$

32

or [err];

Preferred forr

5 0(
conmpounds havi ng t peTVOS0/836830 wo*
Scheme 4 (continuea)
1) Hzm'lzaﬂa‘:t) A E
2) HCI A
of
ba ¥}
N0, A
0
(1) nBuLy R
2 55X O
39
P
RB
"
A
N
— —) —1

34
) L3
1 <
:;2
20
c) RBcocH M, + 37
25 “
30 .
e L
¥ #6 /;51& *
35
A
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[er@I®is [err]; [err]; [err] 20 or [err] 25 [err] is alkyl of 3 to 10
mgf %31‘-/00’0517 al kenyl of 3 to 10 carbon atons, al kynyl oPCB/US040368hr bon
cycl oal kyl of 3 to 8 carbon atoms, benzyl substituted on the phenyl
g Wi th up to two groups sél ected g from al koxy of 1 to 4 carbon
at(ns, hal ogen, alkyl of 1 to 4 carB n atons, and nitro; O

In varfous synthetic routes RI, RZ and R3 do
"not necessarily remain the same from the starting
D' compound to the final products, but are often
manipulated through known reactions in the intermediate
5 steps as shown in Schemes 5-22. A1l of the

' .ia transformations shown in Schemes 5-10 and 12 can also
be carried out on the terminal aromatic ring (i.e.,
- bipheny! ring).
10 Scheme 5
o, “a-’ 3
1
, oA oA, A
15 (Cﬂz)r (Cl’lz)r (Cﬂz)r
—‘E }&h «g 5’ i /@:’J"
4l ’ 45 4
20 ~/ ~/ n:'

As shown in Scheme 5, compounds where R 1s a
sulfonic acid group may be prepared by oxidation of the
25 corresponding thiol (45). Thus, an N-benzylimidazole
’ derivative bearing a thiol group may be converted into
a sulfonic acid (46) by the action of hydrogen
peroxide, peroxyacids such as metachloroperoxybenzoic
acid, potassfum permanganate or by a variety of other
30 oxidizing agents, E. E. Reid, Organic Chemistry of
Bivalent Su)fur, 1, Chemical Publishing Co., New York,
120-121 (1958).
Aromatic hydroxy or thiol groups are obtained
from deprotection of the corresponding alkyl ether or
35 thioethers. Thus, for example, a methyl ether or a _

This Sheet Has Been RTlaced
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[err] is [err], [err]; [err]; 35 14 [err] [err] [err] is [err], [err],
[‘err]; [ewqwom?perr] 10 [err] is H- alkyl of 1 to 5 carbGHUS90/03683
[err] or-[err].

34

methyl thioether derivative (44) of an N-benzylimid-
azole containing one or more aromatic rings may be
converted into the free phenol or thiophenol (45) by
the action of boron tribromide methyl sulfide, P. G.

5 Willard and C. F. Fryhle, Yet, lett,, 21, 3731 (1980);
trimethylsilyl iodide, M. E. Jung and M. A. Lyster,
J. Org. Chem., 42, 3761 (1977); KStt and derivatives
thereof, G. I. Feutrill, R. N. Mirrington, Jet. Lett,,
1327, (1970), and a variety of other reagents.

10 Alternatively, N-benzylimidazoles may be
sulfonated by stirring with HpS04 at a variety of
different concentrations or with other sulfonating
agents such as chlorosulfonic acid or sulfur trioxide
with or without complexing agents such as dioxane or

15 pyridine at temperatures from 0 to 200°C with or
without solvent,»K. LeRoi Nelson in Friedel-Crafts and
Related Reactions, III part 2, G. A, Olah, ed.,
Interscience Publ,, 1355 (1964).

The synthesis of compounds where Rl is a
20 sulfate, phosphate or phosphonic acid are depicted in

Tl iiiiﬁ i~ suesure ey




arbon carbon single bond, -CO, [err] [err], -NCO, [err], [err],
w®»91/80%77  [err], [err] or -CH=CH:; and phar maceuti cRCTAUSS0G368RbI e
" of t hese corrpounds. 20 More preferred are conmpounds of the preferred
where: [err] is H, alkyl of 1 to_4 carbon atons, hal ogen, or al koxy
to 4 carbon atons; 35
Schene 8
x l.’ - n:
S e R
b :‘ —_— ' n.l
(CH3)p (CH2) ¢
o
|
2 ol
10
& ‘Q.s 48
g w?:a' -
[ 2’
R‘J\l
(CH»)
15 2’
v ]
S o5
o
2
49
20 ] s
b ] R R )
EX E2 e
| X )
N " Pflm__3_> M L
: 3
(CHy) . (CH2)p (CH) ¢
2 T
25 e x X 3
X »
1 R
aH 50 R
J3; where R 30 “}\.
' )
(cuz)r
30 psal, o | O
—_—> 2
ac, X &
o 32
35
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heteroaryl
4-pyridyl:, or p-biphenylyl, 30 [err] 35 15 [err] is [err]

36

Scheme 6 (continued)

] L [ a“—
5 - =% s—"'g:r
»® :x/ L oewy_ouny )\l 'Y
CH2)p °*
{CH2)e (cuz)r. -
&2 —@uaox- a2 @ :c.\ -
3
10 X .
33 34 X = &, sirg, 2oc1,

15 |
. . '53: x
'(caz),. .
20 | a.m
R2 &
R3 52
25 & - :-Q-E::: ji—g:a:
I e cERIp w8, 2
zcnz), : g —_—
2l l:) » i‘ R2, R®, « halogen
330 x ,
2 oy
== 1
NiX, (X @ halxgen)
35 )
I
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[er s al kyl, al kenyl or al kynyl of 3 to 7 carbon atoms [err] s’
w&?’ée%" from2- and 3-thienyl, 2- and 3-furyl, ![, lis@ﬂ{b“ﬁ WO
err




err]

4

is [err], alkyl of 1 to 6 carbon atons or phenyl;
lgymb27 to 4 carbon atons; 10 [err] is [err]; [PEVUS9G/8368B or
[err] is H, or aIkyI of 1 to 4 carbon atons; [err]

to 4 carbon atonms, or acyl of 1330 4 carbon atons; [err]
to 5 carbon atons; [err]; or 20 mls 1 to 5;

10

15

20

25

30

35

N-Benzylimidazoles containing a phenolic
hydroxyl group (47) may be readily converted into
the corresponding sulfate (48) or phosphate (49). As
shown in equation a), reaction of the phenol with a
sulfur trioxide-amine complex will give the
corresponding sulfate (48), £. E. Gilbert, Sulfonation

and Related Reactions, Interscience, New York, chapter

6 (1965). Reaction of the phenol (47) with phosphorus
pentachloride followed by hydrolysis will give the
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 phosphonic acids by

reaction with phosphorus trichloride (PC13) and
aluminum chloride (A1€13) in 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 with chlorine (Cl7) and subsequent
hydrolysis of the tetrachloride (51) gives the
phosphonic acid derivative {52), G. M. Kosolapoff in
Org. Reactions, 6, R. Adams, editor, John Wiley and
Sons, New York, 297 {(1951). Another more direct route
involves reaction of the N-benzylimidazole with PSCl3
and A1C13 followed by hydrolysis, R. S. Edmunson in
Comprehensive Organic Chemistry, Vol. 2, D. Barton and
W. D. 01lis editors, Pergamon Press, New York, 1285
(1979). |

Alternatively, equation c) illustrates that
aryl phosphonic acids (52) may be formed from reaction
of the corresponding diazonium salt (53) with PCl3 1n
the presence of Cu(I) followed by hydrolysis with water
(ibid, p. 1286).

As shown in equation'd). the aryl halides (55)
may be photolyzed 1n the presence of phosphite esters

i
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X = single bond, -0-; -CO; -NHCO: or [err]; and pharnmaceutically
accept alwe 93400237 25 Note t hat t hr oughout - the text when an a’ICH'yUS90/03683
substituent is mentioned, the normal al kyl structure is neant (i%.e., bu
I's n-butyl) unless othermﬁse speci fied.3g30 Phar maceutically
suitable salts include both the netallic (inorganic) salts and organic
salts; a list of tigdheighogpharate nesReri GB?“RS. Khegeracgutii.cal Sci ences,

17th Edition, pg. chahl 8 { 18 Phen' LsdS wgg £2'11555)° " CThese same
aryl halides also react with phosphite esters in the
presence of nickel or palladium salts to give
5 phosphonate esters, P. Tavs, Chem. Ber., 103, 2428
(1970), which can be subsequently converted to
phosphonic acids (52) by procedures known to one
skilled in the art. '
N-Benzylimidazoles containing an aldehyde or
10 ketone (57) may be reacted with a phosphorus trihalide
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

] . . [
N R R |
;-E}ib 1 7, Py

¢ N ____9 TN
20 x | 2} ’50 {
(CH2)r (CHa)e
0 o 9
a - -
‘? » sn f oH
l’ -
3
3
25
‘5\7/ R = X, or alkyl) s8
-/
30
35
Sheet Has Been Re
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in the art that an appropriate salt formis 35 chosen based on
-chemi cal stability, 16 flowability, hydrest/aysoesg3gsand
Preferred salts of this invention for the reasons cited above
e potassium sodium cal cium ghd amonium salts. Also within the
scofge of this invention are 5 phar maceuti cal conpositions conprising a

abl e Compounds where Rl is -CONHOR1Z may be
_prepared as shown in Scheme 8, by the treatment of a
carboxylic acid (10) with 1-4 equivalents of thionyl
~ chloride for 1-10 hours. This reaction can be run
5 without solvent or in a nonreactive solvent such as
benzene or chloroform at temperatures of 25-65°C. The
intermediate acid chloride is then treated with 2-10
equivalents of the appropriate amine derivative, HoN-
, ORIZ, for 2-18 hours at temperatures of 25-80°C
10 in a polar aprotic solyent such as tetrahydrofuran or
dimethylsulfoxide to give the hydroxamic acid (59).

Scheme 8
N~ R
2
s AF  IF
Rt N
Z ' s
-—l-coa" —:—-m‘!
- \ \
20 10 5
L3 AF
25 R‘ N
‘ Z { Z |
\ =~ COOCONICeHy), \ ] CONHSOAr
30 | 102 ~ S9a

Alternatively, the carboxylic acid (}0) can be
converted to the hydroxamic acid (59) according to the
procedure in J, Med, Chem., 28, 1158 (1985) by '

35 employing dicyclohexylcarbodiimide, l-hydroxybénzo-

nmmmﬁ | Ti’ﬁ““"
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pharmaceutical carrier and a conpound of formula (1), and nethods-of usi ng)91/
t he corﬂf@dﬁd@?@? Formula (1) to treat hypertension and conggsl/y%go/8eust :
failuré. The pharmaceutical conpositions can optionally contain one 10

or nore other therapeutic agents, suchg@s a diuretic or a non-steroidal
antiinflammatory drug. Also within the scope of . this invention is a nethod

of preventing reteaiazode) and HH® RRZIS({?A? abédridy r?gg’tﬁér Irpgéé gf a non-
s e no a AU Y SlBollS"b%) (Aol ot sty ca - conti o
with the NSAID. Viks@eteonpeagett afid HoNOR1Z
Compounds where Rl is -CONHSO2Ar (59a,
5 Ar=phenyl, o-tolyl, etc.) may be produced by treatment
of the intermedfate acid chlorides from the preparation
of the hydroxamic acids (59), with ArSOoNHNa .
Alternatively, these acylsulfonamides (592) can be
prepared from the carboxylic acids (10) through the
10 corresponding N,N-diphenylcarbamoyl anhydrides (10a) as
described by F. J. Brown, et al. in Eur. Pat. Appl.
EP 199543 (see Scheme 8).

e .

Scheme 9
15

sIf—gk‘;' "r';3295 ‘jlf?gtfi'A

(cﬂz)r (Cﬂz>r (cu )
2 rid «
mzx e o]
,V 60 . 61
. ~s o
25 L

,L?: R‘J\? ’

' - I..kyl. ‘o.o
cﬂz’r cuz),
lnat PUIL W R o
"
30 .,
: » ) » »
» X
62 63
N s
35
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fention can al so be used as diagnostic agents to test the renin

'%ﬁ7§ystem It should be noted in the foregoi ng gty gHar6848320
en a radical can be a substituent in nore than one previously

def @ned radical, that first radical can be selected independently in each
prefi ously defined radical. For exdaple; [err], [err] and [err] can each be
[er®]. [err] need not be the sanme substituent in 25 each of [err],
[erf] and [err] but &ailibe brtlermedidtiend3enarentdlsclosedetich of t hem

Detipi | ed Desqy isptpant No. 2,355,040 and may be obtained from the
corresponding nitro compound precursor by reduction. A
variety of reduction procedures may be used such as

5 iron/acetic acid, D. 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, aniline intermediates of

10 N-benzylimidazoles may also be prepared from the corre-
sponding carboxylic acid (10) or acid chloride via a
Curtius rearrangement of an interimediate acyl azide
(60). More modern methods include using diphenyl-
phosphoryl azide as a source of azide, T. Shioiri,

15 K. Ninomiya, S. Yamada, J. Am. Chem. Soc., 94, 6203
{1972), and trapping the intermediate isocyanate (61)
produced by the Curtius rearrangement with 2-trimethyl-
silylethanol and cleaving the resultant carbamate (62)
'with fluoride to liberate the amine (63), T. L. Capson

20 and C. D. Poulter, Jet. Lett., 25, 3515 (1984).
Classical procedures familiar.to one skilled in the art
may also be employed. -

Compounds where Rl is -S0pNH2 may be made
as shown in Scheme 10:

25

30

35
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Synt hesis 30

10

15

20

25

30

35

The novel conpounds of Formula (1) may be prepared
usi ng t havo®amoeyns and techni ques described in this sectionpcTimesyozessss o
are perfornmed in a solvent appropriate to the reagents and materials

enpl oyed and suitable for the transfornmm 4éon being effected. It is 35
understood by those skilled in the art o

organic 17

Scheme 10

N R Ln
sdlif-§3:::7 | | H=n

Sulfonamide compounds (65) may be made by
reacting an arylsulfonyl chloride (64) with ammonia, or
its equivalent. Unsubstituted arylsulfonamides are
made by reaction with ammonia in aqueous solution or in
an inert organic solvent, F. H. Bergheim and W. Braker,
J. Am. Chem. Soc., 66, 1459 (1944), or with dry
powdered ammonium carbonate, £. H. Huntress and J. S.
Autenrieth, J, Am. Chem. Soc., 63, 3446 (1941); E. H
Huntress and F. H. Carten, J. Am. Chem. Soc., 62, 511
(1940). '

The sulfonyl chioride precursor may be
prepared by chlorosulfonation with chlorosulfonic acid
on the aromatic ring directly, E. H. Huntress and f. H.
Carten, jbid,; E. E. Gilbert, op., cit,, 84, or by
reacting the corresponding aromatic diazonium chloride
salt (53) with sulfur dioxide in the presence of a

~copper catalyst, H. Meerwein, et al., J. Prakt. Chem,,

[11], 152. 251 (1939), or by reacting the aromatic
sulfonic acid (46) with PClg or POC13, C. M. Suter,

The Organic Chemistry of Sulfur, John Wiley, 459
(1948).
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35

ection conditions, and act

hment to nitrogen . on.the im dagzol ucl eus,_ . Thr oughput the follow ng
tion, not all c‘d%gﬁﬁrﬁﬁeﬁfmﬁa?‘l’ﬂﬂzsa" I{:"’f"‘al 31y ‘Hfﬂ"& gpgi ven 10 cl ass
@)y necessarily be prepared by all nethods described for that class.
vbet't'Jengé 1%525ﬁ¥§23555d2”nghn be made by procedures well

i s that the functionality present on the im dazole and other
gns_of the nol ecul e nust .be consistent with the ppeRisR)

. o
i “~",I‘AA'
' 4

: : : (()13683
tions proposed. This will frequently necessitate judgnent as to
order of synthetic stegs, protecting groups required,
Yation of a benzylic position to enable

known in penicillin and cephalosporin chemistry. The
purpose is to provide materials which are more
Vipophilic and which will be useful orally by rapid
transit from the gut into the bloodstream, and which
will then cleave at a sufficiently rapid rate to provide
therapeutically useful concentrations of the active
carboxylic acid form. The following review articles and
references cited therein discuss this concept and the
chemistry involved in 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. Sirkula,
Ann. Repts. Med. Chem., 10, 306-315 (1975).

Experimental procediivres which are applicable to
the preparation of chemically stable linked esters are
{1lustrated by equations a-e of Scheme 11.
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D

SUBSTITUTE Specr



materials may be inconpatible with sonme of the reaction conditions requi
i n some oWOM00RIThods described. Such restrictions to the s ,kkggﬁh&p
|

which are' 15 conpatible with the reaction conditions will be rea

apparent to one skilled in the art and alternative methods descri bed nust

then be used. 20 25 30 35 - 44 ‘
Schene 11

(a) RCO2Na « (CH;3)3CCO,CHBr —> RC02C320COC(CH3)3

}5& . 66
b G. FPrancheschi et al., J. Antibioties, 36, (7),

938-941 (1983).

CH3

6
(b) RCOz + (CH3)zNCON(CHjz)z ¢ C1CHOCOC(CH3)j

10 |
CH,

RCOzCHOCOC(C83)3
67
~
16 J. Budavin. U.S. Patent £,440,942
r2d

(c) RCOoH —> 8302CH-OCO?HCHzC02CHg

20 N NH,
68
~ .
B. Daehne et al., G.B. Patent 1,290,787
() RCOzH ——> RCO2CHCONR?2p23
69
~
Ferres, Chem. Ind., 435-440 (1980)
30
' RCH o]
(e) R-COH —>
a5 '
70 —

~
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be prepared by
19 CGeneral Iy, conpounds of Formula (3) can
Ecwod 90277 on onto imdazole (1), with an approprlatekénR%ﬁ%ﬁﬁ%gg

tosyl ate or
45

Clayton et al., Antimicrob. Agents Chemothera
5, (6), 670-671 (1974)

N Re
In equations a-e: R= RS.(/ I
' N R7?

r2 R

Compounds of Formula I where R! 1s -C(CF3)70H
may be prepared as shown in Scheme 12.

—_—_—
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mesylate (2) in the presence of base, as shown in path 5 %%. )
Pref er b yj/002n netallic imidazolide salt is prepared by r8&E{VIRS/93et]
‘(19 with a proton acceptor such as WH where N Is lithium sodium or
potassiumin a solvent such as di nmet hwef ormam de (DNF) or by reacting
with a netal al koxide of fornmula MOR 10 where R is nethyl, ethyl,
t-butyl or the like in an al cohol sithematlzuch as et hanol or t-butano
a dipolar aprotic sol vent such as di net hyl formam de. The i mi dazol e sal
di ssolved in an inert aprotic solvent such as DVF, and treated with an
appropriate al kyl ating

. Ay N

. o3
;9.3 O
. =
10 71 72
- A

Hexafluoroisopropanol compounds {72) may be

prepared by treatmént of arylsilane (71) with 1-5

15 equivalents of hexafluoroacetone in a solvent such as
methylene chloride at temperatures ranging from about
-50° to 25°C for a perfod of 2-10 hours. The requisite
arylsilane (71) can be prepared using methods known to
one skilled in the art such as the procedures described

20 in Chapter 10 of Butterworth's “S{licon in Organic
Chemistry*. | |

25

30
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4- ngtrobenzyl internediate (3a, wherein Rerr] = [err], [err] = [err]

naygbe obtai ned by direct alkyl at
trobenzyl halide, tosylate or nesylate in the

4-

10

15

20

35

i mdazole (1) with a 25

aSJz;Eﬂ::; .___é> .§JE:E§F:; —_ l&JE:§;=;

w . - - 73 3
~ ~ KE _

(H)
reductive
amination

N-2 74 (R23¢n)
~’ .
s R3
Fad
=

76
~/ 3

©
77
p.v
1]
~

47
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‘gent (2). Alternatively, imdazole (1) can be alkylated with a
wl00387 (2, where X=Br, d) in the presence of a baE/8)886ve3683sodi um
e pota55|un1carbonate triethylam ne or pyridine. The reaction is
n‘an inert solvent such as DVF or DMVSO 20 at 20[err]Cto the
X tenperature of the sol vent fof?1-10 hours. For exanpl e, the

H)



pr esengoo, @?Zyl aAs [err] and [err] are different, thUf?’i:r?stMY@ssaP

regl ol soner

-and [err] are interchanged. When [err] 30 is CHO the alkylation is
t hat the benzyl
preferentially. These is ners possess_distinct physical and biological
properties and can usﬁ%ﬁg éﬁg
separation 35

10
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35

" catalytic hydrogenation reagents such as hydrogen and

tion products (3b, and 3c) are obtalned I n which

group becones attached& o the adjacent nitrogen

gwhdnssehans: 13, £ABPGUIG| d 1eywhdshvEnt i onal
-NHeechii RUds TooH My K& 'eARRI PPrapivedantdror crystal li zat

example, by reacting aniline precursor {63) with a
phthalic anhydride derivative in an appropriate solvent
such as benzene, chloroform, ethyl acetate, etc. Often
the carboxylic acid product will precipitate from
solution with the reactants remaining behind,

M.L. Sherrill, F.L. Schaeffer, E.P. Shoyer, J. Am. Chem.
Soc., 50, 474 (1928).

When R13=NHSO,CH3, NHSOCF3 or tetrazolyl (or a
variety of other carboxylic acid equivalents}, compound
(73) may be obtained by reacting aniline (63) with the
requisite acid chloride by either a Schotten-Baumann
procedure, or simply stirring in a solvent such as
methylene chloride in the presence of a base such as
sodium bicarbonate, pyridine, or triethylamine.

Likewise, aniline (63) may be coupled with an
appropriate carboxylic acid via a variety of amide or
peptide bond forming reactions such as DCC coupling,
azide coupling, mixed anhydride synthesis, or any other
coupling procedure familiar to one skilled in the art.

Aniline derivatives (63) will undergo reductive
amination with aldehydes and ketones to form secondary
amines {74). Thus the aniline {s first stirred with the
carbonyl compound in the presence of a dehydration
catalyst such as molecular sieves or p-toluenesulfonic
acid, Afterwards the resultant imine is reduced to the
amine with a borohydride reducing agent such as sodium
cyanoborohydride or sodium borohydride.. Standard

palladium/carbon can also be employed.

Alternatively, anfline (63) may be monoalkylated
by reaction with ethyl formate followed by reduction
with, for example, l{thium aluminum hydride to produce
the N-methyl derivative (74). An{lines (74) may in turn

et Has Been Re( laced
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20 In all m ned, the nore rapidly eluted isoner of a n
has greaterag#gﬁg al potency than the less rapidly eluted isoﬁﬁlﬁJ Om <5

Altérnatlvely, any properly functionalized 5 benzyl am ne derivative ('
may be converted to imne (6) by treatment 4 th an acyl am no ketone (5) i
the presence of an inert solvent such as benzene, tol uene,

be reacted with carboxylic acid anhydrides and acid
chlorides or carboxylic acids by any of the coupling
procedures described previously to yield {73) where X=
-N(CHs)Co-.

5 Antline (63) or (74) or other intermediate
anilines where the amino group may be located on another
aromatic ring for example, also react with other
anhydrides to make amide-carboxylic acid derivatives of
formula (75). Thus, for example, maleic anhydride,

10 2,3-naphthalenedicarboxylic acid anhydride, and diphenic
anhydride are reacted in a similar fashion to phthalic
anhydride with aniline {63) or (74) to yield carboxylic
acids (76), (77), and (78), respectively.

Phthalimide derivatives of aniline (63) may be

15 made by a variety of methods, preferably by stirring
aniline (63) wtth phthalic anhydride in acetic 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 triethylamine,

20 and an inert solvent.

Aniline (63) may be converted into 1ts tri-
fluoromethanesul fonamide derivative or its
trifluoroacetamido derivative preferably by reacting it

.with triflic anhydride or trifluoroacetic anhydride and

25 a base such as triethylamine in an inert solvent such as
methylene chloride at -78°C followed by warming to room
temperature, |

Compounds of structure (I) where X is a carbon-
carbon linkage which are depicted as (B0) can be made as

30 . shown in Scheme 14.

35

_ 49
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_Ii&?77and a catal ytic anmount of p-toluene- sulfonic acid or
(&V eves, N. Engel, and 10 W Steglich, LiebiRCT/AS80/03683m ,
191F, (1978), or in the presence of alumna, F. Texier-Boulet, Synthesis,

670(1985). The resulting imne (6) &0 be cyclized to the N-benzyl
Im phosphor us

| mplazole (3) with phosphorus penta-"chloride (PC[err]),
I n di chl or oet hane

hloride ([err]) or 15 t r i polzewe nbdsphine ([err])

in fhe presence of a base such as tyuict My a 'pe, N. Engel and W Steglich,
1916, (1978) Acy am rio ket dM¥ (5) is readily

Li gpi as Ann. Chem
obffai nabl e 4 @ﬂ
o _ !!=} 3 i‘ h 5
19 '

5 1 13 . @ a?
~ 5 @
20
Fav 4
10 e r . b
NI TR
: ol
. 5
81 82
~ ~/ - halogenation
15 Y yﬁ’ll/, 83
. C“Z Y=Br, cl ~
S
20
79
' P e d
. (: . \©\=\———9 _l‘i
: \13 _
’ 25 ” /
Ciy 3
L@y
3
30
R

o~/
d) /’
i \ | 4 ’ ' 1
_ g9  RlaCH,y, EL,
COOH N o : ~ t-lu.aet.c.
a5 OCH, OCH ) MgX COOH
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» W Steglich, 6. JBEl€142Pcontin eeJ

0 acids via the Daki n-West reaction, H D 20 Dakin, R

Vst

¢1/088%m , 78, 95 and 745 (1928), and various nodi PCTAUSHHE36Rer eof |

W ‘@gjl.ich, G Hofle, Anaew. m Int. Ed. Enal., 8, 981 (1969); G

Steglich, H Vorbruggen, Anaew. Chem Int. Ed. Enl., 17, 569

r educti on of altz, S. Anwar,

102, 883 (1969),
let. Lett.

or by

2977

r°)ron1[err] ‘hal o, [err]- tosyl or [err]-mesyl ketones via the

Q 2= @ A

—d
ZnCl \

i
N Z
™

Br )
e Niq) & l

\J — \\f—rCN
X CN

Equatfion a) illustrates that the biphenyl com-
pounds (80) can be prepafed by alkylation of imidazole
(1) with the appropriate halomethylbipheny! compound
(79) by the general procedure described in Scheme 1.

The requisite.halomethylbiphenyl intermediates
{79) are prepared by Ullman Coupling of {81) and (82) as
described in “Organic Reactions*, 2, 6 (1944) to provide
intermediates (83), which are in turn halogenated.
Halogenation can be accomplished by refluxing (83) in an
inert solvent such as carbon tetrachloride for 1-6 hours
in the presence of a N-halosuccinimide and an fnitiator
such as azobisisobutyronitrile (equation b).

As shown in equation c), derivatives of inter-
mediate (83) tn which R13 {s at the 2' position (83a)
can also be prepared by the method described in J, Org.
Chem., 41, 1320 (1976), that is Diels-Alder addition of
a 1,3-butadiene to a styrene (84) followed by
aromatization of intermediate (85).

Alternatively, the substituted biphenyl precursors
(83; where R13 = COOH) and their esters {B89) can be
prepared as fllustrated in equation d), which involves
oxazoline compounds as key intermediates, A. I. Meyers
and E. D. Mihelich, J. Am. Chem. Soc,, 97, 7383 (1975).

—
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30 WO 91/ 519,7funct I onal | zed benzy$&mi nes (4) nmay be- made fromthe
corresponding benzyl qu te | ate (2 di spl BCEAS/944
a nitrogen nucl eophile, L'é Se E‘“‘f'hﬁf‘ gﬁ“@ﬁ%" &le éiﬁ\“F?ed inthe art.
Thi s di spl acenent qagplbu:hdmevmdup]singgoﬁzardarﬁ&mc haldde withoai a, or
pht hal i m de ani on, Y/
di et hyl £ or nani de. hﬂo‘Benﬁén'Pé ”Eeyt!éf"&s a bipheRIME 118 Wl ci%an 1n

turn be hydrolyzed by standard methods to afford acid

5 88.
The substituted biphenyl tetrazoles (83; where
Rl3 r '(

= hh§§/,&04) can be prepared from the nitrile

10 precursors (R}3=CN) by the methods described in

Scheme 1, equation c) and Scheme 15, equatfon c).
However, a preferred method for preparing
tetrazoles §s described §n Scheme 15, equatfons a) and
b). Compounds (90) may be prepared by the 1,3-dipolar

15 cycloaddition of trialkyltin or triphenyltin azides to
the appropriately substituted nitrile (83) as in
equation a). Alkyl is defined as normal alkyl of 1-6
carbon atoms and 5yc1ohexy]. An example of this
technique s described by S. Kozima, et al.,

20 J. Organometallic Chemistry, 337 (1971). The required
trialky) or triaryltin azides are made from the
requisite commercial trialkyl or triaryl ttn chloride
and sodium azide. The trialkyl or triaryltin group {is
removed via acidic or basic hydrolysis and the

25 tetrazole can be protected with the trityl group by
reaction with trityl chloride and triethylamine to give
(91). Bromination as previously described herein with
K-bromosuccinimide and dibenzoylperoxide affords
compound (92). Alkylation of (1) with the 5

30 appropriately substftuted benzyl halide using
conditions previously described followed by
deprotection of the trityl group via hydrolysts affords
(80; R13 = tetrazole). Other protecting groups such as
p-nitrobenzyl and 1-ethoxyethyl can be used instead of

35 the trityl group to protect the tetrazole mofety.
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, phase transfer conditions. The benzyl halide (2) may be nmade
s ohys70f benzylic hal g genation nmethods famliar to skilled in
@b for exanpl e beTizylic brom nation of tol uengcyé?%éq s wth
BAsUCCi ni mi.de.in | S Aga Carbon tetrachloride in the

pre nﬁbcﬁfgﬁorqud?gcal‘%?nal{ﬁg otrﬁ‘qlstﬁica%trgs‘*g%r?zgsll peroxi de at tenperatures up

to gef L'hleﬁ-odwmﬂ andrremoved by procedures dascyided\ini ety of tol uene derivatives

ﬂr:’rﬁ%ggr fpRest 1R Er&lpRCln Trdhhi € SyHPIRddiEUtwiQRyLeact i ons on an aromatic

) U0ES. niL{ration,
. mterscience. ?1980;.

Scheme 15
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1 90 R = alkyl of 1 to 6 carbon
9-3; (R13=CH) ~ :to:s. phenyl
1) ﬁ*
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Friedel -Crafts al kylation, Friedel-Crafts
other simlar reactions knoperigssifiecs

"Friedel-Crafts and Rel ated Reacti ons, 3
Vol . 1-5, Interscience, New York, (19654 Anot her way to synthesize
functionalized benzyl

[ hal i des i l,orQq | ati on of the 20
correspondi ng aromatic precursngﬁ'ghg’sh( 'H:ge

opriately substituted

benzene ring may be chloromethylated with fornmal dehyde and hydrochl oric
acid (NCl) for exanple with or without an inert solvent

1) 92, NaOEt
-~

sul fonat i oryo gggpRer yl ation,
acyl ati.ong hal ogenation, and 15

skilled in the art, 6. A d ah,

S o X
R‘L*E'I’ 2) Depro_tecgion
3
10
15 é)
© ¥ NaN, ' @
NH.C1 Nen
: N Kz? / \\N
S CA
H
’ 25
|
] 30
! S ~/:
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9)% -of orm carbon tetrachloride, light 25 petrol eum et her or
gCLd A Lewis acid such as zinc chloride [err] or PETAVR¥/E3683c ¢

as phosphorl c acid may al so $§ added as a catal yst or condensing

suc
ageng, R C Fuson, C. H MKeever, Og. Reactions, |, 63 (1942). 30

Al t drnatively, I\SO:llpnaydls mfdsatmjceﬂre( 9B-95 Hhake X q«g pyepared as shown in path
b) gy form als -[955']-:?“3 |tuteg am dine (7) froman appropriately
subdqtituted bé Fcheh ¢ PrePared rasashewn with an

nzyI am nel

[ erf] - hal oketone, [err] mydroxyketone (8), [err]-hal oal dehyde, or

5 in Scheme 16 by alkylation of imidazole (1) with the
appropriate benzyl halide (96).

Scheme 16

¢ L—jF:: @Jﬂ u‘j':a: :;

. x ] 96
15 ~
X — k@"

10

31; X0
38;

p O3+ o
23 X-m
100; XaWR26(R26411) Q
35 109 1 X =0 @"‘”z":

L ' ' - 23; 20
20 | ;;’; P e

e Sl )

Qs G 2 d
25 X .
Ser
97-100
B 101-104
30 -
—

110 s x = 8
UL, xem i 105-108
SRR T e 56 7 N— 109-112
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35 22 [err]-hydroxyal dehyde, F. Kunckell, Ber., 34, 637 (1901). As s ]
i n pat h WP,917062@az0l e (1) may be al kyl at ed by a vari ety of IPEAZYS90/03683 i
dertvatives. These 5 i ncl ude conmpounds with latent acid functionalit
such as o, m and p-cyanobenzylhalides36nesylates or

The halomethyldiphenyl ether (109) employed as an
alkylating agent in the present invention is prepared as
shown in equation b). An Ullman ether condensation of
the phenol (97) and a halobenzoic acid as described in

5 Russian Chemical Reviews, 43, 679 (1974) provides the
intermediate acid (101). The conversion of {(101) into
(109) 1s accomplished by esterification with
diazomethane to afford (105) followed by halogenation
employing the procedure used in the preparation of (79).
10 The diphenylsulfide (110) and the diphenylamine {111)
can be prepared from the appropriate thiophenol (98) or
aniline (99) by this procedure.
' The tertiary diphenylamine (112) can be prepared
from the secondary aniline (100) by the above procedure.
15 Alternatively (107) can be alkylated by one of the
following procedurfs: 1) direct alkylation of (107) with
R26L where L is a leaving group such as a halogen or
tosylate employing phase-transfer conditions and
~ ultrasound as described in Tetrahedron Letters, 24,5907
20 (1983), 2) treatment of (107) with 1-1.5 equivalents of
an appropriate aldehyde and 0.5-5.0 equivalents of
sodium cyanoborohydride in a solvent such as methanol at
25°C at a pH of 3-6 for 1-24 hours, or 3) reductive
amination of (107) employing an appropriate carboxylic
25 acid and sodium borohydride as described in J, Am. Chem.
Soc., 96, 7812 (1974). The tertiary amine (108) is then
halogenated by the procedure previously described to
give (112).

30
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es as shown in path c). Nitriles of formula (9) may be hydrolyzed to
1/002%ci ds of fornula (10) by treatnent with stropgragssh/osesal kal i .
gly, 10 t r eat ment Wltf})a 1:1 (v/v) mxture of concentrated

aqu ous hydr ochl ori ¢ aci d/ gl aci al 7acetic acid at reflux tenperatures for
hours or by treatnment w tg;!lN slgdi um hydr oxi de in an al cohol sol vent
as et hanol or ethylene gl r 2-96 hours at tenperatures from 15
rr]Cto reflux can be used. |[If another nitrile group is present it

al so be hydrolyzed. The nitrile functionality can also be hydrol yzed

FER SR
N ¢ ® —
10 . _ ‘n

’J’ K = 20,0y, X @ halide

5 | Brerom
B

ERCY
20 mz'

" i
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first stirring in sulfuric acid to formthe am de foll owed by hydrolysis
w th sodi ¥R AYVIPEK: de or a 20 mneral acid to give the caPEdX$90£0348: |
(10y. “Thé nitriles (9) can be converted into the corresponding tetrazole

derivative (11) by a variety of methods ugi ng hydrazoic acid. For exanple,
the nitrile can be heated with sodi um azi de and amoni um chl ori de 25 [

DVF at tenperatures bet Gempodiffsesf |seraothiree{}PXwhofe X- 19 @aysare]. P.
etrazol o i's proparlaPRir A8 SPodn i aebere £2iby Al eh ORI 1 al kyi tin or
imidazole (1) with the requisite benzoylbenzyl halides.
For example, esters (113) where R13 1s 2-CO,CH3 are
5 prepared by alkylation of imidazole (1) with
carbomethoxybenzoyl benzyl halide (114). Ester (113)
may be hydrolyzed to the corresponding carboxylic acid
(116) by a variety of methods including hydrolysis with
a base such as sodium hydroxide or potassium hydroxide
10 in an alcoholic aqueous solvent such as methanol/Hp0 at
a temperature from 20°C to the reflux temperature of the
solvent,
Carboalkoxybenzoylbenzyl halides (114) are
prepared by benzylic halogenation of the corresponding
15 toluoylbenzene precursor by a variety of methods
previously described herein. For example, methyl
2- (4-methylbenzoyl)benzoate (115) can be refluxed for
2-48 hours with N-bromosuccinimide, benzoyl peroxide and
carbon tetrachloride to effect benzylic bromination.

” |
T
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m noket one (5) can be
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in azides to the appropriately substituted 30 nitrile as
by Schene 55°- The starting imdazol ep ",!E% R3gsd 1) are
Qvai | abl e by any of a nunber of standard net hods or exanpl e,

Sehemé agd w th ammoni a or. equival ents thereof, O.
: g.

em, 2. 319 (1937) to the 23
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espondi ng i m dazol e as shown in Schengol. The carrespondi ng oxazol e can

50 be conveWOed/0027% i dazol e (1) by action of amonia or am nefPGWUS%/oa?]&

neral, H Bredereck, etAsashowrBdn.Schefe IB3%he (todsay) l@tfnes 173w CornIort

nd R H Cornforth, : med {Wefroutes
wln‘lrf Ghes) %9:2 dbtla ?ﬁagtﬁelrgQHns ntd! Eﬁrggﬁée I% £

to imdazoles (1) are. i nme 2. As gshown in 2
equiat ion a), rfaaZ:t i digtape tdﬁé"é(’d-ﬂf’ﬁi)r'i"&i'éﬁ["@r F‘]"“%%'Béf ivhereX 18 i mi dat e
esters (12) with an appropriately substituted [err]-hydroxy- or
[err]-hal oket oge or ghaBhy@8, (8ha3M agpgiiza or}4

| ustr at

\ / |
-c- , -C- ,-CH , and -C- .

Reaction of ketone (73a) with a hydroxylamine or an
appropriately substituted hydrazine will give the
requisite oximes (117) and hydrazones (1]18). Reactfon
with alcohols in the presence of an acidic catalyst with
removal of water wil} give ketals (119). Reduction,
with 1{thium aluminum hydride, a metal borohydride,
zinc/acetic acid or catalytic iiydrogenation will give
the corresponding alcohol (320) or fully reduced
methylene compound ()21). These alcohols may be
acylated by a variety of anhydrides or acid halides in
the presence of:g base with or without solvent to give
the corresponding esters (122). The alcohols (120) may
be converted into their corresponding ethers (123) by
reaction of the metal alkoxide with an alkyl halide,
mesylate or tosylate 1n the appropriate solvent or by
treatment with a mineral acid in an alcoholic solvent,
or by reaction of the alcohol with diazomethane as
described in G. Hilgetag and A. Martin{, “Preparative
Organic Chemistry”, John Wiley, New York, 355-368
(1972).

Compounds of formula (I) where X fs ~OCHp-,

A
B Y

'-SCHZ-. and -NHCH- are prepared as shown in Scheme 19.
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o i mdazoles of formula (1), P. Dziuron. and W Schunack, Archiv.
1400807 and 470 (1974). Thegistarting im dazole cop&?ﬂm,éﬂ:svmgel n
[‘err] and [err] are both hydrogen can be prepared as shown 1n

ion b) by reaction of thSchemer @riate [err]-substituted i m date ester
(12f with a- am noacet al dehyde di net hyl acetal (13), M R Gitmett, Adv.
rocyclic Chem, 12, 103 (1970). 20 X As shown I n equation

i m dazol e (15; wherein [err] = hydrpgen and [err] = [err]) can be

ared by tr'eat ment of t.h_e_"nédate '(,12) u.,
‘-3::, 9 { :/iu

—_
o=
7 ‘23
22 I
3243 R o BN
1B .
: = 5> J==
» —a_‘_}v _— X o
o
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>
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1, 3-di hydroxyacetone (14) in amoni a by the  procedure described in Arch
der Phar maW0®1/08377 470 (1974). 25 Hal ogenation of i m dazoper/(h99/o9
any i midazol e wherein [err] or [err] IS %ydrogen i's preferably acconpl

by reaction with one t e nts, of hal osyccininmide in a polar
sol vent such as di oxa@ J\ﬁ tri‘r?t‘ @x@e ¢ egud Rature of 40-100C f
1-10 30 hour shydrbysdisi of h!fnzyheetlham@i&htazdmamﬂamher (@@%)with a
benzyl hal i de (2) dfToke HyRRERY cdfﬁarddbm%)n« hethiyrhtetne

correspondi ng N—benéy | m dazol

[err]). This prdtiddut

5
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err] 1s_h og%n and [err]
appropriate benzyl halide to give (127

the case of the methyl ethers (}25), the hydrolysis step
can be effected by heating the ether at temperatures of
50°-150°C for 1-10 hours 1n 20-60% hydrobromic acid, or
heating at 50°-90°C 1n acetonitrile with 1-5 equivalents
of trimethylsily! fodide for 10-50 hours followed by
treatment with water. Hydrolysis can also be carried
out by treatment with 1-2 equivalents of boron
tribromide in methylene chloride at 10°-30°C for 1-10
hours followed by treatment with water, or by treatment
with an acid such as aluminum chloride and 3-30
equivalents of a sulfur-containing compound such as
thiophenol, ethanedithiol, or dimethyl disulfide in
methylene chloride,at 0-30°C for 1-20 hours followed by
treatment with water. For compound (}24), hydrolysis
can be accomplished by refluxing in trifluoroacetic acid
for 0.2-1 hours or by catalytic hydrogenolysis in the
presence of a suitable catalyst such as 10% palladium on
carbon. Deprotonation of (126) with a base, such as
sodium methoxide, sodium hydride or the 1ike in a
solvent such as dimethylformamide or dimethylsul foxide
at room temperature followed by alkylation with an
appropriate benzyl halide at 25°C for 2-20 hours affords
ethers of formula (127), as shown in equation a.

The sulfide (129) can be prepared from the
thiophenol (45) by the procedure described above to
prepare the ether (127) from the phenol (126). The
thiophenol {45) can be prepared for example by treatment
of the benzylsulfide (128) with sodium in Viquid
ammonfa. _

The amine (130) can be prepared as shown in
equation ¢, from the aniline (63), 1tself available from
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-bgga;n U S. Patent 4,355,630. Alternatively, 35 24 imdazole
14 epared by the procedure described in U S. R 324.

' of TeYERIAm of 1he canreaponding pr&mmedormbuhdeeg_a)eﬁ?ﬁgjfsgtﬁﬁoégé

i m dajfol e cometnBag pre®iouspiseen @es[c‘%-’ibid.a”th e;erd]uc@{vee bot h hydrogen, with

arting

aminatfon can be carrfed out by the same procedure as
described in Scheme 13 for the preparation of compound
(24). '

Compounds of Formula (I) where the X 1inkage s

-CH=CH-., -CHCHo-, and are prepared as shown in
Scheme 20.

Scheme 20

™y

~ 134
~’
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appropri at hal i de fol |l owed by functionalization of [er d L
hy treat neﬁ,%)bé\?mw?orrml dehyde as described in E. F. Godefrol, é{ 2P0/

Rectiell ,” 91, 1383 (1972) followed by hal ogenati on as was descri bed aboy
10 As shown in equation d) té& imdazoles (1) can also be
prepared by reaction of &err] substituted am dines (18) with an

[err]-hydroxy- or [err]- B¢ SHetdhdrans stithanec(132) gan desebtaipedhy F. |
Kunckel , Ber., 34, W,oyéﬂg@@li:m%%dsnQi‘etﬁ@édﬂtlha a(ﬂd)ehy&ter(sw [err] =

L) can 18 1 e B SheaRoT gy vt o o) Thert m dazoles (1§
The stilbene (132) can readily be converted to the
5 saturated derivative (133) for example by catalytic -
hydrogenation employing a heterogeneous catalyst such as
palladium/carbon or platinum/carbon or'alternatively
with a homogeneous catalyst such as tristriphenylphos-
phine rhodium chloride. The reduction is performed in a
10 solvent such as benzene, tetrahydrofuran or ethanol at
25°C under -3 atmospheres of hydrogen for 1-24 hours.
The cyclopropane (134) can be prepared by treating
the stilbene (132) with the Simmons-Smith reagent as
described in J. Am. Chem. Soc., 81, 4256 (1959), or by
15 treating (132) with methylene diiodide and copper powder
as described in¥J, Am. Chem. Soc., 101, 2139 (1979),
or by treatment with the 1ron-containing methylene-
transfer reagent described in J. Am. Chem. Soc., 101,
6473 (1979).
20 The preparation of compounds of formula (I) where
X is -CFpCHp-, -CF=CH-, -CH=CF-, -CF=CF- and -CF,CF2-
are depicted in Scheme 21.
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¥ 52, 2714 (1987). Hydroxynethylation of (1) as described by U Kenpe,
/070, S. Patent 4,278,801 provides the hydr oxymeP@TIUSHOMEED es ( 1a) .
¥°30° 35 25
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Scheme 21
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. and subsequently converted to the vinylene fluoride by

PCT/US90/036g;'

66

Vinylene fluorides (137) and {(140) can be prepared
by reaction of SF4 or EtpNSF3 (DAST) with the
appropriate ketone (135) or (138) in which Ar bears.a
methyl group convertible to a benzylic halide suitable
for attachment to an imidazole nitrogen, and Ar' bears a
cyano, nitro, ester, or other suitable group which can
be subsequently converted to COpH, NHSOpCF3, etc. The
initially formed difluoroethylene (136) and {139) can be
formed in a non-polar solvent such as methylene chloride

means of alumina, or converted directly into the
unsaturated fluoride by running the reaction in a polar
solvent such as tetrahydrofuran, diglyme or N-
methylpyrrolidone in the presence of mineral acid.
[Equations a and b]. Experimental details of such
procedures ar& found in D.R. Strobach and G.A. Boswell,
J. Org. 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 d) an appropriate benzil (144) can be converted
to a tetrafluorodiarylethylene -(145) using DAST or SF4.
Experimental details are described in M.E. Christy, et
al., J. Med, Chem., 20, (3), 421-430, (1977).
R23

Compounds of formula 1 where X = -CO&—. -CHZO-,
=CHpS-, -CHoNH-, can be made as shown in Scheme 22.
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28 As shown in Schenme 3, path a) for benzylim dazoles (17) mherelkgnjj =
[err], WOnd/08237 oxymet hyl groups nay be easily converted tPGHESI0/
correspondi ng halide, nesylate or tosylate by a variety of nmethods famliar
to one skilled in the art. Preferabl g8 the al cohol (17) is converted to the
chloride (25) with thionyl chloride in an inert sol vent Aite
_ As previously described, acid (10) can be made by (o the €0

alkylating the appropriate imidazole with methy] and the Y
4-chloromethylbenzoate in the presence of a base such as
potassium carbonate in a polar solvent such as
5 dimethylformamide followed by hydrolysis of the
resulting ester. Compound (10) can be converted to
(148) by reaction with the requisite amine {146) (R13
may need to be protected and subsequently deprotected)
and dicyclohexyl carbodiimide (DCC) in methylene
10 chloride {J. R. Beek, et al., J. Am, Chem. Soc, 90, 4706 10 .
(1968)] or by reaction with tosyl chloride in pyridine '
{J. H. Brewster and C. J. Ciotti, Jr., J. Am. Chem.
Soc., 77, 6214 (1955)]. Yet another process involves
conversion of carboxylic acid (10) to its acid chloride
15 with, for example, thionyl chloride followed by reaction
with the amine in aqueous base (Schotten-Baumann
conditions) or in an organic solvent in the presence of
an acid'scavenger such as NaHCO3, pyridine or
triethylamine, or by other procedures known to form an
20 amide bond between an aromatic acid and an amine.
The compounds where X= -CHp0-, -CHpS-, and
-CHoNHo- can be made as shown in pathway b. The ester
{149) is reduced with a reducing agent such as 1ithium
aluminum hydride in an inert solvent to form the alcohol
25 (150) which can ‘then be reacted with tosyl chloride in
pyridine to form tosylate (151), which is in turn
reacted in the presence of base with a corresponding
phenol (152) thiophenol {153), or aniline (146; where
RZ23=4) to form compounds (154), (155) or (156). Again
30 this may require that R13-pe protected with a suitable
protecting group, however modifications necessary
because of specific functional groups are understood to
be incorporated by one skilled in the art of organic
;ynthesis.
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anpl e,

erivatives (26) at tenperature
26) may be hy

enperatures of 20[err]C to the reflux tenperature of the solvent.
Jodg7(25) may be displaced by a variety of nucl epgtvUssn/b3esaucl eophilic

reaction procedures famliar to one skilled in the art.
excess sodi um cyani de gg DMSO may be used to form cyanonet hyl
of 15

Lol yz to an, aceti L d derivative 7),,
These%f%&ggv?ﬁél the ﬂﬁ?ﬁ‘bﬁgm&ﬂt}&j CBP%é,'IZtGQQ
to the corresponding halide with SOClp, (COCl)p, etc,
and the resulting halide can then be reacted with a

phenol, thiophenol or aniline in the presence of base to

form the desired compound, where X is -CHp0-, -CH,S-,
-CHoNH- respectively.

y for the

Scheme 23
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"g‘.
hydrolysis of nitriles of formula (9). Exanples of 20 desired acid qﬂﬂ9U(

bases WOre1¥ei237 hydr ol ysi s i nclude nineral acids such as sWBGUS0/93683,

shydrochloric acid, and m xtures of either of the above with 30-50 aceti
acid (when solubility is a problen), gnd alkali netal hydroxides such a
sodi um hydr oxi de or potassium 25 hydr oxi de. The hydrolysis reactio

proceeds under heatimp@hna@mer@wngm%,ﬁgﬁi rg@gﬁﬁ?ﬂGQ{,@rr] C for 2-
a

hours. Carboxyli Ld (27), may be esterifie ariety of nethods
wi t hout affect i ﬁ@*zgg% g%érqespwwe FHoseewn dn gﬂ.&msr%.% yRS(27) is refl |

in a shown in equation a, sulfonylchloride derivative (157)
can be reacted with aniline derivative (158} in a
solvent in the presence of an acid scavenger such as
sodium bicarbonate, triethylamine or pyridine or under
Schotten-Baumann 1ike conditions to give (159).
Sulfonylchloride derivative (157) can be obtained by
sulfonation of the corresponding benzyl derivative as
described earlier, followed by reaction with PCls or
POC13." Likewise, aniline (74) may be reacted in the

xed

same ‘manner as described above with sulfonylchloride
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. Skulnick, J. Org. Chem.,
44, 310 (1979), or the corresponding nitrile {E=CN) can
be easily alkylated via standard procedures already
mentioned by an alkyl bromide derivative to give (163).
The alkene moiety of (163) can be subsequently cleaved
by oxidation, for example, with osmium tetroxide, Fieser
and Fieser, V.1, p. 812 (Lemieux-Johnson oxidation) to
yield dicarbonyi-containing compound {164). Cyclization
in mineral acids, acidic ion-exchange resin,
POC13/pyridine, or trifiuoroacetic anhydride with a
catalytic amount of trifluoroacetic acid yields furan
(165; Z=0). Reaction of (164) with P4Sgp, for example,
will yield the corresponding thiophene (165: Z=S).
Reactfon of (164) with an amine in refluxing benzene,
with azeotropic removal of water or by using molecuiar
sieves to absorb the water will yield the corresponding
pyrrole (165; Z=NR11). Compounds (166) may be prepared
from {165) by standard procedures already described.
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sol ution for 2-48 hours to give ester

#0877 (28) may be hydrol yzed to carboxylic acid (BGY/US98/0368%t ance,
have been el aborat ed. Vari ous. met hods,
conmpound (28)

Foryiexanpl e,
i f base soluble, it

29 pot assi um hydroxi de i n met hanol,

Scheme 24
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*(29). by a variety of procedures. As shown in path b) acylation can be

Is stirred in 1.0N sodi um hydroxide for 1-48 h at 20[err]C to refl ux
t enper aiary §frgpddydr oxynet hyl derivative (17) may be acyl at edp&r/Us90r0368y

achieved with 1-3 equival ents of an ac%é hal i de or an anhydride in a
sol vent such as diethyl ether, tetrahydrofuran, nethylene chloride or th

Bt vl £, SopolBoSupely AaBHEhE ety 18 nsqtghel VL am e,
di cycl ohexyl car bBetwaennihfe tetaiop  aromabi prrdsgrand bhe actdicl yti c amount of
functionality may be prepared as shown in Scheme 25,
equation a). Thus reduction of ester (167} with, for
5 -example, 1ithium aluminum hydride, gives alcohol (168).
Conversion of (168) to the chioride {169) via thionyl
chloride followed by reaction with cyanide anion as
previously described yields nitrile (170). Compound
(170) may be hydrolyzed to carboxylic acid (171) by
10 methods already described or reacted with a hydrazoic 10
acid equivalent to produce tetrazole (172).

Compounds wherein R13 45 a trifluoromethylsul-
fonyl hydrazide acidic functional group were prepared by
the procedure described in equation b). That is,

15 conversion of ester (167) to the hydrazide (173) by
standard hydrazinslysis followed by reaction with
triflic anhydride affords hydrazides (174).
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met hyl am no) pyri dine (DVAP) via the procedure described by A

F o ABk77 Lett., 46, 4475 (1978). is Tr eat ment of,,c(r}@ggmjdg_ga
of carboxyllc acid anhydride in pyridine optionally with a

BT c anount of DVAP at tenperatures of 20-100[err]C for 2-48 hours is
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treatnenk{mdth géerr]L at 25[err]C for 1-20 hours, where L Is 25 a 1
hal‘ogen, YD&YP®™E or nesylate. Altggnatively, treatnent of (%%*Qg%%ap%-
B

equi val ents of thionyl chloride in chloroformfor 2-6 hours
foll owed by treat Fentsyotnésee ofhtcompiistidst whdredh RIX s1- 3 equival ents of

i ther 1| craiet iR i disuns i BN A ar Yes AP 0Ol et hyi form
ani de or thedescrdbed |tn Schamey26l d Thuhaedy¢aOpn dhestencld?§30) can al so be
prepared fory@paEPhedRYng aeh B %uch/ds Neth fim' 31 GRNUR RYdAde160[err] Cin
5 or difsobutylaluminum hydride gives alcohol (116).
Oxidation with Mn02 or pyridinium chlorochromate
converts (176) into aldehyde {177). Nitroethylene
derivative (178) {s prepared by condensation of aldehyde
(177) with nitromethane in the presence of a catalyst,
10 R. M. Letcher and M. P. Sammes, J, Chem, fd,, 62, 262
(1985). Reactfon of (178) with sodium az{de produces
the 1,2,3-trtazole (3179}, (N. S. Zefirov, et al.,
J. Chem. Soc, Chem. Comm,, 1001 (1971}) which may be
transformed via procedures already described into
15 product (180).
Aldehyde (177) can also be converted into
substituted 1,2,3-triazoles (183) via the sulfone (181),
G. Beck, 0. Gunther Chem, Ber, , 106, 2758 (1973),
followed by reaction with sodium azide to give the
20 1,2,3-triazole (3182). Subsequent standard manipulations
lead to 1,2,3-triazoles (}83) where E=CN and COpR!l,
The nitrotriazole (183; E=NO2) may be synthesfzed from
the unprotected trfazole (179; P=H) via nitration,
R. Huttel, et al., Chem, Ber, , 88, 1586 (1955), C. L.
25 Habraken and P. Colien-Fernandes J, Chem, Soc,, 37
(1972}, or from bromonitroethylene derivative (}184), G.
Kh. Khisamutdinov, et al., Zh, Org. Khim,, 11, 2445
(1975), by reaction with sodium azide.
A variety of protecting groups may be used tn the
30 manfpulatfon of the above triazoles, amongst which is
the trityl group. This group may be easily attached by
reaction of the triazole with triphenylmethyl bromide or
cthloride fn an fnert solvent such as methylene chloride
fn the presence of an acid scavenger such as triethyl -
35 ‘amine. The trity) group may be later removed by
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30 [err] containing an inorganic acid such as a hydrochloric acid

foe27aci d. N-arylim dazohgs of formula I (conpoun 0) can
ared by the followi ng nmethods, 5 it being undgizﬂ%§@%%§8%n

ed i gt eng’dr FEfLuxing tn an actidic medium such as
trifluoroacetic acfd/water, HC1 in methylene chloride,
or acetic acid/water, The trityl group may also be
hydrogenolyzed usfng a noble metal catalyst such as
palladium and hydrogen.
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certai, | tions, protecting and deprotecting steps, - ¥E
e T &

synthetlc procedures dlsclosed above may be necessary to p
witH the-desired conbinations of [ergg, [err], [err] and [err] 10
As shown in Schenme 4, equation a) the reaction of aniline derivative (3§)

with imdate ester (12) to form tdiefelt i t ut ed ami di ne (35) provides (1

mat eri al which can be cyclized w h dih ydroxyacetone to formstructure con

(36)-. Subsequent el aboration into’ 5 provi des the N-arylinidazol fat
conpounds of th enti on.
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tively as shown by equation b) the Marckwal d procedure descri bed by

1480277 al ., Ber., 22, 5@3, 1353 (1889); Ber. @@Séﬁg can 20
2- rrercaptmmdazole 1)2 fromaniline derlvatlve

i SO h:| ocyanatlée(&m.. ks off f thlifd neramethy1138) 4+tirtiazdi Isute nitric acid :
oneqby) asi eg(bsfc%mtd SEhéie Lhe %tP@SdrpbP{héDf(xhb$ fisni dazol e (39) and

tion"wth wher e ormation of (40) 25

h c&RAPYRTiSHLt:GlEde | Q—Z)Séﬁéf‘&tsédngé)rdl pracedurest i on of Marckwal d' s
pr gcess fag1 HagWo ioheeskidiedni icthe!Sdrty a0 prefédred noketone (41) and

5 protecting group {s the 2-propionitrile group
(P=CHpCHCN). Thus (187; P=CHCHpCN) can be synthesized
from (186) and p-aminopropfonitrile under Schotten-
Baumann like conditions, using aqueous base in an
organic solvent to help solubilize (186) and (187).

10 Amide (187) s converted to amidrazone (]88) by reaction
with PCis or phosgene to make an fminoyl chloride which
then in turn 1s reacted with excess hydrazine.
Amidrazone (188) is cyclized to the trifluoromethyl-
1,2,4-triazole (189) with trifluoroacetic anhydride and

15 then converted to 190 via bromination, alkylation and

deprotectioﬁ as previously described.
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| sot hi ocyanate (37) can al so be enployed, see Norris and McKee, J. Aner.
Chem Socwo 814003966 (1955) can 30 akgo be enpl oyed. Int S,r&qt;gg?n ,,
can be cohverted to (1) by known se@chews.2The general proce 3
Carboni et al., J. Anmer. Chem Soc., 89, 2626 (1967) (illustrated by
equation d)) can also be used to prepare N-aryl substituted im dazoles fro
appropri ate 35 hal oaromati ¢ conpounds (43; X=F, d, Br) and i m dazol es

(1):
5 ©
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fod277 79 PCT/US90/03683

pertinent R® groups may be varfously tntroduced by
many procedures including those described in Scheme 28
which describes imidazole construction.

The R6 groups so introduced may stand unchanged or
may be further elaborated if appropriately
functionalized, according to methods familiar to those
skilled in the art such as are {1lustrated in Scheme 28.
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arious synthetic routes [err], [err] and [err] do not necessarlly
lmoﬂh@oﬁﬁhe fromthe startigy conpound to the fina

36§ t are

of t ¢n nanlpulated t hrough known reactions in the |nterned|ate éﬁ steps as
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i n Schentise 2-aPkenill lmifazohes t{2ah) fcannbé ippeparedoby i n Schemes 5-10 and
12 an a

Oér%m‘?ﬁa&ao”b?dth%“é ﬂly‘i%&a%gl{:gh%@‘}”gio&edf b9 ([ér'rj 26 phenyl
elimination of hydrogen bromide. The brominatfon §s
preferably accomplished by UV-1rradfation for 1-4 hours
of imidazole (199) and N-bromosuccinimide, in an inert
solvent, such as carbon tetrachloride at 25°C.

Treatment of the intermediate bromide (200) with a base,
such as 08U, triethylamine, or potassium t-butoxide,
affords the trans 2-alkenylimidazoles (201). Cfis
alkenyl derivatives (203) are prepared from the trans
alkeny! compounds by treatment with osmium tetroxide and
sodium periodate to afford aldehydes (Z_Z) followed by
Wittig reaction.

T \III\\ Al
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showh,wg herre 5, conpounds where [82rr] is a sulfonic acid group nay¥

pr epar ed dation of the 25 Schemes2Bondi ng thi ol (45)PCTVUS90/03683
N- benZyl i*m dazol e derivative bearing a thiol group may be converted intofa

sul fonic acid (46) by the action of hydrogen peroxide, peroxyacids such
met achl oroperoxybenzm c acid, pot assi um per nanganate or by a variety of
ot her 30 oxi di zi ng agests ™. E. Reid, Organic Cheni st I y—f _mBi val ent

- Sulfig, 1. Chenical Publl h| Nemo)(Q(,Ig‘,ulZO 121 (195§) . /QETHtiC
hydroxy or thiol gr Q| t ai ned

n n?

10
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a10911(1
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fro éepr tection of the correspondgng al kyl ether or 35° t hi oet hers.
asus] W8F%8§i’npua,teanmtvhyy, ®Bhgroups May be3thtretlivéd blyi ORTWIUSHM0BERIL i ve

Comfer 1 oa MEETIEAoRC s BERGReE8 GBI, 8P BrREele DLOTELC M PO5 Ty e
trifrom de 2r@ethyl inbdsdode, flloged by additipn0fdanmepreopFiate ybl e, Jet. Lett,
21, |3731 (Zkﬁggiéophile as fllustrated in Scheme 30, equations a) '
5 - and b). The products (alcohols, esters, halides,
aldehydes, alkyls) are suitable for further elaboration
by methods familiar to those skilled tn the art,
Metallation of imidazoles {s described in K.L. Kirk, J,
~ Qrg. Chem,, 43, 4381 (1978); R.J. Sundberg, J. Het,
10 Chem., 14, 517 (1977); J.V. Hay et al., J, Org, Chem,,
38, 4379 (1973); B. lddon, Heterocycles, 23, 417 (1985).
Condensation of 2-wmethylimidazole and appropriate
electrophiles (equatjon b) with catalytic acid or base
as described fn A.R. Katritzky (Ed.), “Comprehensive
15 Heterocyclic Chemistry*, Vol, 5, p. 431, Pergamon Press,
+ N.Y., 1984 affords products wherein Rg 1s alkenyl which
are suitable for further elaboration.
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| {
tri | | odi de, M BEcheémengoand ¢4 A. Lyster, J. Og. Chem, 42] 3761
(199";&)‘§)§|@%¥%nd derivatives thereof, G |. Feutrill, R P¢T/U590/08¢350 «091/00277
Jet. Lett., 1327, (1970), and a variety of other reagents. 10

Al ternatively, N benzylimdazoles nmay be sulfonated by stirring with [jerr]

at a variety of different concentrations or with other sulfonating aggnts v
such as chl orqsulfoni g a¢i d or, sul fur tr"oxgﬁg with or without conpl-exj ngpy reat
agdnts sucH a$| dipxanre—oe+4b i 'yridint—a&—-t—-ecieratur,§ omO to
200[ err]C wit wi t hout sqlkan#, K. LeRo™ Nel son iripm‘ |-Crafts a
20¢ 323 1 (where R7aR%aH)
P o
K = Oy 0%
10 .
- nRald u‘.
v ] — g > _
» LIRS NK x=s
| & 3
1) RCHO
207 208
206 Zncl
15 . — Yu’ 2 o~ P
c:
4
R
209
20 e
25
30
35
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¥ Reactions, IIl part 2, G A Oah, ed., Interscience Publ., 1355
91T#R273ynt hesi s of conpqunds where Rerr] is a 20 sul fate,
t€ or phosphonic acid &% depicted in Scheme 6: BCHUSIPLAI6ID7 35

Various Z-substituted imidazoles can be prepa..d
py reaction of a protected 2-trimethylst{lylimidazole
with a suitable electrophile by the method described by
F.H. Pinkerton and S.F. Thames, J, Het, Chem,, 9, 67
(1972), which can be further elaborated as desired.
Alternatively, RS may'also be {ntroduced by nickel
catalyzed cross-coupling of Grignard reagents with
2-(methylthio)imidazoles (Scheme 31) as described by

E. Wenkert and T.W, Ferrefra, J, Chem; Soc,, Chem,

10 Commun,, 840, (1982); E. Wenkert et al., J, Chem, Soc,,
Chem. Commun,, 637, (1979);: and H. Sugimura and

H. Takei, Bull, Chem, Soc. Japan, 58, 664 {1985).

The 2-{methylthio)imidazoles can be produced by the
procedure described in German Patent No. 2,618,370 and

15 the references cited therein.
Schemey31
"i EtOH AcHC) QI3I.
20 yNCS + RNCHOH (OCH,) —> —> I —_—>
\ 32 l g
RE BS 7Ny R
]
210 ' | R
211
P
25 :

N 'Ti——us ;lIiCJ. I —
| | M "2 N ‘ J\n"
= rgl" or N
. R

NiCl, (éppp)
212 | 213
™ F o

30
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35 Schene 6 [err] 10 25 [err] 36 Schene 6 (continued)

WO 91/00277
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As shown in Schemes 32-36, elaboration of R® can
be accomplished by some of the procedures described in
Schemes 3 and 2B, by chafn extensfon reactfons familiar
to those skilled in the art, or by degradatfon reactions
such as conversion of an ester to an acid or an alkene
to an aldehyde.

Specifically, the hydroxymethyl group can be
activated for the displacement reaction by reacting with
thionyl chloride, PCl5 or with carbon tetra-
chloride/triphenylphosphine to form a corresponding
chloro derivative. By a similar reactfon bromo and jodo
derivatives can be obtained. The hydroxymethyl group
can also be activated by forming the corresponding p-
toluenesulfonate, methanesulfonate and trifluoromethane

. sulfonate derivatives.
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37 IQ?BenzyI I m dazol es containing a phenolic

Scheze 32

OH
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hydroxyl group (47) nmay be readily converted into the corresponding sulfat
(48) or, phd¥Qa08271A9). As shown in gguation a), reaction of the phenol

with ab sul fur trioxide-amne conplex will give the corre?ﬁ&%?ﬂgﬁ%m

sulfate (48), E. E. A3 Ishewi inSSdteancda, othamgdRedyat gdouﬁeaat.lms

| [ 19 h | (47 i th
|t er sof enoc, Nt s6PARBTECAIE IR e AR ONEE) B pronol (47) wi
correspondi ng [Aauthlen.eTeuoletts, V6 (986) apafif to @hdah(ﬂﬂfésﬂid#us Conpounds,
John Wley, NewpYgskpy 2dbsdqh@nhydrolysis.

5 The hydroxymethyl group on compound (17) can be
readily oxidized to an aldehyde group by means of
manganese dioxide or ceric ammonfum nitrate. The
aldehyde group will undergo chain extension reactions
such as the Wittig and Wittig-Horner reactions and enter

10 into typical carbon-carbon bond forming reactions with
Grignard and 1{thium reagents as well as with compounds
bearing activated wethylene groups. Alternatively, the
hydroxymethyl group can be oxidized directly to an acid
functionality which can in turn be converted to ester

15 and amide derivatives, The esters and amides can be
prepared directly from the aldehydes by manganese
dioxide oxidation'inyﬁhe presence of sodium cyanide and
an alcohol or amine, J. Am. Chem. Sec,, 90, 5616 (1968)
and J, Chem. Soc, {(C), 2355 (1971).

20 As shown in Scheme 33, the chlorine on compound
(25) can be displaced by the anfon of dialkyl malonate
to give the corresponding malonate derivatfve (217).

The saponification of (217) with NaOH (or KOH) gtives the
corresponding diacid which can be decarboxylated to give

25 the corresponding propfonic acid derivative (218) by
heating to 120°C. Alternatively, (218) can be directly -
obtained by refluxing (217) with a mineral acid such as
HC1 or sulfurfc acid. The free acid (218) can be
esterified by heating in a medium of the various

30 alcohols and a catalytic amount of mineral acids such as
HC1 or sulfuric actd to give the corresponding esters
(218). Alternatively the esters can be obtained by
reacting the free acid (218) and the corresponding
alcohols 1n the presence of coupling reagents such as

35 DDQ or EEDQ. A similar reaction with various mono-

e
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own in equation b) Mbenzylimdazol es may be converted into the

coyrespondi ng phosphonic acids by 15 reaction wth,

&G r qfﬂ?&’?@é [err] and al um nungghloride [err] in an ingﬁ?@%\%ﬁﬁ:’for

-96 hours fromtenperatures of 25[err]C to the refl uxgtenperatures of

sol vgiist { ARedosnd &l substrituped el masepraducesathd on with chliorine ([err])

subsequent 2 r I S 40 t fdJc3¢Oh Gititle (S51) gives the
racperdiop; Aot ° s i ELgctioh e

pHosphon¥ at1ve osol apoff in Org. Reactions, 6, R
Adans, editious meolaaptamsep esothe, copngsheRddng2o7 (1951). Another nore

difr ect rf’Mto%sters. : '

5 Scheme 33
'y ' 09 ccon - Y .
6LT-I/C1 " (u'm (/Qm 1) KeeioM) 3
’ ’ — . ‘ 2 2 -
10 (CH2)p (cHy) g

35
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involvesvgsgﬁ&hgn of the N-benzylim dazole with [err] 25 and [err] ¥
fol I owed Bl ysis, R S. Ednu®®on i n Conprehensive O gani em stryf
Vol. 2" D. Barton and W D. Olis editors, Perganon Press, Q@ﬁh@ﬂﬁ@m@wg'
(1979) . Al ternati W&l $howdgdimiScheme)3d;,| theschhowss grown 090(2z) aryl phosphoni

aci ds (52) naynbse dospREedrHymtheasddsaf QN tide potisAurossingfdi azoni um sal
(brdr b 12888 ATk Crasin BF Sqlalhed ercantins $p9t¥katifies tos) ¢
corresponding sulfide derivatives (221). The amine -

5 derfvative (222) can be obtained by treating (25) with
ammonia or with the corresponding mono-substituted
amines. Alternatively, the chloro group may be dis-
placed by sodium azide to give an azide intermediate
which upon reduction with Hy over a noble metal catalyst

10 or with a reductng agent such as chromous chlortde
(W. K. Warburton, J, Chem, Soc,, 2651 (1961)) ytelds
(222) where R10 and R11 are hydrogen. This amine can
be subsequently alkylated with alkyl halides, or
reductively alkylated with aldehydes and ketones to give
15 alkyl derivatives of (222). The amines (222) are
converted to the corresponding carbamates (224),
sul fonamides (225), amides (226) or ureas (227) by
standard procedures {1lUstrated in Scheme 34 and
familiar to one skilled in the art.

20
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pEOB2Mst ers (56),
w(1973) .

These sane aryl
resence of nickel or -pal

'may be photolyzed in the presence of phosphite esters
R Kl uger81J.

gghldgsgg

L. W Chan,

ts to give 5

avs, Chem Ber., 103, 2428 (1970),
" .
8%
A da
(cuz)r
x}
% 2’
25
o
% Osr l R,
?
'Y H
’ "'L A -&, =
1 \ ¢ 4 NHR
R‘/Li SR R ?
2 a‘ n‘
g 2 2 a?
221 - 222
~o =
2% o 0
10 1
R°=0CC) eOH R 80201 eOH
’ o . 2’
ﬂ-ii\'l}x ._il\'.}x o
» 10 o 210
30 x.‘in \H(oa o ﬂ‘ u—:—x
(cqz)r () (cuz)
a’ 'n;
;5 .2 l’ 0‘2 ._3
224 225
P -~
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°
10 =
®0-cel\ ey
ot
x x“ °
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“Af u—c-:
(cH,)
R
O
22¢

38 to give
n, J. ATpCTE$90/63683,
|so react with phosphite esters in

phosphonat e esters,
Mmich can be subsequently converted



phosphoni ¢ acids (52) by procedures known to one skilled in the art. ;
N\- BenzWwoOmwid@2wit es contai ni ng an alggehyde or 10 ket one pCr2VSIRy36$ ‘wo91/°
reacted With a phosphorus trihalide followed by water hydrolysis to give

[err]-hydroxyphos- phonic agkﬂe,@@hvpéan\(e&) 6. M Kosol apoff, op. clt., 394,

as shown In Scheme 7. 15 Scheme 7 20 [err] 3
R7
11
N R0
10 H
R —NcC-o / j L] L]
5 222 —> g8y A —&-N-p1® 5
— |
(Cﬂz):
R]‘
10 r? &’ 1w
227

The reaction between the thiopyridyt ester (229)

15 and a suitable Grignard reagent produces the ketones { B
(230).
¥
Scheme 35
o 2

R’ 87 -
20 N
| 6/Qj\ ‘ i /é‘-ﬁ\ X
k™7 NN ’u\s RMIX
| Cllglp 3R FELS RO (caz)n)ka“

(CH,)
2°Y
(Cﬂz);
1
R
25 R o]
4 ) . | (where Rl16.a1ky1, 4
R R R R? cycloalkyl,
(CHZ’PCGBS)
. 230
339 (R = pyridyl) N
30 .
As shown in Scheme 36 when the imidazole 4- and/or
5-posftion contains an aldehyde (231) then reaction with
organometallic reagents such as Grignard or
alkyl/aryllithium reagents will yield alcohols (232)
35 which in turn may be transformed into a variety of other

functionality familiar to one skilled in the art.
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ounds where [err] is [er9] may be prepared as shown in Schene 8, by
1ye02770f a carboxylic acid (10) with 1-4 equivalents of thionyl
chl o |de for 1-10 hours. Thighemac®6 on can be run 5 wi REH&HS 996136%}“ or
i n afnonreactive solvent such as benzene or chloroformat tenperatures of

25-6p[err] C. Tlne—yn@ahec@ate acid chloride is'then treated with 2-10
I N—)—-(CH»MCH
' t
15 CHz),
1
T J
‘\
RZ 2
23]
w R"ng
or
RUL;
(X=halogen) N-,../R"(FB)
& - 1
4 15 RS N P {CHz)n ?HR
) OH
(CHp),
k4 T/
2 R,/»\ a
23
I

As shown in Scheme 37, ester 234 may be obtained
25 by direct oxidation of aldehyde 233 with NaCN, Mnoz in

methanol (Corey, E. J., et al. J, Am, Chem, Soc., (1968)
} 90,.5616). Oxidation of 233 with NaCN, MnO, and an
amine in 2-propanol leads to the corresponding amide 235
(611man, N. W. Chem, Comm, (1971) 733).
30

35
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equi val ents of the appropriate am ne derivative, [err] [err], for 2-18

hours at teyg
as tet r%ah'ydro

?E%y.)es of 25-80[err] F40 In a polar aprotic solvent such
uran or dimethyl sul foxide to give the hydroxani cP&E{YSI0483683

Schene 8 [err].20 25 30 Alternatide®re Ike carboxylic acid (10) can be
converted to the hydr-OXﬁm—./co’ngd (59) according to they. COR

10

15

20

25

30.

35

f Z=—~r7 ",—%-R7
RG/L';"/ . RG N/
1
(CHy) NaCN (CHa)r
. | Mn ’
R T/ | Rog2 , R'\L{
RY PN | e’ N
234
233 oV
Vv R = alkyl
NaCN
MnO -OH
NH; or RR"NH
iPrOH
|
N-—_ CONRR" ' —
R (l\l \R'l 04 RG N
' - 1
) (CH2) (CHz)r
1 :
N "
/RN :
R2 RS _ . Rz/ \/\ R’
. 235 R'or R" = H or alkyl 236
Y2l [VaN o

Saponification of ester 234 w11l teaa to
carboxylic acid 236. .

Aldehyde 233, in turn, may be made from the
corresponding alcohol 17 by a variety of methods
familiar to one skilled in the art, including pyridium
chlorochromate (PCC), Swern and ceric ammonjum nitrate
(CAN) oxidations.

Likewise, the unalkylated hydroxymethylimidazole
derivative 1(RB=CH,OH) may undergo the transformations
to the aldehyde, ester, carboxylic acid and carboxamide
by the reactions mentioned above for the alkylated case.

T e——
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proc ure in J. Med, Chem 28, 8B58 (1985) by 35 enpl oyi ng

cCy ﬂﬂﬁ%@ﬁ%%rbodiinide | - hydr oxybenzo- 40 triazol e, r
;yé@ordi.ng to thé:"f?P%E’du?-& d@géfq #&a= i arbdphendyil s p-029 (15%2@%%‘?%3?@ t he

Vi | sifei er  phagexyphaml [ o rd heCeraatyndgroupess deseribeds 1h el (59, 5

Ar=plenyl, scc)B;tngl%ldbretth%' Qleﬁan)(t?gn %rfoep)c%c‘imbye tprr‘é‘;"i‘ﬁrré%“ﬁy the

coupling of an arylmetal derivative (Ard, where M=InBr,

5 Me3Sn, B{OH)», etc.) with a haloimidazole 237 in the ~

presence of a transition metal catalyst such.as

palladium, nickel, platinum, zirconfum, etc. (Scheme

38a). ARlternatively an imidazole metal derivative 239

can be coupled to an arylhalide to prepare 238 (Scheme

10 38b).

The arylmethyl derivatfves 240 can be prepared
employing the transition metal catalysed coupling of 237
and an arylmethylmetal (ArCHoM', where M'=ZnBr, etc.),
as shown in Scheme 38¢,

15 Compounds 241 may be prepared, as described tn
Scheme 38d, by the coupling of an alkenyl- or
alkylnyimetal derfvative (AM) or the corresponding
alkene or alkyne (AH) with 237,

Likewise, the unalkylated imidazoles (1, where

20 R7=Br or I} may undergo the coupling reactions described
in Scheme 38a-d [For references to transition metal
catalysed coupling reactions, see: Richard C. Heck,
Palladium Reagents in Organfc Synthesis, Academic Press,
New York, Chapters 6, 7, and 8; and references cited

25 therein.]

The compounds of formula I where R? 1s an atkynyl
group, a substituted alkynyl group, or a substftuted

’ alkenyl group and the carbon-carbon double or triple

bond 1s not adjacent to the imidazole ring (e.g.,

30 R7=(CH2)4CH=CH(CH2)vAr. where v#0) can be prepared by a
variety of chain elongation methods and chain coupling
reactions known to one skilled in the art including
those described §n Schemes 3, 28, 29, 33, 35, 36, and
38. '

35
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of the internediate acid chlorides fron9g he preparati on of the hydroxamc
acids (59) wawiMorzrr]. Alternatively, these acyl sy fonan des PERA)SVANHE
prepared fromthe car bbb cpepainds o f IQ)‘m'ﬂhrbL@ﬂFrﬁ 18 8 correspondi ngQE

N, N- di phenyl carbﬁmlumdn Sg(‘&ﬁﬁXRbﬁ(Cﬁs’f ﬁhbﬂeb:bquz-w.) &mwn, et al.
'n Eur. Pat. App be %ﬁe&a?r%Sdllgy rsé‘agctsl%neg? t%)e' cor'cregggnd%n%5al[k%5\£l 20

(241) by catalyttic hydrogenation.
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T li) o3 35 41 Aniline internedi ates (63) are disclosed in U S,
N 4,355,040 and nay be obtained fromthe corr SFEHEPHEIGE3: r o

- .
o -

ound ‘precursor by reduction.g,A

co
Scheme 38
N— X _ N— Ar
| Zge s
5 R® N/ R N/
| l
a) (CHz)r Arm —_— (CHz)r
Pd°
1 LU
_..R*! —R
SNy Cand
10 R SN R g
237 238
(X=Brorl) ~ Ar=heteroaryl,biphenylyl,
or phenoxyphenyl
15
-
N— M
A
n‘*&{?’m
!
20 by . (CHa) A"; — 238
) Pd
& "’:T -
RS/»\RZ
25 239
N_,/CHzAr
( Rt
RS IN/'
. 1
0 ArCHaM CH
3 c) 237 _—o____._ ( 2)!
Pd AN
L, X
R3 /QI\R2
35 S 240
' T
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vari ety of ‘Feduct i on procedures may be uged such as 5 I ron/acetic acid,
D. C Onsley, J. J. Bloonfield, SySdteasi$g (1977), stannous ori ,
F. D. Bellaay, Jet. Lett., 839, (fﬁw %’é‘f‘l) hydro- genati on%éys%(}m 1100

netal catal yst such as paIIad| um As shown in Schee 9, aniline

I nternmedi ates of 10 N-benzyl i m dazol es may al so be prepared fromthe i
corre- sponding carboxylic acid (10) or acid chloride via a Curtius I
rearrangenent Sof an internediate acyl azide (60). Mre nodern nethods
i ncl ude usi ng di phenyl - phosphoryl azide as a source of azide, T. Shioiri,
a9 as.—(u—/.—-ﬂ'
237 AM or AH 1
TTT————
Pdc - (CHz,'
10 2
., Ty R
RAN
A= VINVL R?
| CH=CH(CH,),ar 241
15 C=C(CH,),cH, :
CEC(Cﬂz’tph :
C=CiCH,)ar
3 Ph'a he
20 . subs!ﬂuted pheny,
x = 008
y = 0.7
Z =04
25
30
35
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K nom ya S. Yamada, J. A8 Chem Soc., 94, 6203 (1972), and

s for nmedi at e _i,spcya roduced by t he PCIVUSYY 03683

- ‘ment Wi t‘f?"? ?4 g -"g @F&FF%;@ ‘lfjd‘ygl‘é"avi ng the resul tant
it e (Gyledkdnyfl| anak Rde= t(CH 0H paldekydeheornrOOR ¢aBbe T. L. Capson 20
and C§D. Po hg ekd F\\F Jln%t ?15% T§§§5 (1984). d assical procedures ’

fam | ifar to ®on al so be enpl oyed. Conpounds where
[err] fis [err] na%rﬂﬂéymdéa&i%ﬁoﬁmﬂ'ﬁﬁfm&ﬁé acids 26242),

5  prepared by the method of R.G. Fargher and F.L. Pyman’
(J,_Chem. Soc,, (1918) 115, 217), can be converted {nto
their corresponding diesters (243) by stmply refluxing
{n an alcohol solvent in the presence of an acid such as

_HC1, or by many other methods familiar to one skilled in
10 the art.

Diester {243) can then be converted {into {ts
metallic salt by reaction with sodium methoxide, sodium
ethoxide, sodlum hydride, potassium hydride or any other
base in an appropriate solvent such as DMF, The

15 resultant salt is then alkylated with the appropriately
substituted benzyl derfvative (2) to yield
benzylimidazole (244). The above alkylation sequence
may be also performed by heating or refluxing the benzyl
halide (tosylate or mesylate) (2) with imidazole (243)

20 fn a solvent such as DMF in the presence of .an actid
scavenger such as potassfum or sodium carbonate.

Diester (244) can be reduced with lithium aluminum
hydride in an inert solvent such as THF to the
corresponding dialcohol (245). Selectfve oxidation of

25 dialcohol (245) with manganese dioxide 1n an {nert
solvent such as THF ytelds primarfly aldehyde (247) with
a minor product dialdehyde (246). Separatfon of (247)

’ from (246) either by crystallization or

chromatographically, followed by Wittig reaction of

30 (247) with methylenetriphenylphosphorane or the
appropriately substituted arylalkylidenetriphenyl-
phosphorane in an inert solvent such as THF yfelds the
4-alkenyl-5-hydroxymethylimidazole (248). Further

oxidation of (248) with the Dess-Martin periodinane (J,
35 Org. Chem., {1983) 48, 4155), with manganese dioxide,

This Sheet Has Been Replaced
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30 35 onam de conpounds §6®) may be nade by 15 reacting a |
(o SRt Log

aryl syl.f | de (64) with ammonia, or its equival ent. Ureuns$9oresegs
aryl SEI\T 8nani de¥13h @YNSEH“W‘ ellarorbromate h withobird uin rmaagaedkesO8ol ut i on or

in with other oxfdants familiar to one skilled tn the art,

in an tnert solvent such as THF or methylene chloride
followed by deprotection of efther R, RZ, or R3S 1f

5 . necessary ylelds the 4-alkenylimidazole-5-carboxaldehyde
(249).

Ox{dation of (249) with, for example, manganese

dioxide/cyanide fon (Corey, €.J., et al. J, Am, Chem
Soc., (1968) 90, 5616) or with potassium permanganate

10 (Sam, D.J. et al. J, Am. Chem, Soc,, (1972) 84, 4024)

 ylelds 4-alkenylimidazole-5-carboxylic acid (250).

15
¥
20
25
30
35 B -
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er t organic solvent, F. H Bergheimand W Braker, J. Am Soc. ,
W

aﬁg, %@5190((217944) or with dry 20 powder ed ammoni um cBFb UE. H.
ess and J. S. Autenri eth J. . Am Chem Soc. 63, 3446 (1941); E, H.
Hurf Pess and F. H Carten, J. AM®lchem Soc, 62, 511 (1940). The sul f onyl

ri de precursor may be 25 ared by chI orosul fonation with
' éﬁtﬁﬁeﬂ)i ng directly, EE H Huntress and F. H.
Cafften, Ibid.; EE E Glbert, op. cit., 84, or by reacting the

CO,CH,

coffr espondi ng ar oe%ﬁc di azoni um chl or| ,CHy _1
N 1. NaOE!orNaH ’L
MeOH H*
R"&N\ COOH mm ’(N CO,CH, z CO,CH,
5 ) N chy
H : Br—(CHj) @
242 ' 243 (ortosylate g \@
or mesylate)
2
10 LAH
CHO N _iu,ou
M r \
n"k—j\cu oH ""‘L—Lcﬂo > “"L,L CH,0H
* +
. C {CHy)
15 chy oy |
. ¥ Al— At—
Ri_
I\
I w o e o W
"
247 246 245
20 PhgP=C(Ty)
Witllg Reaction ,
N
. ’& \ T 1. oxidize n‘.—-k CHO 1. oxidize ﬂ.’k CO;H
_ 25 B NT CHOH —_— ch
" ch 2. deprotect (cli,) 2. depmlod (CH,)
) (optona)
R @ R'— R'—
' N
Tl o W o R
30 248 249 250
where T=H, y=H, (CH2)x-Aryl or T and y taken together
form a cyclic ring of 3-8 carbons and the regiochemistry
about the double bond in 248, 249 and 250 can be Z or E.
35
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salt.

H  Heeryehny,,

the &

53) with sul fur dioxide in the presence of a 30 copper cataly
J. Prakt. Chem, [11], 152, 251 (1939), or by react

‘tf|c suf’?onlc acid (46) wixok [err] or [err] C M Swusa'd)

Oraani c gmstry of Sulfur, John Wley, 459 (1948) 35 43

Imidazoles represented by structure (251) where X
B is C], Br, or 1 and £ s an e]ectrpn withdrawing group
such as an ester, ketone, nitro, alkylsulfonyl,
arylsulfonyl, etc., can undergo the nucleophilic
5 aromatic substitution reaction (H. Schubert, H. Simon,
A. Jumar, 7, Chem, (1968) 62-63) where the leaving group
X 1s substituted by a nucleophile such as sulfur,
- carbon, or nitrogen to yield adducts (252) (Scheme 40).
The reaction can be done in hydroxylic solvent such as
10 methano] or non-hydroxylic solvent such as DMSO at room
temperature to the reflux temperature of the solvent,
The nucleophile sometimes must be converted {nto {ts
anfon to make 1t more nucleophilic. For example,
thiophenol can be refluxed in methanol in the presence
15 of sodium methoxide and the haloimidazole (25}). Other
nucleophiles include other alkyl and arylthiols,
heteroarylthiols, thioldcetic acid, alkyl and
arylsulfonamides, heleroarylsulfonamides, diacylamines,
alkyl and arylamines, heteroarylamines, etc., familfar
20 to one skilled in the art.
If a sulfur nucleophile is used, the resultant
* sulfides can be oxidized to the corresponding sulfoxides
and sulfones by methods familfar to one skilled in the
art. - ) '
25

30

35
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Li d ester conpounds of fornuﬂga(l) where R err] is [err] can be made by
r o AV892%%e| | known in penigﬂe:%kmgnd cephal osporin cREATE$040368Be 5

8gu pest-+Hs to provide nateria ' are nore lipophilic and which will be
usqgful xgral ly byyapid transit fromthe gut into the bl oodstream ,and which

wi gl th%r?’u:l_ga élt a sufficiently rapid rate to provide tRerap l'bally

usgful copcCe ons of the active 10 carboxylic acidgto Bhe
fo Iovvispggeﬁ’ew articles a“ﬁlﬁ&i@éf‘:‘?ﬁf‘é “Qi{,od therei-négi;&u Pthis concept
anpl tBe ch I stry involved in prepafing such conpgundsiy. J'N

Solvent

252

The compounds of this {nvention and their
. preparatfon can be understood further by the following
+ 15 examples, which do not constitute a 1imitation of the

~ {nvention. In these examples, unless otherwise
indicated, all temperatures are in degrees centigrade

and parts and percentages are by weight.
’ . ¥

20
25
30

35

—
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Stella, et al . Drugs, 29, 455-473 (1985); M Ferres, Drugs of Today. 19 Y oot
&Qﬁ"(‘i}%@; A. A Sirkula, 15 Ann. Repts. Med. @@WS%%}G& w0

(9), 499- _
306@3;%.(1975). Experi mental proceknamede hich are applicable to the
prepagatd on of chemcally stable linked esters are illustrated by equatiofs
a-e ofi* S&hene 11. 20 25 30 35 CO.Me
2
N
5 /\/( \
' N COQMe 5
|
H

10 PART A: Preparation of 2-n-Propyl-4,5-
dicarbometﬁoxyimidazole.

1

2-n-Propylimidazole-4,5-dicarboxylic acid
15 [prepared by the method of R.G. Fargher and F.L. Pyman +

(3. Chem. Soc., (1919) 115, 217), mp 257 (dec.) °*C)
(17.14 g, 86.6 mmol, 1 eq), methanol (400 mL) and
acetyl chloride (38.1 mL, 534 mmol, 6 eq) were
cautfously mixed (acetyl chloride addition to methanol

20 is very exothermic) and refluxed overnight. The
solvent was removed in vacuo and water (100 mi) and 10
N NaOH were added until pH=7. The aqueous mixture was
extracted with ethyl acetate (3X), the organic layers
combined, dried (MgSO4) and the solvent removed in

25 vacuo to yield 12.00 g of a white solid.
Recrysta]\iiation from hexane/ethyl acetate yfelded
11.41 g of a white solid (58%); wp: 162.0-164.5°C.
NHMR (CDC13) 6 3.95 (s,6H); 2.78 (t,2H); 1.83 (t of t,
2H,3=7,7Hz); 0.97 (t,3H,J=7Hz); IR (neat) 1735 cm-1,

30 Anal. calcd. for CygHy4N204¢(H20)0.25: C., 52.06; H,
6.28: N, 12.14, Found: C, 52.06; H, 6.17; N, 12.49.

35
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S gt obdds [err] efr] (b) Lefgd 10 Lerr] (c)  [errlpqBysonrosess

2

J
10

Part B: Preparation of 4-Methyl-2'-(N-triphenyimethyl-
15 (1H-tetrazol-5-y1) }biphenyl

4'-Methylbiphenyl-2-nitrile (preparation
described in Eurdpean patent application 0253310,

20 published on 20.01.88) (10.00 g, 51.7 mmol, 1 eq), tri-
n-butyltin chloride (14.0 mL, 51.7 mmol, 1 eg), sodium
azide (3.4 g, 51.7 mmol, 1 eq), and xylene (50 mi) were
mixed and refluxed for 64 h after which the reaction
mixture was cooled to room temperature. 10.0 N NaOH

25 (6.10 mL, .061 mmol, 1.2 eq) and trityl chloride (14.99
g, 53.8 mmol, 1.04 eq) were then added and the mixture

stirred for 24 h after which water (39 mL) and heptane
(100 mL) were added. The resultant slurry was stirred -
at 0°C for 1.5 h. The resultant solids thus obtatned

30 were filtered, washed with water (2X 55 mL) washed once
with 3:2 heptane/toluene (55 mL) and dried overnight
under high vacuum to yield 19.97g of a light yellow
powder: mp 148.0-155.0°C (dec.). These solids were
slurried 1n ethyl acetate (75 mL) and filtered to yield

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

heet Has Been RTlaced
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[err] 25 (dWwolseraoR780 35 45 C ayton et al., Antimcrob. Agents rw‘
Chemgrherapy 5. (6), 670-671 (1974) yq¢ PCT/US90/03683

(dec.). NMR (CDCY3) & 7.91 (d,1H,J=GHz); 7.53-7.18
(m,13H); 7.02-6.84 (m,9H); 2.25 (s,3H).

Br

10 iiilln N

PART C: Preparation of 4-Bromomethyl-2‘~(N-
15 triphenylmethyl-(1H-tetrazol-5-y1))biphenyl,
a representative procedure.

¥,

4-Methyl-2*'-(N-triphenylmethyl-(1H-tetrazol-
20 5-y1))biphenyl (52.07 g, 109 mmol, 1 eq), N-
bromosuccinimide {19.4 g, 109 mmol, 1 eq), benzoyl
peroxide (1.0 g) and carbon tetrachloride (300 mL) were
mixed and refluxed for 2.5 h. The reaction was cooled
to room temperature and the succinimide filtered. The
25 filtrate was concentrated and the residue triturated
with ether to yleld a first crop of 36.0 g: mp 129.5-
133.0°C (dec.). NMR (CDCl3) & 4.37 (CHzBr). This
material was suitable for further transformatfon.

30

35

This Sheet Has Been Reﬂlac

AR




I a-e: J[err] 10 Conmpounds of Fornula | where Rl err]
1/49237 be prepared as showd07n Schene 12. 15 20 23GFU§0/03683

PART D: Preparation of 4,5-dicarbomethoxy-2-n-propyl-
1-[(2'-(N-triphegylmethyl-(lH-tetrazolaS-
y1))biphenyl-4-y1)methyl]imidazole.

Sodfum hydride (1.06 g, 44.2 mmol, 1 eq) was
added to a solution of 4,5-dicarbomethoxy-2-n-
propylimidazole (10.00 g, 44.2 mmol, 1 eq) in DMF at
room temperature., Foaming and gas evolutton occurred.

25 The temperature was increased to 60°C for 15 minutes to
dissolve all of the sodium hydride. Gas evolution

} ceased and the mixture was cooled to room temperature.
To this mixture was added a DMF solution of 4-
bromomethyl-2*-(N-triphenyimethyl-(1H-tetrazol-5-

30 yl))biphenyl (24.64 g, 44.2 mmol, 1 eq). After 24 h,
the solvent was removed in vacuo, and the residue was
flash chromatograplied in 75:25 hexane/ethyl acetate to
100X -ethyl acetate over silica gel to yleld 15.78 g
(51%) of a white glass which was suitable for further

35 transformation. Recrystallization from ethanol yielded
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¥46 Schene

may be preéépgﬂﬂﬁv7?reatnen

tenperatures rangin

[err] 10 Mexaf !l uoroi sopropanol

‘ _ : t of arylsHaH@(?l)vmthlSlS
Cerper at (r es.rangt 15 PR BRI EM, TrhiEe, st LT mBY ey
hours. The requi si 1&85&°¢} siNMRNECOCAE) & o 9be(dooé pdyidigde3inYz

one skilled in theyagd. 7S aPT2if1C 7068 CQRI%E S oHEP 6. B8 Ym, 6H):
6.76 (d,2H,J=94z); 5.30 (s,2H); 3.89 (s,3H); 2.50
(t,2H,3=7H2); 1.67 (t of t, 2H,d=7,7Hz); 0.85

{t,3H,3=7Hz). IR (neat) 1718 cm~l.

5

10

15

20

25

30

35

73.23; H, 5.48; N, 12.22.

~AK

*(Ph) 4C

o

CH,OH

CH,OH

®

LSRG |

e at
period of 2-10
t hods known to

Anal. calcd. for
Cq3H3ghg0s: C, 73.49; H, 5.45; N, 11.96.

Found: C,

PART E: Preparation of 4,5-dihydroxymethyl-2-n-
' propyl-1-[(2*- (N-triphenyimethyl-(1H-

tetrazol-5-y1))biphenyl-4-y1)methyl]imidazole.

4,5-Dicarbonethoxy-2-n-propyl-1-{{2*'-(N-
triphenylmethyl-(1H-tetrazol-5-y1) )biphenyl-4-
yl)methyl]imidazole (9.88 g, 14.1 mmol, 1 eq) was
dissolved in a mintmum of THF and to this solutfon,
1ithium aluminum hydride (1.0 M {n THF} (15.48 mt,
15.48 mmol, 1.1 eq) was slowly added dropwise. The
mixture was allowed to stir at room temperature
overnight after which t{t was quenched by the Steinhardt
procedure (Fieser & Fieser V.1, p.584) as follows:
the reaction mixture water {0.66 mt) was first
carefully added followed by 15% NaOH (0.66 mL) followed

by water (1.97 mL). After stirring for 72 h, a very
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9&k8§%hap er 10 of Butterworth's "Silicon in nga?kﬁyﬁéﬁﬂbi%ﬁy :

g

heme 13 [err] 109

fine suspension of particulate had formed which was
slowly filtered through celite™, The filtrate was
dried (MgSO4) and the solvent removed in vacuo to yield
8.83 g of a yellow glass which could not be
recrystallized. This {ntermediate was suftable for
further transformation. NMR (DMSO-dg) & 7.82
(d,1H,J=9Hz); 7.68-7.28 (m,12H); 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,1H,J=7Hz); 4.37 (d,2H,d=THz); 4.32 (d,2H,d=THz);
2.34 (t,2H,J=7Hz); 1.52 (t of q,2H,d=7,7Hz); 0.77
(t,3H,J0=7Hz). IR (neat) 3300 br; 3061; 1027; 1006;
909; 732; 699 cm~l. Anal, calcd. for CqqH3gNgO2*H20:
C, 74.07; H, 6.06; N, 12.64. Found: C, 74.06; H,
5.95; N, 11.86.

anB&n&Tuw
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20 30 Cgéifﬁ%O wn in Scheme 13, conpound (73) in which X=pcihgdy ; }ﬁ09”
may Y

[err] A%y

e easily prepared, for exanple, by reacting aniiine
precursor (63) with a phthalic anhydride derivative in an appropriate
solvent 5 such as benzene, chlorofolf ethyl acetate, etc. Often
PART F: Preparation of 5-hydroxymethyl-2-n-propyl-1-
[(2'-(N-triphenylmethyl-(1H-tetrazol-5-
y1))biphenyl-4-y1)methyl]}imidazole-
4-carboxaldehyde and 2-n-propyl-1-[(2'-(N-
5 triphenyImethyl-(1H-tetrazol-5-y1))biphenyl-4-
y1)methyl]imidazole-4,5-dicarboxaldehyde.

(i Jo AR AT

e

. b:'—'?"..' .

o NN

4,5-Dihydroxymethyl-2-n-propyl-1-[(2'-(N-

10 triphenylmethyl (1H-tetrazol-5-y1})biphenyl-4-
yl)methyl]imidazole (8.56 g, 13.2 mmol, 1 eq) was
dissolved in a minimum of THF and added to a sturry of
manganese dioxide (11.14 g, 128.1 mmol, 9.7 eq) in THF
(100 mL) at room temperature. After 24 h, the contents

15 were filtered through CeliteTM, the cake washed with
THF, and the solyent of the filtrate removed in vacuo.
The residue was flash chromatographed in 1:1
hexane/ethyl acetate to 100% ethyl acetate over silica
gel to yield the dialdehyde which eluted first; 1.25 g

20 (15%) of a tan glass. NMR (DMSO-dg) 6 10.27 (s,1H);
10.17 (s,1H); 7.81 (d,1H,d=7Hz); 7.68 (m,2H); 7.50-7.23
(m,10H); 7.09 (d,2H,J=9Hz); 6.96 (d,2H,Jd=9Hz); 6.86
(m,6H); 5.59 (s,2H); 2.52 (t,2H,Jd=7Hz); 1.58 (t of q,
2H,J=7,7Hz); 0.77 (t,3H,J=7Hz)}. IR (neat) 1697; 1672

25 cm~l. Anal. calcd. for Cq1H3gNgO2: C, 76.62; H, 5.33;
N, 13.07. Found: C, 76.46; H, 5.54; N, 12.94.

Continued elutfon yielded the 4-
hydroxymethylimidazole-5-carboxaldehyde product as a
11ght yellow solid: mp 164.5-166.0°C. NMR (DMSO-dg) 6

30 9.86 (s,1H); 7.80 (d,1H,d=9Hz); 7.63 (t,1H,Jd=9Hz); 7.53
(t,14,d=7Hz); 7.50-7.25 (m,10H); 7.07 (d,2H,J=9Hz);
6.97-6.80 (m,8H); 5.47 (t,1H,J=7Hz); 5.29 (s,2H); 4.63
(d,2H,Jd=7Hz); 2.37 (t,2H,d=7Hz); 1.49 (t of
q,2H,3=7,7Hz); 0.73 (t,3H,d=7Hz). IR (Nujol) 1688

35 em-1.  Anal. calcd. for CqjHigNgO2e (H20)g.1: C, 76.16;

e
e —
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Am Chem Soc., 50, 474 (1928). 10
(or a variety of othefltarboxylic acid equival ents), conpound
3) may be obtained by reacting aniline (63) with the requisite acid
%ﬁ&tte‘ﬁﬂ tumknn’ 08¢ dbuBe3bioM.si nply stirring in a
nmet hyl ene chloride in the presence of a base such as
pdi um bi car bonate, pyridine, or triethylam ne.

| ori de bﬁteptﬂErNa
| vent sucte.8%. 15

emai ni ng behind, ML. Sherrill, F.L. Schaeffer,
When [err],

Ny

/\/\r:fCl-IzOH
@
e @

(Ph) 5C

PART G: Preparation of 5-hydroxymethyl-2-n-propyl-1-
[(2'-{N-triphenyimethyl-(1H-tetrazol-5-
y1))biphenyl-4-y1)methyl]l-4-vinyl-imidazole.

-

n-Buti (2.5 M in THF) (1.70 mL, 4.3 mmol, 2.1
eq) was added dropwise to a suspension of methyltri-
phenylphosphonium bromide (1.53 g, 4.3 mmol, 2.1 eq) in
THF (50mL) at 0°C under Nj.

The'suspension became a dark yellow solution.
Afterwards, a solution of 5-hydroxymethyl-2-n-propyl-1-
[(2'-(N-triphenylmethyl-(1H-tetrazol-5-y1))biphenyl-4-
yl)methyl}imidazole-4-carboxaldehyde (1.31 g, 2.0 mmol,

1.0 eq) in THF (minimum to dissolve) was added thereto

and the resultant light milky yellow solution was
stirred overn1ght at room temperature. The solution

was diluted with ethyl acetate and washed with water
(3X). The organic layer was dried (MgSO4), the solvent
removed in 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 (DMSO-dg) & 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);
6.95-6.80 (m,8H); 6.80-6.55 (m,1H); 5.73 {d of

- —

[err]

f lic acid product will precipitate from sol yjipoR 'kﬁ? e
18?3&@?? n SP%r r é3:; Shoyer,

or
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Li kewi se, W@ig7a8277163) may be coupled with an appropriate car P§IYUS80/035¢" Q|
via a variety of am de or peptide bond form ng reactions such as DCC

coupling, 20 azi de coupling, m xed amnhydride synthesis, or any other
coupling procedure famliar to one skilled in the art. Aniline derivatives

(63) will undergo reqyaidives aipynas i@n (wiy).as geh ,ae et'gl to form
secondary ami nes (7@). ‘g] ae‘ggg Zérnl?i rgyé\ailds)'????t YEsi’te]Li%r ?e&lé\?ﬁ'tﬁrﬁ]e 25
car bonyl conpound i ¢h -E hée i é-%ﬂ?d@‘bf’?&%z)da?aﬂlst such as
nol ecul ar si eves or(tp2i Q=UBnRsul s®nftcotd, @, A, ey ds78 he resul tant inmne
I's reduced to the _
(t,3H,J=7Hz). IR (neat) 1029; 1006; 909; 733; 698
5 cm-1.  Anal. calcd. for C4pH3gNgDeHp0: C, 76.34; H,

6.10; N, 12.72. Found: C, 76.49; H, 5.88; N, 12.52.

N =
/\/«;\ic\ﬂo

10 .
Loy
15 (Ph) 4C~ N°
PART H: Prepari'tion of 2-n-propyl-1-{(2'-(N-
‘triphenyimethyl-(1H-tetrazol-5-
y1))biphenyl-4-y1)methyl]-4-vinyl-imidazole-
20 5-carboxaldehyde.

5-hydroxymethyl-2-n-propyl-1-[(2*-(N-

triphenylmethyl-(1H-tetrazol-5-y1))biphenyl-4-

25 yi)methyl]-4-vinylimidazole (470 mg, 0.73 mmol, 1 eq),
Dess-Martin periodinane (J, Org. Chem. (1983) 48, 4155)
(341 mg, 0.80 mmol, 1.1<é§) and methylene chloride
(10mL) were mixed and stirred under nitrogen overnight.
The solvent was removed in vacuo and the residue flash

30 chromatographed in 3:2 hexane ethyl acetate over silica
gel to yleld 310 mg (66%) of a white glass. NMR (DMSO-
dg) & 9.91 (s,1H); 7.80 (d,1H,d=7Hz); 7.61 (t,1H,
J=7Hz); 7.54 (t,1H,d=7Hz); 7.48-7.22(m,10H); 7.20
(d,1H,0=9Hz); 7.96 (d,2H,J=9Hz); 7.00-6.75 (m,8H); 6.15

35 (d of d,1H4,J=17,3 Hz); 5.52 (s,2H); 5.47 (d of

——

———
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bor ohydri de reduci ng agent such as sodi um g@ ride or
gﬁydri de. Standard 30 catal ytic hydrogena?ﬁ{qﬁgﬁa ﬁ?s such
'ydr ogen and pal | adi unf carbon can al so be enpl oyed. Alternatively,

anifline (63) may be nonoal kyl ated 133 reaction with ethyl formate foll owed

by greduction with, for exanple, lithium alum numhydride to produce 35
N- et hy ! d dék, Dvi2,i3v 827249 (A2 idr@Hz);74) 5heft of turn

10

15

20

25
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35

q,2H,d=7,7H4z); 0.79 {t,3H,J=7Hz). IR (neat) 1658 cm”
Anal. calcd. for C4oH3gNg0* (H20)g.5: C, 77.63; H,
5.74; N, 12.93. Found: C, 77.53; H, 5.73; N, 12.64.

PART I: Preparatfon of 2-n-propyl-1-f{2'-(1H-tetrazol-
5-y1)biphenyl-4-y1)methyl]-4-vinyl-imidazole-
5-carboxaldehyde.

2-n-propyl-1-[(2'-(N~-triphenylmethyl-(1H-
tetrazol-5-y1))biphenyl-4-y1l)methyl}-4-vinyl-imidazole-
5-carboxaldehyde (330 mg), trifluoroacetic acid (1.65
mL), water (1.65 mL), and THF (1.65 mL) were mixed and

.stirred at room temperature. After 8 h, the mixture

was neutralized to pH=7 with 10N NaOH and the solvents
removed in vacuo. The residue was flash
chromatographed in 1:1 hexane/ethyl acetate to 100%
ethanol to yleld 270 mg of a white glass. NMR (DMSO-
dg) 6 9.92 (s,1H); 7.65-7.50 (m,1H); 7.50-7.12 (m,3H};
7.09 (d,2H,J=9Hz); 6.89 (d,2H,J=9Hz); 6.11 (d of
d,1H,Jd=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~l.
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49 bewiegwpexy7wi t h carboxylic acid anhydrides and aci d chPGFiUS®8/0368;
carboxylic acids by any of the coupling procedures described previousl
yield (73) where X= [err]. 5 114 Aniline (63) or (74) or other
i ntermedi ate anilines where the am no group nay be | ocated on anot her
aromatic ring for exanple, also rﬁ%ﬁa? i th ot her anhydrides to nake

am de-carboxylic acid derivatives la (75). Thus, for exanple,

mal ei ¢ anhydri'de, 10 2, 3-napht hal enedi car boxylic acid anhydri de, an
di phentc
N-jS
5 .

N CH,OH
H

PART A: Preparation of 5-hydroxymethyl-4-iodo-2-n-
10 . propylimidazole.

A solution of 31.5 g of 4(5)-hydroxymethyl-2-

‘n-propylimidazole and 50.6 g of N-iodosuccinimide in
560 mL of 1,4-dioxane and 480 mL of 2-methoxyethanol

15 was stirred at 45°C for 2 h. The solvents then were
removed under vacuum. The resulting solids were washed
with distilied water and then were dried to afford 54.6
g of the product as a yellow solid; mp 169-170°C. NMR
(DMSO-dg) & 12.06 (br s,1H); 5.08 (t,1H); 4.27 (d,2H);

20 2.50; (t,2H); 1.59 (sext.,2H); 0.84 (t,3H).

25

30 PARY B: Preparation of 4-{odo-2-n-propylimidazole-5
carboxaldehyde . | >

To a solution of 35.8 g of 5-hydroxymethyl-4-
35 fodo-2-n-propylimidazole in 325 mL of glacial acetic

—_——

eet Has Been Reﬁaced

"IN soesrrure ShEET




ride are reacted in a S|n1lar fashion to phthalic th
FOR/PRY or (74) to yield carboxylic acids (76), é‘&}'{%ﬂ(ﬂ@f@%
pectlvely Pht hal i m de derivatives of aniline (63) may be 15 made by
ariety of nmethods, preferably bylstirring aniline (63) with phthalic
ydride in acetic aC|d at a tenperature between 20[err]C and reflux, G
ag, A \Veiaghérags20Bemwas aisied 1Gpwis@o3er Ioh B0 stiefing (63) with

hal oyl chly Ob'l@‘g‘agggmﬁaisg Qﬂu&\ﬁuﬁnrhﬁﬁﬁﬂaﬁlﬂﬁor\zo The and an inert

vent. Aniline e converted Into 1fs tri-
resulting m1xture was stirred at 20°C for 1 h. The
reaction mixture then was diluted with 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, dried over
anhydrous sodium sulfate, filtered, and concentrated.
The resulting crude solid was recrystallized from 1-

10 chlorobutane to furnish 29.9 g of product as a light
yellow solid; mp 141-142°C. NMR (CDCl3) & 11.51 (br

s,1H); 9.43 (s,1H); 2.81 (t,2H); 1.81 (sext., 2H); 0.97

{t,3H).
15
¥ //
N
/\/(\
ﬂr CHO
20 -
H
PART C: Preparation of 3-n-propyl-4-
(phenylethynyl)imidazole-5-carboxatdehyde.
25

A solution of 2.64 g (0.01 mol) of 4-iodo-2-n-
propylimidazole-5-carboxaldehyde, 25 mL of dry DMF, 2.5
mt of triethylamine, 1.00 g (0.001426 mol) of

30 bis(triphenylphosphine)palladium chloride and 5.00 g
' (0.017 mol) of (phenylethynyl)tributyltin was heated to
70°C under nitrogen. The reaction was stirred for 120
hours, then cooled. The precipitate was filtered and
washed with methylene chloride, and the resulting
35 * filtrate was evaporated under reduced pressure. The

This Sheet Has Been Rei
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quoronegpaqﬁﬁMﬁ;pnanide derivative or its trifIuoroacetanidggggp%§§5&%g“

preferably by ré€acting it with triflic anhydride or trifluor

anhydride and 25 ~ a base such as triethylamine in an inert solvent such
as nethylene chloride at -78[err]C fol | did by warm ng to roomtenperature
Conmpounds of structur&ggh% where X is a carbon- carbon |inkage which are
depi cted as (80) d&§! Sedigsobeed in 2090mn ofnmeidyd e thloghle

and extracted three times with 100 mL of 10% HC1. The
aqueous layer pH was adjusted to 10 with 50% sodium
hydroxide and extracted ;hree times with 100 mbL 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)imidazole-5-carboxaldehyde. NMR

b4
¥

WO 9

(CDCY3) & 9.89 {s,1H); 8.22 (s,1H); 7.93 (m,3H); 7.53
10 (m,2H); 2.87 (t,2H); 1.87 (m,2H); 1.03 (t,3H).
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51 Schene 14 (conti nued)
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The following intermediates could be prepared by the
procedure described in example 2, part C:

Z
—R
S
H
N
/\/( \
pi; CHO
H
R6 R mp (OC)
n-propyl 4-CF3
n-propyl 4-OMe
n-propyl « 4-COOH
n-propyl - 4-CON(Me)2
n-propyl! 4-SO2CH3
n-propyi 4-SO2NMe2
n-propyl 3-CF3
n-propyl 3-OMe
n-propyl - 3-COOH
n-propyl 3-CON(Me)2
- n-propyl 3-SO2CH3
n-propyl 3-SO2NMe2
n-butyl 4-CF3
n-butyl 4-OMe
n-butyl 4-COOH
n-butyl 4-CON(Me)2
n-butyl 4-SO2CH3
n-butyl 4-SO2NMe2
n-butyl 3-CF3
n-butyl 3-OMe
n-butyl 3-COOH
n-butyl 3-CON(Me)2
n-butyl 3-SO2CH3
n-butyl 3-SO2NMe2

Hllllll llllM i
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N0 91/0

[err] 5g%gygﬁ§§9|on a) illustrates that the biphenyl com J;leﬁﬁﬁéﬁgg

can be by al kyl ation of imdazole (1) with the appropria

hal onet hyi bi phenyl conmpound (79) by the general procedure described in
Scheme 1. The requisite hal onet hyl bi phE®y| intermnmedi ates (79) are prepardqd
by Ul man Coupling of (81) and (82) as 20 described in "Organic
Reactions", 2, 6 (1944) to provide internediates (83), which are in turn
hal ogenat ed.

10

PART D. Preparation of 4-phenylethynyl-3-n-propyl-1-
15 | [(2'-(1H-tetrazol-5-y1)biphenyl-4-y1)
methyl]imjdazole-5-carboxaldehyde.

3-n-Propyl-4-(phenylethynyl)imidazole-5-
20 carboxaldehyde was alkylated with 4-bromomethyl-2'-(N-
tr1phenylmethyl-(IH-tetrazol-S-yi))biphenyl
by the procedure described in example 1, parts D and I,
to yield the entitled product. NMR (CDCl3) & 9.88
(s,1H); 8.03 (m,1H); 7.57-7.27 (m,8H);: 7.17 (m,2H) ;
25 7.01 (m,2H); 5.55 {s,2H); 2.61 (t,2H); 1.75 (m,2H):
0.99 (t,3H).
Examples 3-26 (Table 1) could be made by the
procedures described {n Example 2.

30

35
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jenation can be acconplished by refluxing (83) in an ent such
03@ p0027at r achl ori de for 1-6 hours in the presence of cgﬂfgqh/o%%y
al o

succinimde and an initi ﬁy' 25 such as azobi si sobutyronitrile
(equation b). As shown in equati®on c), derivatives of inter- nediate (83)
infwhich [err] is at the 2' position (83a) can also be prepared by the
mefhod described in J. Og. Chem, 41, e( 976), that is Dieis-Alder
adgliti on of 30 a 1,3-butadiene to - a styrene (84) followed by

arprmati zation of internediate (85). Alternativel t he substituted bi phenyl
prgcursors
N
’ //~\V/JZ
10
Example No. R R mp (°C)
15
3 n-propyl 4-CF3
4 n-propyl =« 4-OMe
5 n-propyl 4-COOH
6 n-propyl 4-CON(Me)2
7 n-propyl 4-SO2CH3
20 8 n-propyi 4-SO2NMe2
9 n-propyl 3-CF3
10 n-propyl 3-OMe
11 n-propyl 3-COOH
12 n-propyl 3-CON(Me)2
13 n-propyl 3-SO2CH3
25 14 n-propyl 3-SO2NMe2
) 15 n-butyl 4-CF3
16 n-butyl 4-OMe
17 n-butyl 4-COOH
18 n-butyl 4-CON(Me)2
20 19 n-butyl 4-SO2CH3
20 n-butyl 4-SO2NMe2
21 n-buty! 3-CF3
22 n-butyl 3-OMe
23 n-butyl 3-COOH
24 n-butyl 3-CON(Me)2
25 n-butyl 3-SO2CH3
35 26 n-butyl

3-SO2NMe2
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(B3; where = COOH) and their esters (89) can be prep :
I 11 ust rg&%‘[/ﬁ#%quat ion d), which involves 35 oxazol i n?@@ﬁ%@%’a@%

key“internedi ates, A. |I. Meyers and EE D. Mhelich, J. Am Chem Soc.,
7383 (1975). 52 Further, as shown il20Equation e), nickel- catalyzed

cross-coupling of an arylzinc halide with a hal obenzonitrile yields a
bi phenyl nitrile which can In Example 27

‘ N

10 PART A: Preparation of 4-(furan-2-y})-2-n-
propylimidazole-5-carboxaldehyde.

A solutfon of 2.64 g (0.01 mol) of 4-fodo-3-n-
15 propylimidazole-5-carboxaldehyde, 60 mL of toluene, and
0.33 g (0.00029 mo}) of tetrakistriphenylphosphine
palladium {0) was stirred at room temperature under
nitrogen, while a solution of 2.34 g (0.0174 mol) of
furan-2-ylboronic acid in 50 mL of ethanol was slowly
20 added. The reaction was stirred for 5 minutes, after
' which 12 mL of 2M sodium carbonate was slowly added.
After the addition 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 in
300 mL of methylene chloride, washed twice with 100 mL
of saturated sodium chloride solution, washed twice
with 100 mL of distilled water, and washed twice with
300 mL of 10% HC1. The HC1 layer was made basic with
30 50% sodium hydroxide until the pH=10. At this point,
the basic water layer was extracted three times with
300 mL of methylene chloride, the methylene chloride
layer was dried over sodium sulfate and’ evaporated
under reduced pressure. Yield: 0.34 g (0. 00156 mol,
35

e —
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turg@¥be hydrol yzed by standard nethods to afford acid 5 88. The

O ®37Di phenyl tetrazoles (83; where [err] can be RCKpSS®O3683om t he
i'le 10 precursors [err] by the methods described in Schene 1,
tion c) and Schene 15, equation;g). However, a preferred nethod for
aring tetrazoles is described in Schene 15, equations a) and b).

pounds (90)5-ompbdxeldetiyaar mRY(doe?s ) 3101 RPISTIT 7 54 CyCl 0addition of
trigal kyl tin or(s'Em)p:hc;pgd t(ldl;lllﬂz:l g.esss t(g'it'ne: %\p;)gr(z féﬂa)t;el}IBOSUbSt ituted nitrile
(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

This Sheet Has Been Rerlaced

(AR

SUBSTITUTE SHEET



equation e

cyclohexyl.

i s defined as normal alkyl of 1-6 carbon atis
n exanpl e of this technique is described by S. Kozi
20 J. Organonetal lic Chemistry, 1287 (1971).

triaryltin azides are made fromthe requisite commercial trialkyl

triaryl tin chloride and sodi um azi de.

renoved via acidic or basic hydrolysis and the 25

protected with the trityl group by reaction wg@h trityl
triethylamne to give (91). Broninationbﬁs

10

15

20

- 25

30

35

erZN\ CHO

Tizbler2al kyl

or triaryltin group is
tetrazol e can be

chl ori de and

|ously described herein with

n%%g{‘%a;

-The required trial kyl

f
R6 R7 mp (°C)
n-propyl i glassa
n-propy! §/Q wax b
v N
n—propy( % /(}

_ N
n-propyl 2/(;}

N
n- ) /( \
propy % o

n-propy!
(o)
n-propy! § 2/ \5
' | S
122
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succini m de and di benzoyl peroxi de affords conpound (92). Alkylation

wo%/QWWhe 30 appr opr.,d §te| y substituted benzyl petiokssess
‘congi'tions previously descri bdd3f ol 1 oved by deprotection of the trityl

grodp via hydrolysis affords (80: [err] = tetrazole). Qther protecting

gro@ps such as p-nitrobenzyTalble 2; comimeedyl can be used instead of 35
thejtrityl group to protect the tetrazole noiety.
R7
N
A X
5 R ||q CHO
H
R6 R7 - mp (°C)
10
. N
n-propyl % /[ )
g S
15 ) N
n-propy! é 2/ )
- S
| 1 [\
n-pro
2 propyl 5 ,(se 3
e
n-propyl Z/ »
25 Se
Vo | N
n-propyl §/[;)
30
..§ N
n-propy! 2/ )
(o)
35
123
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These groMB9ww027l as the trityl
procedures .descri bed i.n G eene;
W ey- |Interscience,

25 30 EPLACEMENT SHEET

10

15

20

25

30

35

(1980) .

5

Table 2, continued.

R‘I
N
A f\\
R® ™N CHO
t

group can be introduced and renoved by ‘; q
Prq,gctive Groups in Organi c BETUSSHIe3683 WO 9

Scheme 15 10 35 2d

RG R7 mp (°C)
N/j
n-propyl % /k\N l
L
n-propyl ’g \NJ
N
e
n-propyl. % N
“
n-propyl ; \N,N
“
n-propy! % N

L
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d) [err] 10 15 20 25
28? %4@8@277 54 Schene 15 (copg nued)

PCT/US9%0/03683
Table 2, continued.
R7
3.
5 R“/(}IQ CHO
H
R6 R7 mp (OC)
10 y

L
n-propy! ‘% N

O
20 n-propyl /O/

25 |
9 n-propyl -§\©/o' :
30 |

35
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i nkage calGeURE3

(1) with-the appropriate benzyl halide

10

20

25

30

35

of structure 93-95 where X is an -0-
ar ed as shown i n Sc

R‘I

nme 16 by alkylatlon of
96). Schene 16 10
Table 2, continued.

N .
A
. H
R6 R7 mp (°C)
n-butyl § /Q
n-butyl '2 /[}
* N
n-butyl % /(}
N
n-butyl § /(s-}
‘N
n-butyl “ 'E /(o\
b i )
n-butyl o
n-bu 2
butyl | 2/ S\S

HIIIIIHIIII Hll ll! IIII _
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S ’ 127 [err] 25 30 35
58 @oﬁa@g%}t hyl di phenyl ether (109) enployed as an al k)ﬂCEVU}SQP/%@ﬁt in

the present invention is prepétbféiza%ommued

| ar
N
n/au—ﬁcno
A
R6 R7- - "mp (°C)
n-buty! 4 /[; N) |
n-butyl -2TN)
S
n-butyl ,3 /Q :{)
..% N
n-butyl /
. T
) n-buty! 4 /[; N)
30 -§
n-butyl TN)
_ - (o)
35

i



‘?l'!shown i N eowes 49 . An Ul man et her ndensation of the phenol (97) and al
} 196029 128" céyy, 9

hal obenzoic acid as described In 5 ssi an Chemical Revi ewsP /03683

(1974) "provi des the internedi ate §gjyta(40 iHife@onversion of (101) into
(109) is acconplished by esterifigfeﬁqignéwépﬂndl az%rret hane to afford (105)

fol |l oned by hal ogenation enpl oyi ng the procedl,y e used in the preparation of
(79). 10 The di phenyl sul fide (110) .and B di phenyl am ne (111) can be
prepared fromthe appropriate thiophen 8) or aniline (99) by this
procedure. The tertiary di phenyl am ne {112} can be prepared

wO'

5 R r'q CHO
| H
R6 R7 mp (°C)
10

ij
n-butyl ; /KN |

B B a
n-butyl E/l:N\/“

20 . /E"/\y‘
n-buty .; S
25 ' : : L
, n-butyl % %
: n-butyl | % SN
T




¥

ndary aniline (100) by the above procedure.
ﬁfgﬁ/@‘e 3 (107) can be al kylated by one of the foll osm&ﬁﬁu%l%@g%res: 1)
dir¢ct alkylation of (107) with [err] where L is a |l eaving group such as a
hal ¢gen or tosyl ate enpl oyi ng phasel- ransfer conditions and ultrasound as
desgribed in Tetrahedron Letters 9 (1983), 2) treatnent of
(10¥) with 1-1.5 equival ents of Jrgéﬁpéogangi?wggdehyde and 0.5-5.0
equf val ents of sodi um cyanoborohydride in a solvent such as nethanol at
25[frr]C at a pH of 3-6 for 1-24 hours, or R’ reductive amination of (107)

e oyi ng an appropriate carboxylic N
L
> R rlJ CHO
H
R6 | " R7  mp(°C)

10

N ]
n-butyl § I\N

15 -
| . l . I
n-butyl /O/

20 - . ;§

n-butyl § 0
25
: @]

aNMR (CDCl3) 3 10.25 (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 (CDCI3) 3 11.45 (bs,1H); 9.88 (s, 1H); 7.55 (m, 1H); 7.37 (m,
1H); 7.13 (m, 1H); 2.73 (t, 2H); 1.80 (m, 2H); 0.91 {t, 3H).
CNMR (DMSO-Dg) 3 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).
35
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acig, Oﬁﬂ? ¢9i um bor ohydri-de as described in J. Am Chem Soc., 94
W

7812 (1974)

previ ously described to give (112). 301%% 57 10

10

15

20

25

30

35

ertiary anmine (108) Is then hal ogenated by REWUssamggy

PART 8: Preparation of 4-(furan-2-y1)-2-n-propyl-1-
[(2*-(1H-tetrazol-5-y1)biphenyl-4-
yl)methyl]imidazole-5-carboxaldehyde.

N

4-(furan-2-y1)-2-n-propylimidazole-5-
carboxaldeliyde was transformed into the entftled
product by the procedures described 1n Example 1, parts
D and I: mp 129 (dec.). HNMR {CDCl3) & 10.15 (s,1H);
7.95 (d,1H); 7.55 (m,2H); 7.38 (m,2H); 7.10 (d,2H);
6.98 (d,2H); 6.85 (d,1H); 6.45 (m,1H); 5.55 (s,2H);
2.55 (t,2H); 1.70 (m,2H); 0.91 (t,3H).

The examples in Table 3 could be prepared by
the procedures described 1n example 27 using the
appropriate starting materials:
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shoyrwOR1&9A%he 17 by al kyl ation of inidazole (1) with tRCI/E§09/H3683
bengoyl benzyl halides. For exanpl e, esL'eégléél?)) where [err] is [err] are

AT,

. : R‘ N CHO N.N‘
’

Example No. R6 R7 mp (OC)

. 28 | n-propyl R -i glass"
i / \
5 29 n-propy! § /[s_)
| | "
30 n-propyl § /(—}
8
31 n-propyl i /k sé
25 N
32 n-propyl /(—B

30 33 n-propy! % )\
a5 34 n-propyl % Z/ \5

20 1% 30 35 Conmpounds of strygpure (73) where X is -CO are prepared as

10

20

This Sheet Has Been Rerlaced
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prepar ed b lon of imdazole (1) with carbonet hoxybenzo
Ayl hal | de (1%&?;&&?; (113) may be hydrql yzed to the correspondﬂqgus"o/o“&
. xyllc acid (116) by a variety of netho including hydrolysis with a
glisuch as sodi um hydr oxi de or potassi um hydroxi de 10 in an al coholic
pbus sol vent such as methanol /[err] at Rabten@;rcontiruedom 20[err] C to
lefl ux tenperature of the solvent. Carboal koxybenzoyl benzyl halides
)l are prepared by benzylic hal ogenation ofy grorrespondi ng 15
yI benzene precursor by a variety of rrethd

CHO N_N-“
5 .
Example No. R6 mp (9C)
10 .
35 n-propyl 'i /Q N)
; 36 n-propyl -ETN)
r s
20 37 n-propyl é /{; h{)
| A Nsg
-% N
38 n-propy! T )
25 - o
39 n-propyl ‘2 /C N) .
30 | | %
40 n-propyl TN)
(o)
35
' | Sheet Has Been Replaced
| i




AAAAAA pCT/USIOO=T
e
y described herein. For exanple, nethyl

. rret hyl benzoyl)benzoate (115) can be refluxed for 2-48 hours with
~ IN- br onpsucci ni ni de, benzoy}33er oxi de and caraon tetrachloride to effect

7Tt brom nation. 20 25 [err 5 inueu.
“p,wooh | abie %. cont

I

35 S
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35

il

:v‘; 18 5

§1CO) . may be ‘fvurt ﬁ@?z?
cl udi ng corrpounds where X is 5
droxyl amne or an

¥

hown in Schene 18 the tol uoyl ketones (73; where
ransformed into al3Aariety of ketone deri vatﬂ%§890/036

[erﬁlqad?sagtbamm‘uéﬁtone (73a) with a

AYR H

CHO .y
N /N

Example No. R6 R7 mp (o)
T
/"]
46 n-propyl ' );N

Q 47 n-propy! /©/ ° glass®

,§ |

48 n-propyl %\ : ,O/O

Sheet Has Been Re l;ce;
T




ely substituted hydrazine wll give the 10 requi site oxinmes

. ' Wg_{a’zones (118). Reaction with alcohols in theppifassRe3esd an

] ?ﬁ’ "with removal of wadger will give ketals (119). Reducti on, '
with | §thi um al um num hydri de, a netal,bor, s inc/acetic acid or
catal y§i c hydrogenation wll give 15 ab?eﬁg&g@pﬂgggéndi ng al cohol (120) or
fully §educed net hyl ene conpound (121). These 7a| cohols may be acyl ated by a
vari ety of anhydrides or acid halides IMTﬁ‘%resence of a base with or

W t ho solvent to give the correspoagi' &ﬁbs '(‘,1&8). The al cohol s (120)

N N

Example No. RG R7 mp (°C)

49 n-buty! % D
15 | .50. - n-butyl ; /[}

¥ ’ y
, 51 n-butyl ;/(}
20
N
52 n-butyl | ;/(;}

25

N—
53 n-butyl ‘i/(_B

O
30 % Z >
54 n-buyl L/
(o)
35 55 n-butyl % Z/ >\
| S -
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[err],

5

10

15

20

25

30

35

be converted into their corresponding ethers (123) by reaction of
he metal aMWORIM82% th an al kyl hal i d86 mesyl ate or tosylate i RCTHES90/q e
approprlate solvent or by treatnent with a mneral acid in an al coholic Y
.or by reaction of the al cohol v'\]‘ab{eiaammimaed as 25 ;
descrlbed in G Hlgetag and A. Martini, Preparatlve Organic Chem stry", %

John Wley New Yor k, 355-368 (1972). Corrpo formula (1) where X |s 3,

and [err] are prepared as s%/n\ n Schene &9 30

CHO yoyy
N /N

Example No. R6 R7

56 n-butyl v% /C N)
57 n-butyl | -ETS
| e

' N

58 n-butyl ’3 /Qe
o,

59 “buty! [\
n-buty T;e)

N

60 n-butyl '3 /C )
—~— N

61 n-buty o)

_ This Sheet Has Been Relilaced
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35 ’ Schene 19 [err]
68 Jwo 91700277

62 AS]?T' | ustrated in Scheme 19, equation A,
PCI‘ /US90/03683
Table 3, continued.

0
Example No. R R7 mp (°C)
L
62 - n-butyl 'iku
=)
N
/
1
64 n-buty! % N
7z
\
65 n-butyl 3 SN
66 n-butyl i ~N
35 |

This Sheet Has Been Re;
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hydr ol ysi WOo#1/6ea72yl ether (124) or {?at hyl ether (125) affords hydroxy 2
conpound (:126) which can be alkylated with the appropriate qu:ly/lusl@g}o'b% tjwo 91/
give (127). In.5 the case of the_nethyl ethers (125), the hydrolysls

step can be effected by heating the Fabde Jtconatimered ur es of
50[err]-150[err]C for 1-10 hours in 20-60% hydrobrom c acid, or heating at

50[err]-90[err]C in acetonitrile with 1 pwal ents of trinethylsilyl
i odi de for 10-50.hours followed by 10 /Q t\§eat ment with water. Hydrolysis
can al so _be carried out by treatmentRW K 1-¢2Hequ$- Hents of boron
tribrom de in nethylene chloride at 10[en] - O[eﬁ iizfor 1-10

L/

Example No. R6 R7 mp (OC)

10 -
—

)
67 n-butyl /QN

15 , §

68 n-butyl /©/ °

25

69 n-butyl ~§ |
30 - \©/

8NMR (CDCI3) 9 9.8i s, 1H), 7.92 (d, 2H), 7.53 '
7.11 d' 2H ' ' ’ U - ] » d (m. gH » 7.27 (m’ 4H)l
0:99( sy 68 (6 2H). 5,60 (s, 2H), 2,51 (1, 2H), 1.75'(m, 2H),
35 )
bNMR (CDCI3) 0 9.69 (s, 1H), 8.10 m, 1H), 7.58 (m, 4H), 7.48 (m
2 ] . ]

(
?3)2.&1:?”(;{ 2H), 7.00 (m, 7H), 5.62 (s, 2H), 2.61 (t, 2H), 1.79 (m, 2H),

This Sheet
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'followed by treatment with water, or by treatment with an acid such

gi/pemchl oride and 3-30 15,44 equivalents of a SRETANSIOHMOE? ni ng
nhd such as thiophenol, ethanédithtol, or dinethyl disulfide in

I ene chlori deaﬁ\% %%8&% LﬂnCTSIS’Ieslﬁ.fhd“SUéﬂ\ bel hateelyby treatment with
. For conpoun 1 ., hydrol ¥5| S cgn ge ac%on‘ggl stl? by refluxing in
[ uor oacptocedacesd deecribedi i epampies by & BF 4f,Y ?gal?7 i ¢ hydrogenol ysi s
he presﬁﬂﬁﬁ 9§ & %i‘ﬁf%@eﬂ&ﬂﬂ ¢iclesed {astiiGYpptentagrum on car bon.

ot onati 8P 60 { 98] "W n e base ” shely 7t cioth WepHoxI de. sodi um

ide or bneotheranqthods famiilar

fr 5

10

15
.
20
25
30
35
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sol vent such as dinethylformam de or dinethyl sul foxide 25 at room 91/0!
t enper &t ur eWOAWHREA by al kyl ation with an appropriate benzyl ROT/WS96/m0363;¢
25[err] C for 2-20 hours affords ethers of forma (127), as shown in

equation A. The sulfide (129) can be pre ed fromthe thiophenol (45) by

t he procedure descri bed above to 30 Bgépare the ether (127) fromthe
phenol (126). The thi ophenol (45) can be prepared for exanple by treatnent
of the benzylsulfide (128) with sodi Umfdbl@ 4uid ammoni a. The ami ne (130)

can be prepared as shown in
=\ 5
e -

N° R

Ex.No. RS R R8 X A mp(°C)
70 n-propyl 4-CF3 ~CHO singlebond COOH
71 n-propyl 4-OMe. CHO singlebond COOH
72 n-propyl 4-COOH CHO singlebond COOH
73 n-propyl 4-CON(Me)2 CHO singlebond COOH
74 n-propyl 4-SO2CH3 CHO single bond COOH
75 n-propyl 4-SO2NMe2 = CHO single bond COOH
76 n:propyl 3-CF3 CHO single bond COOH
77 n-propyl 3-OMe - CHO singlebond COOH
78 n-propyl 3-COOH CHO singlebond COOH
79 n-propyl 3-CON(Me)2 CHO singlebond COOH
80 n-propyl 3-SO2CH3 CHO single bond COOH
81 n-propyl 3-SO2NMe2 CHO singlebond COOH
82 n-butyl 4-CF3 CHO singlebond COOH
83 n-butyl 4-OMe CHO singlebond COOH
84 n-butyl 4-COOH CHO singlebond COOH
85 n-butyl 4-CON(Me)2 CHO singlebond COOH
86 n-butyl 4-SO2CH3  CHO singlebond COOH
87 n-butyl 4-SO2NMe2 CHO singlebond COOH
88 n-butyl 3-CF3 CHO singlebond COOH
8% n-butyl 3-OMe CHO singlebond COOH
90 n-butyl 3-COOH CHO singlebond COOH
91 n-butyl 3-SO2CH3  CHO singlebond COOH
92 n-butyl 3-SO2NMe2 CHO single bond COOH

eet Has Been Reﬁaced
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] ion [err], fromthe aniline (63), tself ava l e f
|on&ﬁ? t he correspondi ng d4kitro conpound (3a) mh#bﬁnﬁggﬂbgg£lously
i describd. The reductive am nation can be carried out by the sane

edure as descri bed i rTabdeesrecddt fraed) he preparati on of conpound
ounds of Fornula (1) where the X linkage is [err], [err], and [err]

prepared as shown In —
el

o up,

X-1:j:]

Ex.No. RS R R8 X A  mp(°C)

83 n-propyl 4-CF3 COOH single bond CN4H
94 n-propyl 4-OMe COOH singlebond CN4H
95 n-propyl 4-COOH COOH single bond CNg4H
96 n-propyl 4-CON(Me)2 COOH single bond CN4H
97 n-propyl 4-SO2CH3 COOH single bond CN4H
98 n-propyl 4-SO2NMe2 COOH single bond CN4H
99 n-propyl 3-CF3 COOH single bond CN4H
100 n-propyl 3-OMe COOH single bond CN4H
101 n-propyl 3-COOH COOH single bond CN4H
102 n-propyl 3-CON(Me)2 COOH single bond CN4H
103 n-propyl 3-SO2CH3 COOH single bond CNgH
104 n-propyl 3-SO2NMe2 COOH single bond CN4H

105 n-butyl 4-CF3 COOH single bond CN4H
106 n-butyl 4-OMe COOH single bond CN4H
] 107 n-butyl- 4-COOH COOH single bond CN4H

108 n-butyl 4-CON(Me)2 COOH single bond CN4H
109 n-butyl 4-SO2CH3 COOH single bond CN4H
110 n-butyl 4-SO2NMe2 COOH single bond CN4H
30 111 n-butyl 3-CF3 COOH single bond CNgH
112 n-butyl 3-OMe COOH single bond CN4H
"~ 113 n-butyl 3-COOH . COOH single bond CN4H
114 n-butyl 3-SO2NMe2 COOH single bond CN4H

.35
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chene 20. o 91/00277
terr], 25 30 35
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30

.35

142 Schenme 20 20

Table 4 (continued)

0368
64 The cis or trans stilbene (132) can be obt 5Fﬁéﬁsw 3

x@
Ex.No. R6 R R8 X A mp (o
115 n-propyl 4-CF3 CHO single bond NHSO2CF3
116 n-propyl 4-OMe CHO single bond NHSO2CF3
117 n-propyl 4-COOH CHO single bond NHSO2CF3
118 n-propyl 4-CON(Me)2 CHO single bond NHSO2CF3
119 n-propyl 4-SO2CH3 CHO single bond NHSO2CF3
120 n-propy! 4-SO2NMe2 CHO single bond NHSO2CF3
121 n-propyl 3-CFs CHO single bond NHSO2CF3
122 n-propyl 3-OMe CHO single bond NHSO2CF3
123 n-propyl 3-COOH CHO single bond NHSO2CF3
124 n-propy! 3-CON(Me)2 CHO single bond NHSO2CF3
125 n-propyl 3-SO2CH3 . CHO single bond NHSO2CF3
126 n-propyl 3-SO2NMe2 CHO single bond NHSO2CF3
127 n-butyl 4-CF3 CHO single bond NHSO2CF3
128 n-butyl 4-OMe CHO single bond NHSO2CF3
129 n-butyl 4-COOH CHO single bond NHSO2CF3
130 n-butyl 4-CON(Me)2 CHO single bond NHSO2CF3
131 n-butyl 4-SO2CH3 CHO single bond NHSO2CF3
132 n-buty! 4-SO2NMe2 CHO single bond NHSO2CF3
133 n-butyl 3-CF3 CHO single bond NHSO2CF3
134 n-butyl 3-OMe CHO single bond NHSO2CF3
135 n-butyl 3-COOH CHO single bond” NHSO2CF3
136 single bond NHSO2CF3

n-butyl 3-SOo2NMeo - CHO

il
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' N /ttig reaction between the al dehyde (57) and the phosphorane
ﬁﬂ%‘ﬁgﬂl bene (132) can rl\ggdi |y be converted to t RCHUS90/03683)r at ed

W&t i ve (133) for ex e by, cajal ytiic hydrogenation enpl oying a
¢geneous cat al yst g@heag (1587‘%%&% carbon or platinuni carbon or

natively with a honpgeneous catal yst such as tristriphenyl phos- phine

umchloride. The reduction is perfornmed . in a 10 sol vent such as

ne, tetrahydrofuran or ethanol at 25 C under 1-3 at nospheres of
en for 1-24 hours. The cycl opr gpare Yl be prepared by treating

-z

Ex.No. R6 R RS X A mp (°C)
137 n-propyl 4-CF3 CHO -NHCO- CN4H
138 n-propyl 4-OMe CHO -O- CN4H
139 n-propyl 4-COOH CHO -S- CN4H
140 n-propyl 4-CON(Me)2 CHO -NH- - CN4H
141 n-propyl 4-SO2CH3 CHO -OCH2- CN4H
142 n-propyl 4-SO2NMe2 CHO -SCH2- CNgH
143 n-propyl 3-CF3 CHO -CH20- CN4H
144 n-propyl 3-OMe CHO -NHSO2- CN4H
145 n-propyl 3-COOH CHO -SO2NH CNgH
146 n-propyl 3-CON(Me)2 CHO -CH=CH- CN4H
147 n-propyl 3-SO2CH3 CHO -CO- CN4H
148 n-propyl 3-SO2NMe2 CHO -CH2- CN4H
149 n-butyl 4-CF3 CHO -NHCO- CN4H
150 n-butyl 4-OMe CHO -O- CN4H
151 n-butyl 4-CON(Me)2 CHO -S- CN4H
152 n-butyl 4-SO2CH3 CHO -NH- CN4H
153 n-butyl 4-SO2NMe2 CHO -CH2S- CN4H
154 n-butyl 3-CF3 CHO -SCH2- CN4H
3 455 n-butyl 3-OMe CHO -SO2NH-  CN4H
156 n-butyl 3-COOH CHO -CO- CN4H
157 n-butyl 3-SO2NMe2 CHO -CH2- CNgH

35
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14
the stilRene/pd33) With the Si rrrmns émth reagent as descri
Chem Soc. @lé 4256 (1959), or treat l,ng (132) wt rred,shga{o

di i odi de and copper powder as descrl be ‘3;— m Chem Soc., 101, 2139
(1979), or by treatment with the |rorch bg met hyl ene- transfer
reagent described in J. Am Chem So 16 173 (1979). 20
preparation of conpounds of fornula (I) is [err], -CF=CH, -CH=
-CF=CF- and [err] are depicted in Schene 21. A

5

X

Ex.No. R6 R7 R8 X

10 :
158 n-propyl % ﬂ COOH single bond
(o)
s 159 n-propyl % /@ COOH single bond
S

N
160 n-propy! ;:7(3 COOH single bond

S
20
| N \ |
161 n-propy! § /(;) COOH single bond
25 |

N
162 n-propy! § /(3 COOH single bond |

30 §
- 163 n-propyl 2/ \S COOH single bond

as 164 n-propyl % Z/ \5 COOH single bond .CN4H

This Sheet Has Been Rerlaced
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65_Schene 21 [err] 145

8y - 091/00277
¥ Table 5 (continued) PCT/US90/03683
N——R?
A \S
’LN R®
5
A
X@
Ex.No. R6 R7 R8 X A mp (°C)

| N
165 n-propyl : [ )\ CHO single bond COOH

15 : -E
N
166 n-propyl 2/ ) CHO single bond COOH

| | N
20. 167 n-propyl é [ » CHO single bond COOH
- .

168 n-propy! % 2/ y CHO single bond COOH

25

N
169 n-propy! % /[ ) cHo singlebond COOH

30

= N
170 n-propy! 2/ ) CHO single bond COOH
(o

I
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66 Vi nyl W@ SIVea27v des (137) and (14%)36 can be prepared by reaction ofM[berr
or [err] (DAST) with the appratre 8t gedngimngy(135) or (138) i P Gl USR0/R3683
bears a nmethyl group convertible to a benzyl'ic halide suitable 5 for
attachnment to an imdazole nitrogen, and Ar' bears a cyano, nitro, ester,
or other suitable group which can be sug |y converted to [err],
[err], etc. The Initially formed diflugrol hyl ene (136) and (139) can be
formed ij a non-pol ar sol vent such R8 R%e chloride 10 and

f

subsequently converted to the vinyl ene uoride by
. . A
' 0

o Ex-No. RE R7 R8 X A mp (og)

NP
171 n-propyl § *\/Nj CHO singlebond NHSO,CF,

15 't

- Z N
172 n-p_ropyl_ % {EN\J CHO single bond NHsO,cF,

N

“
| | -
173 n-propyl § /l;,N CHO single bond NHSO,CFs

L 4

20

25
Z

174 n-propy! % Xyt CHO  single bond NHSO,CF,

- Z
175 n-propyl % X

30

CHO single bond NHSO,CF,

35
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147

ﬂ@anJ“6¥9Hp@ﬁWna or converted dlrectly into the unsaturated fluoride by
runnjng the reaction in aTablars gedmanbedpch as tetrahydrBET/USY0/e8683 ye or
N npt hyl pyrrolidone In the presence of mneral acid. 15 [ EQuati ons a
and p]. Experinental details of such roc res are found in D.R "Strobach
and [G A. Boswell, J. Ora, Chem, T G A Boswell, U S. Patents
3,4%3,321 (1968) and 4, 212,515 (1 omn I n equation c) an

app

: &1
rogrl ate benzoin 20 *(141) IarI y converted to the
esponding 1, 2-difluorostil bene (14 ew Slf as shown in
| X© |

'Ex.No. R6 R7 R8 X A mp (°C)
~{10 .
L) o

176 n-propyl SN CHO -NHCO-  CNgH
15 ‘%

177 n-propyl @’° CHO -O CN4H

-propy . =)=

20 3

178 n-propyl §\©—0'© CHO -S- CN4H
25

179 n-propyl % /O CHO -CO? CN4H
. (o] :

0 180 n-propyl § ﬂ CHO -OCH2- CN4H
- S

35

L 4

N _
181 n-propyl s /&} CHO -CH=CH- CN4H

heet Has Been Reraced
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tetrafl uorodiaryl et hyl ene (145ib1t5|5n9c@ﬁ$]§uéu) [err]

equation opri ate benzil (1418 can be converted to a |
WO/ Exper i merftGl/ U§ap/43683 ] ¥

are described in N E Christy, et . Ned Chem, 20, (3),

421-430, (1977). Conpounds of forrrul al Were H;rr]
can be made as shown in Schene 22. 30 35

[err], [err], [err]

- k@@

Ex.No. R6 R7 A~ mp (oc)
10 —
N
' £}
182 n-propyl "i N CHO single bond CN4H
{
15

CH,

t/

. N

Z \

20 183 n-propy! CHO

Y
CH,

| N
2 BN
184 n-propyl i CHO

';l .
CH,

30 - ;‘3 '
185 n-propyl v*’LN CHO
b
35

“ﬁﬁ‘iimi‘i‘ilﬁﬂi"tiﬁiu

single bond CN4H

single bond CN4H

single bond CN4H




t he
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q

B

10

15

20

25

30

35

b [err] 68 As preyjously described, acid (10) can be made by
&aﬁ?ﬁgaﬁﬁe appropriate im dﬁ%l e wth nmethyl 4-chl or eagrimdobgsgpate in
presence of a base Stfgg]@% ?Pétﬂiﬁbm carbonate in a polar solvent such

N R7
y
RG A N R‘

Ex.No. R6 R7 RS X A mp (°C)

n—
e .
186 n-propyl "\, CHO single bond CN4H
|
H

/ \
187 n-propyl 'i’(,:}‘ CHO single bond CN4H
l .
. CH

3

N\

2/ ) |
188 n-propyl N'N CHO single bond CN4H

CH;

ya
189 n-propyl N'N CHO single bond CN4H

)
CH,

This Sheet Has Been Replaced
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t hyl f or manmi de fol | oned hydrol ysis of the resul wO
Corrpou;U& 02831 be converted to {348) by reaction with t eqw SI{Sé
ant ne ('146) (Rerr] may nequn@DCgcaﬁgtnqeaﬁd and subsequently deprotecte
and di cycl ohexyl carbodlim de ( ) in methylene 10 chloride [J. R
Beek, et al., J. Am Chem Soc, 90, 4706 (1968)] or by reaction with tosy
chloride in pyridine [J. H Brewster Cotti, Jr., J. Am Chem
Soc., 77, 6214 (1955)]. Yet anot her (D)gess i nvol ves conversion of °
carboxyllc acid (10) to its acidR% with, for exanple, thionyl
chloride followed by reaction . 5

"@
Ex.No. RS R7 R8 X A mp (oC)
10 1(

| \ |
190 n-propyl —XQ CHO single bond CN4H
15 |

R
191 n-propy! AN CHO singlebond CN4H

: L)
192 n-propyl Y >y~ CHO singlebond CN4H
|

| 193 n-propyl' ?"D CHO singlé bond CN4H
' m\m\ i



witf the anmine in aqueous base (Schotten-Baumann conditions) or in an
ty g W@ 940Tht in the presence W81 an acid scavenger suctP@EIUSEP/0B683
pyri dine or triet hyl ami ne, or by other procedures known to forman 20
asi de bond between an ar oT\aaiIIeCSa(nodtmﬂbcﬂn am ne. The conpounds where X=

[ery], [err], and -CH2NH2- can be made as shown in pathway b. The ester
(14p) is reduced with a reduci ng agent such as |[ithium al um num hydride in
an fnert solvent to formthe al cohoN R? (150) which can then be reacted
with tosyl chloride in pyridi neéso/ﬁi)‘r gsyl ate (151), which is in turn
5 '
A
O
* Ex.No. RS R7 RS X A mp (°C)
10
194 n-propyl /\‘/Q CHO single bond CN4H
15 !
A | | |
20 . 185 n-propyl ?—N_) CHO single bond CN4H
|
H

25 4 _) |
| 196 n-propy! 'IXN COOH single bond CN4H
L) c':u,

30 *’
197 n-propyl <Nj COOH single bond CN4H
cH,
35
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react ed i nwid¢y/p§psence of base with a correspondi ng phenol (152)

t hi ophenol. (153), or aniline (146: whege [err]=H) to form conpRulYdiSI0KB433

(155) or (156). Again 30 this may require that [err] be protected with

a suitable protecting group, hdaeles5 (rolitinged)i ons necessary because of

specific functional groups are understfﬁ)d toabe I ncor porated by one skilled

in the art of organic synthesis. 35 /« \
R6

N R®
s O,
C
Ex.No. R6 ‘R7 R& X A mp (oC)
10 o

198 n-propyl % /@ CH20H single bond CNg4H
O

15 199 n-propyl % ﬂ CH20H single bond CN4H
. S

N
20 200 n-propyl § /(3 CH20H single bond CN4H

N
201 n-propyl % /(3 CH20H single bond CN4H

Se
25
B
202 n-propyl % /(D CH20H single bond CN4H
30

203 n-propyl § 2/ \S CH20H single bond CN4H

35 : |
204 n-propyl i Z/ \S CH20H single bond CNgH
S

is Sheet Has Been Replaced
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'ively, t he al cohol (150) can be converted to the correspondi ng

op1/Aa0I7@rr], [err], etc. aggzthe resulting halide C?&ril{%'ﬂgﬁﬂsi eact ed
form

W¥phenol , thlophenol or anlllne in the presence of base
Sired corrpound wher 18 $S(clﬁffﬂued§e”] [err] respectively. Schene

7]
vy 1_

"@
: Ex.No. R6 R7 R8 X A mp(°C)
205 n-propy! 'é =C—H CHO single bond CN4H
205. n-propyl 'E'CEC-CH; CHO single bond CN4H

207 n-propyl '“?CEC-CH;;-CH:; CHO single bond CN4H

208 n-propyl! oE—CEc—cﬂz.Ph CHO single bond CN4H
/@ i '
209 n-propyl -{CH,) o CHO single bond CN4H

210 n-propyl -ca:cu/Q CHO single bond CN4H
)
211 n-propyl -caz-cH=ca’(s CHO single bond CN4H

212 n-propy! 2L~ “sé CHO single bond CN4H

35
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' I
Ib Corrpounds"dwa&OMa (I') where X= [ asa] and [err] may be prepared as ¥
ihown I n Scheme 23. As shown in equation a, sulfonyl chl ori de derf’%ﬂl’sﬁem B
57) can be reacted with anilinkebders atattmuedp8) in a solvent in the
it esence of an acid scavenger such as sodium bi carbonate, triethylam ne o
@y ri di ne or under Schotten-Baumann |ike cH iRfMs to give (159). ‘

jul fonyl chl oride derivative (157) can be/@b I ned by sul fonation of the
gor r espondi ng benzyl derivative as R‘
‘ O, 1
"@
Ex.No. R6 R7 R8 X A Jox!
10 K
| | (o) 3
213 n-propyl O O CHO single bond CN4H
~(CHy), 1
15 °CH=CH'CH2
214 n-propyl 2/ \ CHO single bond CNgH
S
215 n-propyl j
20 propy -cH, -CH_CH CHO single bond CN4H
3~c z
216 n-propyl Se. U J CHO single bond CN4H
25

él\c&c <
217 n-propy! O CHO single bond CN4H

30 . | |
218 n-propy! é'c%c CHO single bond CN4H

35 219 n-propyl ‘(CHZ)’UO CHO single bond CN4H

Sheet Has Been RTlaced
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100277 er, followed by reaction with [err] or [erp]. Likew se,
Y 74) may be reacted in thsssame manner as descri bBHTAIRRAPE0IEEE h
% chl ori de derivative (160) to give (161). Schene 24 shows the
tion of furan anal dablefs t(eentinueahy! conpounds (80). Thus.
get oester (162), W Werenga and H |. Skulnick, J. Ora, Chem, 44,
‘;79), or the corresponding nitrile (E=CN) can be easily al kylated via
@ d procedures already nentioﬂé%ify n al kyl brom de derivative to

c

8163). The al kene noi ety of 6 an be subsequently cl eaved
B‘ﬂu R®

“@é

Ex.No. R6 R7 A mp(°C)

/
: |
220 n-propyl /EN}! CHO single bond CN4H

-CH,-CH=CH

30

35
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by oxi dafpdirod29% exanple, with osmumtetroxide, Fieser angpdy/es96/038631 %WO‘
p. 812 (Lem eux-Johnson oxidation) to yielggglicarbonyl-containing conpound

164). Cyclization in.,mneral ,aci ds, acidic,I Qu-exchange resi

Eerr%/pygr/i di ne, or t?ﬁh?ggﬁgﬁ’d@gi@mﬂﬁ}mﬁﬂwaf@wéaac\g 5?39&9%;%9{ of
trifluoroacetic could begiréﬁafreddﬂyﬁﬁégpro%éauré?ﬁaekmnpté 1€164) with [err]
for exanple, wll yield the correspondi ng thi ophene (165: Z=S). Reaction o}
(164) with an anmine in refluxing benzenergW|élg azeotropic removal of water

or by using nolecular sieves to absorb the water will yield the
correspondi ng R,

Ex.No. Rg Rz Rs A mp (o
221 n-butyl ' \Nl CHO CNg4H
cls”
3
222 n-butyl N 'CHO CN4H
cls:L'
Z N
223 nbutyl 97N\ ' CHO CN4H

s

224 n-butyl % o CHO CN4H
o A

225 nbutyl- 3~ N\g - CHo CN4H

———
—
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Compounds (166) nmay be prepared from (165) by
on ( )Scheme 24 [ er r |PCT/UB90/03683

Z-N
h¥'§3Q%®§Zedur eR[se;Ir]rZaady descri bed.- 159

Table 6, continued.

4 | Ex.No. Rg Ry Rs A mp (°C)
y .
AN
226 n-butyl ; s CHO CNsH
&
227 n-propyl N | CHO CN4H
cls” '-L' '
- ] :
(°g 228 n-propyl N CHO CNgH
™ cls”.z';,
Z N |
229 n-propyl }'L, S C.HO CN4H |
0 -
230 n-propyl  £Ng COOH  CN4H
w AN
231 n-propyl j s CHO COOH
N
A
232 n-propyl ; S COOH  CNg4H
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"Conpound reis0.a methylene group is inserted between the
Maromat i cayw&g/@%%t he acidic functionalitypiS$®y be prepared as s o%ﬁdl%‘ss"’

Schene 25, equation a). Thus reduction of ester (167) with, for 5
exanpl e, |ithium alum num hydride, givesTable®lcdriidyedConversion of (168)
i to the chloride (169) via thionyl chloride followed by reaction with

| cyani de anion a nami ousim.describ yields nitril 170). npound (1
may be hydr ol yz?get'gﬁbar bo@?l i c aci ??171) by 10 R thodscé r eady Z&B(
. descri bed or reactetd—wth—a—hydrazei-c—aci-d—egui-val-en o—pHaduee—-e al e

(172).

N
I\
233 g/Ls_} CHoOH  CN4H

n-propyl

N
A3
234 n-butyl & o CH2OH  CNsH
- NZ
)\J |
235 n-butyl 4 COOH  CN4H
¥ / I
. g \N'N
236 n-propyl CHO CN4H

237 n-propyl \O/o COOH -NHSO2CF3

238 n-propyl s CHO  COOH
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Wein[err] is a trifluoronethylsul- fonyl hy ;llé% Ldi C
i“@ﬂgy grgup were prepared by the procedure descri bedgg’-i1 35%& b).

That §i s, 15 conversion-of ester (1 to the hydrazide (173) by
ard hydrazinolysis followed by reaction with triflic anhydride affords
zi des (174). 20 25 30 35 Table 6, continued.
Ex. No. Rs Ry Rs A mp (°C)
A
239 n-propyl ’3 Se CHO : CNg4H
A3
240 n-propyl '% o CHO COOH
T
241 n-butyl (o) o CHO CNgH
i



t 73 10 [ewd ofRo277

10

15

20

25

30

35

160
Example 242

Preparation of 2-%-Butyl-4-phenylthio-1-[(2'-(1H-
tetrazol-5-y1)biphenyl-4-y1)methyl]imidazole-
5-carboxyaldehyde

2-n-Butyl-4-chloro-1-[{2'-N-triphenyl-
methy) (1H-tetrazol-5-y1)biphenyl-4-yl)methyl]-
imidazole-5~carboxyaldehyde (synthesized as described
in European Patent Applicatfon Number 89100144.8,
published 7.19.89) (590 mg, 0.89 mmol, 1 eq), and
thiophenol (0.91 mL, 8.9 mmol, 10 eq) were added to a-
freshly prepared solution of sodium methoxide 1in
methanol (sodfum: 205 mg,8.9 mmol, 10 eq; methanol, 40
mt) and the mixture refluxed overnight under No. The
solvent was removed in_vacuo and the residue dissolved
in water (50 mL). The pH was adjusted to 10-12 with 10
N NaOH. Gummy solids (trityl group-containing
compound) formed which were dissolved by the addition
of ethyl ether (50 mL). The iayers were separated and
the aqueous layer extracted with ethyl ether (2 x 50

—————
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bidivgidyand unsubstituted 1,2,3-triazoles are descriiegdusdoasene 25.
5 reduction of ester (175) with a reducing agent such as |ithium -

i num hydride 5 or dil sobul§lal um num hydri de gives al cohol (176).
ation with [err] or pyridiniumchlorochromate converts (176) into

hyde (17k). Thiet paeaoy| baxerawds thew atragted witipredpaled by condensation
0 HI dfhtydﬁ a(cHleje gﬁt?’ ()] h[p.rfetrhgrt&h n Sdt%apé qggessez%éfrealggg ;il ysét, t10 f

. §H. Letcher ,an . P.. Sa ;I ., , . Reaction o
8) with oA eheds it g DHaRDad: ¢ fﬁ%,‘?ﬂ?’?‘af&!ﬂ%"?‘éi&), (N. S. Zefirov,

al ., vacuo to yield a residue which was redissolved in water

5 (50 mL). The pH was adjusted to 1 with conc. HCl1. A
' gummy precipitate containing product formed which was
dissolved in ethyl acetate (50 mL). The layers were
separated and the agueous layer was extracted with
ethy) acetate (2 x 50 mL). The ethyl acetate layers
10 were collected, dried (MgSO4), and the solvent removed
in vacuo to yield a white glass (200 mg).
Crystallization from hot n-butylchloride yielded a
white solid (142 mg): mp 1435-145.5°C. NMR (DMSO-dg)
5 9.82 (s, 1H); 7.80-761 (m, 2H); 7.58 (d, 1H, J=8Hz);
15 7.52 {d, 1H, J=8Hz); 7.45-7.20 (m, 5H); 7.09 (d, 1H,
J=8Hz); 7.03 (d, 2H, J=8Hz); 5.62 (s, 2H); 2.64 (t, 2H,
J=7Hz): 1.50 (t of t, 1H, J=7,7Hz); 1.25 (t of q, 2H,
J=7,7Hz); 0.80( t, 3H, J=7Hz). Anal. calcd. for
CCogHoeNg0S* (H20)g 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 in Table 7 can be made by
procedures described in example 242 and other examples
in this patent application and in EP 89100144.8
(pubtished 7.19.89) or by other methods familiar to one
25 skilled in the art.

30
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J. Chemw@agsogehem Conmm, 1001 (1971)) which may be transf% ﬂ Vi a 0 9/
procedures al ready descrlbed into 15 product (180) ﬁﬁz SvY?¥W3c
al so be converted into substituted 1,¥23-triazoles (183) via the sul fone §

(181). C. Beck, 0. Qunther Chem Ber, 106, 2758 (1973), followed by
reaction with sodi um azide to gi ve Tableq 1,2,3-triazole (182).
Subsequent standard mani pulations lead to 1, 2, 3-t ri azol es (183) where E=
and [err]. The nitrotriazole (183: E:I\gerr]) may be synthesized fromthe

unprotected triazole (179: P=H) vi Itration,

Ex.No. Rg Ry Rs A mp(cC) Y
243 n-buty! S ,@ | CHO COOH 142.5-143.5
244 n-butyl CHO s ,@ COOH " a
]
245 n-butyl SN CHO CNgH b
SH
246 n-butyl s /@ CHO COOH c
| N’j
247 n-butyl SNy CHOI CNgH
I G
) [
248 n-butyl SN\ CHO CNgH
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R ttel, et al., Chem Ber., 88, 1586 (1955), C. L. 25 n and
655 Mandes J. Chem Soc., 33 (1972), or from broﬁgﬁmg‘%z{:ﬁg?ene

ergvative (184), G Kh. Khlsanutd|nov et al., Zzh. Og. Khim, 11, 2445
(19%5), by reaction with sodlun1g ( A variety of protecting groups may
‘be gsed in the 30 mani platdei dnlOntinteddnove triazol es, anmpngst which is
theftrityl group. This group may be easily attached by reaction of the
tripzole with triphenylmethyl bromide or chloride in an inert solvent such

as thyl ene chloride in the presence of an acid scavenger such as triethyl

Ry

A
ExNo. Rs R7 'Re A mp (°C)
249 n-propyl -NHCOCH3 CHO CNg4H
# 250 n-propyl CHO . NHSO2CF3 CN4H
HO_~ |
251 n-propyl S75N : CHO' COOH

N/
252 n-propyl _s):,qj\ COOH COOH

S .
253 n-propyl 's_<\,,j CHpOH COOH

S
254 n-propy! 'S—<\N] CH20H CN4H

"I fiii\f\iﬁ m’i‘““’ ‘



’IUX|ng |n an aC|

éﬁ tyl group may be | ater renoved by
medi um such as triflu
or acetic aC|d/water

roaceti c aci

trityl group may al so be

75 stirring or
d/ wat er ,P %/03683 R

pal | adi um and

This Sheet Hag
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Ex.No. Re A mp (oC)
N-N
s—{ N
N
255 n-propyl @ CHO COOH
-1y
s N
256 n-butyl éﬂs CHO CNgH
CH,
257 n-butyl s— ] CHO = CN4H
o}
258 n-butyl ‘s"<\N] CH20H  CN4H



&P %w@@:&ﬁzrf 76 Scheme 26 [err]
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Table 7 {continued)
Ry
N
r o\
R{Lr—l-i Ry
- e
| ExNo. Re R7 Rs A mp (°C)
N=t
—N /N
259 n-propyl é CHO COOH
N=
260 n-propyl W\ _N CHO CN4H
N=N |
261 n-butyl —N\) CHO CNgH .
) MeOOC  COOMe
262 n-butyl —N N CHO CN4H
263 n-butyl  —N N ‘ CHO CNgH
264 n-propyl '"“s°2_® CHO  CNgH



The synt We©i93/60R7trifl uoronethyl-1,2,4-triaze is (190) is depicted in ‘WO 9
Schene 27..Acid chloride (186) is con\{gﬁt ed to aside (187) ug’iqéug?(yﬂéﬂﬁd w
procedures familiar to one skilled in e art. A preferred 5 protecting
group is the 2-propionitrile g‘tamg ierr]. Thus [err] can be synthesi zed
from (186) and [err]-am noprop t#ilcentiwed) Schot t en- Baumann i ke

condi ti ons, using aqueous base in an 'grgani c solvent to help solubilize
14 .

(186) and (187). N
AT

R¢ N "Ry

Ex.No. Rs Ry A mp (°C)
OH
265 n-propyl /@ CH20H COOH
-S |
266 n-butyl -§’© CHO COOH
] |
%.»@
267 n-butyl .S CHO CN4H

o
aNMR (DMSO-dg) 9 9.97 (s, 1H); 7.59 (d, 1H, J=8Hz); &.50-7.10 (m,
8H); 7.14 (d, 2H, J=8H); 6.91 (d, 2H, J=8Hz); 5.32 (s, 2H); 2.66 (t, 2H,
3;75{2)7;}41 .)58 (toft, 2H, J=7,7Hz); 1.28 (tof q, 2H, J=7,7Hz); 0.82 (t,
, J=7Hz).

bNMR (DMSO-dg) 3 9.80 (s, 1H); 8.41 (d, 1H, J=7Hz); 7.72 (d, 1H,

-J=7Hz); 7.55(d, 1H, J=7Hz); 7.49-7.25 (m, 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,

.31-*:’71‘-112)7;H1 .)57 (toft, 2H, J=7,7Hz); 1.29 (tof q, 2H, J=7,7Hz); 0.81 (t,
s U= 2Z). - )

CNMR (DMSO-dg) 2 9.83 (s, 1H); 7.72 (d, 1H, J=8Hz); 7.65-7.15 (m,
gH); 7.10 Ad, 2H, J=8BHz); 5.64 (s, ZW; 2.64 (t, 2H, J=’7le_?; 1.50 (tof ¢,
2H, J=7,7Hz); 1.23 (tof q, 2H, J=7,7Hz); 0.78 (t, 3H, J=7Hz).

TTTr——
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Am de (187)
3 P orq1yoax77phosgene t o nake an i m noyl
re cted with excess hydrazine.
tr§fluoromethyl -
n converted to 190 via bron1nat|on
pvi ously described. 20 30

PART A:

I's converted to am drazone (188) by reaction with

chl ori de whi ch pORPAUS90/G368 | S

is cyclized to the
1,2,4-triazole (383) with trifluoroacetic anhydride and 15
al kyl ati on and deprotection as

N/
' Ph:,cf %E’"

Example 268

Am drazone (188)

Preparation of 2-n-propy!-4-cyclobutylidenyl-
5-hydroxymethyl-1-[(2'-(N-triphenylmethyl-{1H-
tetrazol-5-y1))biphenyl-4-yl)methyl] imidazole.

{(7.42 g, 0.0155 mmol,

¥

'(B—Bromo—n—butyl)triphenylphosphonium bromide

2 eq) was suspended 1n THF (125

mL) and 0.75 M potassium hexamethyldisilazane' (41.4 mL,

0.031 mmol,

mixture

{5.00 g, 7.75 mmol,

turned blood red.

4 eq) was added at room temperature.

The

After 0.5 h, 2-n-propyl-5-
hydroxymethyl-1-[(2'-(N-triphenylmethyl-(1H-tetrazol-5-
y1))biphenyl-4-yl-methyl]imidazole-4-carboxaldehyde

1 eq) as a slurry in THF was added.

The mixture eventually turned into a yellow-orange
ion. After 24 h, the reaction was worked up by
adding a little methanol to quench, followed by ethyl

suspens

acetate

and water,

The layers were seperated and the

organic layer was washed with water (2X) and brine

(1X).

removed in vacuo, an

The organic laier was dried (MgSO4), and solvent
d the residue flash chromatographed
in 60:40 pentane/ethyl acetate to 100% ethyl acetate to

yield 4.12 g (78%) of a white solid:

182.5°C.

J=7Hz);

7.54 (t,1H,d=THz);

mp 181.5-

NMR (DMSO-dg) 6 7.78 (m,1H); 7.61 (t,1H,

7.48-7.20 {m,10H); 7.03

heet Has Been Replaced
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78 10 [e??I”“uuggrPertinent Rlerr] groups may be variously intro
many procedures including those descrilggl i n Scheme 28 whi ch descri bes
|n1dazole constructi on.
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(d,24,J=8Hz); 6.96-6.70 {m,BH); 5.99 (s,1H); 5.13
(s,2H); 4.97 (t,1H,J=7Hz); 4.21 (d,2H,J=THz); 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,34,J=THz). Anal.
{(C45HaaNg0e (H20) g 75) C, H, N.

PART B: Preparation of 2-n-propyl-4-cyclobutylidenyl-
5-hydro;&methyl-1-[(2‘-(1H-tetrazol-5—
yl)biphenyl-4-yl)methyi]imidazole.

2-n-Propyl-4-cyclobutylidenyl-5-hydroxymethyl-
1-[(2'-(N-triphenylmethyl-(1H-tetrazol-5-y1))biphenyl-
4-yl)methyl]imidazole (1.00 g), methanol (25 mL) and
THF (15 mL) were mixed and refluxed for 24 h. The
solvents were removed in vacuo and the restdue
immediately flash chromatographed quickly in 1:1
pentane/ethyl acetate to 100% isopropanol and
eventually to 100% ethanol to yield 320 mg of a light
yellow glass: NMR (DMSO-dg) & 7.59 (d,1H,d=7Hz); 7.54-
(t,IH,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,1H); 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); 1.53 (t of q,2M,J=7,7Hz);
0.86 (t 3H,J=7THz). Anal. (CpgHogNg0) C, H, N.
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oups so introduced nay stand unchanged-or Spcr/iidbg/daess urt her

Dor at ed appropriately functigpalized, according to nmethods famliar
"hose’ skllled in the art such as are illustrated in Schene 28. 20 25 35
utility

10

15

20

25

30

35

The hormone angiotensin II (AIl) produces
numerous biologfcal responses (e.g. vasoconstriction)
through stimulation of its receptors on cell membranes.
For the purpose of identifying compounds such as AIl
antagonists which are capable of interacting with the
AIl receptor, a ligand-receptor binding assay was

~utilized for the inftial screen. The assay was carried

out according to the method described by [Glossmann et
al., J. Biol. Chem., 249, 825 (1974)], but with some
modifications. The reaction mixture contained rat
adrenal cortical microsomes (source of AIl receptor) in
Tris buffer and 2 nM of 3H-ATI with or without
potenttal All antagonist. This mixture was incubated
for 1 hour at room temperature and the reaction was
subsequently terminated by rapid filtration and rinsing
through glass micro-fibre filter. Receptor-bound 3H-
All trapped in fiiter was quantitated by scintillation
counting. The inhibitory concentration (ICsq) of
potential AIl antagonist which gives 50% displacement
of the total specifically bound 3H-AIT 1s a measure of
the affinity of such cowpound for the AII receptor.
Compounds of this invention which were tested in this
binding assay exhibited ICsq of 10-5M or less (Table
8).

cet Has Been Re‘Iaced
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chenme 28 [ 11’(%0&7781 The 2-al kenyl i m dazol es (201) can be Pr e 089043683 vo
ron1nat|on of e 2-al kylim dazoles (199) followed by elimnation of
.hydrogen brom de. The brom nation Is preferably acconplished by

'W-irradiation for 1-4 hours 5 of inild&zol e (190) and

‘N- br onosucci nimde, in an inert Table 8

Angfotensin II Antihypertensive
Receptor Effects in renal

Binding Hypertensive Rats

5 ICgp Intravenous Oral
Ex. No. (smolar) Activityl Activity? .
1 0.013 + +
2 0.021 + . NT3
27 0.17 + NT3
28 0.35 NA NT
10 47 0.21 NA NT
242 0.024 4 +
243 0.28 NA NT
244 0.37 NA NT
245 0.024 + +
246 0.27 + NT
268 0.044 NT NT
15
1 Significant decrease in blood pressure at 3.0
_ mg/kg or tess
2 Significant decrease in blood pressure at 30
J mg/kg or less
1 20 NA - Not active at 3 mg/kg or 30 mg/kg dosage tested.
Although some of the compounds tested were not

active orally, they were active intravenously.
NT Not tested.
NT3  Not tested at 30 mg/kg p.o.
25

30

35
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H
SO[C‘ as carbon tetrachloride at 25[err]C. Treat
83t e %ydgl 'Z@B i ' - /l5§9o%’5%

rom de (200) with a bdke, such as DBU, triethylam ne,
pot apsiumt-but oxi de, affords the trans 2-al kenyl i m dazol es (201). CIS 10
al kepyl derivati vé@e(m@@\thﬂe apt Hppesteqsiom efkects aofs thekenyl compounds by

(563 o 1 o SEnBSATR A frhencih RegU yBRsicfELe by ofor ol dehyces
admlnlstering the compounds to awake rats made
hypertensive by ligation of the left renal artery

5 [Cangiano et al., J. Pharmacol. Exp. Ther., 208, 310
(1979)]. This procedure fncreases blood pressure by
increasing renin production with conseguent elevation
of AII levels. Compounds are administered orally at 30
mg/kg and/or intravenously via a cannula in the jugular

10 vein at 3 mg/kg. Arterial blood pressure is
conttnuously 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 antihypertensive effects of the compounds which were
tested. Some compounds of this invention exhibited
intravenous activity at_3 mg/kg and some exhibited oral
activity at 30 mg/kg (Table 8).

Dosage Forms

20 The compounds of this inventfon can be
adminfstered for the treatment of hypertension
according to the invention by any means that effects
contact of the active ingredient compound with the site
of action in the body of a warm-blooded animal. For

25 example, administration can be parenteral, f.e.,
subcutaneous, intravenous, intramuscular, or intra
peritoneal. Alternatively, or concurrently, in some
cases administration can be by the oral route.

The compounds can be administered by any

30 conventional means avatlable for use in conjunction
with pharmaceuticals, either as individual therapeutic
agents or in a combination of therapeutic agents. They
can be administered alone, but are generally
administered with a pharmaceutical carrfer selected on

35
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standard pharmaceutical practice.

For the purpose of this disclosure, a warm-
blooded animal 1s a member of the animal kingdom
possessed of a homeostatic mechanism and {ncludes
mammals and birds.

The dosage administered will be dependent on

the age, health and weight of the recipient, the extent -

of disease, kind of concurrent treatment, {f any,
frequency of treatment and the nature of the effect
desired. Usually, a daily dosage of active fngredient
compound will be from about 1-500 milligrams per day.
Ordinarily, from 10 to 100 milligrams per day in one or
more applications is effective to obtain desired
results. These dosages are the effective amounts both
for treatment of hypertension and for treatment of
congestive heart failure, 1.e., for lowering blood
pressure and for :orrectiug the hemodynamic burden on
the heart to relieve the congestion.

The active ingredient can be administered orally
in solid dosage forms, such as capsules, tablets, and
powders, or in liquid dosage forms, such as elixirs
syrups, and suspensions. It can also be administered
parenterally, in sterile liquid dosage forms.

Gelatin capsules contain the active ingredient
and powdered carriers, such as lactose, starch,
cellulose derivatives, magnesfum stearate, stearic
acid, and the like. Similar diluents can be used to
make compressed tablets. Both tablets and capsules can
be manufactured as sustained release products to
provide for continuous release of medication over a
period of hours. Compressed tablets can be sugar
coated or film coated to mask any unpleasant taste and
protect the tablet from the atmosphere, or enteric

————
——————
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natively, R err] groups may be introduced by netallation of a
SCWEN91/A8273z0l e or protected 2-nethylim dazol e fol | oweBCHAUSIONISBDN of
propriate el ectrophile as i I ludfPated in Scheme 30, equations a) 5

o1 R e e ARl TP R,
rt. Metaldatromtektimdldaradtes is described in KL Kirk, J. Og,
e % 370 U P RARE oy o s, 517 (1972
417 ]1985). contain coloring and flavoring to increase patient .
5. acceptance.
In general, water, a suitable ofl, saline,
aqueous dextrose (glucose), and related sugar solutions
and glycols such as propylene glycol or polyethylene -
glycols are suftable carriers for parenteral solutions.
10 Solutions for parenteral administration preferably
contain a water soluble salt of the active ingredient,
suitable stabilizing agents, and if necessary, buffer
substances. Antioxidizing agents such as sodium
‘ bisulfite, sodium sulfite, or ascorbic acid, either
15 alone or combined, are suitable stabilizing agents.
Also used are citric acid and its salts and sodium
EDTA. In addition, Jarenteral solutions can contain
preservatives, such as benzalkonium chloride, methyl-
or propylparaben, and chiorobutanol.
20 Suitable pharmaceutical carriers are described in
Reminaton's Pharmaceutical Sciences, A. Osol, a
standard reference text in this field.
Useful pharmaceutical dosage-forms for
administration of the compounds of.this invention can
25 be {1lustrated as follows:

Capsules
A large number of unit capsules are prepared by

filling standard two-piece hard gelatin capsules each

with 100 milligrams of powdered active ingredient, 150
30 milligrams of lactose, 50 milligrams of cellulose, and

6 milligrams magnesium stearate.

Soft Gelatin Capsules
A mixture of active ingredient in a digestible

oil such as soybean oil, cottonseed oil or olive ofl 1s

35 . prepared and injected by means of a positive

This Sheet Hag Been R,
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ndensat i awp 9f/e8zy®t hyl i m dazol e and appropriate el ectrophile t,“g
) With catalytic acid or base as describiddd in AR Katritzky FE% ; %

:Conpr ehensi ve 15 erocyclic em str 1. Peroanon
regg, N. Y., 1984 g?%ﬂ?ﬁ%“ﬂﬁbﬂﬂﬁl§“&hé¢%?ﬁ%F$érfqﬂﬂ§°EFKEA9F“MM|ch are
uitable for furtheapsallabosonita oming200®miBPigrams of the active

ingredient. The capsules are washed and dried.
' Tablets
5 A large number of tablets are prepared by
conventional procedures so that the dosage unit is
100 milligrams of active ingredient, 0.2 milligrams of
colloidal silicon dioxide, 5 milligrams of magnesium
stearate, 275 milligrams of microcrystalline cellulose,
10 11 milligrams of starch and 98.8 milligrams of lactose.
Appropriate coatings may be applied to increase
palatability or delay absorption.
Injectable
A parenteral composition suitable for
15 administration by injection is prepared by stirring
1.5% by weight of active ingredient in 10% by volume
propylene glyco]i The solution is made to volume with
water for injection and sterilized.
Suspension
20 An aqueous suspension {s prepared for oral
administration so that each 5 mitliliters contain
100 milligrams of finely divided active ingredient, 100
milligrams of sodium carboxymethyl cellulose, 5
milligrams of sodium benzoate, 1.0 grams of sorbitol
25 solution, U.S.P., and 0.025 milliliters of vanillin.
The same dosage forms can generally be used when
the compounds of this {nvention are administered
stepwise in conjunction with another therapeutic agent.
When the drugs are administered in physical
30 combination, the dosage form and administration route
should be selected for compatibility with both drugs.
Suitable dosages, dosage forms and administration
routes are illustrated in the following tables.

35
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84 ¥ch [err] Various 2-substituted im dazol es red by
B3re ‘ngﬁwggﬁ protected 2-trimethy|silylimdazole with §Q56$§§@F§ﬁ8

el gctrophile by the method describ¥d by F.H Pinkerton and S.F. Thanes, J.

Hety Chem 9, 67  gxamples of NSAID's that can be combined

with AII blockers of this invention:

, Dose
5 Drug (ng) - Formulation Route
Indomethacin 25 Tablet Oral

(2/3 times daily)

10 Meclofenamate 50-100 Tablet Oral
(2/3 times dally)

Ibuprofen 300-400 Tablet Oral
(3/4 times datly)
15
Piroxicam 10-20 Tablet Oral
(1/2 stimes daily)
Sulindac 150-200 Tablet Oral
20 (2 times dafly)
Azapropazone 200-500 Tablet Oral
(3/4 times daily)
‘25
30
35

——
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5 ich can be further el aborated as desired. pCF/US90/03683 WO 91/0
Alterna er err] may al so be intr ﬁced by ni ckel catalyzed
Cross- coupllng of Grignard reagents w 2- (net hyl t hi o) i m dazol es (Schemt

31) as described by Eyxga mﬁleﬂégelbtf @ﬂg.e'{r(\jy tﬁg{ &lnr@e combfgym Soc., Chem 10

Common, 840, (1982); nker Soc, Chem CbnnDn 637,
(1979); and H. Suglnura QHﬁﬁerBdﬁ]ththéﬁ¥”§d€“ Japan, 58, 664
(1985). The 2- (nethylth10)|n1dazoles can be produced by the procedure
described in GErnan Pat ent No. 2,618, 37 and 15 the references cited
t herei n. :
5 Drug : {mg) formulation Route
Benzothiadizides 25-100 (dafly) Tablet oral
(e.g. hydrochlorothiazide) -
10 Loop diuretics 50-80 (daily) Tablet Oral

(e.g. furosemide) ' E

When used with an NSAID,. the dosage of AIl ' :
blockers will generally be the same as when the AIl
15 blocker §s used alone, 1.e., 1-500 milligrams per day,
. ordinarily from 10 to 100 milligrams per day in one or
more applications., When used with diuretics, the
initial dose of AIl blocker can be less, e.g., 1-100 -
mitligrams per day and for the more active compounds
20 1-10 milligrams per day.
It is expected that the Eompounds of this
invention will also be useful fn the treatment of
chronic renal failure.

25
30

35
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gehedewdioRfo5 [ ERR]

can

86 As shown in Schenes 32-36 el aboration of [err]

e acconplished by sone of the procedures described i nPEEHESNL0388Hnd
y chain extension reactions fam RfAr

28,
CLAIMS:
1. An antihypertehsive compound of the
formula;.
N Y4
5 T‘-_/H
/ -.l‘_ns
AP
T
(CHp), C
10 '
/
RI—{T_ I
5
X
| Re R
15
(09
¥
wheresin
20 R g
- 15 4-COMH;: 4-COR? -0=S-OH: =g
2 o ﬁ OH; SO3H;
o] _
—=C(CF3),0H; .0 b 9
3A0H; . -II’-OH; =POyH, ; -NH-!"-OH:
4 —NHSO,CHj ; 4-—NHSO;CF;:. ~—CONHOR2:
OH O
" Pl N
—s NH: bl P d v ‘
O2NH; 927 l" OH 3’(N/N ’
R OH H
35
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B those ski 639'/0&1?771 he art, or by degradation reactions 5 such as

bnver sign of an ester to an acid or an al kene to an al dehyde. PCT/US90/03683
pecifically, the hydroxymethyl group canlbg activated for the displacenent
feaction by reacting with thionyl chloride, [err] or with carbon tetra- 10
hl ori de/tri phenyl phosphine to forma corresponding chloro derivative. By a ’

imlar reaction bromp gad Jodo derivativeg can he obtai ne&, ThgF

jydr oxymet hyl group can Is'% be activgted foy Rm ng the co ondi ng p-
ol uenesul f onate, net sy/Nonate an -&r ’ omet baned4-X F 3

: N . -7~ R

H 2

5 R R% F

0
[}
10 -HNC
)00 “0 \/
Rla .
HOE x\ R®
o]
15 N—N
L X oot
4-CONH™N\\#" ; 4—CONHNHSOCFy;  4~CONH=CHCH;CeHs ;
¥ . .
H (L-isomer)
| - Ho,c - R" _
20 / 5 / 7\
4.CO-N (L-isomer) ; 4 A :
27 R 4 {N)\CFg '
CO.H H .
' RIG Ke; R‘a
N=N & /m
25 4 -g/m 7 4-X : 4 -N ——R 3
‘ X
R S o R

O

" I / R®
or =C - NHSO; — (CH;).—@ s

30

RZ is H: C1; Br; I; F; NOp; CN; alkyl of 1 to 4 c-arbon

atoms; acyloxy of 1 to 4 carbon atoms; alkoxy of 1

to 4 carbon atoms; COpH; COZR9; NHSO2CH3; NHSOCF3;
35
\_
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15 sul fonate derivatives. 20 25 30 35 Schene 32 [err] 5
legy -] WO 91/00277 PCT/US90/03683
179
N
CONHOR'Z; SO,NH, ; ,(N,,q . aryl; or furyl;
H
5 R3 1s H; €1, Br, I'or F: alkyl of 1 to 4 carbon atoms
or alkoxy of 1 to 4 carbon atoms;
RY is CN, NO, or COpRlL;
R> is H, alkyl of 1 to 6 carbon atoms, cycloalkyl of
3 to 6 carbon atoms, alkenyl or alkynyl of 2 to 4
10 carbon atoms; |
RO is alkyl of 2 to.10 carbon atoms, alkeny! or alkynyl
of 3 to 10 carbon atoms or the same groups
substituted with F or C02R14: cycloalkyl of 3 to 8
‘ carbon atoms, cycloalkylalkyl of 4 to 10 carbon
15 atoms; cycloalkylalkenyl or cycloalkylalkynyl of 5

to 10 carbon atoms; (CHp)sZ{(CHp)yR® optionally
substituted with € or C02R14; benzyl or benzyl
substituted on the phenyl ring with 1 or 2 halogens,
alkoxy of 1 to 4 carbon atoms, alkyl of 1 to 4

20 carbon atoms or nitro;

R7 1s vinyl; cycloalkylidenyl; alkynyl of 2-10 carbon
atoms; phenylalkynyl where the alkynyl portion {s 2-
6 carbon atoms; heteroaryl selected from 2- and 3-
thienyl, 2- and 3-furyl, 2-, 3-, and 4-pyr1dyl, 2-

25 pyrazinyl. 2-, 4-, and 5-pyrimidinyl, 3- and 4-
pyridazinyl, 2-, 4- and 5-thiazolyl, 2-, 4-, and 5-
selenazolyl, and 2-,'4-, and 5-oxazolyl, 2- or 3-
pyrrolyl, 3-, 4- or 5-pyrazolyl, 2-, 4- or 5-
imidazolyl; o-, m- or p-biphenylyl; o-, m- or p-

30 phenoxyphenyl; 2-oxazolinyl; 2-thiazolinyl;
substituted phenylalkynyl, heteroaryl, biphenylyl or
phenoxyphenyl as defined above substituted with 1 or
2 substituents selected from halogen, hydroxy,
mercapto, alkoxy of 1-5 carbon atoms, alkyl of 1-5

35 carbon atoms, -NOp, -CN, -CFj3, -CORIG, -CH20R17,

| H[I\lll NI Thlsﬁimii"ﬂnl im"
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As SQﬂ&@ | henme 32, the hydroxyl group cal. [err] con ?%P
®'thi ol acetic aé{ 2 erivative (215), J. Ygglauthier, Jet, Lett,¥§g; é%@¥$3

:'?and to thiol derivative (216) by subsequent hydrolysis. 5 The
hydr oxynet hyl group qmcowh’gougm;(l!}ﬂw'cegreop'qzlﬂgamd goémilakt%;d to an al dehyde

Zgroup by means of an;%ra}‘rt]‘g?ﬁ.dI;):C/)t)‘(ali%‘?y?rorc?lrn*tfaz%'fwngsuglpilnteaagb%'veThe

5 substituted on ring nitrogen with alkyl of 1-5
carbon atoms, phenyl or benzyl; or substituted

5 alkyl, atkenyl, or alkynyl of 1 to 10 carbon atoms
substituted with a substituted or unsubstituted
heteroaryl, biphenylyl or phenoxyphenyl group as
defined above; -S(0)p-heteroaryl, -S-{0)p-
biphenylyl, -S(0),-phenoxyphenyl, -S-tetrazole,

10 -S(O)rR17. -NR1ER19, ~NR18-heteroaryl, -NR18_pheny1,
-NRIa-biphenylyl. -NRla-phenoxyphenyl, -N-
phthalimido, -NH-SO2-phenoxyphenyl, -NH-SO2-
heteroaryl, -NH-SOp-biphenylyl, -NH-SOZ-R17, and
-S-(C=0)-R!7, N-imidazolyl, N-1,2,3-triazolyl,

15 N-1,2,4-triazolyl, where heteroaryl is a heterocycle
defined in the scope of R? and where the pheny)
group in R17yof -S-(O)rR17, the N-imidazolyl, N-
1,2,3-triazolyl, and N-1,2,4-tr1aioly!s may be
substituted with one or two substituents as

20 described above for heteroaryl;
0
R fs - (CHp)p-1CH-RI1 : -(CHp)q0CR; -(CHp),SRIS;
L1 o
25
?14 0 0
~CH=CH(CHp) sCHOR15; ~CH=CH(CH2) sCR16; -CRIS;
0
30 -CH=CH(CHp) sOCR!1; -(CHp)p-tetrazolyl;
0 Y
(CHp) s-CH-COR16; - (CH2)nCR1B; - (CHp) OCNHRID;
CH3
35 Y 0

-(CH) oNRIICORIO; - (CHp) NRILCHHRIO; - (CHp)4NR11SOLRIO;

AR A | ”"""W]ﬁﬂ”ﬁ}ii}d




583 b

d

n

ehyde group will undergo chain extension reactions sRCHUSS00BE3Wttig
Wdiveg2g7 Hor ner reactions and ter 10 into typical carbon-carbon

« form ng reactions with Gignard and lithiumreagents as well as with
npounds beari ng activateq met hyl ene groups. Alternatively, the
droxynet hyl group can be ,oxidized directly to an acid functionality which
nin turn be con(@[ﬁ)@,&ki’(ﬂﬂégter 15 and am de derivatives. The esters
d am des can be prepared di.rectly fromthe al dehydes by nanganese di oxi de
idation in the presence of sodium cyanide and an al cohol or amne, J. Am
em Sec., 90, 5?@5 §1968)

> Lo 21
RY ts -CH-OCRY;
p10 is alkyl of 1 to 6 carbon atoms or perfluoroalkyl of 1 to 6
carbon atoms, 1-adamantyl, 1-naphthyl, 1-(1-naphthy!)§thyl, or
(CH2) pCeMs; , |
R11 s Hp alkyl of 1 to 6 carbon atoms, cycloalkyl of 3 to 6
10 !

carbon atoms, phenyl or benzyl;
r12 is H, methyl or benzyl; .
RI3 is -COpH; -COZRY; -CHpCOM, -CHaCOZR™: or

0 r20
. -E-uﬂsoz—(caz)s4<:23f

0 0 v 0
_0-S-0H; -0-P-OH; -SO3H: -NHP-OH
% | éH y NHCOCF 43
. NHSO,CFai - 5t
? POy ~CCF3) O ~NHSO,CHy: £F3
_conaoR?; -80NBg; gi__ o L{N .
| RZ OH &m
; 25
* ,Z-— Y . o [ —‘N . . CONHNHSO;CF;
i -C
. « CHZ ;{ | ¥
" /@““
f M CFa Y
H
t -
| 35
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ER

and J. (C), 2355 (1971). 20 As shown i t eWC
chl or| ne §?"®%§Bund (25) can be displaced by the ani on of géﬂzyl 3?onat

to’ glvé t he correspondi ng nmal onate del8%ative (217). The saponification of
(217) with NaCH ( ? KOH) gives the correspondi ng diacid which can be
decar boxyl ated t® {)li\seﬂz&)kyl tdve pepfiuespaikgl naf dr bpidwiacbarci d derivative

bt nedl by T ef L uxi iRt A1 W oS kg B clrtd? SRl BRIChECS 1Y
acid. The free aci d¢f2%B) can be esterifted by heating in a medium of the
various RY5 s 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 i H, alkyl of 1 to 6 carbon atoms, cycloalkyl of 3
to 6 carbon atoms, (CHz)pCeHs, ORY7, or NRIBR!Y;
R17 s H, alkyl of 1 to 6 carbon atoms, cycloalkyl of 3
10 to 6 carhon atoms, phenyl or benzyl;
RI8 and R19 independently are H,  alkyl of | to 4 carbon
atoms, phenyl, benzyl, a-methylbenzyl, or taken
together with the nitrogen form a ring of the
formula

15 Gg*hh
.-hk\__./}:
Q is NR20, o or CHZP
R20 {5 H, alkyl of 1-4 carhon atoms, or phenyl;

20 R21 s alkyl of 1 to 6 carbon atoms, -NR22R23,
or -CHCHZCOZCH3:

NH>

R22 and R23 {ndependently are H, alkyl of 1 to 6 carbon
25 atoms, benzyl, or are taken together as (CHp)y where
u {s 3-6;
R24 1s H, CH3 or -CgHs:

R25 15 NRZ7R28, OR28, NHCONHp, NHCSNHp,

30

R26 {5 hydrogen, alkyl with from 1 to 6 carbon atoms,
benzyl, or allyl;
35 ' R27 and RZ8 are independently hydrogen, alkyl with from
1 to 5 carbon atoms, or phenyl;

This Sheet Has Been R
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‘acids such as HO or

. . |
nd a catalytic amount of mnera _
égqlf ur ﬁgﬁgé%@ gi ve the correspondi jgg esters (219). Alter patryysdnoidss

ester _
corregpondi ng

DDQ o EEDQ.
di sub titu;ed
react fon mnth

5

10

15

20

25

30

35

N Hllslﬂl—!lf_ Ll

can be obtained by reacting the free acid (218) and the

reagents such as 35

S 0 1 RITHTRGRS P il S s 3
QmSIng% %*QUMSthmacer{({ﬁﬁmi ng am des (220). A simlar
R31 qs y, alkyl of 1 to 4 carbon atoms, -CHpCH=CH, or
-CHpCGH4R32;
R32 s H, N0z, NHp, OH or OCH3;

X 1s a carbon-carbon single bond, -CO-, -CHz-, -0-, -S-,

-NH-, -N- , -CON- + -NCO-, -OCHp-, -CHy0-,
Azs Aza p23

~SCH,-, -CH,S-, -NHC(RZ7) (r28)-, -NR23SOZ-.

-SOZNR23-, - (R%7) (R%B) -, ~CH=CH-, -CF=CF-,

~CH=CF-, -CF=CH-, -CH,CH,,-, ~CF,CF -'//fifi\\

or!*  ocorl? 25 R2% 30
" \/
-CH- , -CH- , -C-  or -C-

Y is 0 or S; ¥
Zis 0, NR11, or s;
mis 1 tos;

is 1 to 10;

is 0 to 3;

is 2 to 3;

is 0 to 2;

s 0 to 5;

s 0. or 1;

'nm"s.ot:s

or a pharmaceutically acceptable salt thereof;
provided that:

(1) the R! gfoup 1s not in the ortho position;

R“

(2) when RI is x-{<7ﬁ§ » X is a single bond,
=Ny
Rz R

This Sheet Has Been R
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. . . ' WO
vari ous rwOcHpee13 produces the corresponding thioesters. 5 PCT/US90/036g3 W
¢ Schema 33 [err] [err] 90 As shown in henme 34, the chloro group on (23
; can be di splaced by the sodiumsalt or potassiumsalt of

N—N
13 % then
and R*” s COH, or A N

N
H

be in the ortho or meta position; or when Rl
and X are as above and R13 is NHSO0,CF3 or
NHSORCH3, R13 must be ortho;

R'13 must;

Rﬂ
10 _ 1 \
(3) when R® 1is x‘{ s and X is other than

i
li . a single bond, then R13 must be ortho except
15 when X = NRZ3CO and RI3 1s NHSO,CF3 or
NHSO0oCH3, then RI3 must be ortho or meta;
(4) when Rlvis 4- -COoH or a salt thereof, R6 cannot
be S-alkyl;
(5) when Rl {s 4-COoH or a salt thereof, the
20 substituent on the 4-position of the imidazole
. cannot be CHoOH, CHpOCOCH3, or CHpCOH;

CF3SOHN

(6) when Rl is NG O‘O , RG {s not methoxy-

25 benzyl;

(7) the RS group is not -?HCHZCHZCH3 or CHpOH;
F

10 2. A compound of Claim 1 having the formula:

{ @
35

Rl . S
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th

tr

am
to
et

[er
hal

al kyl, aryl or arylal kyl nercaptans to give the corrggPﬂggg If|de
glne

|waxwquzzl) The am ne 5 derivative (222) can

ating (25) with ammonia or wi t h 18ge correspondi ng nono-
nes. Alternatiyely, the chloro group nay be dis- placed
gi ve an azWherSht er nedi at e which upon reduction pnth [e

substltuted
by sodi um azi de
rr] over a noble

al catalyst 10 or mnth a redUC|ng nt such s chro us chloride (W
\\ar bur t on, 19 wields (2 re [err] and
r] are hdeo &ﬁ% §6BEFQ uenth/ | kyljated with al kyl
| des, or
5
f 813
10 RO is 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 substituted on the phenyl ring with up to
two groups selected from alkoxy of 1 to 4 carbon atoms,
halogen, alkyl of 1 to 4 carbon atoms, and nitro;
15
0
R8 is -(CHp)g-tetrazolyl, -(CH2),0RMY; -(CHp)L0CR4;
pl4
0
cr16 | 15
-CH=CH(CH2) gCR*®, -CH=CH(CHp) gCHOR'?;
20 0 - 0
- (CH2) nCR16; - (CHp) pNHCORTD; - (CHR) pNHSORRID;
0
or -CR‘G:
N—N
. pl3 9 ‘J[\ -
25 R*? 1s -COzH, -CO2R%, NHSO2CF3; SO3H; or N"l i
H

R16 is H, alkyl of 1 to 5 carbon atoms, OR!7, or NRIBR1Y.

X 1s carbon-carbon single bond, -C0-, -CON-,
30 A23
-CHpCHp-, -NCO-, -0CHp-, -CHp0-, -0-, ~SCHp-,
r23

~-CHpS-, -NHCHp-, -CHpNH- or -CH=CH-;

35
or a pharmaceutically acceptable salt thereof.
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redgq{,&)%}mﬁ; kyl ated wi th al dehydes and ketones to gi ve pEr/us90/8348%!

derivatives of (222).

WO ¢
The am nes {@g2) are converted to the correspondin

carbamat es (224). sul fonam des (225) ani des (226) or ureas (227) by
standard procedur s iAlasgpoundedfitiafmiewhedeimand fam liar to one skilledf{in
the art. 20p25i3M, alkyl of 1 to 4 carbon atoms, halogen, or
alkoxy of 1 to 4 carbon atoms;
RO is alkyi, alkenyl or alkynyl of 3 to 7 carbon atoms;
5
R7 is heteroaryl selected from 2- and 3-thienyl, 2- and
3-furyl, 2-, 3-, and 4-pyridyl, or p-biphenylyl
10 Z l O .
-S , - :
\N S
15 pl4
0o ‘; 5
R8 is -(CHp)mORIY; -(CHp)-OCRI4; -CH=CH-CHORLS; z
¥
0 0
- (CHp) mCR16; -CHoNHCORIO;
20
- (CHo) NHSOR10;  or -COR1S;
R10 is CF3, alkyl of 1 to 6 carbon atoms or phenyl;
2 R is H, or alkyl of 1 to 4 carbon atoms;
R13 15 COpH; COpCHoOCOC(CH3)3; NHSOoCF3
s
or i
A i
N
H
30
R14 s H, or alkyl of 1 to 4 carbon atoms;
RIS §s H, alkyl of 1 to 4 carbon atoms, or acyl of 1 to 4 carbon
atoms;
35
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kerr]
e i
with

reagepts will Xl€|% ah%

34 (Cont'd) [err] 30 shown in ??
T\é%zéﬁﬁﬁﬁ and/or 5-position contains an aldehyde (Zf n@%ﬁﬁ&£@§2t|on

br ganonetal | i c reagents such asl®& ui gnard or aIkyI/arylllthlum

ky -o# tg 5 carbon atoms; 0R*7; or
l"" /C H

5 mis ) to 5;

X = single bond, -0-; -CO-; -NHCO-; or -0CHz-; or a
pharmaceutically acceptable salt thereof.

, 4. A compound of Claim 3 wherein Rl {s
13

10 R 2
_ _x_:zi:i§ and X 1s a single bond, or a pharmaceutically

suftable sé]t thereof.

15 5. A pharmaceutical composition comprising a
pharmaceutically suitable carrier and a compound of any
one of Claims 1 through 4,

6. Pharmaceuttcal composition of Claim 5 which
20 additionally contains a diuretic or a non-steroidal
antiinflammatory drug.

7. A method of preventing renal faflure in a
warm blooded animal resulting from administration of a
25 non-sterotdal anti-inflammatory druQ (NSAID) which
comprises adminfstering, stepwise or in physical
combination with the NSAID, a compound of any of Claims
1 through 4 in an amount effective to prevent renal

failure,
30
8. A method of treating hypertension in a warm -
blooded animal cdmprising administering to the animal {n
an amount effective to lower the animal‘s blood pressure
a compound of any of Claims -1 through 4.
35

ee—
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3

f whi ch i n WO/688§7 be transformed into a variety of other fun®gmosbelossss
# f ami-1 irar.to one skilled In the art. 1883 Schene 36 [err] As shown in

f Scheme 37, ester
. 233 wi th NaCN,

' (1968)

10

15

20

25

30

35

L _ il

234 m? ﬁg obt ai ned 25 y di rect oxidation of al dehyde
[err] Tn Nethednsf (ledmcl whergin acdiunetig 1spn. chem Soc.

administered to the animal prior to or simultaneously
with the imidazole compound.

i

10. A method of treating congestive heart failure
in a warm-blooded animal comprising administering to the
animal a compound of any one of Claims 1 through 4 in an %
amount effective to correct the hemodynamic burden on i
the heart to relieve the congestion. ;

11. A process for the preparation of a compound
of Claim 1 wherein r is 1 which comprises contacting an
imidazole derivative of Formula 1 with a benzyl
derivative of Formula 2 1n a solvent in the presence of
a base for about 1 to about 10 hours at a temperature in
the range of about 20°C to th& reflux temperature of the
solvent to form a benzylimidazole of Formula 3:

R

R cit X! &5

R
iﬂ, Y —
R

RS

© e et

=
R
H

2 o

wherein each of R!, RZ, R3, R6, R7 and R8 s stable
under the reaction conditions and is a group as defined
in Claim 1 or an intermediate or protected form thereof
which can be transformed to such a group and wherein X!
is halogen, p-toluenesulfonyloxy or methylsulfonyloxy:
and thereafter as necessary transforming said
intermediate or protected forms of the R groups to R
groups as defined in Claim 1.

 F'E)

1 " R
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90, ¢ , dation of 233 with NaCN, [err], and an am Us90/0B6§3AN0
8 e 3%@’?"{?1@%orrespondi ng am de 233¢(G I man. N W Chemr}e%:)mn (1971)

733f. 30 35 94 Schene 37 [err]
12. Process of Claim 11 wherein compounds 1 and 2

are contacted in the presence of a base selected from
the group consisting of a metal hydride (MH), a metal
atkoxide (MOR), sodium carbonate, potassium carbonate,

5 triethylamine and pyridine, {n a dipolar aprotic solvent
or, where the base is MOR, the solvent can be an
alcohol, ROH, where M 1s lithium, sodium or potassium
and R is methyl, ethyl or t-butyl.

10 13. Process .of Claim 11 wherein a two-phase solvent
system, one an organic phase such as methylene chloride
and the other an aqueous phase, is used in the presence
of a phase transfer catalyst such as

ﬁ tricaprylmethylammonfum chloride.
15
14. Process of Claim 12 wherein: Rl 1s
w
13
20 1 T
2 \\3 R R

\

X is a carbon-carbon single bond, -CO-, -0-, -SQ, or
25 "~NH-; , ~ _

R2 and R3 are each independently H, C1, Br, I,
C0pRM4, F, NOp, alkyl of 1 to 4 carbon atoms,
alkoxy of 1 to 4 carbon atoms, aryl or furyl;

R6 and R7 are as defined in Claim 1;

30 RB is —(CH2)nOR1Y; -(CHR)aSRI3; or -(CHp)pnN;

R1! is as defined in Claim 1;

RI3 s C02R14. CN, NO», trialkyltin tetrazole,
or trityltetrazole; and

R14 and R15 are as defined in Claim 1.

35
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25 ification of ester 234 will lead to carboxy | 6
WO SRR - Ra8§dfaed F

Al dehyde 233, in turn, may be nade frpgp t he correspondi ng al co
variety of methods famliar to one skilled in the_art, inc{uding pyri di um
30° chl or ochr ot e 16pAYocesneafn Chatdn dérvwheraimiiBuhs niCOpRI%E ( CAN)

oxi dations. Li KQWyS@e FP@dm%#%%m Qyp{ %éxg% eﬁlyvéiam dazol e derivative

[err] may undergg*the ransformations to ester, carboxylic
aci d and car box@ik 38 an agpeoyshaicalwdic sedverthorowtdh £hakeHf or the

al kyl ated case. at a temperature in the range of about 20°C to the
5 reflux temperature of the solvent for about 1-24 hours,
followed by adjustment of the pH of the mixture to a
value in the range of 3 to 7, to convert the product to
the corresponding product wherein.R13 1s -CO2H.

10 16. . Process of Claim 15 wherein at least one of
R2, R3 or R13 in Formula 1 s -C02R14 and is converted
to -CO2H.

17. Process of Claim 15 wherein R14 1s t-butyl
15 and the reaction is conducted in CF3CO2H.

18. Process qf Claim 14 wherein R13 is -CN and
the product of Formula 3 is contacted with (i) a strong
acid at reflux temperature of the solvent for about

20 2-96 hours or (ii) a strong alkall in 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
(ii1) sulfuric acid followed by acid or alkali, to

25 convert the product to the corresponding compound
wherein R13 is -CO2H.

19. Process of Claim 18 wherein at least one of
RZ, R3 or R13 is -copR! and is converted to -COH.

30
20. Process of Claim 18 wherein RB s - (CHp)pCN
and is converted to -(CH2),CO2H, or 1s'-(CH2)n0Rll and
is converted to (CH2),OH when R13 {s converted to
-COoH.
35 '
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95 ounds 228 (where Ar = p -biphenylyl. p- phenoxyphenyl, or
Ret erpat¥P IY09&Y as described in the scope under the deflnlﬂKBHU§?°¢@@§%])
can b prepared by the coupling of anl®ylnetal derivative (ArH, where

H=ZnBf, 5 [err], [err etc.) with a hal oi m dazole 237 in the presence
of a fransition netal lca%’e'ﬂcﬁﬁ @ugﬁﬁblﬂaﬁﬁl%ﬂl’ﬁ 8123 1&kON and at i num

zircopium etc. th&PyAct of Formula 3 is contacted with a mixture of
equimolar amounts of sodium azide and ammonium chloride
in a polar aprotic solvent at a temperature in 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 R13 is
5-tetrazolyl.

10 22. Process of Claim 21 wherein RB is -(CHp)nCN
and s converted to -{(CHp)py-tetrazolyl when RI3 is
converted to 5-tetrazolyl.

A 23. Process of Claim 14 wherein R13 s -CN and
15 the product of Formula 3 is reacted with trialkyltin
azide or triaryltin azide followed by acidic or basic
hydrolysis to convert the product to the corresponding
compound wherein R13 ts 5-tetrazolyl.

20 24, Process of Claim 14 wherein R13 1s -CN and
the product of Formula 3 is reacted with trialkyltin
azide or triaryltin azide to produce a compound of
Formula 3 wherein R13 s trialkyl or triaryl stannyl
tetrazol-5-yl, the latter compound {s reacted with

25 triphenylmethyl chloride to produce a compound of
Formula 3 wherein R}3 is triphenylmethyl-tetrazol-5-y1,
and the latter compound is hydrolyzed to produce a

" compound of Formula 3 wherein R13 s 5-tetrazolyl.

30 25. Process of Claim 23 wherein R8 is
=(CH2) nCN and is converted to -{CHz)g-tetrazolyl when
R13 §s converted to 5-tetrazolyl.

26. Process of Claim 14 wherein R13 is -NO2 and
35 the product of Formula 3 {s contacted with a reducing
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38a). Alternativeli an i mdazol e netal derivative 239 can be §Qﬁgb§$ }o an
aryl hal i 4e¥PP1%234r e 238 (Schene 10 8b). The aryl methyl dériyarPiPaess
240 can be prepared enpl oyi ng the transi%i on net al catal ysed coupling of

237 and an aryl et I errl A t S own in Schene
38c. 15 Q@o‘ﬁg%@ fé’g“z feﬁ%?/mg‘igﬁi"geeg’é?é%,°?a§°%¥‘é’s'§r?E@d I n Schene
38d, by the coupl WhitrhoR arisaNianghd the hatdeirnys mentactedr witht dbe (AM or the
corresponding al Kgagyd?idé! (H5S0/)20) oVi(EPF3503§ 20 or a chloride
CH3S02C1 or CF3S02C1 of sulfonic acid in a solvent to
5 produce a compound in which R}3 is -NHSO,CH3 or
~NHSOoCF 3,

i : 27. Process of Claim 26 wherein at least one of
RZ, R3, or R13 is -NO2 and is converted to -NHSO>CH3 or
10 -NHS02CF3.

28. Process of Claim 15 or 18 wherein the
compound of Formula 3 with R13=C02H either
* (a) 1s contacted with about 1-4 'equivalents
| 15 of thiony! chloride in excess thionyl chloride or
! _ another solvent at a temperature in the range of about
i 20°C to the refluX 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 is contacted with about 2-10 equivalents of
hydrdxylamine derivative HZNOR‘2 in excess
hydroxylamine derivative HoNOR1Z or other solvent, at a
temperature in the range of about 25-80°C for about
2-18 hours, or
25 (b} 1is contacted the hydroxylamine
derivative HoNOR!Z, dicyclohexylcarbodiimide and
1-hydroxybenzotriazole in a solvent at a temperature in
the range of about 0-30°C for about 1-24 hours;
| to provide a compound in which R13 {s

30 CONHOR1Z,

35
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nalk | ated i m dazoles (1, where 20 [err]

rgaéiﬂzgggupllné reactions descq@éed I n Schene 38a-d [ngnkgpgﬁéﬁ%es to
trawsltlon nmetal catalysed coupling reactions, see: Richard C. Heck
Pal ] adi um Reagents py Opgaddss oy ikemi B, wﬁ@ﬁdgm qlPgess, New York, Chapters
6, F, and 8. and references cited 25 therein.] The conpounds of formul a
| where [err] is an alkynyl group, a substituted al kynyl group,
subgtituted al kenyl groupydnd the carhgn- on doubl e
not{adjacent to the ol e; r<i&d 3 or

-&-%

X is a carbon-carban single bond, -CO-, -0-, -S-, or

10 -NH-;
RZ, R3. R6 and R’ are as defined in Claim 1;

and _

RE s (CHp),ORML, (CHp)nOCORI4, (CHp),CH(OH)RIG,
(CHp) nCORIG (CHp)nC1, (CH2)CN, CHO.

15 _

~ 30, Process of Claim 29 wherein R8 {is (CHz)nOH

and the product of Formula 3 {s contacted with an
alcohol RIIOH in the anhydrous state in the presence of
a strong acid or a Lewis acid, followed by

20 saponification of any GOZR14 groups concomitantly

' formed or present in intermediate 3, to form the

corresponding compound of Formula 3 wherein R8 is
(CH2) OR!! and R} s not H.

25 31. Process of Claim 29 wherein R8 is (CHp),0R!!
and R11 is not H and the product of Formula 3 is
contacted with an aqueous acidic medium at a
temperature in 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 RE is (CHp),0H.

32. Process of Claim 29 wherein R s (CHp),0H
and the product of Formula 3 is contacted with
35
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l30 [eggi meﬁﬁ [err] can be prepared by a variety of chakﬁgygggggtlon

;nethoﬂs*an charn ‘coupling reactions kQQ@“ to one skilled in 3683
8,

including those described in Schenes 3 29, 33, 35, 36, and 38. 35
96 The conpounds of fromulg) | Wegfexl i bcid dhhydride (R14C0)20 or
| chloride R14COCY in a solvent in presence of a base at
a temperature in the range of about 0°C and the reflux
temperature of the solvent for about 0.5-24 hours or
5 (b) a carboxylic acid R14C02H under
anhydrous conditions in 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 RB 1s
(CH2) 4OCOR14,

10
33. Process of Claim 29 wherein R8 is
(CHz)n0C0R14 and the product of Formula 3 fs contacted
with aqueous acid or alkali to form the corresponding
é compound wherein RB 1{s (CHp) nOH.
: 15

34. Process of Claim 29 wherein R8 is (CHp)nOH
and the product of 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
20 of Formula 3 in which R8 is (CHp),-1COR!® and R s H.

iy

'3
1}
1

: 35. Process of Claim 29 wherein R8 1s
(CHp)1CORI® and R16 15 H and the product of Formula 3
is contacted with an organometallic compound R16p in

25 which P is MgBr or L1 in a solvent at a temperature in
the range of abouit -78°C to 100°C for about 0.5-24
hours to form a compound of Formula 3 in which RB is
(CHp) nCH(OH)R1® and R16 1s not H.

30 36. Process of Claim 29 wherein R8 1s
(CHZ),,CH(OH)R16 and R16 {s not H and the product of
formula 3 is contacted with an oxidizing agent in a
solvent to form a corresponding compound of Formula 3
in which R® fs (CHp)nCOR10 and R16 s not H.

35
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su st“ky kyI group [err], where [err] can be prepareg-pyusqdesessson of
th cgrresponglng al kenes (241) by ﬁﬁgajytlc hydrogenatlon 15 20 25 30 3S

37. Process of Claim 29 wherein R8 is
(CHp),COR1E and R16 is H and the compound of Formula 3
fs contacted with an oxidizing agent in a solvent to
form a corresponding compound of Formula 3 in which R8
5 is {(CHp)nCOR'E and R16 {s OH.

38. Process of Claim 29 wherein RS is

(CHp)nCORI® and R1® is O and the compound of Formula 3
is contacted with thionyl chloride in excess or {n

10 another solvent at a temperature in the ranée of about

| 0°C to the reflux temperature of the solvent for about

5 minutes to about 24 hours te form a corresponding
compound of Formula 3 in which RS s (CHp)c0C
followed by contact of the latter with an amine

15 NHRIBRI9 {n excess or 1n a solvent at temperatures in
the range of about 0°C and reflux temperature of the
solvent for about 5 minutes to about 24 hours to form a
corresponding compound of Formula 3 in which R8 1s
(CHp) nCONRIER1I,

R L

20 :
39. Process of Claim 29 wherein R8 1s (CHp),0R!!

and R!1 is H and the product of Formula 3 s contacted

with thionyl chloride in excess or in a solvent at a

temperature in the range of about 20°C to the reflux

25 temperature of the solvent for about 0.5-24 hours to
form an intermediate compound of Formula 3 in which R8
is {(CH2)pCl.

40. Process of Claim 39 wherein the compound of
30 Formula 3 in which RB 1s (CH2)sCl fs contacted with
sodium or potassfum salt of a mercaptan RISSH tn a
solvent at a temperature {n the range of about 25-100°C
for about 1-24 hours to form a compound of Formula 3 {n
which RB 1s (CHp),SR1>.
35

This Sheet Has Been | Rer

L T




Scheme 38olared2y7s 98 Schene 38 (cont.) [err] PCT/US90/03683
.o s 196

41. Process of Claim 29 wherein the compound of

Formula 3 tn which Rg 1s (CH2)pCl s contacted with an
alkali metal cyanide fn a solvent at a temperature in
the range of about 20-100°C for about 1-24 hours to

5 form a compound of Formula 3 in which R8 s (CH2) nCN
and the latter compound {s hydrolyzed to the
corresponding compound of Formula 3 in which R8 1s
(CH) nCOR1E and R16 {5 oM.

10 42. Process of Claim 29 wherein the compound of
Formula 3 in which RB is (CHp),-1C1 fs contacted with
the sodium or potassium salt of a dialkyl malonate in a ]
solvent at a temperature in the range of about 20-100°C
for about 0.5-24 hours to form a compound of Formula 3

15 in which RB is (CHp)p-1CH(CO2alkyl)o followed by
saponification of the latter with aqueous alkali at a
temperature in the,range of about 25°C to the reflux .
temperature of the solvent followed by acidification @
with mineral acid to form a compound of Formula 3 in T

20 which R® is (CHp)p_1CH(COoH)2 followed by heating the
latter to about 120°C or in dilute mineral acid at
reflux temperature to form a product of Formula 3 in
which R8 1s (CH»),COR1® and R16 is oOH.

25 43. Process of Claim 29 wherein R® is -CHO and
the compound of Formula 3 is contacted with a methylene
phosphorane (CgHs)3P=CH(CH2) sCHR140R15 or
(CgHg) 3P=CH(CH2) sCORI® in a solvent at a temperature in
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 in which RB 1s -CH=CH(CHp)sCHR140R1S or
-CH=CH(CHp) sCOR1E, except where R1% s H and R16 1s OH,.
and optionally then contacting the compound of Formula
3 in which RB is -CH=CH{CH)¢COR1® with a reducing

35 -agent in a solvent at a temperature of about 0°-25°C
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§ .
Cbzﬁ unds of formala | where [ERR] = vinyl or arylalkenyl and [err] =
3 [erk] Avaeenzar, or COOH can be prepared as shown in ScheneCBRIS96/03683
2- A kyl'i m dazol e- 4, 5-di carboxylic acjgfs (242), 5 prepared by the nethod
of R G Fargher and F.L.-Pyman (J. em Soc., (1919) 115, 217), can be

conyerted int Of&P%IthECH r5e§p%q5.glgtod|fg,s,ﬁ qr 5,‘&&%’{3)0{9 &%m y refluxing in an

al cphol solvent int resen ? 23 by many ot her
met hods fanili&f dcbf dk; TQHEGH L GCHR pHe art Di ester (243) can then be
conyerted into its :

44. Process of Claim 29 wherein R8 s (CHp)qOH
5 and the compound of Formula 3 1s contacted with an
isocyanate of Formula RIONCO 1n a solvent at a
temperature in the range of about 25°C to the reflux
temperature of the solvent for a period of about 5
minutes to about 24 hours to form a compound of Formula
10 3 in which R® is (CHp),OCONHRIO,

45, Process of Claim 29 wherein the compound in
which RB is (CHp),4Cl 1s contacted with an amine R11NH,
in excess amine or another solvent for a period of

15 about 1-24 hours at a temperature in the range of about
0°C to the reflux temperature of the solvent to form an
intermediate of Formula 3 in which R® 1s (CHz)nNHRll.

46. Process of Claim 29 {n which R8 s (CHp)qCl
20 and the compound of Formula 3 is contacted with an
atkali metal azide in an aprotic solvent at a
temperature in the range of about 25-80°C for about
1-24 hours to form a compound of Formula 3 in which R8
is (CHp)pN3 and the tatter is contacted with a reducing
25 agent to form an intermediate of Formula 3 in which RB
is (CHz)pNH2.

47. Process of Claim 45 or 46 in which R8 {s
(CHz) oNHRY or (CH2)oNH2 and the compound of Formula 3
30 is contacted with a chioroformate of Formula R100C0C)
or a sulfonyl derivative of Formula R1050,C1, or
(R1050,),0 1n a solvent in the presence of a base at a
temperature in the range of about 0°C to the reflux

temperature of a solvent for about 5 minutes to about
35
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et alli oY €action with sodi um nmet hoxi de, sodi um et hopiflaisedAFiesyn
hydr dg, ,pot assi um hydri de or any othﬁ ‘base in an appropriate sol vent such
as DW. The 15 resultant salt ist alkylated with the appropriately

substi tut ed bengy! hdlisl ¥g!fo¥fi 4 Thmbuntl 8#¢obﬁﬁiylsl%daﬁ<ehenﬂaé4) The above

al kyl ati on seque or.ne ting or refluxing the
benzyl halide (t‘gg@l)@f‘él &Ozﬁesw“ar@“zoﬁ)‘d\meéla I'ni dazol e (243) 20 in a

sol vent such as DNF in the presence of an acid scavenger such as potassiugm
or sodi um carbonat e. (B 654t (2} AN 4% GURFUn¥Eh el ¢ 1T um al U num

5 compound of Formula 3 with RB equal to -(CHz)nNHRl1 or
{CH2)NH2 is contacted with an fsocyanate or
isothiocyanate RIONCY 1n a solvent at a temperature in
the range of about 25°C to the reflux temperature of
the solvent for about 5 minutes to about 24 hours to

10 form a compound of the Formula 3 1n which R8 1s
- (CHp) pNRIICYNHR1O,

49. Process of Claim 11 wherein Rl 1s NO, and RZ,
R3, RO, R7, and RB are as defined in Claim 34 in which
15  the compound of Formula 3 wherein Rl 1s NO» 1s reduced
by means of iron and acetic acid, stannous chloride, or
hydrogen and palladium to a compound of Formula 3
wherein R} is NHy and the latter is reacted with an
appropriate acid anhydride such as phthalic anhydride
20 or a substituted phthalic anhydride in a solvent or
with an appropriate acid chloride such as substituted
anthranilic acid chloride in the presence of aqueous
alkali or a base or with an appropriately substituted
phthalic or anthranilic acid in the presence of
25 dicyclohexylcarbodiimide {n a solvent to produce a
compound of the Formula 3 in which R! is r

-\

35
and X {s NHCO.
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de in an inert solvent such as THF t-o the corresponding dial cohol
. JERPBWORYVE oxi dation of 25 | cohol (245) with niJ4AHEW0368 x| de
1 Inert solvent such as THF yi el primarily al dehyde (247) with a

product .diald Bydebr%gd'@ ofs@;ﬁqfna“ Pgﬂ( ?47)5\%9%%%‘246) ei t her by

al lization,or chﬁonatogra h Seaction of 30
with met R%I@Hbﬁ i PrecHyd plﬁgnam,d 8r aFR aépﬁ#ﬂ[ﬂleﬂatftal y substituted
I kyl i denecthhanyhnd Rh@smqua t&nmnun@ftrosﬁuwe@twﬁtnch as THF yiel ds
-al kenyl 15 1P/qrox ynet hyl i m dazol e y{
equal to OCH2C5H5 s contacted wit ‘trifluoroacetic
5 ac1d at reflux temperature for a period of about 0.2-1
hour or with hydrogen and palladium to form the
corresponding compound of Formula 3 fn which Rl 1s OH
and the latter ts contacted with a base at about 25°C

and a suitable benzy} halide of the formula:

10
13
w0 OO
~Hal-CH2"
1 13
15 2 \3 ) cHy R
]
* W Hal
[ ]
20 to produce the corresponding compound of Formula 3
wherein R! 1s
13

and X {s -0CHp-.
30 -
' ° 51. Process of Claim 11 wherein R8 s -CHO,
whereby the benzyl derivative of Formula 2 attaches to
the imidazole derfvative of Formula 1 préferent1ally at

the nitrogen atom adjacent the'carbon atom of the
15 imidazole ring to which R® 1s attached.
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oxi dat i ) with.the Dess-Martin periodinane (J. 35 . «. Chem
(1983) 53*0641{65%48 wi th manganese di oXbg§; 100 with pyri d|%¢ﬁﬁ$9°’°3583

chl orochromate, with barlum manganate or with other oxidants famliar to
one skilled in the arf2. Arpragesdor BRI Beelaratéh ¥ 4 HompbudEt hyl ene

i ' ' [ or err] if 5
okockary' ot o 5t PLOER HeiEhs 4210 B e oo 3 <1

imidazole derivative of Formula 1 or 1ts metallic salt
with 4-fluoro-1-nitrobenzene in a solvent, in the

5 presence of a base if the free imidazole {s used, for
1-10 days at a temperature of 25-150°C to form an N-
phenylimidazole followed by elaboration to compounds
wherein X=NHCO by the process described in Claim 49.

10 53. A process of Claim 29 wherein R8 is CHO, and
X is a carbon-carbon single bond, and the product of
Formula 3 is contacted with an organometallic reagent
such as R1lMgBr or RIIL1 in the presence of an .

_ anhydrous nonhydroxylic solvent such as ether, THF or

15 dimethoxyethane at -78 to 25°C followed by aqueous
work-up followed by acid hydrolysis of any CO,R14
groups where R14 is t-butyl or hydrolysis of any
trityl-protected tetrazole groups to form the
corresponding compound of Forumula 3 wherein R8 is

20 -(CH2)p-1-CH-R11, where R11 # H.

orl?

54. A process for the pfeparation of the
compounds of claim 1 where R’ = substituted or
unsubstituted biphenylyl, phenoxyphenyl, or heteroaryl,
characterized in that haloimidazole 237 1s coupled'w1th
an arylmetal derivative ArM, where'M=ZnBr. Me3Sn,
B(OH)2, etc. in the presence of a transition metal
catalyst such as palladium, platinum, nickel, or
zirconium, to form an arylimidazole 238:

25
30

35
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(2 9)W tion of (249) wth, for exanple, manganese d|0X|de/cgan|de I on
( Cqr-eyy W278t al. J. Am Chem Soc., (1968) 90, 5615) JICHAUSA0/93683ssi um
pe nanganate 10 (Sam D.J. et akorJ. Am Chem Soc., (1972) 94, 4024)
yi 4l ds 4-a|kenylinidazole-S-carboxyIic acid (250). 15 20 25 30 35

/( g | /( A

(cuz), ArM (CHz),
! —_R!
5/ L, I
237 238

10

where R!, R2, R3, RO, R® and r have the meanings given
in Claim 1, X is 8r or I, M is ZnBr, Me3jSn, B(OH)p,
etc., and Ar is substituted or unsubstituted
biphenylyl, phenoxyphenyl, or heteroaryl.
15 55. A process for the preparatfon of the
" compounds of Claim 1 where R7=substituted or
unsubstituted bipheﬁ;lylmethyl, phenoxyphenylimethyl, or
heteroaryimethyl characterized in that a haloimidazole
237 is coupled with an arylmethylmetal derivative
20 ArCH2M' in the presence of a transitfon metal catalyst
to form an arylmethylimidazole 240:

N— X N— CHoAT
a‘/( Zre RS ,( /' i
2 (CHz); ArCH,M" (cuz),
—L- R Pd® 7 -:__ Rl
| R?’4§>\R’ R’;4§><L;
3 237 240

35
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101 Schene [er where T=H, y=H [err]-Aryl or T and y taken together foRfg;sg02:
a cyelit¥W ?E? “8% 73-8 carbons and the rgl ocheni stry about thé’(agUE?Qiﬂmm
in 248, 249 and 250 can be Z or E. 35 '
where Rl, RZ, 83, R6,k R8 and r have the meanings given
fn Claim 1, X 1s Br or 1, M* is ZnBr, etc., and Ar
ts substituted or unsubstituted heteroarylimethyl,
biphenylmethyl, phenoxyphenylmethyl.
5 5
_ 56. A process for the preparation of the
"3 , compounds of Claim 1 where R7= vinyl, alkynyt,
' substituted alkenyl, or substituted alkynyl
characterized in that a haloimidazole 237 is coupled _
10 - with an l-alkenylmetal or an l-alkynylmetal derivative 10
(AM), or an 1-alkene, or an l-alkyne (AH) in the v
presence of a transition metal catalyst to form a _
1-alkenyl- or l-alkynylimidazole 241: ' R
; 15 15
' N— X N A
2Rt =-R®
RG/(N/ R ¥ Rsf(N/
1 ' | |
(CHz)r AM or AH (CHa,f' P )
pd? {20
20 2N Z N oy i
vl LI !
Rs’4§>\nz R *§>\nz ]
237 : 241
o5 25
30 30
where RI, R2, R3, R6, R® and r have the meanings given
tn Claim 1, X is Bror I, M is a metal, A is vinyl,
CH=CH(CH2) x AT, CEC(CHZ)YCH3. C=C(CHp),Ph*, or
35 C=C(CHp) xAr, Ph' is phenyl or substituted phenyl, 35
LR — s it Mg B a°°“
S HlII\HIlIlH\\I\l\\




1p2 1 m dazol es represented by structure (251) where Kis C1, Br, or | and
i 5 MRELMRTHN wi t hdrawi ng group gewh as an ester, ket orRCT/NSP/g3683
al kyl siil fonyl, arylsulfonyl. etc., can undergo the nucl eophilic aromatic

substitution reggl npmy Hsuntekedd orHinsﬁthf‘elatﬁd vipRhy1y4, Chem (1968)
62-63) where the IeaV|E§ groug X is substituted by a nucl eophile such as
sul fur, carbon,Phenoxyriedyt Pr getsrorny ba&ilr8. (yzgzil dcheme 40).

2=0-4,

5 57. A process for the preparation of the
compounds of clTaim 1 where R7=v1nyl or substituted
alkenyl characterized in that imidazole a]dehyde 253 is
reacted with methylenetriphenylphosphorane or a
substituted methylenetriphenyiphosphorane to form a

10 vinylimidazole or a substituted alkenylimidazole 254:

N—.~(CHz),CHO ' N—~(CH,),CH=CH(CH,),Ar
po—d SR PPh, oM SR or
N —/ R N/’
h . ) vinyl
15 (CH,), - (CH,), or
or 2 cycloalkylidenyl
_ -::.—R‘ , PPh, j—n‘
RS o == RSN,
Ar(CH,){ | R
20 223 - 254
or
\ PhaP (CH,),
: where n=0-5

30 where R1, RZ, R3, RO, R and r have the meanings given
in Claim 1, Ar is substituted or unsubstituted

biphenylyl, phenoxyphenyl or heteroaryl, and
tt+v=20 to8.

35
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The reactlon can_be done in hydroxylic solvent such as 10 Ugg @)3 r
non- hyemw /90223 yent such as DHSO at, d;]oomterrperature to the re F o83
tenperature of the solvent. The nucl eophil e sonetines nust be converted

into its anion to nmake i r h I t hi ophenol can be
refluxed in nethanol in %Shgn ;f‘rgggﬁigﬁ%? the %r Eé)(faé%@rm Ehe P

met hoxi de and t he
hal oi mi dazol e (25‘1’990”"€} 19dr Foxmulaohhesein r’FcI hﬂésé?{?eﬂ'e gn
arylthiols, het enga(ro,)lrt.mmeay])t]hl oigggtpwemyghen@l] ky-ls-aadralbybsul f onani des,

het er oar yl sul fong@) 7Y7, dharedian e RLIL. Y, SNIEghaRH,

het er oaryl am nes
5 -NR1 -biphenylyl -Nprhenoxyphenyl -N-phthalimido,

-NH-S02-phenoxyphienyl, -NH-SOp-heteroaryl, -NH-
S0p-biphenylyl, -NH-S0,-R17, and -S-(C=0)-R17, N-
imidazolyl, N-1,2,3-trtfazolyl, and N-1,2,4-triazolyl,
characterized in that imidazole containing compounds

10 255 substituted with an electron withdrawing group E
are reacted with nucleophiles in a suitable solvent at
room temperature to the reflux temperature of the
solvent resulting in an aromatic substitution reaction
whereby the leaving group X 1s substituted with a

15 nucleophile Nu such as sulfur or nitrogen to produce
compounds of structure 256:

w

/-Z- Nu
20 ns . | /2%5
Nucleophile "Nu" . R® 'N) _
N ——
SOIVent HN‘
7\} | 1 !
25 R N
Rz
255
256
30
35
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20

resyltant sul (i des can be | dede 4.0, | S ERIAESRONGLO0 Sul f

e ———— T

S ' - ) . . ;
to one"skilled in the art. If a sulfur nucleophile is zsed t he
X
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Subst'!tuted imidazoles (1) are useful as angiotensin II blockers. These compounds have activity in treating hypertension
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Nucl eophil e "Nu" Sol vent [err] 251

252 The cgnpounds of this invention and their preparation can be understood
further by the followng 1% exanpl es, which do not constitute a

li mi tatt on"of the invention” In these exarrpl es, unless otherw se indicated,
all tenperatures are in degrees centigrade and parts and percentages are by

wei ght. 20

1
28 1 ﬁ
1L . B
SUBSTITUTED IMIDAZOLES Hod o
Belated Application B PO
This is a continuation-in-part of USSN 07/373,755, |& "t “,5 ~
5 filed June 30, 1989. Also, Carin{, Duncia’ and Wong %j.r,.ﬂ;;, ﬂ-?w
U.S. application Serial-No. 07/279,194, filed EShbE ,E.‘
December 6, 1988, discloses and claims substituted § ekl E.s
imidazoles which are angfotensin II (AII) blockers and [) .:Qj —_ f&;‘ - EIZ
their use, alone or in combination with other drugs, to ;f ;':*:;'3 ; ;3 &
10 treat hypertension and congestive heart failure. 2 ;%; 5 r§ § i
A VENT]O! NNoy 3
Field of the Invention

This invention relates to novel substituted

imidazoles, and processes for their preparation. The

15 invention also relates to pharmaceutical compositions
containing the novel imidazoles and pharmaceutical
methods using them, alone and in conjunction with other
drugs, especfally diuretics and non-sterofdal anti-
inflammatory drugs (NSAID's).

20 The compounds of this inventfon inhibit the action
of the hormone angiotensin 11 (AII) and are useful

therefore in alleviating angiotensin induced

hypertension. The enzyme renin acts on a blood'plasma \ %
az-globulin, angiotensinogen, to produce angiotensin I, 5?; RM% % o
25 which is then converted by anglotensin converting- _ §_’ g § g
enzyme to AIl. The latter substance {s a powerful w 2288
vasopressor agent which has been impliicated as a 1Y Soidbi B
causitive agent for producing high blood pressure in =i b
varfous mammalian spectes, such as the rat, dog, and w % @, % g
30 man. The compounds of this invention fnhibit the 0 888 &
action of AIl at its receptors on target cells and thus % & )
prevent the increase in blood pressure produced by this % % %@ ;5’ ::«}
hormone-receptor interaction. By administering a x § g g §
compound of this fnvention to a specfes of mammal with ?SLU oo

35 hypertenston due to All, the blood pressure is reduced.
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104 Exanple 1 5 [err] 10 PART A: Preparation of
2-n-Propyl -4,5- di carbonet hoxyi m dazol e.
2-n- Propyl i m dazol e- 4, 5-dicarboxylic acid 15 [ prepared by the method of
R G- Fargher and F.L. Pyman (J. Chem Soc., (1919) 115, 217), up 257 (dec.)
*C 7
] 2
The compounds of this inventfon are also useful for the
treatment of congestive heart faflure. Administration
of a compound of this {nvention with a diuretic such as
furosemide or hydrochlorothiazide, either as a stepwise
3 combined therapy (diuretic first) or as a physical
mixture, enhances the antihypertensive effect of the
compound. Administration of a compound of this
invention with a non-sterofdal anti-inflammatory drug
{NSAID) can prevent renal failure which sometimes
10 results from administration of a NSAID.
European Published Application 0 253 310, published
January 20, 1988, discloses that certain substituted
imidazoles block the AII receptor and are useful
therefore 1n alleviating anglotensin induced
15 hypertension as well as in treating congestive heart
fatlure. The imfdazoles disclosed have the formula:

R’
Oﬁ-—:%r,

. A

25

The imidazoles of the present invention differ from
30 those of EPA 0 253 310 in the substituents R’ and RS at
positions 4 and 5 of the imidazole ring. In EPA
0 253 310, R’ and RB are defined as follows:
R’ ts H, F, C1, Br, I, ND2, CF3 or CN;
R8 1s H, CN, alkyl of 1 to 10 carbon atoms, alkenyl of
35 3 to 10 carbon atoms, or the same groups substituted
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(17.14 g, 86.6 mvl, 1 eq), nethanol (400 nL) and acetyl chloride (38.1 ni,
534 mmol , 6 eq) were cautiously m xed (acetyl chloride addition to nethanol
20 is very exothermc) and refluxed overnight. The' solvent was renoved
in vacuo and water (100 nL) and 10 N [err] were added until pH=7. The
aqueous m xture was extracted with ethyl gcetate (3X), the organic |ayers
conbi ned, dried ([err]) and the solvent r&noved in 25 vacuo to yield
12.00 g of a white sol idtk ReheRFBIkéGAtdtRPefn BHE BT 1;8 BtgoRcet at e
: . . ey i

yielded 11.41 g of a V\/r}lst;thA |cg{' ?‘8‘@“5{@?“}2?.2‘;’0.1&@?; 5&:{&

' -(CH2)g-1,2,3-triazolyl optionally substituted with

one or two groups selected from CO,CH3 or alkyl of 3

5 to 4 carbon atoms; -{CHz)g-tetrazolyl;
0
-(CH2)nOR1Y ;- (CHp)OCRYS; - (CH,),SRIS;
Rl4 (! o
10 -cu-cu(caz),lnoal-"; ~CHsCH(CHp) sCRIS; -CRIS;
9
~CH=CH(CH2) sOCRM;
15 : !
- (CH2) g-CH-CORIS;  ~(CHp)nCRIC; - (CHp),OCNHRIO;
H3
¥ 0 .
- (CH2)NR11CORYO; - (CHp) NRIICNHRIO; - (CHp) NR11SO,R1O;
20 Y
- (CHa)oNR11CRIO, etc., where R10, Rll, pl4, R15, 16 4ng
Y are as defined below for the present 1nvention;
25 Pals et al., Circylation Research, 29, 673

(1971) describe the introduction of a sarcosine residue
in position 1 and alanine in position 8 of the
endogenous vasoconstrictor hormone AIl to yfeld an
(octa)peptide that blocks the effects of AIl on the

30  blood pressure of pithed rats. This analog, [Sarl,
A128) ATI, fnitfally called "P-113" and subsequently
“Saralastin®, was found to be one of the most potent
competitive antagonists of the actions of All,
although, like most of the so-called peptide-All-

35
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[err] 6 3.95 (s,6H): 2.78 [err]: 1.83 (t of t[err] [err]: 0.97 [err]: IR
(neat) 1735 cnferr]. 30 Anal . calcd. for [err] ({err] 52.06; H 6.28:
N, 12.14. Found: C, 52.06; H 6.17; H 12.49. 35 105 [err] 10

4

antagonists, 1t also possesses agonistic actions of {1ts
own. Saralasin has been demonstrated to lower arterial
pressure 1n mammals and man when the (elevated)
pressure is dependent on circulating AII (Pals et al.,’
5 Circulation Research, 29, 673 (1971); Streeten and .
Anderson, Handbook of Hypertension, Vol. 5, Clinical
Pharnacélogy of Antihypertensive Drugs, A. E. Doyle
(Editor), Elsevier Science Publishers B.V., p. 246
(1984)). However, due to its agonistic character,

10 saralasin generally elicits pressor effects when the
pressure 1s not sustained by AIl. Being a peptide, the
pharmacological effects to saralasin are relatively'
short-lasting and are only manifest after parenteral
adminfstration, oral doses being ineffective. Although

15 the therapeutic uses of peptide All-blockers, Vike
saralasin, are severely limited due to their oral
{ineffectiveness and short duration of action, their
major utility 1s as a pharmaceutical standard.

Some known non-peptide antihypertensive agents

20 act by inhibiting an enzyme, called angiotensin
converting enzyme (ACE), which is responstble for
conversion of angiotensin 1 to ATIl. Such agents are
thus referred to as ACE {nhibitors, or converting
enzyme tnhibitors (CEI's). Captopril and emalapril are

25 commercially available CEl's. Based on experimental

_and clinical evidence, about 40% of hypertensive
patients are non-responsive to treatment with CEl's,
But when a diuretic such as furosemide or
hydrochlorothiazide 1s given together with a CEI, the

30 blood pressure of the majority of hypertensive patients
ts effectively normalized. Diuretic treatment converts
the non-renin dependent state in regulating blood
pressure to a renin-dependent state. Although the
imidazoles of this tnvention act by a different

35 mechanism, 1.e., by blocking the All receptor rather
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Part B: Preparation of 4-Methyl-2'-(N-triphenylnethyl- 15

(I Htetrazol -5-yl))bi phenyl 4'-Hethylbiphenyl-2-nitrile (preparation
described in European patent application 0253310, 20 publ i shed on
20.01.88) (10.00 g, 51.7 mmol, 1 eq), tri- n-butyltin chloride (14.0 ni,
51.7 mmol, | eq), sodiumazide (3.4 g, 51.7 mmol, 1 eq), and xylene (50
m.) were m xed and refluxed for 64 h after which the reaction m xture was
cooled to roomtenperature. 10.0 N NaOHg25 (6.10 nmL, .061 mol, 1.2
eq) and trityl chloride (14.99 g, 53.8 mmol, 1.04 eq) were then added and
the mxture than by inhibiting the angfotensin converting enzyme,

both mechanisms involve interference with the renin-
angiotensin cascade. A combination of the CEI —
enalapri] maleate and the diuretic hydrochlorothiazide
5 is commercially available under the trademark
Vaseret1c® from Merck & Co. Publications which relate
to the use of diuretics with CEI's to treat
hypertension, in either a diuretic-first, stepwise
approach or in physical combination, include Keeton,

10 T. K. and Campbell, W. B., Pharmacol. Rev., 31:81
(1981) and Weinberger, M. H., Medical Clfnics N.
America, 71:979 (1987). Diuretics have also been
administered in combination with saralasin to enhance
the antihypertensive effect.

15 Non-steroidal anti-inflammatory drugs
(NSAID*s) have been reported to fnduce renal faflure in
patients with renal underperfusfion and high plasma
level of AIl. (Dunn, M.J., Hospital Practice, 19:99,
1984). Administration of an AIl blocking compound of

20 this invention in combination with an NSAID (either
stepwise or in physical combination) can prevent such
renal faflure. Saralasin has been shown to {nhibit the
renal vasoconstrictor effect of {ndomethacin and
meclofenamate in dogs (Satoh et al,, Circ, Res. 36/37

25 (Suppl. I):1-89, 1975; Blasingham et al., Am, J.
Phystol, 239:F360, 1980). The CEI captopril has been
demonstrated to reverse ‘the renal vasoconstrictor
effect of {ndomethacin in dogs with non-hypotenstve
hemorrhage. (Wong et al., J, Pharmaco), Exp, Ther,

30 219:104, 1980). )

Susmary Of The Invention

According to the present invention there are
provided novel compounds of formula (I) which have
angiotensin Il-antagonizing properties and are useful

35 as antihypertensives.
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stirred for 24 h after which water (39 nL) and heptane (100 nL) were added.
The resultant slurry was stirred at Oferr]C for 1.5 h. The resultant solids
t hus obtai ned 30 were filtered, washed with water (2X 55 nlL) washed once
with 3:2 heptane/toluene (55 nL) and dried overnight under high vacuumto
yield 19.97g of a light yell ow powder: up 148.0-155.0[err]C (dec.). These
solids were slurried in ethyl acetate§ 75 nlL) and filtered to yield 35
15.0g of a light yell ow powder: np ;q64. 0- 16,;3. 5[err]C

—/-R

.#/459

N
. {
(CHy)y o
F
"
N
g
10 ni/ \a=
wherein
1s | e
R'is  4-coM: 4-coR¥ *0=S-0H; =80,H4:
15 o '
o 0
~CICFJOH; -0=P-OH:  ~POMs: -Ni-B-oH;
oH o
20
4 =NHSO.CHs ; 4=—NHSO,CF3; =—CONHOR':
OH © N=N
. R Y
=SO;NH; ; -c'—l.’00H : 3'/( N 3
N
25 R OH H
F F
P 4X F ;
30 R® F
35 X




106 (dec.). NWMR [err] 7.91 [err]: 7.53-7.18 (m13H); 7.02-6.84 (m9H): 2.25
(s,3H). [err] 10 PART C. Preparation of 4-Brononethyl-2"-(N 15
triphenyl methyl - (1Htetrazol - S-yl))bi phenyl, a representative procedure.

g, 109 nmmol, 1 eq), N

10

15

4-Methyl -2' - (N-triphenyl nethyl - (1Htetrazol - 20 5-yl)) bi phenyl (52.07
7
i-% ' o COH
4-CONH N\ /N | 4-CONHNHSO,CF3: '  4—CONH-CHCHCeHs ;
H (2-isomer)
- ‘-'i ] n .’ :
4'00 ": ) ( some ) . 4 >4 ﬂ“ . ‘ .-(N}crs
COzH H
1 o RY
R
N=N . /\
A . ‘.N —‘-—R’ H
4-1\(NH s 4-X * \’ 4
R (] R?

20

25

30

35

' o} R®
or -E-Nasoz-(mz)s@ :

RZ §s H; Cl; Br; I; F; NOp; CN; alkyl of 1 to 4 carbon atoms:

- acyloxy of 1 to 4 carbon atoms; alkoxy of 1 to 4 carbon atoms:
COH; €02R9: NHSO2CH3; NHSOLCF3;

u'--!;l.l
CONHOR1Z; SOoNHp; ,L“,N : aryl; or furyl;

/3 1s H; C1, Br, 1 or F; alkyl .:f 1 to 4 carbon atoms or alkoxy
of 1 to 4 carbon atoms;

RY 15 CN, NOp or COpR1;

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

®6 s alkyl of 2 to 10 carbon atoms, alkeny! or alkynyl of 3 to
10 carbon atoms or the same groups subst{tuted with F or
cooR14; cycloalkyl of 3 to 8 carbon atoms, cycloalkylalkyl of
4 to 10 carbon atoms; cycloalkylalkenyl or cycloalkylalkyny!
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bronosuccinimde (19.4 g, 109 mvol, 1 eq), benzoyl peroxide (1.0 g) and
carbon tetrachloride (300 nL) were m xed and refluxed for 2.5 h. The
reaction was cooled to roomtenperature and the succinimde filtered. The
25 - filtrate was concentrated and the residue triturated with ether to
yield a first crop of 36.0 g: np 129.58 133.Derr]C (dec.). NWR [err] 4.37

Lerr]. This material mgs S 3Rch &ms] LehalCL (TS Srelananly: 3C
subst{tuted with F or COZR": benzyl or benzyl! substituted 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;

5 R7 1s vinyl; cycloalkylidenyl; alkynyl of 2-10 carbon atoms;
phenylatkynyl where the alkynyl portfon is 2-6 carbon atoms;
heteroaryl selected from 2- and 3-thienyl}, 2- and 3-furyl, 2-,
‘3-, and 4-pyridyl, 2-pyrazinyl, 2-, 4-, and 5-pyrimidinyl, 3-
and 4-pyridazinyl, 2-, 4- and S5-thiazolyl, i-, 4-, and

10 5-selenazolyl, and 2-, 4-, and 5-oxazolyl, 2- or 3-pyrrolyl,
3-, 4- or 5-pyrazolyl, 2-, 4- or 5-imidazolyl; o-, m- or p-
biphenylyl; o-, m- or p-phenoxyphenyl; 2-oxazolinyl;
2-thiazolinyl; substituted phenylalkynyl, heteroaryl,
biphenylyl or phenoxyphenyl as defined above substituted with

15 1 or 2 substituents selected from halogen, hydroxy, mercapto,
alkoxy of 1-5 carbon atoms, alkyl of 1-5 carbon atoms, -NOp,
~CN, -CF3, -CORI6, -CHnOR?, -mHCORY?, -CONRIBR9, s(0),R17,
and SOoNRIBR1Y; pyrrolyl, pyrazolyl or imidazolyl as defined
above substituted on ring nitrogen with alkyl of 1-5 carbon

20 atoms, phenyl or benzyl; or substituted alkyl, alkenyl, or
alkynyl of 1 to 10 carbon atoms substituted with a substituted
or unsubstituted heteroaryl, biphenylyl or phenoxyphenyl group
as defined above; -S(0)p-hetercaryl, -$-(0),-biphenylyl,
'-5{0) p-phenoxyphenyl, -S-tetrazole, -S(0),R17, -NRISR19,

25 -NR1B-heteroaryl, -NR1B-phenyl, -NRB-biphenylyl,
-NR18_phenoxyphenyl, -N-phthalimido, -NH-SOp-phenoxyphenyl,
-NH-S0p-heteroaryl, -NH-SO2-biphenylyl, -NH-S02-RY7, and -S-
(C=0)-RY7, N-imidazolyl, N-1,2,3-triazolyl, N-1,2,4-triazolyl,
where heteroaryl 1s a heterocycle defined in the scope of R’

30 and where the phenyl group in RY7 of -S-(0) R, the N-
fmidazolyl, N-1,2,3-triazolyl, and N-1,2,4-triazolyls may be
substituted with one or two substituents as described above
for heteroaryl;

35




107 10 [err] 15 PART D: Prebaration of 4, 5-di carbonet hoxy- 2-n- propyl -

1-1(2' -(N:triphenyl net hyl-- (1Htetrazol - 5-
yl)) bikphenyl -4-yl)nmet hyl ]i m dazol e. 20 Sodi um hydride (1.06 g, 44.2 mol, 1

eq) was added to a solution of 4,5-dicarbonet hoxy-2-n-

9
8 o
R% 15 -(CH)p-1CH-R1Y; -(CHp)qOCR4; - (CHp),SRYS;
R17 )
5 R4 () o
~CH=CH(CH,) ,énoa’ 5; ~CHeCH(CHp) CRIS; ~CR1S,
0
~CH=CH(CH2) sOCR1L; - (CHp)g-tetrazolyl;
10
0 Y
(CH2)s~CH-CORTS; - (CHp)4CRIS; - (CHo) LOCNHRIO,;
H3
Y 0
15 - (CH2) nNRI1CORIO; - (CHp) NRI1ENHRIO, - (CHz) pNR 150,110,
Y .
- (CHp)ANR11CR1O;

24 0
20 B9 s -EH-OERZI:

R10 15 alkyl of 1 to 6 carbon atoas or perfluoroalkyl of 1 to 6
carbon atoms, 1-adamantyl, 1-naphthyl, l-(l-naphthyl)ethyt. or
(CH2) pCeHs:
25 Rl s H, alkyl of 1 to 6 carbon atoms, cycloalky! of 3 to 6
carbon atoms, phenyl or benzyl;
R1Z ¢ H, methyl or benzyl; '
R13 15 -COpH; -COARY; -CH COH, -CHaC0.RY;

0 0 0
30 0-S-0H: -0-P-0H; ~So3h; -NHP-OH
0

~POjHa: -C(CF3)20H; -NHSOCH3; ~NHSOpCF3; ~NHCOCF3;

| OH
=CONHOR1Z; -SO,NH,; -&-—E—ou
35 21 &,




propylim dazole (10.00 g, 44.2 mmol, 1 eq) in DVF at room tenperature.

foam ng and gas evol ution occurred. 25 The tenperature was increased to
60[err]C for 15 mnutes to dissolve all of the sodium hydride. Gas
evokution ceased and the m.xture was cooled to roomtenperature. To this

m xture was added a DVF sol ution of 4-

bromonet hyl -2' - (N-tri phenyl net hyl - (1H— hst razol -5- 30 yl)) bi phenyl

(24.64 g, 44.2 mmol, 1 eq). After t he sol vent was renoved in vacuo,

and the residue was fl ash omat ogr ap in 75:25 hexane/ ethyl acetate to
0

100% et hyl acetate over a gel to d lw'%ozcra.

0 20
- . R
" ’?; or -c-uasor(cuZ’SG
H | '

-10 RY s H, alkyl or perfluoroalky! of 1 to 8 carbon
atoms, cycloalkyl of 3 to 6 carbon atoms, phenyl or
benzyl;

R15 1s 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;

R0 {s H, alky) of 1 to 6 carbon atoms, cycloalky} of 3
to 6 carbon atoms, (CH2)pCeMs, ORY?, or NR1ER1S;

R17 15 H, alky! of 1 to 6 carbon atoms, cycloalkyl of 3
to 6 carbon atoms, phenyl or benzyl;

20 R18 and RIS fndependently are H, alkyl of 1 to 4 carbon
atoms, phenyl, benzyl, a-methylbenzyl, or taken
together with the nitrogen form a ring of the
forsula '

Q 1s NR20, 0 or CHyp; -
R20 15 H, alkyl of 1-4 carbon atoms, or phenyl;
R2! s alkyl of 1 to 6 carbon atoms, -NR22R23,
30 or -(I:HCHZCOZCH3:
NHp

R22 and R23 {ndependently are H, alkyl of 1 to 6 carbon

atoms, benzyl, or are taken together as (CHp), where

35 u {s 3-6; )
R24 15 H, CH3 or -CgHs;

-




(51% of a white glass which was suitable for further 35
transformation. Recrystallization from ethanol yielded 108 an
anal ytiical sanple (white crystals); ups 124.0- 125.5[err]C. NWMR [err] 7.91
(d of [err] Hz): 7.59-7.20 (m 12H); 7.09 [err]: 6.94 (m 6H); 6.76 [err]:
5.30 (s,2H); 3.89 [err]: 2.50 5 [err]: 1.67 (t of t, [err]): 0.85

, ' 11

825 15 NR27R28, ORZB, NHCONHp, NHCSNHg,

e a0

5 R26 {5 hydrogen, alky! with from 1 to 6 carbon atoms,
benzyl, or allyl;
R27 and 828 are tndependently hydrogen, alkyl with from
1 to 5 carbon atoms, or phenyl;
/29 and R0 are tndependently alkyl of 1-4 carbon atoms
10 or taken together are -(CH2)q-:
831 1s H, alkyl of 1 to 4 carbon atoms, ~CHpCH=CHp or
~CHpCgH4R32;
R32 is H, NOp, NHp, OH or OCH3;
X {s a carbon-carbon single bond, -CO-, -CHp-, ~-0-, -S-,

15 -NH-, -N- , =CON- , -NCO-, =OCHz-, =CH0-,
&zs &23 23
~SCHy-, ~CH,S-, -nHe (%) (R2S), -nn”soz-.
-SONRZ3-, -C(R?7) (RZB)NH-, ~CHoCH-, -CFaCF-,
20 ' '
- t 1 - - E 4 - - - - F -
CHeCF-, -CFaCH-, ~CH,CHp=, ~CF,CF,=, Q '
or!*  ocor!’ ikzs 3290\ or30
-lu-.-u- , -t or -
25 Yis O or S:
2 is 0, NR!, or §;
misltoh;
n is 1 to 10;
p Is 0 to 3; R ATNT €
ris0to2; 2 8 FEB 1997
s i1s 0 to 5;
tisOorl:

35



[err]. IR (neat) 1718 cnferr]. Anal. calcd. for [err]: C, 73.49; H. 5. 45:

N. 11.96. Found: (err]

73.23; H 5.48; N, 12.22. 10 [err] 15 20

E: Preparation of 4,5-dthydroxymnethyl-2-n-
propyl-1-[ (2 -(N-triphenyl methyl-(1H tetrazol-5-yl))biphenyl-4-yl)nethyl

I m dazol e. 25
tri phenyl net hyl

10

15

20

25

30

k1

4, 5-Di car bonet hoxy-2-n-propyl -1-[(2' - (N

-(1H-tetrazol -5-yl)) bi phenyl - 4-

and pharmaceutically acceptable salts of these
compounds;
provided that:

(1

(2)

(3)

(4)

(5)

(6)

the R! group 1s not 1n the ortho position;

13
when Rl 1s - X X is a single bond,
N-r{
and Rl_3 is COH, or '(N'“ « then pn must
H

be 1n the ortho or meta position; or when R!
and X are as above and R13 1s NHSO,CF3 or
NHSO2CH3, R13 must be ortho;

13

when R! 1s -X . and X 1s other than

a single bond, then R13 must be ortho except
when X = NR23CO and R13 fs NHSOHCF3 or
NHSOpCH3, then RI3 must be ortho or meta;

when R! 15 4-CO2H or a salt thereof, RS cannot
be S-alkyl;

when R! 1s 4-COpH or a salt thereof, the
substituent on the 4-position of the {midazole
cannot be CH20H, CHp0COCH3, or CHaCO2H;

when R! 1s '% « RS 15 not methoxy-

benzyl;
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yl)nmethyl]im dazole (9.88 g, 14.1 mmol, | eq) was dissolved in a m ni num of
THF and to this solution, lithiumalumnumhydride (1.0 Min THF) (15.48

m., 30 15.48 mmol . 1.1 eq) was slowy added dropwi se. The m xture was
al | owed-to stir at roomtenperature overnight after which it was quenched

by the Steinhardt procedure (Fieser & Fieser V.1, p.584) as follows: to the
reaction mxture water (0.66 nL) was first 35 careful |y added foll owed
by 15% NaOH (0.66 nlL) followed by water (3.97 nlL). After stirring for 72 h,

a ver
y (7) the RS group ts not -CHCHCHaCH3 or CHpOH;

5 Preferred for their antihypertensive activity
are novel compounds having the formula:

Nj\
10 o RS

) m
: _ CH,
15 a: .
wherein
aﬂ
1, NN R?
R'is -CO,H; -NHSO,CF;; N <
N’ -X .
20 . H ’
or

’l‘ [
25
R6 15 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 B carbon atoms, benzyl substituted
on the phenyl ring with up to two groups selected

30 from alkoxy of 1 to 4 carbon atoms, halogen, alkyl of
1 to 4 carbon atoms, and nitro;

0

RB 15 -(CHp)p-tetrazolyl, -(CHz)nOR1L; -(CH2)nOCR1S;

35
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109 fine suspension of particulate had forned which was slowy filtered
through Celite[err]. The filtrate was dried [err] and the solvent renoved
in vacuo to yield 8.83 g of a yellow glass which could not be 5
recrystallized. This internediate was suitable for further transformation.
NVR [err] 7.82 [err]: 7.68-7.28 (m12H); 7.05 [err]: 6.87 [err]: 5.16
(s,2H); 4.94 [err]: 4.66 14
14
0 1

~CHsCH(CHp) sCR1O, -CH=CH(CH) sCHORLS;

0 0

- {CH2) nCRI6; - (CHR)4NH-CORO ; - (CHp),NHSOLR1D;
5 0

-- 16. :

CR*; N

N
*
R13 15 -COpH, -COR®, NHSO,CF3; SO3H; or LN,N

: H
10 R16 {s H, alkyl of 1 to § carbon atoms, OR!7, or
"alakl%

X is carbon-carbon single bond, -CO-, -CON- ,
23
-CHpCHp-, -NCO-, -OCHp-, -CHp0-, -SCHo-,
23
<CHpS-, -NHCHp-, ~CHoNH- or ~CHeCH-; and

15

pharmaceutically acceptable salts of these
compounds.
20
More preferred are compounds of the preferred
scope where:
RZ is H, 21ky) of 1 to 4 carbon atoms, halogen, or
alkoxy of 1 to 4 carbon atoms;
RG s alkyl, alkenyl or alkynyl of 3 to 7 carbon atoms;
R7 1s heteroaryl selected from 2- and 3-thienyl, 2- and
3-furyl, 2-, 3-, and 4-pyridyl, or p-biphenylyl,

0.0

25

30

35




[err]: 4.37 [err]: 4.32 [err]: 10 2.34 [err]: 1.52 (t of [err]): 0.77
[err]. IR (neat) 3300 br: 3061; 1027: 1006; 909; 732; 699 cnferr]. Anal.

calcd. for [err]: C, 74.07: H, 6.06; N, 12.64. Found: C, 74.06: H, 5.095;
N, 11.86. 15 20 25 30 35

15

14
0 R

° 1, _(cn.) 0tRM: ~CHeCH-CHORYS:
R™ 1s -(CH,) OR™"; ~(CH,) OCR™™; ~CH cu-éuoa -
: 6 - 10 T
216, o aiconlO, _
=(CHy) CR™™; ~CHNHCOR™™;
~ (CHp) HSO2R10; or -CORIS;

/10 5 CF3, alkyl of 1 to 6 carbon atoms or pheny);
R {s H, or alky} of 1 to &4 carbon atoms;
RI3 15 COZH; CO2CHR0C0C(CH3)3; NHSOLCF3

N-d{
or
L s

10

15 R14 {5 H, or alkyl of 1 to 4 carbon atoms;

R15 1s K, alkyl of 1 to 4 carbon atoms, or acyl of 1 to
4 carbon atoms; :
R16 §s H, alkyl of 1 to 5 carbon atoms; ORY7; or

- O

mis 1 to5;
X = single bond, -0-; -CO-; -NHCO-; or -OCHy-; and
2 ‘pharmaceutically acceptable salts.

Note that throughout the text when an alkyl
substituent 1s mentioned, the normal alkyl structure is
meant (i.e., butyl s p-butyl) unless otherwise
specified.

Pharmaceutically suitable salts include both the
metallic (inorganic) salts and organic salts; a 1ist of
which 1s given 1n Remington's Pharmaceutical Sciences,
17th Editfon, pg. 1418 (1985). It §s well known to one
skilled tn the art that an appropriate salt form s
chosen based on physical and chemical stability,
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110 PART F: Preparation of 5-hydroxynethyl-2-n-propyl-I-

[(2'-(N-triphenyl methyl-(1Htetrazol -5- yl))biphenyl-4-yl)nmethyl]imdazol e-
4- car boxal dehyde and 2-n-propyl -1[(2'-(N- 5

tri phenyl met hyl - (1H-tetrazol - 5-yl)) bi phenyl - 4-

yl ) met hyl ] i m dazol e- 4, 5-di car boxal dehyde.

4, 5- Di hydr oxynet hyl - 2-n-propyl - 1-[ (2" - G+

flowabil1ty, hydroscopicity and solubility. Preferred
salts of this invention for the reasons cited above
include potassium, sodium, calcium and ammonfum salts.
Also within the scope of this invention are

5 pharmaceutical compositions comprising-a suftable
pharmaceutical carrier and a compound of Formula (I},
and methods of using the compounds of Formula (I) to
treat hypertensfon and congestive heart fatlure. The
pharmaceutical compositions can optionally contain one

10 or more other therapeutic agents, such as a diuretic or
3 non-steroidal anti{nflammatory drug. Also within the
scope of this fnvention 1s & method of preventing renal
fatlure resulting from administration of a non-
sterofdal antiinflammatory drug (NSAID) which comprises

15 administering a compound of Formula (I) in stepwise or
physical combination with the NSAID. The compounds of
this fnvention can also be used as diagnostic agents to
test the renin angfotensin system.

It should be noted in the foregoing structural

20 formula, when a radical can be a substituent in more
than one previously defined radical, that first radical
can be selected tndependently tn each previously
defined radical. For example, R!, RZ and R3 can each
be CONHOR1Z, R12 peed not be the same substituent in

25 each of Rl, RZ and R3 but can be selected tndependently
for each of them. )

Detailed Description

Synthesis

30 The novel compounds of Formula (I) may be prepared
using the reactions and techniques described in this
section. The reactions are performed in a solvent
appropriate to the reagents and materials employed and
suftable for the transformation being effected.. It is

35 understood by those skilled in the art of organic
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10 tri phenyl net hyl (1Htetrazol -5-yl)) bi phenyl -4- yl)nmethyl]im dazol e
(8.56 g, 13.2 mol, 1 eq) was dissolved in a mninumof THF and added to a
slurry of manganese dioxide (11.14 g, 128.1 mol, 9.7 eq) in THF (100 m)
at roomtenperature. After 24 h, the contents 15 were filtered through
Celite[err], the cake washed with THF, and the solvent of the filtrate
renmoved i n vacuo. The residue was flash chromatographed in 1:1 hexane/ et hyl
acetate to 100% et hyl acetate over silicd?gel to yield the dial dehyde which

eluted first; 1.25 gsyZthesis &%%%he%un%tio%%wyapst%ser.tth h%r 1 10.27 (s 1K)
imidazole and other portions of the molecule must be
consistent with the chemical transformations proposed.
This will frequently necessitate judgment as to the
5 order of synthetic steps, protecting groups required,
deprotection conditions, and activation of -a benzylic
position to enable attachment to nitrogen on the
imidazole nucleus. Throughout the following section,
not all compounds of Formula (I) falling fnto a given
10 class may necessarily be prepared by all methods
described for that class. Substituents on the starting
materials may be incompatible with some of the reaction
conditions required in some of the methods described.
Such restrictions to the substituents which are
15 compatible with the reaction conditions will be rveadily
appareht to one skilled in the art and alternative
- methods described must then be used.

20

25
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28 FER 1997

35



10.17 (s,1H); 7.81 [err]: 7.68 (m2H); 7.50-7.23 [err]: 7.09 [err]: 6.96
[err]: 6.86 (m6H); 5.59 (s,2H); 2.52 [err]: 1.58 (t of q, 2H, J=7, 7Hz):
0.77 [err]. IR (neat) 1697: 1672 25 cnferr]. Anal. calcd. for [err]:
C, 76.62; H, 5.33: N, 13.07. Found: C, 76.46: H, 5.54; N, 12.94. Conti nued
elution yielded the 4- hydroxynethyli m dazol e-5-car boxal dehyde product as a

light yellow solid: np 164.5-166.0[err]C. l%II\/R [err] 30 9.86 (s,1H);
7.80 [err]; 7.63 (t,1H,J=9Hz); 7.53 (t,1HI=7Hz); 7.50-7.25 (m 1OH); 7.07
(d, 2H, J=9Hz) : Schene 3
a) L
N-,‘R' 1 ba. AN-Z_R 7
R"( =R RENT
« RlaZ
i ) 2?/ R!,_&
Ris
-2- X =pz, Cl, Ors, ams
] NH, . 13_
. R ""'°ao h’-k’-l
2 + g(l \\
Rl— R‘A ‘KrR o R’or Rt
R27SFRs ——e R¢* %R’mm
4 i
RiX
Rz'",\f\ks
b NH £
)
HO, Q J
Rt s o s
RiX N N
Rzkv\ks' le—ﬁ
272N
e 4 Nﬁ,R' R#27™s g3
s A, >R’ 2
NVR — LR’
R«(NH%‘R’ ' E *; CN RS“™y7
\
e ] Base 2
/e
ka‘ O0.H
RS N/LR"
Qx
N,N
1 NaN
J—
"M




6.97-6.80 (mBH); 5.47 (t,1H J=7Hz): 5.29 (s,2H); 4.63 (d,2H J=THz); 2.37
(t,2H J=7Hz); 1.49 (t of q,2H J=7.7Hz); 0.73 (t,3H,J=7Hz). IR (Nujol) 1688

35 , cnferr]. Anal. calcd. for [err]: C 76.16; H S 64; N 12. 84,
-found: C, 76.02; H, 5.36: N 12.84. 5 [err]
10

19

Generally, compounds of Formula (3) can be
prepared by direct alkylation onto tmidazole (]), with
an appropriately protected benzyl halide, ‘tosylate or
mesylate (2) in the presence of base, as shown in path

5 a). Preferably, the metallic imidazolide salt is
prepared by veacting imidazole (1) with a proton
acceptor such as MH where M 1s 1{thium, sodium or
potassium in a solvent such as dimethylformamide (DMF)
or by reacting it with a metal alkoxide of formula MOR

10 where R is methyl, ethyl, t-butyl or the 1ike in an
alcoho) solvent such as ethanol or t-butanol, or a
dipolar aprotic solvent such as dimethylformamide. The
imidazole salt {s dissolved 1n an {nert aprotic solvent
such as DMF, and treated with an appropriate alkylating

15 agent (2). Alternatively, tmidazole (1) can be
alkylated with a benzyl halide (2, where X=Br, C1) n
the presence of a base such as sodium carbonate,
potassium carbonate, triethylamine or pyridine. The
reaction is run in an fnert 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-nitrobenzy! intermediate
(32, wherein R! = 4-NOp, RZ = R3 = H) may be obtained
by direct alkylation onto tmidazole (1) with a

25  4-nitrobenzyl halide, tosylate or mesylate in the
presence of base.

As R7 and R8 are different, mixtures of two
regiofsomer alkylation products (3b. and 3c) are
obtained 1n which R7 and #8 are tfnterchanged. When RE

30 1s CHO the alkylatfon 1s such that the benzyl group
becomes attached to the adjacent nitrogen
preferentially. These 1somers possess distinct
physical and biological properties and can usually be
separated and {solated by conventional separation

35 techniques such as chromatography and/or
crystallfzation,
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PART G Preparation of 5-hydroxynethyl-2-n-propyl -1-
[(2'-(N-triphenyl methyl-(1Htetrazol -5- 15

yl)) bi phéenyl - 4-yl ) et hyl ] - 4-vi nyl -i m dazol e.

n-BuLl (2.5 N In THF) (1.70

m., 4.3 mmol, 2.1 eq) was added dropwi se to a suspension of nethyltri-
phenyl phosphoni um brom de (1.53 g, 4.3 mol, 2.1 eq) in 20

at O[err] C under

10

15

20

25

THF (50nL)

N[ err]. The suspensi2dn becane a dark yell ow sol ution.
Afterwards, a solution of 5-hydroxynethyl-2-n-propyl-1-
[(2' - (N-triphenyl met hyl 1% 2l (serties; enambndd, ) she; pare KApidly
yl) met hyl ] i m dazeluted-1satierostilacgiven padd hdd greatarbiviogical

potency than the less rapidly eluted tsomer.

Alternatively, any properly functionalized _

benzylamine dertvative (4) may be converted to tmine
(6) by treatment with an acylamino ketone (5) in the
presence of an inert solvent such as benzene, toluene,
or the 1ike, and a catalytic amount of p-toluene-
sulfonic acid or molecular sieves, N. Engel, and
W. Steglich, Liebigs Ann. Chem., 1916, (1978), or in
the presence of alumina, F. Texfer-Boulet, Synthesis,
679 (1985). The resulting tmine (6) can be cyclized to
the N-benzyl {midazole (3) with phosphorus penta-
chloride (PClg), phosphorus oxychloride (POCl3) or
triphenylphosphine (PPh3) in dichloroethane in the
presence of a base such as triethylamine, N. Engel and
W. Steglich, Liebigs Ann, Chem., 1916, (1978).
Acylamino ketone {5) is readily obtainable
from amino acids via the Dakin-West reaction, H.D.
Dakin, R. West, J, Biol, Chem,, 78, 95 and 745 (1928),
and various modifications thereof, W. Steglich, G. °
Hofle, Whm'_ 8, 981 (1969); 6.
Hofle, W. Steglich, H. Vorbruggen, Angew, Chem, Int.

£d. Enal., 17, 569 (1978); W. Steglich, G. Hofle,
ger,, 102, 883 {1969), or by selective reduction of

acyl cyanides, A. Pfaltz, S. Anwar, Jet. Lett, 2977

. (1984), or from a-halo, a-tosyl or a-mesyl ketones via

30

35

the appropriate substitutfon reactions that one skilled
in the art will readily recognize.

The functionalized benzylamines (4) may be
made from the corresponding benzyl halide, tosylate or
mesylate (2) via displacement with a nitrogen
nucleophile, a procedure familiar to one skilled in the
art. This displacement may be achieved using aztde .
fon, ammonia, or phthalimide anfon, etc., in a neutral

2§ FEB 997 .,




25 1.0 eq) in THF (mninmnumto dissolve) was added thereto and the
resultant light mlky.yellow solution was stirred overni ght at room
tenperature. The solution was diluted with ethyl acetate and washed with
watefr (3X). The organic layer was dried [err], the solvent 30 renoved

I n vacuo, and the residue flash chromatographed over silica gel in 1:1
hexane/ ethyl acetate to yield 620 ng (48% of a white glass: NWVR [err]
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 (m9H); 7.06 (d, 2H, J=9Hz); 3521 6.95-6.80 (m8H); 6.80-6.55

(m1H); 5.73 (d of
solvent such as dimethyl formamide, dimethylsulfoxide

etc., or under phase transfer conditfons. The benzyl
halide (2) may be made by a variety of benzylic halo-
genation methods familiar to one skilled in the art,

5 for example benzylic bromination of toluene derivatives
with N-bromosuccinimide in an {nert solvent such as
carbon tetrachloride in the presence of a radical
fnitiator such as benzoyl peroxide at temperatures up
to reflux conditions.

10 A wide variety of toluene derivatives may be
wmade from simple electrophilic substitution reactions
on an aromatic ring. This includes nitration,
sulfonation, phosphorylation, friedel-Crafts
alkylation, Friedel-Crafts acylation, halogenation, and

15 other similar reactions known to one skilled in the
art, G. A. Olah, "Friedel-Crafts and Related
Reactions,” Vol, 1-5, Interscience, New York, (1965).

Another way to synthesize functionalized
benzyl halides 1s via chloromethylation of the

20 corresponding aromatfc precursor. Thus, the
appropriately substituted benzene ring may be
chloromethylated with formaldehyde and hydrochloric
acid (HC1) for example with or without an inert solvent
such as chloroform, carbon tetrachloride, light

25 petroleum ether or acetic acid. A Lewis acid such as
zinc chloride (ZnC12) or a2 mineral acid such as
phosphoric acid may also be added as a catalyst or
condensing agent, R. C. Fuson, C. H. McKeever, Org,
Reactions, 1, 63 (1942).

30 Alternatively, N-benzylimidazoles (3) can also
be prepared as shown in path b) by forming an 86 sub-
stituted amtdine (7) from an appropriately substituted
benzylamine (4) which {s {n turn reacted with an
a-haloketone, a-hydroxyketone (8), e-haloaldehyde, or

35 '
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112 d, 1H,J=17,3 Hz); 5.17 (s,2H); 5.10 (t,1H,J=7Hz); 5.05 (d of

d, 1H,J=12, 3Hz); 4.28 (d, 2H,J=7Hz); 2.37 (t,2H J=7Hz); 1.50 (t of
g, 2H,J=7Hz); 0.78 (t,3H J=7Hz). IR (neat) 1029; 1006; 9Q8in/sa—€
cnferr]. Anal. calcd. for [err]: C, 76.34; H 6.10;
76.49; H, 5.58; N 12.52. 10 v

22

a-hydroxyaldehyde, F. Kunckell, Ber,, 34, 637
(1901).

As shown in path a), fmidazole {]) may be —

alkylated by a variety of benzyl derivatives. These

5 include compounds with latent acid functionalities such
as o, m, and p-cyanobenzylhalides, mesylates or
tosylates as shown in path c). Nitriles of formula (9)
may be hydrolyzed to carboxylic acids of formula (}0)
by treatment with strong acid or alkali. Preferably,

10 treatment with a ¥:1 {v/v) mixture of concentrated
aqueous hydrochloric actd/glacial acetic acid at reflux
temperatures for 2-96 hours or by treatment with 1IN
sodium hydroxide in an alcohol solvent such as ethanol
or ethylene glycol for 2-96 hours at temperatures from

15 20°C to reflux can be used. I1f another nitrile group
is present 1t will also be hydrolyzed. The nitrile
functionality can also be hydrolyzed in two steps by
first stirring 1n sulfuric acid to form the amide
followed by hydrolysis with sodium hydroxide or a

20 mineral acid to give the carboxylic acid (190).

The nitriles (9) can be converted into the
corresponding tetrazole derivative (11) by a variety of
methods using hydrazoic acid. For example, the nitrile
can be heated with sodium azide and ammonium chlortde

25 in DMF at temperatures between 30°C and reflux for 1-10
days, J. P. Hurwitz and A. J. Tomson, J, Org, Chem,,
26, 3392 (1961). Preferably, the tetrazole is prepared
by the 1,3-dipolar cycloaddition of trialkyltin or
triaryltin azides to the appropriately substituted

30 nitrile as described in detail by Scheme 15.

The starting imidazole compounds (]) are
readily available by any of a number of standard
methods. For example, acylaminoketone (5) can be
cyclized with ammonfa or equivalents thereof, D.

35 Davidson, et al., ), Org, Chem,, 2. 319 (1937) to the



15 [err] PART H Preparation of
2-n-propyl-1-[(2'-(N- triphenylnethyl-(1Htetrazol-5- yl))

bi phenyl - 4-yl ) met hyl ] - 4-vi nyl -i mi dazol e- 20 5- car boxal dehyde.
5- hydr oxynet hyl -2-n-propyl -1- [(2'- (N

tri phenyl methyl - (1H-tetrazol -5-yl)) bi phenyl -4- 25

yl)ymet hyl]-4-vinylimdazole (470 ng, 0.73 mml, 1 eq). Dess-Martin

periodi nane (J. Ora. Chem (1983) 48, 4183) (341 ng, 0.80 mol, 1.1 eq) and

nmet hyl ene chl ori de (éoq'%gpo\a@{neg miégg)‘gn‘ds gg&wkrﬁds&r&gﬁ.ni}hreogen over ni ght.

corresponding oxazole can also be converted to
imidazole (}) by actton of ammonia or amines in
general, H. Bredereck, et al., Ber,, B8, 1351 (1955);

5 J. W. Cornforth and R, H. Cornforth, J, Chem Soc,, 96,
{1947). .

Several alternative routes to fmidazoles (1)

are 1llustrated in Scheme 2. As shown in Scheme 2
equatfon a), reactfon of the appropriate RS substituted

10 imidate esters {]2) with an appropriately substituted
a-hydroxy- or a-haloketone or aldehyde (8) in ammonta
leads to imidazoles of formula (1), P. Dziuron, and
W. Schunack, Archiv, Pharmaz,.. 307 and 470 (1974).

The starting imidazole compounds (1) wherein

15 R7 and RB are both hydrogen can be prepared as shown in
equation b) by reaction of the appropriate
Rﬁ-substitu;ed imidate ester (]2) with a-
aminoacetaldehyde dimethyl acetal (13), M. R. Grimétt,
Adv, Heterocvclic Chem,, ]2, 103 (1970).

20 As shown in equation c), imidazole 1s:
wherein R7 = hydrogen and RS = CHp0H) can be prepared
by treatment of the imidate ester (12) with
1,3-dihydroxyacetone (14) in ammonia by the procedure
described in Archive der Pharmazie, 307, 470 (1574).

25 Halogenation of imidazole (15) or any imidazole wherein
R’ or R8 s hydrogen s preferably accomplished by
reaction with one to two equivalents of N-
halosuccinimide in 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 fmidazole (16) with
a benzylhalide (2) in the manner described in Scheme 1
affords the corresponding N-benzylimidazole (}2):
wheretn R7 {s halogen and g8 1s CHZO0H). This procedure
1s described in U.S. Patent 4,355,080, Alternatively,

35
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The sol vent was renoved in vacuo and the residue flash 30
chromat ographed in 3:2 hexane ethyl acetate over silica gel to yield 310 ng
(66%9 of a white glass. NWR (DVSO d[err]) 9.91 (s,1H); 7.80 (d, 1H, J=7Hz);
7.61 (t,1H, J=7Hz); 7.54 (t,1H,J=7Hz); 7.48-7.22(m 10H); 7.20 [err]: 7.06
[err]: 7.00-6.75 (mSH); 6.15 35 (d of d,1H,J=17,3 Hz); 5.52 (s, 2H
5.47 (d of 113

24

fmidazole (}7) can be prepared by the procedure
described in U.S. Patent 4,207,324,

Compounds of formula (17) can also be prepared
by treatment of the starting imidazole compound (])

5  wherein R’ and RS are both hydrogen, with the
appropriate benzyl halide followed by functionalization
of R7 and R8 by treatment with formaldehyde as
described in £. F. Godefroi, et al., Recueil, 91, 1383
(1972) followed by halogenation as was described above.

10 As shown in equation d) the imidazoles (]) can
also be prepared by reactfon of RS substituted amidines
(18) with an e-hydroxy- or a-haloketone or aldehyde (8)
as described by F. Kunckel, Ber,, 34, 637, (1901).

Compounds of Formula (]) wherein RS« CHoO0H can

15 be prepared as shown in equation e). The imidazoles
(1) were prepared as described in L. A. Reiter, J, Org.
Chem., 52, 2714 (1987). Hydroxymethylatfon of (1) as
described by U. Kempe, et al. in U.S. Patent 4,278,801
provides the hydroxymethylimidazoles (la).

20

25

28 Fes W5
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[err] 15 PART |: Preparation of 2-n-propyl-1-[(2'-(1Htetrazol -
5-yl ) bi phenyl -4-yl ) et hyl ] -4-vinyl -i m dazol e- 5-carboxal dehyde.

2-n-propyl-1-1(2'-(N-triphenyl nethyl-(1H 20

tetrazol -5-yl)) bi phenyl -4-yl)nmet hyl ] -4-vinyl-imdazol e- 5-carboxal dehyde

(330 ny), trifluoroacetic acid (1.65 nL), water (1.65 nL),
h1

m.) were m xed and stirred at roomtenperature. After 8
neutralized to pH=7 with 10N NaOH and the sol vents 25

and THF (1.65
the m xture was
renmoved i n vacuo.

- The residue was fl ash 25
Scheme 2
FHeNC ° |
. -un,a., - "".“’\,'(\' —,‘5  }
)
12 X
- . .—
®) 32 + HNCH CH(OMe)y emeemsy 1!‘_</h _U
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chromat ographed in 1.1 hexane/ethyl acetate to 100% ethanol to yield 270 ny
of a white glass. NVR (DMSO- d[err]) [err] 9.92 (s,1H); 7.65-7.50 (m 1H);
7.50-7.12 (m3H); 7.09 (d,2H,J=9Hz); 6.89 (d,2H,J=9Hz); 6.11 (d of 30

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=7Hz); 0.90 (t,3H J=7Hz). IR (Nujol) 1680
[err] 35 26

Scheme 2 (continued)

5
1NH,, Ot
e) RCOCH20H+RSCHO _DHsS
W- p'upheW'm ' "
10 -
o~
H0'. a4,0
15 “
s
o~
» —
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114 Exanple 2 H PART A: Preparation of 5-hydroxynethyl-4-iodo-2-n- 10
propyl imdazole. A solution of 31.5 g of 4(5)-hydroxynethyl -

n- propyl i m dazol e and 50.6 g of N-iodosuccinimde in 560 nL of 1, 4-dioxane
and 480 nL of 2-methoxyethanol 15 was stirred at 45[err]C for 2 h. The
solvents then were renoved under vacuum The resulting solids were washed
with distilled water and then were dried to afford 54.6

27
Scheme 3
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g of the product as a yellow solid; np 169-170[err]C. NVR (DVSO-d[err])

[err] 12.06 (br s,1H); 5.08 (t,1H); 4.27 (d.2H): 20 2.50; (t,2H); 1.59
(sext.,2H); 0.84 (t,3H). 25 [err]
30 ° PART B: Preparation of 4-iodo-2-n-propylimdazole-5 carboxal dehyde

To a solution of 35.8 g of 5-hydroxynethyl-4- 35
| odo- 2- n-propyli mdazole in 325 nL of glacial acetic

28

As shown in Scheme 3, path a) for
benzylimidazoles (}7) where RS = CHo0H, the
hydroxymethyl groups may be easily converted to the
corresponding halide, mesylate or tosylate by a variety

5 of methods familiar to one skilled in the art.
Preferably, the alcohol (17) is converted to the
chloride (25) with thionyl chloride {n an {nert solvent
at temperatures of 20°C to the reflux temperature of
the solvent,

10 Chloride (25) may be displaced by a variety of
nucleophiles by nucleophilic displacement reaction
procedures fam{lfar to one skilled i{n the art. for
example, excess sodium cyanide in DMSO may be used to
form cyanomethyl derivatives (26) at temperatures of

15 20°C to 100°C.

Nitrile (26) may be hydrolyzed to an acetic
acid derivative (27), by a variety of methods. These
methods include methods described previously for the
hydrolysis of nitriles of formula (9). Examples of

20 desired acids and bases for this hydrolysis tnclude
mineral acids such as sulfuric acid, hydrochloric acid,
and mixtures of efther of the above with 30-50% acetic
acid (when solubility is a problem), and alkali meta)l
hydroxides such as sodium hydroxide or potassium

25 hydroxide. The hydrolysis reaction proceeds under
heating at temperatures ranging from 50-160°C for 2-48
hours. Carboxylic acid (27) wmay be esterified by a
variety of methods without affecting other parts of the
molecule. Preferably, (27) is refluxed in a

30 hydrochioric acid/methano]l solution for 2-48 hours
to give ester (28).

Ester (28) may be hydrolyzed to carboxylic
acid (27), for instance, after R}, RZ and R3 have been
elaborated. Various methods, acidic or basic, may be

35 used. For example, compound (28) fs stirred with 0.5N




115 acid at 20[err]C was added dropw se over 1 h 290 nL of 1.0 N aqueous
ceric ammoniumnnitrate solution. The resulting mxture was stirred at
20[err]C for 1 h. The reaction mxture then was diluted with water,

adj usted 5 to pH 5-6 enpl oyi ng aqueous sodi um hydr oxi de sol ution, and
extracted with chloroform The conbi ned organi c phases were washed with
wat er and brine, dried over anhydrous sodi\msulfate, filtered, and
concentrated. The resulting crude solid vv& recrystallized from1- 10

chlorobutane to furnigdadSud KydPbxideCfiHaéth@aRol ot T¥ibase soluble, 1t
is stirred in 1.0K sodium hydroxide for 1-48 h.at 20°C
to reflux temperatures. '
#Hydroxymethyl derivative {]7) may be acylated
5 to give (29) by 2 variety of procedures. As shown in
path b) acylation can be achieved with 1-3 equivalents
of an acyl halide or an anhydride fn a solvent such as
diethyl ether, tetrahydrofuran, methylene chloride or
the 11ke in the presence of .a base such as pyridine or
10 triethylamine. Alternatively (17) wmay be acylated by
reaction with a carboxylic acid and dicyclohexylcarbo-
diimide (DCC) in the presence of a catalytic amount of
4-(N,N-dimethylamino)pyridine (DMAP) via the procedure
described by A. Hassner, Jet. Lett., 46, 4475 (1978).
15 Treatment of (17) with a solution of carboxylic acid
anhydride in pyridilie optionally with a catalytic
amount of DMAP at temperatures of 20-100°C for 2-48
hours is the preferred wethod. '
The ether (30) can be prepared from the
- 20 alcohol (]17) as shown in path ¢) by methods such as
treatment of (17) 1n a solvent such as
dimethylformamide or dimethylsulfoxide with potasstum
t-butoxide, sodium hydride, or the like followed by
treatment with RIIL at 25°C for 1-20 hours, where L is
25 2 halogen, tosylate or mesylate.
Alternatively, treatment of (17) with 1-5
equivalents of thionyl chloride in chloroform for 2-6
hours at 25°C followed by treatment of the intermediate
(25) with 1-3 equivalents of MOR!l, where M 1s sodium
30  or potassium, for 2-10 hours at 25°C either in R11OH as
solvent or in a polar solvent such as dimethylform-
amide or the like will also yield ether (30).
The ether (30) can also be prepared for
example by heating (17) for 3-15 hours at 60-160°C tn
35 '
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yell ow solid: up 141-142[err]C. NWR (CDCl [err]) [err] 11.51 (br s,1H); 9.43
(s,1H); 2.81 (t,2H); 1.81 (sext., 2H); 0.97 (t,3H). 15 [err] PART C
Preparation of 3-n-propyl-4- (phenyl ethynyl)im dazol e-5-carboxal dehyde. 25
A solution of 2.64 g (0.01 nol) of 4-iodo-2-n-

propyl i m dazol e- 5- car boxal dehyde, 25 ml of dry DW, 2.5 ml of
triethylamne, 1.00 g (0.001426 nol) of 39

Rl10H containing an fnorganic acid such as a
hydrochloric acfd or sulfuric acid.

N-arylimidazoles of formula I (compounds
wherein r=0) can be prepared by the following methods,

5 i1t being understood by one skilled fn the art that
certain manipulations, protecting and deprotecting
steps, and other synthetic procedures disclosed above
may be necessary to produce compounds with the desired
combinations of R6, k7, RB and R13- :

10 As shown in Scheme 4, equation a) the reaction
of aniline derivative (34) with imidate ester {J2) to
form the substituted amidine (35) provides material
which can be cyclized with dihydroxyacetone to form
structure (36). Subsequent elaboration fnto (I)

15 provides the N-arylimidazole compounds of the
invention.

" Alternatively as shown by equation b) the

Marckwald procedure, described by Marckwald et al.,
Ber.. 22, 568, 1353 (1889); Ber,, 25, 2354 (1892) can

20 form a 2-mercaptoimidazole {(38) from anfline derivative
(34) via tsothiocyanate (37). Desulfurization of (38}
with dilute nitric acid followed by anion formation at
the 2-position of the imidazole (39) and reaction with
R6X where X is C1, Br, I, allows the formation of (40)

25 which can be subsequently elaborated to 1.

A variation of Marckwald's process as shown in
equation ¢) using an e-aminoketone (4]) and
{sothiocyanate (37) can also be employed, see Norris
and McKee, J, Amer, Chem, Soc.. 77, 1056 {1955) can

30 also be employed. Intermediate (42) can be converted
to {I) by known sequences. The general procedure of
Carboni et al., J, Amer, Chem. Soc,, 89, 2626 (1967)
(11lustrated by equatfon d)) can also be used to
prepare N-aryl substituted imfdazoles from appropriate

35 haloaromatic compounds (43; X=F, Cl, Br) and imidazoles
(1):
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30 bi s(tri phenyl phosphi ne) pal | adi um chl oride and 5.00 g (0.017 nol) of
(phenyl ethynyl)tributyltin was heated to 70[ err] C under nitrogen. The
reaction was stirred for 120 hours, then cool ed. The precipitate was
filtered and washed with nmet hyl ene chloride, and the resulting 35

filtrate was evaporated under reduced essure. The 116 resi due was
di ssolved in 200 nL of nethylene chlori
=¢cheme 4
5 _—
: -g oNC]
a) oxt
100
13
1
15

\l' °°‘°‘z°’”z 1A

i xs"( :: :"E} -
<HREEE'S
S U .y $

31;: (vherein 8’ -
2, 28

30

35 28FEB Wy a




and extracted three times with 100 nL of 10% HO . The aqueous | ayer pH was
adjusted to 10 with 50% sodi um hydr oxi de and extracted three tinmes with 100
mL of .5 nmet hyl ene chl oride. The organi c phase was dried over sodium

sul fate and evaporated under reduced pressure. Yield 0.56 g (0.0023 nol,
239 of 3-n-propyl- 4-(phenylethynyt)i m dazol e-5-carboxal dehyde. NWR
(CDCl[err]) [err] 9.89 (s,1H); 8.22 (s,1H); 7.93 (m3H); 7.53 10

(m2H); 2.87 (t,2H); 1.87 (m2H); 1.033t,3H). 15 20

m_g (continued)
“ 1 nzta:zcutceuz

+ CSCl ) > 2 Hel. &

d\l

10 | a"@
(1) nsuts
1 & @ @Y %
13
: 3
40
-~/
20
c, RBcoCHaNHy ¢ 31
25 A
»n .t
| 4
4) g‘a@" +
® A
32
1
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25 30 35

117 The fol |l owi ng ihternedi ates coul d be prepared by the

procedure described in exanple 2, part C 5 [err]

10

15

20

25

30

35

33

In varfous synthetic routes R!, R2 ang R3 go
not necessarily remain the same from the starting
compound to the final products, but are often
manipulated through known reactfons {n the intermediate
steps as shown n achemes 5-22. A1l of the
transformatfons shown in Schemes 5-10 and A2 can also
be carried out on the terminal aromatic ring (i.e.,
biphenyl ring).

Scheme 5

A B KF W, I3

| |
(CH)p (CHy)p (CHy)p

As shown 1n Scheme 5, compounds where R! 15 a
sulfonic acid group may be prepared by oxidation of the
corresponding thiol (45). Thus, an N-benzylimidazole
derivative bearing a thiol group may be converted {nto
a sulfonic acid (46) by the action of hydrogen
peroxide, peroxyacids such as metachloroperoxybenzofc
acid, potassium permanganate or by a vartety of other
ox{dizing agents, E. E. Reid, Qroanic Chemistry of
Bivelent Sulfur, ], Chemical Publishing Co., New York,
120-121 (1958).

Aromatic hydroxy or thiol groups are obtained
from deprotection of the corresponding alkyl ether or
thioethers. Thus, for example, a methy] ether or 2
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15

n- propyl 4-CF3 n-propyl 4 Qe n- propyl

4- COOH n- pr opyl

4- SO2NMVe2 20
n- propyl
[err]

10

15

20

25

30

35

4- CON( Me) 2 n- propyl

n- pr opyl 3- CF3 n- propy!

3- COOH n- pr opy| 3- CON(Me) 2 - propy|

34

methyl thioether derivative {44) of an N-benzylimid-
azole containing one or more aromatic rings may be
converted into the free phenol or thiophenol (45) by
the action of boron tribromide methyl sulfide, P. 6.
Willard and C. F. Fryhle, Jet, Lett,, &l, 3731 (1980);
trimethylsilyl fodide, M. E. Jung and M. A. Lyster,
2. Org, Chem., 42, 3761 (1977); XSEt and dertvatives
thereof, G. 1. Feutrill, R. K. Mirrington, Jet. tett,,
1327, (1970), and a varfety of other reagents.
Alternatively, N-benzylimidazoles may be
sulfonated by st{ rring with Hy804 at a variety of
different concentrattons or with other sulfonating
agents such as chlorosulfonic actd or sulfur trioxide
with or without complexing agents such as dioxane or
pyridine at temperatures from 0 to 200°C with or

without solvent, K. LeRo1 Nelson in Erfedel-Crafts and
Belated Reactions, III part 2, 6. A. Olah, ed.,

Interscience Publ., 1355 {1964).
The synthesis of compounds where Rl ts a
sulfate, phosphate or phosphontc acid are depicted in

Scheme 6:
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4- SO2CH3 n- pr opy

3- Owve



n- pr opyl

4- OMe n- but yl
[err], n-butyl
n- but yl

3- CON( Me) 2

10

15

25

4- CF3 n- butyl

3- SO2NMe2 25 n- but yl
4- COCH n- but yl 4- CON(Me) 2 n-butyl
4- SO2Nve2 30 n- but yl 3-CF3
3-Ove n-butyl 3- COOH n- but yl
35
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n- but yl

3- SO2CH3 n- but yl [err] 118 N [err] 10 PART

D. Preparation of 4-phenylethynyl-3-n-propyl-1- 15

[(2'-(1Htetrazol

10

15

20

-5-yl) bi phenyl -4-yl)

36
Scheze 8 (continued)
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met hyl ] i m dazol e- 5- car boxal dehyde. 3-n-Propyl - 4- (phenyl et hynyl)

I m dazol e-5- 20 car boxal dehyde was al kyl ated wi th 4-brononet hyl -2' - (N
tri phenyl met hyl - (1H-tetrazol -5-yl)) bi pheny] by the procedure described in
exanple 1, parts Dand |, to yield the entitled product. NVR [err] 9.88
(s,1H); 8.03 (m1H); 7.57-7.27 (m8H); 7.17 (m2H); 25 7.01 (m 2H);
5.55 (s,2H); 2.61 (t,2H); 1.75 (m2H); 0;979 (t,3H). Exanples 3-26 (Table 1)
coul d be made by the procedures described™ n Exanple 2.

~ N-Benzylimidazoles containing a phenolic
hydroxyl group (41) may be readfly-converted into
the corresponding sulfate (48) or phosphate {43). As
shown in equation a), reaction of the phenol with 2
5 sulfur trioxide-amine complex will gtve the ’
corresponding sulfate {48), E. E. 611bert, Sulfonation
and Related Reactions, Interscience, New York, chapter
6 (1965). Reaction of the phenol (47) with phosphorus
pentachloride followed by hydrolysis will give the
10 corresponding phosphate (49), 6. M. Kosolapoff,
Organophosphorus Compounds, John Wiley, New York,
235 (1950). )
As shown in equation b) N-benzylimidazoles may
be converted into the corresponding phosphonic acids by
15 veaction with phosphorus trichloride {PCl3) and
altuminum chloride (A1C13) in an fnert solvent for
0.5-96 hours from temperatures of 25°C to the reflux
temperatures of the solvent. Appropriate workup
followed by reaction with chlorine {C12) and subsequent
20 hydrolysis of the tetrachloride (5]1) gives the
phosphonic actd derivative (52), 6. M. Kosolapoff in
Org, keactions, 6. R. Adams, editor, John Wiley and
Sons, New York, 297 (1951). Another more direct route
involves reaction of the N-benzylimidazole with PSClj3
25 and AIC13 followed by hydrolysis, R. S. Edmunson in
Comprehensive Organic Chemistry, Vol. 2, D. Barton and
W. D. O111s editors, Pergamon Press, New York, 1285
(1979).
Alternatively, equation c) fllustrates that
30 ary! phosphonic acids (52) may be formed from reactfon
of the corresponding diazonfum salt (53) with PCi3 tn
the presence of Cu(l) followed by hydrolysis with water
(tbid, p. 1286).
As shown in equation d), the aryl hal tdes (55)
35 may be photolyzed in the presence of phosphite esters
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30 Table 1 [err]
([err]C 15 3
) n- propyl

4-Ove 5

10

15

20

25

30

35

10 Exanpl e No.
n- pr opyl

[err] ' R

[err] 4 n- pr opyl

4- COOH

38

to give phosphonate esters (56), R. Kluger, J. L. V.
Chan, J, Am. Chem. Soc,. 95, 2362, (1973). These same
aryl halides also react with phosphite esters in the
presence of nickel or palladium salts to give e
phosphonate esters, P, Tavs, Chem, Ber., 103, 2428
(1970), which can be subseguently converted to
phosphonic acids (52) by procedures known to one
skilled {n the art.

N-Benzylimidazoles containing an aldehyde or
ketone (57) may be reacted with a phosphorus trihalide
followed by water hydrolysis to give a-hydroxyphos-
phonic acid derivatives, €.M., Kosolapoff, op. ¢it.,

304, as shown fn Scheme 7.

Scheme 7
] $ * : ®
t 7 Y
STz, WA
(CH)y . (CH)p
™
S a L3l
u?' K
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6 n- propyl _ 4-CON(Me) 2 7 n- propyl [err] 20

8 n-propyl [err] 9 n- pr opyl [err] 10

n- propyl 3-Owe 11 n- propyl 3-COCH 12 n- propyl

[err] 13 n- propyl 3- S2CH3 25 14 n- propyl

[err] 15 n- but yl [err] 16 n- but yl 4- Ove
39

. Compounds where Rl 1s >CONHOR!Z may be
_prepared as shown in Scheme 8, by the treatment of a
carboxylic acid (10) with 1-4 equivalents of thionyl
chloride for 1-10 hours. This vreaction can be run
5 without solvent or in a nonreactive solvent such as
benzene or chloroform at temperatures of 25-65°C. The
intermediate acid chloride is then treated with 2-10
equivalents of the appropriate amine derivative, HoN-
OR12, for 2-18 hours at temperatures of 25-80°C
10 in a polar aprotic solvent such as tetrahydrofuran or
dimethylsulfoxide to give the hydroxamic actid (59).

Scheme 8
=" My N
15 ")-"' »
" N ”
& ' :
=7 oo -—:-eomon"
20 10 B
'y
-;/_.” /@ﬁ”
25 WS N Ll
amtle COOCONCHe ot CONMED A
30 m . s

Alternatively, the carboxylic actd (10) can be
converted to the hydroxamic acid (59) according to the

procedure in J, Med, Chem., 28, 1158 (1985) by
35 employing dicyclohexylcarbodiimide, 1-hydroxybenzo-
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17 n- but yl ' 4- OCOH 18 n- but yl [err] 30

9 n- but yl [err] 20 n- but yl [err] 21

n- but yl [err] 22 n- but yl 3-Owe 23 n- but yl
3- COCH 24 n- but yl 3-CON(Me) 2 25 n- but yl

[err] 26 n- but yl [err]“‘o

triazole, and HoNOR!Z or according to the procedure
described in Synthesis, 929 (1985) employing the
Vilsmeier reagent and HZNORlz.
Compounds where Rl {s -CONHSOpAT (5a, -
5 Arsphenyl, o-tolyl, etc.) may be produced by treatment
of the intermediate acid chlorides from the preparation
of the hydroxamic acids (§9), with ArSOsNHNa.
Alternatively, these acylsulfonamides (;9_4) can be
prepared from the carboxylic actds (10) through the
10 corresponding N,N-diphenylcarbamoyl anhydrides (]0a) as
described by F. J. Brown, et al. in Eur, Pat. Appl.

EP 199543 (see Scheme 8).

Scheme 9

,,L?" .'?-':' ,.3&.3:':’

(caz).- cuz),. (cnzwr
20
WO
,z
x

15

0
N N
25
:‘ x'
R e alkyl, §.0.
cﬁz’r CHp)p
30 (- M) "Iﬂ:ﬂ‘
I a n".é' *a
62

K 4 N,

35




120 Exanple 27 10 PART A: Preparation of 4-(furan-2-yl)-2-n- propyl

| m dazol e- 5- car boxal dehyde. A solution of 2.64 g (0.01 nol) of 4-iodo-3-n-
15 propyl i m dazol e- 5- car boxal dehyde, 60 nL of toluene, and 0.33 g
(0.00029 nol) of -tetrakistriphenyl phosphine pal |l adium (0) was stirred at
room tenperature under nitrogen, while a solution of 2.34 g (0.0174 nol) of

41

Anfline intermediates (63) are disclosed fn
U.S. Patent No. 4,355,040 and may be obtained from the
corresponding nitro compound precursor by veduction.—A&
variety of reductfon procedures may be used such as
5 {ron/acetic acid, D. C. Owsley, J. J. Bloomfield,
Synthesis, 118, (1977), stannous chloride, F. D.
Bellamy, Jet, fett., 839, (1984) or careful hydro-
genation over a metal catalyst such as palladium.
, As shown in Scheme 9, aniline intermediates of

10 N-benzylimidazoles may also be prepared from the corre-
sponding carboxylic acid (10) or acid chloride via a
Curtius rearrangement of an intermediate acyl azide
(60). More modern methods include using diphenyl-
phosphoryl azide as a source of azide, T. Shioirt,

15 K. Ninomiya, S. Yamada, J, Am, Chem Soc,, 94, 6203
{1972), and trapping the intermediate isocyanate (61)
produced by the Curtius rearrangement with 2-trimethyl-
silylethanol and cleaving the resultant carbamate (62)
with fluoride to 1iberate the amine (63), 7. L. Capson

20 and C. D. Poulter, Jet, fett,, 25, 3515 (1984).
Classical procedures familfar to one skilled in the art
may also be employed. :

- Compounds where Rl 1s -SOpNHp may be made
as shown tn Scheme 10:
25

30

35



i id i | was slowy 20 added. The
ran-2-yl boronic acid in 50 nL of ethano : (
Igactionywas stirred for 5 mnutes, after which 12 nL of ZMdSO?Lgmreaction
carborate was slowy added. After the addition vvafsi IC'?renr)legt et he ne reaction
tion was ,
was refluxed for 8h and cool ed. The reac : iitrat
sure, and the resulting resi
evapor at ed under reduced 25 pres e, the resulting estdue was
i ssolved in 300 nL of nethylene chlorid, wa . L« |
g:atsarat ed sodi um chl ori de sol ution, washed tw ce \PI1VI t rl—ll(jloloantrof/vagl fntaldlel e
wat er, and washed twice with 300 nL 9 . The y

basic with | x !' n 2’
'?:: Y
. l Wiy '

LA R

R ' . ) s
10 K X

(%3
Jﬁ: ~nJ

Sulfonamide compounds (65) may be made by
15 reacting an arylsulfonyl chloride (64) with ammonia, or
1ts equivalent. Unsubstftuted arylsulfonamides are
made by reactfon with ammonfa 1n aqueous solutfon or 1n
- an inert organic solvent, F. H. Bergheim and W. Braker,
J. Am, Chem, Soc,, 66, 1459 (1944), or with dry
20 powdered ammonfum carbonate, E. H. Huntress and J. S.
Autenrieth, J, Am, Chem, Soc., 63, 3446 (1941); E, N,
Huntress and F, H. Carten, L. Am. Chem, Soc., 62, 511

(1940).
The sulfonyl chlortde precursor may be

25 prepared by chlorosulfonation with chlorosulfontc actd

a on the aromatfc ring directly, E. H. Huntress and F. H.
Carten, ibid,: E. E. Gilbert, op, cit,, 84, or by
reacting the corresponding aromatic diazonium chloride
salt (53) with sulfur dioxide 1n the presence of a

30 copper catalyst, H. Meerwein, et al., J._Prakt, Chem,,
(111, 152, 251 (1939), or by reacting the aromatic
sulfonic acid (46) with PCis or POC13, C. M. Suter,
Ihe Organic Chemistry of Sulfur, John Wiley, 459
(1948).

35
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30 50% sodi um hydroxi de until the pH=10. At this point, the basic water

| ayer was extracted three tinmes wth 300 nL of nethylene chloride, the

.met hyl ene chloride |ayer was dried over sodiumsulfate and evaporated under
reduced pressure. Yield: 0.34 g (0. 00156 nol, 35 121 5-car boxal dehyde.

NVR [err] 10.14 (s,1H); 7.54

43

Linked ester compounds of formula (I) where R!
0
15-=-C02CH(R24)0CR2). can be made by procedures well ——
known in penicillin and cephalosporin chemistry. The
5 purpose is to provide materials which are more
1ipophilic and which will be useful orally by vapid
transit from the gut into the bloodstream, and which
will then cleave at a sufficiently rapid rate to provide
therapeutically useful concentrations of the active
10- carboxylic acid form. The following review articles and
- references cited therein discuss this concept and the
chemistry {nvolved in 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. Sirkula,
15  Ann, Repts, Med, Chem., 10, 306-315 (1975).

Experimental procedures which are appltcable to
the preparation of chemically stable 1inked esters are-
{1lustrated by equations a-e of Scheme 11.

20

25 | REPLACEMENT SHEET
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(s,1H); 7.00 (d,1H);

6.55 (m1H); 2.79 (t,2H); 1.80 (m2H); 1.02 (t,3H).

The followng internedi ates (Table 2) were or 5 coul d be prepared by
t he procedure described in Exanple 27, part A 10 15 20 25 30 35

(a)
(3
(d)
10
15
()
20
. 25
(4)
30
(e)
as

4“
Schene 21

RCOzNa ¢ (CH3)3CCO2CHzBr —> RCOZCHZ0COC(CHy)y

2 . s
G. Francheschi et al., J, Antibiotice. 2€., (7).
938-941 (1983).

CH
e @H’
RCO2 « (CH3)2NCON(CH;3)2 ¢ CICHOCOC(CHj)3
Ciy
acozt':aococ(w;)z
67
~s
J. Budavin, U.S. Patent 4,440,982
ped
!
RCO2H —=> RCO:CR-OCO?BCH:CO:CH;
NH2
68
~/

B. Dachne et al., G.B. Patent 1,290,787

nad¢
RCOZH —=> acozéncoux”a”
3
~ :
Pezzes, Chem, Ind.. €35-440 (1980)
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err] C) n-propyl
122 Table 2 [err] [err] R7 N ngLyl »
gl ass[err] -n-propyl :

45

Clayton et a)., MM&MMMMMM.

2. (6), 670-671 (1974)

N L
In equatfons a-e: R gt.( I

10 Compounds of Formula I where R! 1s

-C(CF3)o0H
may be prepared as shown in Scheme 12.

15

20

25

30

35



n- propyl 25 n-propyl

30 n- pr opyl [err] 35 n- propyl 123

Table 2, continued [err]

10

15

20

25

30

35

72
g , s

Hexafluoroisopropanol compounds (Z2) may be
prepared by treatment of arylsilane (21) with 1-5
equivalents of hexafluoroacetone in a solvent such as
methylene chloride at temperatures ranging from about
=50° to 25°C for a pertod of 2-10 hours. The requisite

-arylsflane (71) can be prepared using methods known to

one skilled in the art such as the procedures described
in Chapter 10 of Butterworth's "Sflicon in Organic
Chemistry",
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Tabl e 2, conti nued.

10

16

124 Table 2, continued. r] [er

3 73
3 ~
9]
reductive
l aninstion
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125 Table 2,

continued. [err] 126 Table 2, contnued. [err]

10

15

20

25

30

35

48

As shown in Scheme 13, compound (23) in which X=
-NHCO and R13= -COOH may be eastly prepared, for
example, by reacting aniline precursor {£3) with a
phthalic anhydride derivative in an appropriate solvent
such as benzene, chloroform, ethyl acetate, etc. Often
the carboxylic acid product will precipitate from
solution with the reactants remaining behind,

M.L. Sherrill, F.L, Schaeffer, £.P. Shoyer, J, Am, Chem,
Soc,., 50, 474 (1928).

When R13=NHS0,CH3, NHSO,CF3 or tetrazolyl (or a
variety of other carboxylic acid equivalents), compound
(23) may be obtained by reacting aniline (§3) with the
requisite acid chloride by either a Schotten-Baumann
procedure, or simply stirring in a solvent such as
wethylene chloride in the presence of a base such as
sodium bicarbonate, pyridine, or triethylamine.

Likewise, aniline (63) may be coupled with an
appropriate carboxylic acid via a variety of amide or
peptide bond forming reactions such as OCC coupling,
azide coupling, mixed anhydride synthesis, or any other
coupling procedure familiar to one skilled in the art.

Aniline derivatives (63) will undergo reductive
aminatfon with aldehydes and ketones to form secondary
amines (74). Thus the aniline 1s first stirred with the
carbonyl compound in the presence of a dehydration
catalyst such as molecular sieves or p-toluenesulfonic
acid. Afterwards the resultant imine {s reduced to the
amine with a borohydride reducing agent such as sodium
cyanoborohydride or sodium borohydride. Standard
catalytic hydrogenation reagents such as hydrogen and
palladium/carbon can also be employed.

Alternatively, aniline (63) may be monoalkylated
by reaction with ethyl formate followed by reduction
with, for example, lithium aluminum hydride to produce
the N-methyl derivative (74). Anilines (74) may in turn
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127 Table 2, continued. [err] 128 Table 2, conti nuéd. [err]
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49

be reacted with carboxylic acfd anhydrides and acid
chlorides or carboxylic actds by any of the coupling
procedures described previously to yleld (73) where X=
-N{CH3)CO0-. —

Antline (63) or (78) or other intermediate
anilines where the amino group may be located on another
aromatic ring for example, also react with other
anhydrides to make amide-carboxylic actid derivattives of
formula (25). Thus, for example, maleic anhydride,
2,3-naphthalenedicarboxylic acid anhydride, and diphenic
anhydride are reacted in a similar fashion to phthalic
anhydride with aniline (63) or {74) to yteld carboxylic
aclds (26), (77), and (78), vespectively.

Phthalimide derivatives of aniline (63) may be
made by a variety of methods, preferably by stirring
aniline (63) with phthalic anhydride in acetic acid at a
temperature between 20°C and reflux, G. Wanag,

A. Veinbergs, Ber., 15, 1558 (1942), or by stirring (63)
with phthaloyl chloride, a base such as triethylamine, -
and an inert solvent.

Anfline (63) may be converted into 1ts tri-
fluoromethanesul fonamide derivative or {ts
trifluoroacetamido derivative preferably by reacting it
with triflic anhydride or trifluoroacetic anhydride and
a base such as triethylamine in an {nert solvent such as
methylene chloride at -78°C followed by warming to room
temperature.

Compounds of structure (I) where X 1s a carbon-
carbon linkage which are depicted as {B0) can be made as

shown in Scheme 14.
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129 Table 2, continued. [err] 130 10 [err]
PART 8; Preparatlon of 4-(furan-2-yl)-2-n-propyl - 1

$0
f£cheme 214
YeCl, Br, 0TS, .-OKs
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15

Yetr, G}

-« ¢ - —9‘@\5
* %u ./ s

‘, / "ﬂ « Eb, '
j ) © )y .ﬂ’ :"\l.’.tc-

REPLACEMENT SHEET
28FEB 1997




15

I m dazol e~ 5- car boxal dehyde.

[(2'-(1H-tetrazol -5-yl)bi phenyl -4- yl)nmethyl]

4-(furan-2-yl)-2-n-propylimdazol e-S-

20

car boxal dehyde was transforned into the entitled product by the procedures

described in Exanple 1, parts O and I: np 129 (dec.). NWR [err]

10.1

[err]; 7.95 (d,1H); 7.55 (m2H): 7.38 [err]; 7.10 (d,2H); 6.98 (d, 2H);

(d,1H); 6.45 (m1H); 5.55 (s,2H); 2 2.55 (t,2H); 1.70 (m 2H):
(t,3H). The exanples in Table 3 coul

descri bed in exanple 27 usi nmmmm

5

10

15

20

25

30

35

e)
CHs . CHy

@ + ZnCly =

Equation a) {llustrates that the biphenyl com-
pounds (B0) can be prepared by alkylation of imidazole
(1) with the appropriate halomethylbiphenyl compound
(79) by the general procedure described in Scheme }.

The requisite halomethylbiphenyl intermediates
(29) are prepared by Ullman Coupling of (81) and (82) as
described in *Organic Reactions®, 2, 6 (1944) to provide
intermedfates (83), which are 1n turn halogenated.
Halogenatfon can be accomplished by refluxing (83) in an

inert solvent such as carbon tetrachloride for 1-6 hours

in the presence of a N-halosuccinimide and an tnitiator
such as azobisisobutyronitrile (equation b).

As shown in equation c), derivatives of inter-
mediate (83) 1n which R13 15 at the 2' position (83a3)
can also be prepared by the method described in J, Org.
Chem,, 41, 1320 (1976), that 1s Diels-Alder addition of
a 1,3-butadiene to a styrene (84) followed by
aromatization of intermediate (85).

_Alternatively, the substituted biphenyl precursors
(B3; where R13 = COOH) and their esters (89) can be
prepared as fllustrated in equation d), which fnvolves
oxazoline compounds as key intermedfates, A. I. Meyers

and E. D. Mihelich, 3, Am, Chem, Soc,, 97, 7383 (1975).
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appropriate starting materials: 30 35 Table 3 [err] 28

15 29

10
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25
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35

n- propyl 30 n- pr opyl

Further, as shown tn Equation e), nickel-
catalyzed cross-coupling of an arylzinc halide with a
halobenzonitrile yields a biphenylnitrile which can tn
turn be hydrolyzed by standard methods to afford actd

The substituted biphenyl tetrazoles {(83; where

L QM) can be prepared from the nitrile

precursors (R132CN) by the methods described in

_Scheme 1, equatfon c) and Scheme 15, equation c).

However, a preferrved method for preparing
tetrazoles §s described in Scheme 15, equations a) and
b). Compounds (90) way be prepared by the 1,3-dipolar
cycloaddition of trialkyltin or triphenyltin aztides to
the appropriately substituted nitrile (83) as in
equation a). Alkyl s defined as normal alkyl of 1-6
carbon atoms and cyclohexyl. An example of this
technique §s described by S. Kozima, et al.,

J. Organometallic Chemistry, 337 (1971). The required
trialky) or triaryltin azides are made from the
requisite commercial trialkyl or triaryl tin chloride
and sodium azide. The trfalkyl or triaryltin group is
removed via acidic or basic hydrolysis and the
tetrazole can be protected with the trityl group by
reaction with trityl chloride and triethylamine to give
(91). Brominatfon as previously described heretn with
N-bromosuccinimide and dibenzoylperoxide affords
compound (92). Alkylation of (1) with the
appropriately substituted benzyl haltide using
conditions previously described followed by
deprotection of the trityl group via hydrolysis affords
(80: R13 « tetrazole). Other protecting groups such as
p-nitrobenzyl and 1-ethoxyethyl can be used $nstead of
the trityl group to protect the tetrazole mofety.
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20 31 nepropyl 25 32 n propyl 33 n- propyl 35
34 n: pr opyl 132 Tabl e 3, continued. Exanple No. [err]

[err] - np ([err]C

These groups as .11 as the trityl group can be

{ntroduced and removed by procedures described n
Greene,

'] ““ey- o
Interscience, (1980).
5 Scheme 15
$ N
10 ol
) -
o o
15
83 (3. 39 R = alkyl of 3 to ¢ carbon
atens, phenyl
1) ¥
20

2) (PH)3CCl, TRA

25 cl"heﬁﬂa C(Phenyl);
NBS.0BO
30

~
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n- propyl
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ot 2} Deprotection
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36 ’ n- propyl 20 37
n- propyl 39 n-propyl 30 40

54
Scheme 15 (continued)

1) 92, NaOEL
~

80 (R13atetrazole)
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133 Tabl e 3,

continued. Exanple No. [err]

R7

nmp ([err]C 10 41 n- propyl 15 42 n- propyl 20 43

n- propyl 25 44
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30

35

n- propyl

585.

Compounds of structure 93-95 where X 1s an
=0-, =S-, or -N- 1inkage can be prepared as shown
26

1n Scheme 16 by alkylation of imidazole (1) with the
appropriate benzyl haltide (95).

. JF O 3

97-100 : : S
201-104
N

3 28 o
; X-W S——1
100; ZeWn26(226sy) @

2091 xe0 @“'ﬁ

110 s x e g
1 Zewm 205-108 -

AL xe (adim
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45 n-propyl . 134 Table 3, continued. 5 Exanple No. [err]

[err] .
n-propyl [err]
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35

np ([err] C) 46 n- propyl 20 ' a7

56

The halomethyldipheny! ether (109) employed as an
alkylating agent in the present tnvention {s prepared as
shown 1n equation b). An Ullman ether condensation of
the phenol (97) and a halobenzoic acid as described in_
Russian Chemical Reviews, 43, 679 (1974) provides the
intermediate acid (101). The conversion of (101) into
{109) 1s accomplished by esterification with
diazomethane to afford (105) followed by halogenatton
employing the procedure used in the preparation of (29).
The diphenylsulfide (]110) and the diphenylamine (11}1)
can be prepared from the appropriate thiophenol (98) or
aniline (99) by this procedure,

The tertfary diphenylamine (112) can be prepared
from the secondary aniline (100) by the above procedure.
Alternatively (107) can be alkylated by one of the
following procedures: 1) direct alkylation of (]107) with
R26 where L 1s a leaving group such as a halogen or
tosylate employing phase-transfer conditions and _
ultrasound as described in Jetrahedron Letters, 24, 5907
(1983), 2) treatment of (107) with 1-1.5 equivalents of
an appropriate aldehyde and 0.5-5.0 equivalents of
sodium cyanoborochydride in a solvent such as methanol at
25°C at a pH of 3-6 for 1-24 hours, or 3) reductive

- amination of (107) employing an appropriate carboxylic

acid and sodium borohydride as described tn J, Am, Chem,
S0¢., 96, 7812 (1974). The tertiary amine (J08) 1s then
halogenated by the procedure previously described to
give (112). '




25 48 N- propyl 30 135 Tabl e 3, continued. Exanple No.
[err] : [err] np ([err]C) 10 49 n- but yl

57
Scheme 17

$
10
15
20
’lg
25
LA s

30
28FEB 1997
T ———

35




n-butyl 51
n-butyl 55
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n- butyl -20 52 - n- butyl 53 n- butyl 54
n- but yl 136

58

Compounds of structure (73) where X 1s -CO- are
prepared as shown in Scheme 17 by atkylation of
imidazole (1) with the requisite benzoylbenzyl halides.
For example, esters (113) where 13 1s 2-C0xCH3 are—
prepared by alkylation of imidazole (}) with
carbomethoxybenzoyl benzyl halide (114). Ester (}113)
way be hydrolyzed to the corresponding carboxylic acid
(116) by a varfety of methods including hydrolysis with
a base such as sodium hydroxide or potassium hydroxide
fn an alcoholic aqueous solvent such as methanol/H20 at
a temperature from 20°C to the reflux temperature of the
solvent. '

Carboalkoxybenzoylbenzyl halides (}114) are
prepared by benzylic halogenation of the corresponding
toluoylbenzene precursor by a variety of methods
previously described herein. For example, methyl
2-(4-methylbenzoyl)benzoate {115) can be refluxed for
2-38 hours with N-bromosuccinimide, benzoyl peroxide and
carbon tetrachloride to effect benzylic bromination.
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Tabl e 3. continued. Exanpl e No. [err] [err] np

([err]C 10 66 n- butyl 15 57 n- but yl
[err] ‘20 58 n- butyl 25 60 n-butyl 30 61
n- butyl 35
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137 Tabl e 3, continued. Exanple No. [err] [err]

mp ([err]C) 10 62

n- butyl 25

10

15

20

25

30

35

n-butyl [err] 63 n- butyl 64

As shown tn Scheme ]8 the toluoyl ketones .(73:
where X=C0) may be further transformed tnto a variety of
ketone derivatives {ncluding compounds where X {s

W25 a”o\ Ion’“ ocor?’ or' o
’c' r 'C' e ™ “ e Illd -t .

Reaction of ketone (73a) with a hydroxylamine or an
appropristely substituted hydrazine will give the
requisite oximes (117) and hydrazones (]1]18). Reactfon
with alcohols in the presence of an acidic catalyst with
removal of water will give ketals (119). Reduction,
with 1ithium aluminum hydride, a meta) borohydride,
zinc/acetic acid or catalytic hydrogenatfon will give
the corresponding alcohol (120) or fully reduced
methylene compound (121). These alcohols may be
acylated by a variety of anhydrides or acid halides 1n
the presence of 2 base with or without solvent to give
the corresponding esters (122). The alcoliols {120) may
be converted into their corresponding ethers (123) by
reaction of the metal alkoxfde with an alkyl halide,
mesylate or tosylate in the appropriate solvent or by
treatment with a mineral acid in an alcoholic solvent,
or by reaction of the alcohol with diazomethane as
described 1n G. Hilgetag and A, Martini, “"Preparative
Organic Chemistry*, John Wiley, New York, 355-368
(1972). .

Compounds of formula (1) where X s ~OCHp-,

-SCHy-, and -NHCHp- are prepared as shown in Scheme 19.
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65 n- butyl 30 66 n- butyl 35 138 Table 3, continued. [err]
Exanpl e No: [err] [err] np ([err] Q)

61
Scheme 19 -
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10 67 . h-butyl 20 66 n- butyl 25 69 n-butyl 30 [err]

62

As tllustrated {n Scheme 19, equation 2,
hydrolysis of benzyl ether (124) or methyl ether (}125)
affords hydroxy compound (]26) which can be alkylated
with the appropriate benzyl halfde to gtive (122)}). In—

5 the case of the methyl ethers (125), the hydrolysis step
can be effected by heating the ether at temperatures of
50°-150°C for 1-10 hours {n 20-60% hydrobromic acid, or
heating at 50°-90°C n acetonitrile with 1-5 equivalents
of trimethylsilyl todide for 10-50 hours followed by

10 treatment with water. Hydrolysis can also be carried
out by treatment with 1-2 equivalents of boron
tribromide {n methylene chloride at 10°-30°C for 1-10
hours followed by treatment with water, or by treatment
with an acid such as aluminum chloride and 3-30

15 equivalents of a sulfur-containing compound such as
thiophenol, ethanedithtol, or dimethyl disulfide in
methylene chloride at 0-30°C for 1-20 hours followed by
treatment with water, For compound (124), hydrolysis
can be accomplished by refluxing in trifluoroacetic actd

20 for 0.2-1 hours or by catalytic hydrogenolysis in the

presence of a suftable catalyst such as 10% palladium on
carbon. Deprotonation of (126) with & base, such as
sodium methoxide, sodium hydride or the l{ke tn a
solvent such as dimethylformamide or dimethylsulfoxtde

25 at room temperature followed by alkylation with an
appropriate benzyl halide at 25°C for 2-20 hours affords
ethers of formula (}27), as shown {n equation p.

The sulfide {]129) can be prepared from the

thiophenol (45) by the procedure described above to

30 prepare the ether (J27) from the phenol (126). The
thiophenol (45) can be prepared for example by treatment
of the benzylsulfide (128) with sodium in liquid
ammonia,

The amine {130) cen be prepared as shown in

35 equation g, from the aniline (£3), 1tself avatlable from
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The exanples in Tables 4 and 5 can be nmade by procedures described in
exanples 1, 2,

this patent or by other

20 25 30 35

10

15

20

25

30

35

or 27 using the biphenyl
met hods famliar to one skilled in the art.

63

reduction of the corresponding p-nitro compound (32)
which has previously been described, The reductive

arination can be carrfed out by the same procedure as—
described 1n Scheme )3 for the preparation of ¢

(29).

ompound

Compounds of Formula (I) where the X anag.e 1s

-CH*CH:. «=CHaCHa-, and

Scheme 20.

S5 -

G-

are prepared as shown in

starting materials disclosed in

5 10 15

33
o~
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140 Table 4 Ex. No. [err] R [err] X A nmp([err]QO
70 n-prapyl 4-CF3 CHO sngle bond COCH 71 n-propyl 4-O0Owe

CHO single bond COOH 72 n-propyl 4-COOH CHO single bond COOH 73
n-propyl 4-CON(Me)[err] CHO single bond COOH 74 n-propy 4-[err] CHO
singl e bond COCH

64

The cis or trans stilbene (]32) can be obtained by
employing a Wittig reaction between the aldehyde (51)
and the phosphorane (131). .
The stilbene (132) can readily be converted to the
5 saturated derjvative (133) for example by catalytic
hydrogenation employing 2 heterogeneous catalyst such as
palladium/carbon or platinum/carbon or alternatively
with 2 homogeneous catalyst such as tristriphenylphos-
phine rhodium chloride. The reduction s performed in a
10 solvent such as benzene, tetrahydrofuran or ethanol at
25°C under -3 atmospheres of hydrogen for 1-24 hours.
The cyclopropane (134) can be prepared by treating
the stilbene {]32) with the Simmons-Smith reagent as

described in 3, Am, Chem, Soc,, Bl, 4256 (1959), or by
15 treating (132) with methylene diiodide and copper powder

as described in J, Am, Chem. Soc,, 101, 2139 (1979),

or by treatment with the iron-containing methylene-

transfer reagent described 1n J, Am, Chem. Soc., }0],
6473 (1979).

20 The preparation of compounds of formula (I) where
X fs -CFpCHp-, =CFsCH-, ~CHsCF-, ~CFsCF- and -CFCFa-
are depicted in Scheme 2}.

25

30

35



75 n-propyl 4-[err] CHO

single bond COCH 77

n- propyl 3- COCH

singl e bond COOH 80
[ERR] CHO single bond COOH 82 n-butly [ERR]

COOH 83 n-butyl

CHO

4- Ove

CHO single bond COOH 85
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35

s}

e}

single bond COOH 76 n-propyl [ERR

single bond COOH 79 n-propyl [ERR] CHO

n- propyl [ERR] CHO single bond COOH 81

CHO single bond COCH 84
n-butyl [ERR] 8§CHO single bond

Scheme 21
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86 n-butyl [ERR CHO single bond COOH 87 n-butyl [err] CHO single

bond COCH 88 n-butyl [err] CHO single bond COOH 89 n-butyl
3-Ove CHO single bond COOH 90 n-butyl 3-COOH CHO single
bond COCH 91 n-butyl [err] CHO single bond COCH 92 n-butyl

[err] CHO single bond COQH Tabl e 4 (continued)

66

Vinylene fluorides (137) and {]40) can be prepared
by reaction of SFg or EtpNSF3 (DAST) with the
appropriate ketone (135) or (138) in which Ar bears—a
methyl group convertible to a benzylic halide suitable

5 for attachment to an imidazole nitrogen, and Ar' bears a
cyano, nitro, ester, or other suitable group which can
be subsequently converted to COpH, NHSO,CF3, etc. The
initfally formed difluoroethylene (136) .and ()39) can be
formed {n a non-polar solvent such as methylene chloride

10 and subsequently converted to the vinylene fluoride by
means of alumina, or converted directly into the
unsaturated fluoride by running the reaction tn a polar
sotvent such as tetrahydrofuran, diglyme or N-
methylpyrrolidone in the presence of mineral acid.

15 {Equations a and pb}. Experimental details of such
procedures are found in D.R. Strobach and G.A. Boswell,
. Org, Chem,, 36, 818 (1971); G.A. Boswell, U.S.
Patents 3,413,321 (1968) and 4,212,515 (1980).

As shown {n equatfon ¢) an appropriate benzoin

20 (141) may be similarly converted to the corresponding
1,2-difluorostitbene (143). Likewise as shown in
equation d) an appropriate benzil (124) can be converted
to a tetrafluorodiarylethylene (145) using DAST or Sf4.
Experimental detafls are described in M.E. Christy, et

25 al,, J. Med, Chem., 20, (3), 421-430, (1977).

g3

Compounds of formula 1 where X = -cotll-. -CHZO-.

-CHyS-, ~CHaNH-, can be made as shown in Scheme 22.

30
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[err] 10 Ex.No. [err] R [err] X . A nmp ([err]C 93
-n-propyl [err] COOH sngl e bond CNdH 15 94 n-propyl 4-O0Owe

COOH single bond [err] 95 n-propyl 4-COCH COH singl e bond CNAH 96
n-propyl [rtt] COOH single bond [err] 97 npropyl [err] COCH single
bond [err] 98 n-propyl [err] COCH singlg bond CNAH 99 n-propyl [err]
COOH single bond [err] 20 100 npropy 3-QOwe COCH single bond [err]

™

mi-aallor(146) _
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101 n-propyl 3-COOH COOH single bond [err] 102 n-propyl [err] COCH
single bond [err] 103 n-propyl [err] COOH single bond [err] 104 n-propyl
[err] COOH single bond [err] 25 105 n-butyl [err] COCH singl e

bond [err] 106 n-butyl 4- Ove

COOH single bond [err] 107 n-butyl

4- COOH COOH single bond CNdH 108 n-butyl [err] COOH single bond
[err] COOH single bond [err] 110 n-butyl [err]

[err] 109 n-butyl
single bond [err]
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30 111 n-butyl [err68

As previously described, acid (10) can be made by
alkylating the appropriate tmidazole with methyl
4-chloromethylbenzoate in the presence of a base such as
potassium carbonate in a polar solvent such as
dimethylformamide followed by hydrolysis of the
resulting ester. Compound (10) can be converted to
(148) by reaction with the requistte amine (146) (Rl3
may need to be protected and subsequently deprotected)
and dicyclohexyl carbodiimide (DCC) in methylene
chloride [J. R. Beek, et al., J. Am, Chem, Soc, 90, 4706
(1968)] or by reaction with tosyl chloride in pyridine
[J. H. Brewster and C. J. Cfotti, Jr., J, Am, Chem
Soc,, 71. 6214 (1955)]. Yet another process fnvolves
conversion of carboxylic acid (10) to fts acid chloride
with, for example, thionyl chloride followed by reaction
with the amine in aqueous base (Schotten-Baumann
conditions) or {n an organic solvent in the presence of
an acid scavenger such as NaHCO3, pyridine or
triethylamine, or by other procedures known to form an
amide bond between an arowatic acid and an amine.

The compounds where X= -CHz0-, -CHzS-, and
-CHaNH2- can be made as shown in pathway b. The ester
(149) is reduced with a reducing agent such as lithium
aluminum hydride in an fnert solvent to form the alcohol
(150) which can then be reacted with tosyl chloride in
pyridine to form tosylate (}51), which 1s in turn
reacted {n the presence of base with a corresponding
phenol (152) thiophenol (153), or aniline (146;: where
R23:H) to form compounds (154), (155) or (156). Again
this may require that R13 be protected with a suitable
protecting group, however modifications necessary
because of specific functional groups are understood to
be fncorporated by one skilled in the art of organic
synthestis.
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112 n- butyl 3- Owve COOH single bond [err] 113 n-butyl 3-COOH

COOH single bond [err] 114 n-butyl [err] COOH single bond [err] 142
Table 4 (continued) [err] 10 Ex. No. [err] R [err] X
A nmp ([err]C

69

Alternatively, the alcohol (]150) can be converted
to the corresponding halide with SOC1p, (COC1)2, etc,
and the resulting halide can then be reacted with a
phenol, thiophenol or anflitne {n the presence of base to

5 form the desired compound, where X 1s -cazo- -cuzs-
=CHoNH- respectively.

Scheme 23
" 23
s
10 s 13{3
L‘\Oﬁi’ - "
P o
-~
$0,C1 Sece
15 solvent 3.323
1 a3
159
~
20

)
25

30
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115 n- propyl

[err]

CHO single bond

n- propyl [err]

bond [err]

CHO "single bond [err] 116 n-propyl 4-O0Owe

[err] 118 n-propyl [err] CHO single bond [err]

119

CHO single bond [err] 120 n-propyl [err] CHO single
121 n-propyl [err] CHO single bond [err] 20 122
CHO single bond [err] 123 n-propyl 3-COCH CHO

n- propyl 3-O0Owe

singl e bond

[err]

124 n-propyl [err] CHO single bond [err] 125 n-propyl
[err] CHO single bond [err] 126 n-prb?)yl [err] CHO single bond [err]

Compounds of Formula (I) where Xs -SO2NR23- and
-NRZ350,- may be prepared as shown fn Scheme 23. As
shown in equation g, sulfonylchloride derivative {]157)
can be reacted with aniline derivative (158) in a
solvent {n the presence of an acid scavenger such as
sodium bicarbonate, triethylamine or pyridine or under
Schotten-Baumann 11ke conditions to give (158).
Sulfonylchloride derivative (157) can be obtained by
sulfonation of the corresponding benzyl derivative as
described earlier, followed by reaction with PCis or
POCY3. tikewise, antline (74) may be reacted in the
same manner as described above with sulfonylchloride
derfvattve (160) to give (161).

Scheme 24 shows the preparation of furan analogs

_of the biphenyl compounds (80). Thus, a-ketoester
(162), W. Wierenga and K. 1. Skulnick, J, Org, Chem,,
44, 310 (1979), or the corresponding nitrile (E=CN) can
be easily alkylated via standard procedures already
mentioned by an alkyl bromide derivative to give (163).
The alkene motety of (163) can be subsequently cleaved
by oxidation, for example, with osmium tetroxide, Fieser
and Fieser, V.1, p. 812 (Lemieux-Johnson oxidation) to
yield dicarbonyl-containing compound (}64). Cyclization
in mineral acids, acidic fon-exchange resin,
POC13/pyridine, or trifluoroacetic anhydride with a
catalytic amount of trifluoroacetic acid yields furan
(165; 2=0). Reaction of (164) with P4Syg, for example,
will yield the corresponding thiophene (365: Z=S).
Reaction of (164) with an smine in refluxing benzene,
with azeotropic removal of water or by using molecular
sieves to absorb the water will yield the corresponding
pyrrole (165; Z«NR1l). Compounds (166) may be prepared
from (165) by standard procedures already described.
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25 127 n-butyl J[err] CHO single bond [err] 128 n-butyl 4-O0Owe
CHO single bond [err] 129 n-butyl -4-COOH CHO single bond [err]
130 n-butyl [err] CHO single bond [err] 131 n-butyl J[err] CHO single
bond J[err] 132 n-butyl [err] CHO single bond J[err] 30 133 n-butyl
[err] CHO single bond [err] 134 n-butyl .3-O0Ow CHO single
bond J[err] 135 n-butyl 3-COOH CHO single bond [err] 136 n-butyl
[err] CHO singlebond [err] 35 '
71

me 24
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143 Table 4 (continued) 5 10 Ex. No. [err] R [err]

A nmp([err]C 137 n-propyl [err] CHO - NHCO [err] 138
n- propyl 4- Ove CHO -0- [err] 139 n-propyl 4- COOH
CHO' -S- ‘ [err]

72

Compounds wherein a methylene group s fnserted
between the terminal aromatic ring and the acidic
functionality may be prepared as shown in Scheme 25,
equation a). Thus reduction of ester (167) with, for

5 example, lithium aluminum hydride, gives alcohol (}168).
Conversion of (168) to the chloride (169) via thiony}
chloride followed by reaction with cyanide anfon as
previously described yfelds nitrile (170). Compound
(120) may be hydrolyzed to carboxylic acid (171) by

10 methods already described or reacted with a hydrazoic
actd equivalent to produce tetrazole (172).

Compounds wherefn R13 {s a trifluoromethylsul-
fonyl hydrazide acidic functional group were prepared by
the procedure described in equation b). That {s,

15 conversion of ester (167) to the hydraztide (}73) by
standard hydrazinolysis followéd by reaction with
triflic anhydride affords hydrazides (174).

20
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140 n- propyl [err] CHO -NH CN4AH 141 n-propyl [err] CHO
[err] ) [err] 142 n-propyl [err] CHO [err] [err] 143
n- propyl [err] CHO [err] [err] 144 n-propyl 3-0Owe
CHO [err] [err] 145 n-propyl 3- COOH CHO— 1 =Y o
146 n-propyl [err] CHO [err] [err] 147 n-propyl ML}@@MSM
CN4AH 148 n-propyl [err] CHO [err] [err] 25 14§9n-buty| [enr]
CHO [err] [err] 150 n-butyl 4- Ove CHO -Ol 4 8riBl1e97 ]
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151 n-butyl
CHO -NH.
154 n- butyl
CHO [err]
[err]

10

15

20

25

30

35

[err]
[err]

157 n-butyl

CHO
[err]

-S-
153 n-butyl
CHO [err]
[err] 156 n-butyl
[err] CHO [err]

[err]
[err]

3- COCH
CN4H 35

74

The syntneses of compounds wherein R13 {s
substituted and unsubstituted 1,2,3-trfazoles are

152 n-butyl
CHO [err]
[err] 31
CHO -CO

[err]

155 n- butyl

described in Scheme 26. Thus reductfon of ester (125) —
with a reducing agent such as 11thium alunfnum hydride
or diisobutylaluminum hydride gives alcohol (}26).
Oxidation with ¥n02 or pyridinfum chlorochromate
converts (126) into aldehyde (177). Nitroethylene
derivative (178) 1s prepared by condensation of aldehyde
(122) with nitromethane in the presence of a catalyst,
R. H. Letcher and M. P. Sammes, J, Chem, [d., 62, 262
(1985). Reactfon of (128) with sodium aztde produces
the 1,2,3-triazole (129), (N. S. Zefirov, et al.,

&, Chem, Soc, Chem, Comm,, 1001 (1971}) which may be

transformed via procedures already described {nto

product (]180).

Aldehyde (177) can also be converted into
substituted 1,2,3-triazoles (1B3) via the sulfone (18]),
G. Beck, D, Gunther Chem, Ber, , 106, 2758 (1973),
followed by reaction with sodium azide to give the
1,2,3-triazole (182). Subsequent standard manipulations
lead to 1,2,3-triazoles (]83) where E=CN and COzRL,
The nitrotriazole (]83: E=NO7) may be synthesized from
the unprotected triazole (}179: P=H) via nitration,

R. Huttel, et al., Chem, Ber, , B8, 1586 (1955), C. L.
Habraken and P. Cohen-Fernandes J, Chem, Soc,, 37
(1872), or from bromonitroethylene derfvative (184), &.
Kh. Khisamutdinov, et al., Zh, Org. Khim., 11, 2445
(1975), by reactfon with sodium aztde.

A variety of protecting groups may be used {n the
wmanfpulation of the above triazoles, amongst which s

the trityl group.

This group may be easily attached by

veaction of the triazole with triphenylmethyl bromide or
chloride 1n an inert solvent such as methylene chloride
in the presence of an acid scavenger such as triethyl
amine. The trityl group may be later removed by

 (SPLACEMENT SHEET|
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144 Table [err] Table 5 (continued) [err]

75

stirring or refluxing 1n an acidic medium such as
trifluoroacetic acfd/water, HCY 1n methylene chloride,
or acetic acid/water. The trityl! group may also be —
hydrogenolyzed usSng a noble meta) Latalyst such as

3 palladium and hydrogen,
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146 table 5 (continued) [err] 147 Table 5 (continued) [err]

KEPLACEMENT SHEET
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15 176: R« CH;0H

l 17: R« CHO ‘ .
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148 Table 5 (continued).: Ex No. [err] [err] [err]

A nmp ([err]C 182 n-propyl CHO single bond CN4H 15 20
n- propyl CHO single bond [err] 184 n-propyl CHO
single bond [err] BQ 185 n- propyl 77 CHO single bond [err]

10

15

20

25

3

The synthesis of trifluoromethyl-1,2,4-trfazec 1s
(190) 1s deptcted in Scheme 27. Acid chloride (186) 1s
converted to amide (187) using standard procedures
‘familfar to one skilled in the art. A preferred
protecting group ts the 2-propionitrile group

(P<CHCHZEN). Thus (181 PsCHaCHCH) can be synthesfzed

from (186} and p-awinopropionitrile under Schotten-
Baumann Vike conditions, using agqueous base in an
organic solvent to help solubilfze (1B6) and (187).
Anide (]B7) s converted to amidrazone (188) by reactfon
with PC1s or phosgene to make an iminoyl chloride which
then 4n turn 1s reacted with excess hydrazine.
Amidrazone (1B8) s cyclized to the trifluoromethyl-
1,2,4-triazole (189) with trifluoroacetic anhydride and
then converted to 190 via bromination, alkylation and
deprotection as previously described.

'REPLACEMENT SHEET
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Table 5 (continued) [err] Ex. No.
A nmp([err]C) 10 186 n-propyl CHO
n- propyl CHO single bond [err]
CHO single bond [err] 30 189 n-propyl
[err] '

[err]

10

188 n- propyl
[err]

P = protecting group
: .
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20 L
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25 a99 -
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[err]
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35

150 Table 5 (continued) [err] [err]

10

15

20

25

30

335

7%

Pertinent RE yroups may be vartously fntroduced by
many procedures tncluding those described in Scheme 28
which describes {midazole construction.

the RS groups so introduced may stand unchanged.or
may be further elaborated 1f appropriately
{unctionalized, according to methods familiar to those
skilled 1n the art such as are {llustrated $n Scheme 2B,
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Table 5 (continued) [err] 152 Table 5 (continued) [err]
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153 Tabl'e 5 (continued) [err]
[err]  [err]

2 {1

15

20

25

30

a5

X A nm ([err]C 10

81

The 2-alkenylimidazotes (20]1) cen be prepared by
bromination of the 2-alkylimidazoles (199) followed by
elimination of hydropen bromide. The bromination s
preferably accomplished by UV-frradiation for 1-4 houTs
of midazole (199) and N-bromosuccinimide, ‘tn an fnert
solvent, such as carbon tetrachloride at 25°C.

Trestment of the intermediate brouide (200) with a base,

such as DBU, triethylamine, or potasstum t-butoxide,
affords the trans 2-alkenyltmidazoles (201). Cis
alkenyl derivatives (203) are prepared from the trans

-alkenyl compounds by treatment with osmium tetroxide and

sodium perfodate to afford aldehydes (202) followed by
Wittig reaction.

154 Table 5 (continued) N R Ex. No.

[err]



213 n-propyl - CHO single bond [err] 15 [err]

214 n-pr-opyl CHO single bond [err] 20 215 n- propyl
CHO si ngl e bond CNdH 216 n- propyl CHO si ngl e bond CN4H 25
217 n-propyl CHO si ngl e bond CNdAH 30 218 n- propyl
CHO single bond [err] 35 219 n- propyl 82 CHO si ngl e bond
CNAH Scheme 29
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Table 5 (continued) [err] 10 Ex. ‘No. [err] [err] [err]

156

nmp([err] C) 220

10

15

- 20

25

-30

s

n- pr opyl CHO single bond [err]

. 83
Alterndtively, R6 groups may be introduced by
metallation of a protected tmidazole or protected
2-methylinidazole followed by addition of an appropriate

electrophile as 11lustrated in Scheme 30, equations )

and b). The products (alcohols, esters, halides, '———-

aldehydes, alkyls) are suitable for further elaboration
by methods famfliar to those skilled in the art.
Hetallatfon of tmidazoles s described In K.L. Kirk, J,
Org, Chem,, 43, 4381 (1978); R.J. Sundberg, J, Het,
Chem,, 14, 517 (1977); J.V. Hay et al., 2, Org, Chem,,
38, 4379 (3973); B. lddon, MHeterocycles, 23, 417 (1885).

Condensation of 2-methylimidazole and appropriate
electrophiles (equatfon b} with catelytic acid or base
as described tn A.R. Katritzky (Ed.), “Comprehensive
Heterocyclic Chemistry™, ¥Yol, 5, p. 431, Pergamon Press,
N.Y., 1984 affords products wherein Rg 1s alkenyl which
are suitable for further elaboration.

X

15



The fol low ng conmpounds In Table 6 were prepared or could be prepared by

the procedure In exanple 1: Table 6 Ex No. [err] [err]
[err] - A np([err] C) 221 n-butyl CHO
CN4H 222 n- butyl [err] CHO [err] 223 n-butyl
CHO CNAH 224 n-butyl - CHO [err] 225
n- but yl _ CHO 84 crr]

Scheme 30 £
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157 Table 6, continued. Ex. No. [err] [err] [err]

nmp([err] C) 226 n-butyl CHO [err] 227 n-propyl

[err] [err] 228 n-propyl 229 n-propyl _

[err] 230 n-propyl 231 n-propyl CHO COOH 232 n- propyl
COO [err] 85

Various 2-substituted imidazoles can be prepa..d
by reaction of & protected 2-trimethylsilylimidazole
* with a suftable electrophile by the method described by
F.H. Pinkerton and S.F..Thames, J, Het, Chem,, 8, 67
5 (1972), which can be further elaborated as desired. —
Alternatively, R6 may also be tntroduced by nicke)
catalyzed cross-coupling of Grignard reagents with
2-(methylthio)imidazoles (Scheme 31) as described by
£. Wenkert and T.V. Ferretra, J. Chem, Soc., Chem,
10 Commun,, 840, (1982); £. Wenkert et al., J, Chem, Soc,,
Chem, Commun,. 637, (1979); and H. Sugimura and
H. Takel, Bull, Chem, Soc, Japan, 58, 664 (1985).
The 2-(methy)thio)imidazoles can be produced by the
procedure described {n German Patent No. 2,618,370 and

15 the references cited therein.
Scheme 31
" EtON | _AcKQ) | h—
20 xus + ROGHA,), —> 0y n T
| 8 -3 . )
210
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r e o
25
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158 Tahl e 6, oontinued. Ex. No. [err] [err] [err]

([err]C) 233 n-propyl [err] 234 n-butyl

[err], 235 n-butyl [err] 236 n-propyl

CHO - [err] 237 n-propyl COH [err]
86

As shown {n Schemes 32-36, elaboration of R can
be accomplished by some of the procedures described tn
Schemes 3 and 28, by chain extensfon reactions famtlfar
to those skilled in the art; or by degradation reactfons

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

Specifically, the hydroxymethyl group can be
activated for the displacement reaction by reacting with
thionyl chloride, PCls or with carbon tetra-

10 chloride/triphenylphosphine to form a corresponding
chloro derivative. By a similar vreaction bromo and fodo
derivatives can be obtained. The hydroxymethyl group
can also be activated by forming the corresponding p-
toluenesul fonate, methanesulfonate and trifluoromethane

15 sulfonate dertfvatives.

20
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CHO COCOH 159 Tabl e 6 conti nued.

nmp([err]C) 239

238 n- propyl
= lerr] [err] [err] A
n- pr opy| CHO [err] 240 n-propyl
CHO ~ COCH 241 n-butyl o - oH
87
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160 Exanple 242 [err] Preparation of 2-n-Butyl-4-phenylthio-1-[(2"-(1H
tetrazol -5-yl biphenyl-4-yl )nethyl]im dazol e- 5-carboxyal dehyde 20
2-n-Butyl-4-chloro-1-[(2'-N-triphenyl -

met hyl (1H-tetrazol - 5-yl) bi phenyl -4-yl ) et hyl ] -

As shown fn Scheme 32, the hydroxyl group cai oe
converted to thiolacetic acid dertvative (215), J. Y.
_Gauthier, Jet, Lett,, 15 (1986), and to thiol dertfvative _
(2)6) by subsequent hydrolysis.

5 The hydroxymethyl group on compound (17} can be
readily oxfdized to an aldehyde group by means of
sanganese dioxide or ceric ammonium nitrate. The
sldehyde group will undergo chain extension reactions
such as the Wittig and Mittig-tHorner reactfons and enter

10 into typfcal carbon-carbon bond forming reactions with
Grignard and 11thium reagents as well as with compounds
bearing activated methylene groups. Alternatively, the
hydroxymethy) group can be oxidized directly to an acid
functionality which can in turn be converted to ester

15 and amide derfvatives. The esters and amides can be
prepared directly from the aldehydes by manganese
dioxide oxtdation in the presence of sodium cyanide and

an alcohol or amine, J, Am, Chem, Sec., 90, 5616 (1968)
and J, Chem, Soc, (C), 2355 (1971).

20 As shown in Scheme 33, the chlorine on compound
(25) can be displaced by the anfon of dialkyl malonate
to give the corréesponding malonate derivative (217).
The saponification of (2]7) with NaOH (or KOH) gives the
corresponding diacid which can be decarboxylated to give

25 the corresponding propfonic actd derivative (218) by
heating to 3120°C. Alternatively, (218) can be directly
obtained by refluxing (217} with a minera) acid such as
HC1 or sulfurfc acid. The free acid (218) cen be
esterified by heating in a medium of the varfous

30 alcohols and a catalytic amount of mineral acids such as
HC1 or sulfuric actd to give the corresponding esters
(219). Alternatively the esters can be obtained by
reacting the free acid (218) and the corresponding
alcohols 1in the presence of coupling reagents such as

35 DDQ or EEDQ. A stimilar veaction with var{fous mono-
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| m dazol-e- 5-car boxyal dehyde (synthesized as described in European Patent
Application Nunber 89100144.8, 25 publ i shed 7.19.89) (590 ng, 0.89
mmol , .1 eq), and thiophenol (0.91 nL, 8.9 nmol, 10 eq) were added to a
freshly prepared sol ution of sodi um met hoxi de in nethanol (sodium 205
ng, 8.9 mmol, 10 eq; nethanol, 40 nl) d the m xture refluxed overni ght
under [err]. The 30 sol vent was renoved in vacuo and the residue

di ssol ved in wat giesepflteh)and WS ubsi 1 eatedastitnes Produeed @he2 With 10 N NaOH.
cumy SOLI S, (11 arespbndthy Salted’ (2285 CRRRVAY rdaBbili'vtfl ch viere di ssol ved

by the addition €® _
various mercaptans produces the corresponding

thioesters. _
5 . Scheme 33 T
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of ethyl ether (50 nlL). The |l ayers were separated and 35 t he aqueous

| ayer extracted with ethyl ether (2 x 50 161 nml). The aqueous | ayer was
then extracted with ethyl acetate (6 x 50 nL). The ethyl acetate |ayers
were-collected, dried [err], and the solvent renoved in vacuo to yield a
resi due which was redissolved in water 5 (50 mL). The pH was adjusted
to 1 wth conc. HO. A

As shown in Scheme 34, the chloro group on (2.
can be displaced by the sodium salt or potassium salt of
the alkyl, aryl or arylalkyl wercaptans to give the
corresponding sulfide derivatives (221). The amine -

[ 1 derivative (222) can be obtained by treating (25) with
amwonta or wilh the corresponding mono-substituted
amines. Alternatively, the chlioro group may be dis-
placed by sodium azide to give an azide {ntermediate
which upon reduction with Hz over a noble metal catalyst

10 or with & reducing agent such as chromous chloride
{W. K. Warburton, J, Chem, Soc,, 2651 (1961)) ytelds
(222) where R10 and R11 are hydrogen. This amine can
be subsequently alkylated with alkyl halides, or
reductively alkylated with aldehydes and ketones to give

15 alkyl derivatives of (222). The amines (222) are
converted to the corresponding carbamates (224),
sulfonamides (225), amides (226) or ureas (227) by
standard procedures {1lustrated in Scheme 34 and
faniltar to one skilled in the art,
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gummy pr-eci pitate containing product formed which was dissolved in ethyl
acetate (50 nL). The |l ayers were separated and the aqueous | ayer was
extracted with ethyl acetate (2 x 50 nl). The ethyl acetate |ayers 10

were collected, dried [err], and the solvent renoved in vacuo to yield a
white glass (200 ng). Crystallization fromhot n-butylchloride yielded a
white solid (142 ng): np 1435-145.5[err]C. NHR [err] 9.82 (s, 1H); 7.80-761

(m 2H); 7.58 (d. 1H J=8Hz); 15 7.52 (d, 1N, J=8Hz); 7.45-7.20 (m
5H); 7.09 (d, 1IN, J=8Hz):; 7.03 (d, 2H 98=8Hz); 5.62 (s, 2H): 2.64 (t, 2H,
Scheme 34 .
ot
' e
CA-&,Cl
5 >
(o),
2
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o 2!
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]
28 L s v/
20 2l 4
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J=7Hz);-1.50 (t of t, 1H, J=7,7Hz); 1.25 (t of g, 2H, J=7,7Hz); 0.80( t,
3H, J=7Hz). Anal. calcd. for [err]: 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. Exanples 243-253 in
Tabl e 7 can be nade by procedures described in exanple 242 and ot her
exanples in this patent application and in EP 89100144. 8 (published
7.19.89) or by other nmethods famliar to one 25 skilled in the art.

92
Scheme 34 (Cont'd)
10 j u't o
222 =NsCe RG'( \,n—-c-u-n“
5 ~

al

227

p-3

The reactfon between the thiopyridyl ester (228)
15 and a suitable Grignard reagent produces the ketones

(230).
Scheme 85 ) .
. ,«'S\ 28
6
K umz )),\5.3 % RGA (Cﬂz))\au
(cuz)
N :
25 R al
3 (vhere R16.a1ky2,
K R 8¢ ®3 cycloalkyl,
. (CHy}pCetg )
220 (& = prridel) ~
30

As shown n Scheme 36 when the tmidazole 4- and/or

S-posttion contains an aldehyde (231} then reaction with
organometall{c reagents such as Grignard or

alkyl/arylifthium reagents will yleld alcohols (232)
which fn turn may be transformed {nto a variety of other
35 functionality fam{ltiar to one skilled in the art.
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162 Table 7 Ex. No. [err] [err] [err] A

mp([err] Cr 243 n-butyl CHO COOH 142.5-143.5 244
n- but.yl CHO COH a 245 n-buty
CHO CN4H b 246 n-butyl CHO . COCH c 247
n- but yl CHO CNAH 248 n- butyl
CHO CN4H .
93
Scheme 36
S
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1 "”(u S~ Ctns -0HR
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(CH),
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2 gt X o
232
pres

As shown in Scheme 37, ester 234 may be obtained
25 by direct oxidation of aldehyde 233 with NaCN, NnO2 in
methanol (Corey, E. J., et al. J, Am, Chem, Soc, (1968)
90, 5616). Oxidation of 233 with NaCN, MnO2, and an
anine in 2-propanol leads to the corresponding amide 235

(G1)man, N. W, Chem, Comm, (1971) 733).
30
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163 Ex -No. [err] [err] [err] A np ([err] Q)
249 n-propyl [err] CHO [err] 250 n-propyl .
[err], [err] 251 n-propyl CHO "
COOH™ COOH 263 n- propyl [err]
[err] [err]
o4
Scheme 37
/( ’{-R’ !N ﬁ:.:zy
1 " N)
i
5 " NaCN t
Mn
R ROD? R‘T
et w2 *"as
10 213 X
w R = alkyl
NaCN
Mn ~OH
NH; or RR"NH
§PrOH
15 .
N-—_CONRR"
(3 &=
R‘/L,i,)\av R"(u) R
(CHa (OHale
20
238 R'orR"=Horalkyl - 236
AN .Y
25 Saponification of ester 234 witi teaa to
carboxylfc actd 236.

Aldehyde 233, 1n turn, way be wade from the
corresponding alcohol 17 by a variety of methods
fanilfar to one skilled {n the art, including pyridium

30.  chlorochromate (PCC), Swern and ceric ammonfum nitrate
(CAN) oxtdatfons.

Likewise, the unalkylated hydroxymethylimidazole
derivattve x(aa-cuzou) wmay undergo the transformatfons
to the aldehyde, ester, carboxylfc actid and carboxamide

35

by the reactfons mentioned above for the alkylated case.



164 Table 7 (continued) Ex. No. [err] [err] [err]

A . .mp ([err]C) 255 n-propyl CHO COOH 26B
n- but yl CHO [err] 267 n-butyl
CHO = [err] 258 n-butyl [err]

95

Compounds 238 (where Ar = p-biphenylyl, p-
phenoxyphenyl, or a heteroaryl group as described {n the
scope under the definition of k’) can be prepared by the
coupling of an arylmetal derivative {(ArM, where N-Znar

3 #Me3Sn, B(OH)2, etc.) with & haloimidazole 237 in the -
presence of & transition metal catalyst such as
palladium, nickel, platinum, zirconfum, etc. (Scheme
382). Rlternatively an imidazole metal derfvative 239
can be coupled to an arylhalide to prepare 238 (Scheme

10 38b).

The aryimethyl derivatives 240 can be prepared
employing the transition metal catalysed coupling of 237
and an arylmethylmetal (ArCHoM', where H'sZnBr, etc.),
as shown {n Scheme 38¢c.

15 Compounds 241 way be prepared, as described tn
Scheme 38d, by the coupling of an alkenyl- or
alkyinylmetal derfvative (AM) or the corresponding
alkene or alkyne (AH) with 237.

Likewise, the unalkylated {midazoles (], where

20 ®7=Br or I) may undergo the coupling reactfons described
tfn Scheme 38a-d {For references to transition metal
catalysed coupling veactions, see: Richard C. Heck,
Palladium Reagents in Organfic Synthesis, Academic Press,
New York, Chapters 6, 7, and 8; and references cited

25 therein,)

The compounds of formula I where R7 1s an alkynyl
group, & substituted alkynyl group, or & substituted
alkeny! group and the carbon-carbon double or triple
bond 1s not adjacent to the imidazole ving (e.g.,

30 R7=(CHp)4CHsCH(CH2)yAr, where v¥0) can be prepared by a
varfety of chain elongation methods and chain coupling
reactions known to one skilled in the art including
those described in Schemes 3, 28, 29, 33, 35, 36, and
38.

35




165 Table 7 (continued) Ex. No. [err] [err] [err]

A np ([err]C 269 n-propyl CHO COOH 260
n- propyl CHO CN4AH 261 n- butyl

CHO - [err] 262 n-butyl CHO [err] 263 n-butyl
CHO CN4AH 264 n- propyl o6 CHO CNaH

The compounds of formula I where R7 1s &
substituted alkyl group (R7=(CHp),Ar, where ws2-10) can -
-be prepared by reductfon of the corresponding al&enes
(241) by catalytic hydrogenation.

5
REPLACEMENT SHEET
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15
20
25
30

35



166 Table 7 (continued) Ex No. [err] [err] [err] A

np ([err]C) 265 n- propyl

[err] COOH 266 n- but vyl

CHO : COOH 0 267 n-butyl CHO [err] [err]
97
Scheme 38
N—z, X . N?"
5 n‘*( Zw RS ‘7”
. "
o (eu,), ArM _ (CHy),
H\ pd° H\'
———R! R!
,,s/w\'"n, R’IV\y
10
237 238
(X=Brorl) Ar = heteroaryl biphenylyl,
or phenoxyphenyl
15
N-?“
n'—&u’/""
)
(CHa), Arx 238
b P
20 ) Pd®
=R
RS "\ynz
25 239
N— CHeAr
X
n"( v
ArCHaM*
30 (cua):
o) 237 > (&
3
Rs/%\n,

35
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167 Exanple 268 10 PART A: Preparation of 2-n-propyl-4-cyclobutylidenyl -
5- hydroxynethyl -1-[(2'-(N-triphenyl nethyl-(1H

tetrazol -5-yl)) bi phenyl -4-yl)methyl ]i m dazol e. 15

(0-Brono-n-butyl)tri phenyl phosphoni um brom de (7.42 g, 0.0155 nmol, 2 eq)
was suspended in THF (125

98
Scheme 38 (cont.)

q 237 AMoran (CHy),
- Pa® ,L
10 -y 1

A = VINYL
CH=CH(CH ) Ar
CEC(CH,),0H,
15 CEC(CH,),Ph °*
CRC(CH,),Ar

Ph = phenylor
substliiuted phenyl

20
x = 0-B

y= 0.7
2 =04

25

B T T B TR ot A AT

REPLACEMENT SHEET|
28 LB B97

30

35



mL) and-0.75 N potassi um hexanet hyl di silazane (41.4 nm, 20 0. 031 mol,

4 eq) was added at roomtenperature. The mixture turned blood red. After
0.5 h,; 2-n-propyl -5-

hydr oxynet hyl -1-[ (2" - (N-tri phenyl net hyl - (1Htetrazol - 5-

yl)) bi phenyl -4-yl -met hyl ] i m dazol e- 4- car boxal dehyde (5.00 g, 7.75 muol, 1
eq) as a slurry in THF was added. 25 The m xture eventually turned into
a yell ow orange suspension. After 24 h, the reaction was worked up by
adding a little nethanol to quench, &9 | oved by ethyl acetate and water.

The | ayers were seper | shed with water (2X

The | ayer P EoRiu‘of WErili o Y Uhert WL Wi 7 (2%)
arylalkenyl and R® = CHp0H, aldehyde, or COOH can be
prepared as shown {n Scheme 39,

2-Alkylimidazole-4 ,S5-dicarboxylic acids (242),

5 prepared by the method of R.G. -Fargher.and F.L.-Pyman
(3._Chen, Soc,, (1919) 115, 217), can be converted fnto
their corresponding diesters (243) by stmply refluxtng
in an alcoho) solvent in the presence of .an actd such as

_HC}, or by many other methods familtar to one skilled tn
10 the art.

Diester (243) can then be converted nto {ts
metallfc salt by veaction with sodium methoxide, sodium
ethoxide, sodium hydrfde, potassfum hydride or any other
base in an appropriate solvent such as DNF. The

15 resultant salt 1s then alkylated with the appropristely
substituted benzyl der{vative (2) to yfeld
benzylimidazole (244). The above alkylatfon sequence
may be 81so performed by heating or vefluxing the benzyl
halide (tosylate or mesylate) (2) with tmidazole (243)

20 tn a solvent such as DMF fn the presence of .an acid
scavenger such as potassium or sodfium carbonate.

Diester (244) con be reduced with 1{thium aluminum
hydride 1n an {nert solvent such as THF to the
corresponding dialcohol (245). Selective oxidation of

25 dislcohol (245) with manganese dioxide fn an {nert
solvent such as THF yfelds primarily aldehyde (247) with
& minor product dialdehyde (246). Separation of (242)
from (246) either by crystallfzation or
chromatographically, followed by Wittig vreaction of

30 (241) with methylenetriphenylphosphorane or the
appropriately substituted arylatkylidenetriphenyl-
phosphorane fn an {nert solvent such as THF yfelds the
4-31kenyl-S-hydroxymethylimidazole (24B). Further
oxtdatfon of (248) with the Dess-Martin pertfodinane (),

35 Orgy, Chem,, (1983) 48, 4155), with manganese dioxide,
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30 (1X). The organic |layer was dried [err], and solvent renoved in
vacuo, ang the residue flash chromatographed in 60:40 pentane/ethyl acetate
to 100% ethyl acetate to yield 4.12 g (789 of a white solid: np 181.5-
182.5[err]C. NWR [err] 6 7.78 (m1H: 7.61 (t,1H, 35 J=THz): 7.54
(t,1H J=7Hz); 7.48-7.20 (m 10H); 7.03 168 [err]

with pyridinfum.chlorochromate, with barfum manganate or
with other oxidants familfar to one skilled in the art,
‘n an inert solvent such as THF or methylene chloride
followed by deprotection of etther k!, R2, or R? 1f —
5 necessary ylelds the 4-alkenylimidazole-5-carboxaldehyde
(249).
Oxidation of (249) with, for exsmple, manganese
dioxide/cyanide fon {(Corey, E.J., et al. 3, Am. Chem,
Soc,, (1968) 90, 5616) or with potassium permanganate

10 (Sam, D.J. et al. J, Am, Chem, Soc,, (1972) 94, 4024)
ylelds A-alkenylimidazole-5-carboxylic acid (250).

15

20 i

- 25

30

35



PART B:.. Preparation of 2-n-propyl-4-cyclobutylidenyl-.

5- hydroxymethyl -1-[(2'-(1Htetrazol -5- yl)bi phenyl -4-yl)nethyl]im dazol e.
20 2-n-Propyl - 4-cycl obutyl i denyl - 5- hydr oxymnet hyl -

1-[(2'-(N-triphenyl nethyl -(1Htetrazol -5-yl)) bi phenyl - '
4-yl)methyl]im dazole (1.00 g), nethanol (25 m.) and 25~ THF (15 nl)
were mixed and refluxed for 24 h. Thggsol vents were renoved in vacuo and
the residue i medi ately flash chronmat ographed quickly in 1:1 pentane/ethyl
acetate to 100% i sopropanol and Scheme 39

CO;CH,y '
- m MeoH W S 8 NlOEloerH - NOOELOrNaH o E

Br——{CH,}
243 {ortosylate ai p
or mesylats)
3

10
o] ﬁt
N
O
T oy
Al ﬂ’—@ ﬂ‘-—@
R S Rt ’ R e
247 848 245
20 PhyPsC(Mly)
Wiltlg Reaction
4
Yy y
N N N J
25 R“—&" . H lﬂ—’-ﬁ—&ﬂ .5 1. oo “"‘(ﬂ
’ 2. deprotect
y 2. deprotect ok
Rl RAle Ale—
\ﬂ’ R \ﬂ, \n’
30 - T ' 250

where T=H, y=H, (CH2)x~Aryl or T and y taken together
form a cyclic ring of 3-8 carbons and the regiochemistry

about the double bond fn 248, 249 and 250 can be 2 or E.
35




eventually to 100% ethanol to yield 320 ng of a light 30

yel | ow gl ass:

NHR [érr] 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, 1H); 5.17
(s,2H): 4.31 (s,2H): 3.04 (m2H); 2.77 (m2H); 2.42 (t,2H J=7Hz): 1.97
(m2H); 1.53 (t of q,2H,J=7.7Hz); 35 0.86 (t 3H J=7Hz).. Anal. [err]
H N 169 -

' 102
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15

20

25
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Imidazoles represented by structure (25]) where X
15 C}, Br, or 1 and £ 1s an electron withdrawing group
such as an ester, ketone, nitro, slkylsulfonyl, —_—
arylsulfonyl, etc., can undergo the nucleophilic
aromat{c substitution reactfon (H. Schubert, H. Stmon,
A, Jumar, 7, Chem, (1968) 62-63) where the leaving group
X 4s substituted by a nucleophile such as sulfur,
carbon, or nftrogen to yteld adducts (252) (Scheme 40).
The reaction can be done in hydroxylic solvent such as
methano) or non-hydroxylic solvent such as DMSO at room
temperature to the reflux temperature of the solvent,
The nucleophile sometimes must be converted {nto its
anfon to make it more nucleophilic. For example,
thiophenol can be refluxed in methanol fn the presence
of sodium methoxide and the haloimidazole (28]1). Other
nucleophiles include other alkyl and arylthiols,
heteroarylthiols, thiolacetic acid, alkyl and
arylsul fonamides, heteroarylsulfonautides, diacylamines,
alkyl and arylamines, heteroarylamines, etc., famtliar
to one skilled fn the art.

1f 2 sulfur nucleophile {s used, the resultant
sulfides can be oxidized to the corresponding sulfoxides
and sulfones by methods familiar to one skilled {n the
art, ‘

C



Utility. The hornone angiotensin Il (All) produces numerous biol ogical
responses .(e.g. wasoconstriction) through stinulation of its receptors on
cel |l ‘menbranes. 5 For the purpose of identifying conpounds such as All
ant agoni sts which are capable of interacting with the Al receptor, a

| i gand-receptor binding assay was utilized for the initial screen. The
assay was carried out according to t ¥ net hod descri bed by [d ossmann et 10

al. J. Bio] Chem 249, 825 (1974)Mwith sonme nodi fications. The
reaction m xture contained rat

e : Nu
-
a.i“) | Nucleophile "Nu" RS iu)
ns Solvent
) 3
3 3
R 2 . R ]
251 252

The compounds of this {nvention and their
preparation can be understood further by the following
15 examples, which do not constitute a limitation of the
invention. In these examples, unless otherwise
indicated, al) temperatures are 1n degrees centfgrade
and parts and percentages are by weight.

20

25
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35



adrenal cortical mcrosonmes (source of Al receptor) In Tris buffer and 2
nN of [err] with or without potential Al antagonist. This m xture was

i ncubat ed 15 for 1 hour at roomtenperature and the reaction was
subséquently termnated by rapid filtration and rinsing through gl ass
mcro-fibre filter. Receptor-bound [e;“l_- Al trapped in filter was
quantitated by scintillation counting” The inhibitory concentration [err]
of 20 potential Al antagoni st EMHH!'E gi ves 50% di spl acenent of the
total specifically bound [err] is a measure of the affinity of such
compound for the All receptor.

| N O,Me
5 /\/(_{co,m -

N
H

10 PART A: Preparatfon of 2-n-Propyl-4,5-
dicarbomethoxyimidazole.

2-n-Propylimtdazole-4,5-dicarboxylic acid

15 [prepared by the method of R.G. Fargher and F.L. Pyman
(J. Chem. Soc., (3919) 115, 217), wmp 257 (dec.) °C)
(17.14 g, 86.6 mmol, 1 eq), methanol (400 wmL) and
acetyl chloride (38.1 mL, 53¢ mmol, 6 eq) were
cautfously mixed (acetyl chloride additfon to methanol

20  1s very exothermic) and refluxed overnight. The
solvent was removed {n vacuo and water (100 ml) and 10
N NaOH were added until plis7, The aqueous mixture was
extracted with ethyl acetate (3Xx), the organic layers
combined, dried (MgSO4) and the solvent removed in

25 vacuo to yfeld 12.00 g of a white sol{d.
Recrystallization from hexane/ethyl acetate ylelded
11.41 g of & white solid (58%); - mp: 162.0-364,.5°C. .
NHR (CDCl3) & 3.95 (s,6H): 2.78 (t.28); 1.83 (t of t,
2H,3+7,7H2); 0.97 (t,3H,0+7Hz); IR (neat) 1735 cum-l,

30 Anal. calcd. for CjgHyqN204¢(H20)p, 25t €, 52.06; H,
6.28; N, 12.14. Found: C, 52.06: H, 6.17; N, 12.49.

35 ’ REPLACEMENT SHERT
28FEB 1997




Compounds of this invention which were tested in this binding assay
exhi bited [err] of [err] Mor less (Table 25 8). 170 Table 8
Angiotensin |l Antihypertensive Receptor Ef fects in renal Binding
Hypertensi ve Rats

105

5
/4
N
10
Part B: Preparation of 4-Methyl-2'-(N-triphenylmethyl-
15 {1H-tetrazol-5-y1))biphenyl

"4*-Hethylbiphenyl-2-nitrile (preparation
described in European patent application 0253310,

20 published on 20.01.88) (10.00 g, 51.7 smol, 1 eq), tri-
n-butyltin chloride (14.0 mlL, 51.7 smmol, 1 eq), sodium
azide (3.4 g, 51.7 mmol, 1 eq), and xylene (50 ml) were
mixed and vrefluxed for 64 h after which the reaction
mixture was cooled to room temperature. 10.0 N KaOH

25 (6.10 L, .061 mmol, 1.2 eq) and trityl chlortide (14.99

' g. 53.8 mmol, 1.04 eq) were then added and the mixture
stirred for 24 h after which water (39 mlL) and heptane
(100 mL) were added. The resultant slurry was stirred
at 0°C for 1.5 h. ' The resultant solids thus obtained

30 were filtered, washed with water (2X 55 ml) washed once
with 3:2 heptane/toluene (55 mL) and dried overnight
under high vacuum to yleld 19.97g of a light yellow
powder: mp 148.0-155.0°C (dec.). These solids were
sturried in ethyl acetate (75 mL) and filtered to yfeld

35 15.0g of a 1ight yellow powder: mp 164.0-165.5°C
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5

Acti vit yl.err]

[err] 27
I\lA -
0.024
0. 37

10

15

20

25

30

35

[err] I ntravenous Oral Ex. No.
Activity[err] | - 0.013 2 0. 021
0.17 ‘ ' - Jerr] 28 0.
NT 10 47 0.21 NA
+ + 243 0.28 - NA
NA NT 245 0. 024 +
106

(dec.). NMR (CDCl3) & 7.91 (d,1H,J=9H2); 7.53-7.18
{m,13H); 7.02-6.84 (m,0H); 2.25 (s,3H).

Br

A<

PART C: Preparation of 4-Bromomethyl-2'~(N-

triphenyimethyl-(1H-tetrazo)-5-y1))biphenyl,
a representative procedure.

4-Methyl-2'~{N-triphenyimethyl- (1H-tetrazol-
5-y1))biphenyl (52.07 g, 109 mmol, 1 eq), N- -
bromosuccinimide (19.4 g, 109 mmol, 1 eg), benzoyl
peroxide (1.0 g) and carbon tetrachloride (300 ml) were
mixed and refluxed for 2.5 h. The reaction was cooled
to room temperature and the succinimide filtered. The
filtrate was concentrated and the res{due triturated
with ether to yfeld a first crop of 36.0 g: =p 129.5-
133.0°C (dec.). NMR {(CDCl3) & 4.37 (CHBr). This
material was suitable for further transformation.

REPLACEMENT SHEET
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246 0. 27 + NT 268 0. 044 < NT -

NT 151 Significant decrease in blood pressure at 3.0 ng/kg or less 2

Si gni ficant decrease in blood pressure at 30 ng/ kg or less 20 NA - Not
active at 3 ng/kg or 30 ng/ kg dosage tested. Although sone of the conpounds

tested were not active orally, they were active intravenously. NT Not
t est ed. 107

CO,Me _
s I woll

N° "COMe
10 N
(Ph) 07 N-N
15
PART D: Preparation of 4,5-dicarbomethoxy~-2-n-propyl-

1-f(2*-(N-triphenylmethy) - (1H-tetrazol-5-
y1))biphenyl-4-y1)methyl] imidazole,

20

Sodium hydride (1.06 g, 44.2 wmmol, 1 eq) was
added to a solution of 4,5-dicarbomethoxy-2-n-
propylimidazole (10.00 g, 44.2 mmol, 1.eq) {n 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 hydride. G&as evolution
ceased and the mixture was cooled to voom temperature,
To this mixture was added a DMF solution of 4-
bromomethyl-2'-(N-triphenylmethyl-(1H-tetrazol-5-

30 y1))biphenyl (24.64 g, 44.2 smol, 1 eq). After 24 h,
the solvent was removed fn vacuo, and the residue was
flash chromatographed in 75:25 hexane/ethyl acetate to
100% ethyl acetate over silica gel to yleld 15.78 g
(51%) of 2 white glass which was suitable for further

35 transformation. .Recrystaliization from ethanol yielded
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[err] Not tested at 30 ng/ kg p.o. 171 The potential antihypertensive
effects of the conpounds of this invention nmay be denonstrated by

adm ni stering the conmpounds to awake rats made hypertensive by Ilgatlon of
the. left renal artery 5 [ Cangiano et al., J. Pharmacol. [err] Ther.
208, 310 (1979)]. This procedure ig&geases blood pressure by

an analytical sample (white crystals): mp: 124.0-
125.5°C. NMR (CDCl3) & 7.91 (d of d,1H,3+3,9 Hz);
7.59-7.20 (m,12H); 7.09 (d,2H,J=9Hz); 6.94 {m, 6H);
6.76 (d,2H,J=9H2); 5.30 (s,2H); 3.89 (s,3H); 2.50 ___
5 (t,2H,J=7H2); 31.67 (t of t, 2H,J=7,7Hz); 0.85
(t.3H,3=7Hz). IR (neat) 1718 cw~1. Anal. calcd. for
Cq3H3gNg04: C, 73.49; H, 5.45; N, 11.96. Found: C,
73.23; H, 5.48; N, 12.22. :

10 Né‘ -\S\cnzqa ; o mm%ﬁiﬁ'f
N” "CH,OH % ! 2BFEB W i 2
15 i | }
N
(Ph) 7NN

20 PART E: Preparation of 4,5-dthydroxymethyl-2-n-
' propyl-1-[(2*~(N-triphenylmethyl-(1H-
tetrazol-5-y1))biphenyl-4-y1)methyl}imidazole.

25 -4,5-Dicarbomethoxy-2-n-propyl-1-[(2*-(N-
triphenylmethyl-{1H-tetrazol-5-y1))biphenyl-4-
yV)methyl}imidazole (9.88 g, 14.1 smol, 1 eq) was
dissolved 1n a minimum of THF and to this solution,.
1ithium aluminum hydride (1.0 ¥ {n THF) (15.48 mL,

30 15.48 mmol, 1.1 eq) was slowly added dropwise. The
mixture was allowed to stir at room temperature
overnight after which it was quenched by the Stefnhardt
procedure (Fieser & Fieser V.1, p.584) as follows: to
the reaction mixture water {0.66 mL) was first

35 carefully added followed by 15% NaOH (0.66 wL) followed
by water (1.97 mL). After stirring for 72 h, a very



i ncreasing renin production with consequent elevation of All |evels.
Conmpounds .are adm nistered orally at 30 ng/ kg and/or intravenously via a
cannul a in the jugular 10 vein at 3 ng/kg. Arterial blood pressure is
contirnuously neasured directly through a carotid artery cannula and
recorded using a pressure transducer and a pol ygraph. Blood pressure |evels
after treatnent are conpared to pretreatnent levels to determne the 15
anti hypertensive effects of the coiﬁ unds which were test.ed. Sone conpounds

of this inventign giddeRifoRtof PAFALAILY NACTIrkiel Wtdkh alD/ kg and some
exhi bi ted ()rahslowly filtered through Celtte'™, The filtrate was
' dried (MgSOq) and the solvent removed in yacuo to yield
B.83 g of a yellow glass which could not be —
5 rvecrystallfzed. This {ntermediate was suitable for,
further transformatfon. MNMR (DMSO-dg) & 7.82
(d.1H,J=9H2); 7.68-7.28 (m,12H); Z.OS (d.2H,3=94z2);
6.87 (d,6H,J+0Hz); 5.16 (s, 2H); 4.94 (t,1H,9+7Hz);: 4.66
(t,1H,3=7Hz); 4.37 (d,2H,3=7Hz); 4.32 (d,2H,J=7Hz2);
10 2.34 (t,2H,J=7Hz);: 1.52 (t of q,2H,0=7,7H2); 0.77
(t.3H,3=7Hz). IR {neat) 3300 br; 3061; 1027; 1006;
909; 732; 699 cw-l. Anal. caled. for CqyHagNgO2eHp0:
C, 74.07; H, 6.06; N, 12.64. Found: C, 74.06; H,
5.95; N, 11.86.
15

20
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- é%tivity.at 30 ng/ kg (Table 8). Dosage Forns 20 The conpounds of
this.invention can be adm nistered for the treatnent of hypertension
according to the invention by any neans that effects contact of the active
i ngredi ent conpound with the site of action in the body of a warm bl ooded
anrmal . For 25 exanpl e, adm nistration can be parenteral, i.e
subcut aneous, intravenous, intranuscular, or intra peritoneal.

Alternatively, or concurrently, in songtecases administfation can be by the
oral route.

PART F: Preparation of 5-hydroxymethyl-2-n-propyl-i-
[(2'-{N~-triphenyimethyl-(1H-tetrazo}-5-
y1))biphenyl-4-yl)methyl]imidazole- —
4-carboxaldehyde and 2-n-propyl-1-[(2*-(N-

5 triphenylmethyl-(1H-tetrazol-5-y1))biphenyl-4-
yl)methyl] imidazole-4,5-dicarboxaldehyde.

4,5-Dihydroxymethyl-2-n-propyl-1-{2'~(N-

10 triphenyimethyl (1H-tetrazol-5-y1))biphenyl-4-
yl)methyl])imidazole (B.56 g, 13.2 mmol, 1 eq) was
dissolved {n a minimum of THF and added to a slurry of
manganese dioxide (11.14 g, 128.1 smol, 9.7 eq) in THF
{100 mL) at room temperature. After 24 h, the contents

15 were filtered through CeliteTM. the cake washed with
THF, and the solvent of the filtrate removed in vacuo.
The residue was flash chromatographed {n 1:1 '
hexane/ethyl acetate to 100X ethyl acetate over silica

_ gel to yield the dialdehyde which eluted first; 1,25 g

20 (15%) of a tan glass. NMR (DMSO-dg) & 10.27 (s,1H);
10.17 (s,1H); 7.81 (d,1H,J=7Hz2); 7.68 (m,2H); 7.50-7.23
{w,10H); 7.09 (d,2H,J=9Hz2); 6.96 {(d,2H,J=9Hz); 6.86
(m,6H); 5.59 (s,2H); 2.52 (t,2H,J=7H2); 1.58 (t of q,
2H,d=7,742); 0.77 (t,3H,J=7Hz). IR (neat) 1697; 1672

25 cm~1, Anal. calcd. for CqyH3gNg02: C, 76.62; H, 5.33;
KR, 13.07. Found: C, 76.46; H, 5.54; N, 12.94.

Continued elution yielded the 4-
hydroxymethylimidazole-5-carboxaldehyde product as a
light yellow solid: mp 164.5-166.0°C. NMR (DMSO-dg) &

30 9.86 (s,1H); 7.80 (d,1H,d=9Hz); 7.63 (t,1H,J+9Hz); 7.53
(t,1H,d=7Hz); 7.50-7.25 (m,10H); 7.07 (d,2H,J=9Hz);
6.97-6.80 (m,8H); 5.47 (t,1H,J=7HZ); 5.29 (s,2H); 4.63
(d,2H,d=7H2); 2.37 (t,2H,J=7Hz); 1.49 (t of
q,2H,J=7,7Hz); 0.73 (t,3H,J=7Hz). IR (Nujol) 1688

35 cm-1.  Anal. calcd. for C4yH3gNgO2*(Hp0)g.1: €. 76.16;




The conpounds can be adm ni stered by any 30 conventional neans avail able -‘l
for use in conjunction with pharnaceuticals, either as individual -
t herapeutic agents or in a conbination of therapeutic agents. They can be

adm.ni stered al one, but are generally adm nistered with a pharnaceuti cal

carrier selected on 35 172

111

H, 5.64; N, 12,84, -found: C, 76.02; H, 5.36; N,
12.84.

5
10
PART G: Preparation of 5-hydroxymethyl-2-n-propyl-1-
[(2*-(N-triphenylmethy)-(1H-tetrazol-5-
15 " yl))biphenyl-4-yl)methyl]-4-vinyl-imidazole.

n-Bult (2.5 M in THF) (1.70 mL, 4.3 mmol, 2.1
eq) was added dropwise to 2 suspension of methyltri-
phenylphosphonium bromide (1.53 g, 4.3 mmol, 2.1 eq) fin

20 THF (50mL) at 0°C under Nj.

The suspension became a dark yellow solution.
Afterwerds, a solutfon of 5-hydroxymethyl-2-n-propyl-1-
[{2*-(N-triphenylmethyl-(1H-tetrazol-5-y1))biphenyl-4-
yl)methyl)imidazole-4~carboxaldehyde {1.31 g, 2.0 mmol,

25 1.0 eq) 1n THF (minimum to dissolve) was added thereto
and the resultant Tight ailky 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 (MgS0O;), the solvent

30 removed fn vacuo, and the residue flash chromatographed
over sfltica gel in 1:1 hexane/ethyl acetate to yield
620 mg (48%) of a white glass: NMR {(DMSO-dg) & 7.79
(d,14,3=7Hz); 7.62 (t,1H,Jd=7Hz);: 7.55 (t,1H,J3=7H2);
7.45 (d,1H,J=7Hz); 7.41-7.18 (m,9H): 7.06 (d,2H,J=9H2);

35 6.95-6.80 (m,8H); 6.80-6.55 (m,1H); 5.73 (d of
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the basis of the chosen route of adnmi nistration ar

I~standerd--phatraceut i cal
practice. For the purpose of this disclosure, a %E?igﬁggﬁﬁﬁfghﬁﬁﬂr s a
menber of the ani mal ki ngdom 5 possessed of afh@nmeostatic nechahi sm and
i ncl-udes mammal s and birds. The dosage administerg¢diwigg gRienpfept on
t he age, health and weight of the recipient, the éxgent of "di'seasg,tkind of
concurrent treatnent, if any, 10 frequency of §t reatment—ane-the} nat ure

of the effect desired. Usually, a dailyyzdosage of factive ingredient

10

15

20

25

30

35

d,1H,J+17,3 Hz);: 5.17 (s,2H); 5.10 (t,1H,J=7Hz); 5.05
(d of d,1H,J=12,3Hz); 4.28 (d,2H,Js7Hz); 2.37
(t,2H,=7Hz); 1.50 {t of q,2H,Jd=7,7Hz); 0.78
(t,3H,3=7Hz). IR (meat) 1029; 1006; 909; 733; 698
cm-1,  Anal. caled. for CqoMagNgOsHp0: C, 76.34; H,
6.10; N, 12.72. Found: C, 76.49; H, 5.88; N, 12.52.

PART H: Preparation of 2-n-propyl-1-[(2'-(N-
triphenyimethyl-(1H-tetrazol-5-
y1))biphenyl-4-yl)methyl]-4-vinyl-imidazole-
5-carboxaldehyde. '

5-hydroxymethyl-2-n-propyl-1-[{2*-(N-
triphenylmethyl-{1H-tetrazol-5-y1))biphenyl-4-
yl)methyl]-4-vinylimidazole (470 mg, 0.73 mmol, 1 eq).
Dess-Martin perfodinane (J, Org, Chem. (1983) 48, 4155)
(341 mg, 0.80 mmol, 1.1-eq) and methylene chloride
(10mL) were mixed and stirred under nitrogen overnight.
The solvent was removed in yacuo and the residue flash
chromatographed in 3:2 hexane ethyl acetate over stltca
gel to yield 310 mg (66%) of a white glass. NMR (DMSO-
dg) &5 9.91 (s,1H); 7.80 (d,1H,J=7Hz); 7.61 (t,1H,
Je7Hz); 7.54 (t,1H,J=7THz); 7.48-7.22(m, 10H); 7.20

(d,1H,3=9Hz); 7.06 (d,2H,J=9Hz); 7.00-6.75 (m,8H); 6.15

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



compound wi Il be from about 1-500 mlligranms per day. Odinarily,
to 100 mlligranms per day in one or

from 10

nore applications is effective to

obtain desired 15 results. These dosages are the effective amounts
both for treatnent of hypertension and for treatnent of congestive heart

failure, i.e., f
henmodynam ¢ burd
active ingredien
capsul es, tablet

10

15

20

25

30

35

or |l owering blood pressure and for correcting the

en on the heart to relddeve the congestion. 20

- The

8 o SR A Q08208 r s cuch as el ixi 15

q,2H,J=7,7Hz2); 0.79 (t,3H,d=7Hz). IR (neat) 1658 cm~
Anal. calcd. for CqoH3ghgOe(H20)g.5: C, 77.63; H,
5.74; N, 12.93. Found: C, 77.53; H, 5.73; N, 12.64. __

PART 1: Preparation of 2-n-propyl-1-[(2'-(1H-tetrazol-
5-y1)biphenyl-4-yl)methyl]-4-vinyl-imidazole-
5-carboxaldehyde.

2-n-propyl-1-[(2*'-(N-triphenylmethyl-(1H-
tetrazol-5-y1))biphenyl-4-yl)methyl]-4-vinyl-imidazole-
5-carboxaldehyde (330 mg), trifluoroacetic acfd (1.65
mt), water (1.65 mL), and THF (1.65 mL) were mixed and
stirred at room temperature. After 8 h, the mixture
was neutralized to pH=7 with 10N NaOH and the solvents
removed in vacuo. The restdue was flash
chromatographed in 1:1 hexane/ethyl acetate to 100%
ethanol to yleld 270 mg of a white glass. NMR (DMSO-
dg) & 9.92 (s,1H); 7.65-7.50 (m,1H); 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=17,3H2); 5.55 (s,2H); 5.45 (d of d, 1H,3=12,3
Hz); 2.63 (t,2H,J=7Hz); 1.64 (t of q,2H,J=7,7Hz); 0.90
(t,3H,3=7Hz). IR (Nujol) 1680 cm-1.
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A pr———E ST

syrups, and suspensions. It can also be adm nistered parenterally, in
steril’e liquid dosage forns. 25 Cel atin capsul es contain the
active ingredient and powdered carriers, such as |actose, starch, cellul ose
derisvatives, magnesium stearate, stearic acid, and the like. Simlar

di luents can be used to nmake conpresseg,ablets. Both tablets and capsul es
can 30 be manufactured as sustained rel ease products to provide for
conti nuous rel ease of nedi.cation ovq&‘ﬁ%ﬂﬁﬁlod of hours. Conpressed tablets
can be sugar coated or filmcoated to sk any unpl easant taste and

'
84
5 /\/(? CH,OH |
1) |

PART A: Preparation of S5-hydroxymethyl-4-fodo-2-n-
10 propylimidazole.

A solution of 31.5 g of 4(5)-hydroxymethyl-2-

n-propylimidazole and 50.6 g of N-l1odosuccinimide in
560 mL of 1,4-dioxane and 480 mL of 2-methoxyethanol

15 was stirred at 45°C for 2 h. The solvents then were
removed under vacuum. The resulting solids were washed
with distilled water and then were dried to afford 54.6
g of the product as a yellow solid; mp 169-170°C. NMR
(OMSO-dg) & 12.06 (br s,1H); 5.08 (t,1H); 4.27 (d,2H);

20 2.50; (t,2H); 1.59 (sext.,2H); 0.84 (t,3H).

l
25 : ;”~\\"’£E:;j§::;CHH!)

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

To a solution of 35.8 g of 5-hydroxymethyl-4-
35 fodo-2-n-propylimidazole tn 325 mL of glacial acetic

REPLACEMENT SHEET|
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protect, the tablet fromthe atnosphere, or enteric 35 173 coated for

sel ective ., disintegration in the gastrointestinal tract. Liquid dosage forns
for oral adm nistration can contain coloring and flavoring to increase
patient 5 accept ance. )

115

acid at 20°C was -added dropwise over 1 © 290 mL of
1.0 N aqueous ceric ammonfum nitrate solution. The
resulting mixture was stirred at 20°C for 1 h. The
reaction mixture then was diluted with 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, dried over
anhydrous sodium sulfate, filtered, and concentrated.
The resulting crude solid was recrystallized from 1-
10 chiorobutane to furnish 29.9 g of product as a light
yellow solid; mp 141-142°C. NMR (CDCl3) & 11.51 (br
s.1H); 9.43 (s,IH); 2.81 (t,2H); 1.81 (sext., 2H); 0.97

(t,3H).
15
V4
N .
1? CHO
20
H
PART C: Preparation of 3-n-propyl-4-
(phenylethynyl)imidazole-5-carboxaldehyde.
25

A solution of 2.64 g (0.01 mol) of 4-fodo-2-n-
propylimidazole-5-carboxaldehyde, 25 mL of dry DMF, 2.5
wL of triethylamine, 1.00 g (0.001426 mol) of

30 bis(triphenylphosphine)palladium chloride and 5.00 g
(0.017 wol) of (phenylethynyl)tributyltin was heated to
70°C under nitrogen. The veaction was stirred for 120
hours, then cooled. The precipitate was filtered and
washed with methylene chloride, and the resulting

35 filtrate was evaporated under reduced pressure. The

REPLACEMENT SHEET
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In general, water, a suitable oil, saline, aqueous dextrose (glucose). and
rel ated sugar solutions and glycols such as propyl ene glycol or

pol yet hyl ene glycols are suitable carriers for parenteral solutions. 10
Solutions for parenteral adm nistration preferably contain a water sol uble
salt of the-active ingredient, suitablé stabilizing agents, and if

b1 sul {115, Sodi FFSiEi S, Stssofieof 200 2L of Betonene sloride one or
conbi ned, are suiahdiexeractedithres timesgeiths100AmE @fus@dHer.e The ric acid and
its salts and sodpidBus Jayer pH was adjusted to 10 with 50% sodium
hydroxide and extracted three times with 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)imidazole-5-carboxaldehyde. NMR
(CDC13) & 9.89 (s,1H); B8.22 (s,1H); 7.93 (m,3H); 7.53
10 (m,2H); 2.87 (t,2H); 1.87 (m,2H); 1.03 (t,3H).

15 ‘
AL ACENEINT ‘SHEE
i: g
|—

20 L

25

30
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EDTA. In addition, parenteral solutions can contain presérvatives, such as
benzal koni unm chl ori de, nethyl- or propyl paraben, and chl orobutanol. 20
Sui t abl e pharmaceutical carriers are described in Rem ngton's

Phar maceuti cal. Sci ences, A. Osol, a siﬁndard reference text in this field.
Usef ul pharnmaceutical dosage-forns fof*‘adm nistration of the conpounds of
this invention can 25 be illustrated as follows: Capsules A |arge nunber

of unit capsules are prEwefolioWing intermediates
procedure described in example z°82',?cbe prepared by the

S ——R
N
N—""
10 N “cHo
H
RO R mp (oC)
15 n-propyl 4-CF3
n-propyl 4-OMe
n-propy! 4-COOH
n-propyl 4-CON(Me)2
n-propyl 4-SO2CH3
n-propyl 4-SO2NMe2
20 n-propyl 3-CF3
n-propyl 3-OMe
n-propyl 3-COOH
n-propyl 3-CON(Me)2
n-propyi 3-SO2CH3 -
n-propyl 3-SO2NMeo
25
n-butyl 4-
n-butyl 4-8‘:43e
n-butyl 4-COOH
n-butyl 4-CON(Me)2
m i3
= -S0O2NMe
30 n-butyl 3-CF3 2
n-butyl 3-OMe
n-butyl 3-COOH
n-butyl 3-CON(Me)2
n-butyl 3-SO2CH3
n-butyl 3-SO2NMe2

35




= e

filling standard two-piece hard gelatin capsules each with 100 m|ligrans
of powdered active ingredient, 150 30 mlligranms of |actose, 50
mlligranms of cellulose, and 6 m|ligrans magnesi um stearate. Soft GCelatin
Capsul es A m xture of active ingredienfgin a digestible oil such as soybean
011, cottonseed oil or olive oil is 35 prepared and injected by neans of
a positive

10

PART D. Preparation of 4-phenylethynyl-3-n-propyl-1-
15 {{2'-(1H-tetrazol-5-y1)biphenyl-4-y1)
methyl]imtdazole-5-carboxaldehyde.

3-n-Propyl-4-(phenylethynyl)imidazole-5-
20 carboxaldehyde was alkylated with 4-bromomethyl-2*-(N-
triphenylmethyl-(1H-tetrazol-5-y1))bipheny}
by the procedure described in example 1, parts D and I,
to yteld the entftled product. NMR (CDCl3) & 9.88
(s,14); 8.03 (m,1H); 7.57-7.27 (m,8H)}; 7.17 (m,2H);
25 7.01 (m,2H); 5.55 (s,2H): 2.61 (t,2H); 1.75 (m,2H);
0.99 {t,3H).
Examples 3-26 (Table 1) could be made by the
procedures described 1n Example 2.

30
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174 di spl acenent punp into gelatin to formsoft gelatin capsul es contai ning
100 mlligrans of the.active ingredient. The capsules are washed and
dried, Tablets 5 A |l arge nunber of tablets are prepared by
conventional procedures so that the dosage unit is 100 mlligrans of active
ingredient, 0.2 mlligrans of colloidal silicon dioxide, 5 mlligrans of
magnesi um stearate, 275 mlligranms of mcrocrystalline cellul ose, 10 11
mlligrans of starch and 98.8 nillidt&ns of |actose.

Table 1

10
Example No. R6 R
15
3 n-propyl! 4-CF3
4 n-propy! 4-OMe
5 n-propyl 4-COOH
6 n-propyl 4-CON(Me)2
7 n-propyl 4-SO2CH3
20 8 n-propyl 4-SO2NMe2
9 n-propyl 3-CF3
10 n-propyl 3-OMe
11 n-propyl 3-COOH
12 n-propyl 3-CON(Me)2
18 n-propyl 3-SO2CH3
28 14 n-propy! 3-SO2NMe2
15 n-butyl 4-CF3
16 n-butyl 4-OMe
17 - n-butyl 4-COOH
18 n-butyl 4-CON({Me)2
30 19 n-butyl 4-SO2CH3
20 n-butyl 4-SO2NMe2
21 n-butyl 3-CF3
22 n-butyl 3-OMe
23 n-butyl 3-COOH :
24 n-butyl 3-CON(Me)2
35 25 n-butyl 3-SO2CH3
26 n-butyl 3-SO2NMe2
Py
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Appropriate coatings nmay be applied to increase palatability or del ay
absorption. Injectable A parenteral conposition suitable for 15

adm nistration by injection is prepared by stirring 1.5% by wei ght of
active ingredient in 10% by vol une propyl ene glycol. The solution is nade
to'volume with water for injection and sterilized. Suspension 20 ,

An agueous suspension is prepared for oral admnistration so that each 5
mlliliters contain 120

Example 27

10 - PARY A: Preparation of 4-(furan-2-y})-2-n~
propylimidazole-5-carboxaldehyde.

: A solutfon of 2.64 g (0.01 mo)) of 4-fodo-3-n-
15 propylimidazole-5-carboxaldehyde, 60 mL of toluene, and
0.33 g (0.00029 mol) of tetrakistriphenylphosphine
palladium (0) was stirred at room temperature under
nitrogen, while a solutfon of 2.34 g (0.0174 wmol) of
furan-2-yiboronic acid in 50 mL of ethanol was slowly
20 added. The reaction was stirred for 5 minutes, after
which 12 st of 2M sodium carbonate was slowly added.
“After the additfon 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 in
300 mL of methylene chloride, washed twice with 100 mL
of saturated sodfum chloride solutfon, washed twice
with 100 mL of distilled water, and washed twice with
300 &L of 10X HC1. The HC1 layer was made basic with
30 50% sodium hydroxide until the pi=10. At this point,
the basic water layer was extracted three times with
300 mL of methylene chloride, the methylene chioride
layer was dried over sodius sulfate and evaporated:
under reduced pressure. Yield: 0.34 g (0. 00156 mol,
a5
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10.0 mlligranms of finely divided active ingredient, 100 mlligrans of

sodi um car boxynet hyl cellulose, 5 mlligrans of sodium benzoate, 1.0 grans
of sorbitol 25 solution, U S P., and 0.025 mlliliters of vanillin. The
sane dosage forms can generally be used when the conpounds of this
invention are adm nistered stepwi se in conjunction with another therapeutic
agent. Wien the drugs are adm nistered.,pn physical 30 conbi nation, the
dosage form and adm ni stration route sﬂgﬁld be selected for conpatibility

wi th both drugs. Slgi_émkgﬂqgﬁ%g.es HMQQE@Q%)‘CPEUPM&‘THIW{“?E‘QN ration
(s, 14); 7.00 (d,1H); 6.55 {m,1H)}; 2.79 (t.2H): 1.80
(m,2H); 1.02 (t,3H).
The following {ntermédiates (Table 2) were or
5 could be prepared by the procedure described in Example
27, part A:

10
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routes are illustrated in the foll ow ng tables. 175 Exanpl es of NSAID s
t hat can be conbl ned with All- bl ockers of this invention: Dose Drum

(o) . Formnul ati on Route | ndonethacin 25
Tabl et Oral (2/3 tines daily) 499

Table 2

R? '
- A

5 B”(? CHO ””"
n .
R6 : R7 mp (°C)

10
n-propyl -Q-O—Q glassa
n-propyl ﬂ wax b
1 7 s

n-propyl ‘i /(N}
n-propyl z /(N_ﬁ

20

- nop"rop)?l 'i /(N}
30 n-propyl. | .iﬂ

(o)
n-propyl ' % /
15 Zs§
RH’LACEMENY SHEET
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10 Hecl of enamat e 50- 100 Tabl et Oal (2/3 tines
dai ly) |buprofen 300- 400 Tabl et Oal (3/4 tines
dai l y): 15 Piroxi cam 10- 20 Tabl et Oal (1/2
times daily) .Sulindac 150- 200 Tabl et Oral 20
(2 tinmes daily) Azapropazone. 20Q2%00 Tabl et O al-
(3/4 tines daily)
Table 2, continued.
R?
, I, -
_ R ll{ CHO
H
A6 R7 ~ mp(eC)
10
N
n-propyl { [ )
- S
15 * N
n-propy! 3 2/ 3
S
n-propy! [ 3
20 ’3' "y
‘% N
n-propyl Z/ )}
25 Se
: N
n-propyl z /[ )
c O
30
~§ N
n-propyl Z )
(o)
35
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176 Exanples of diuretics that can be conbined with Al bl ockers of this .

I nvention:- Dose 5 Drug (ng)
Formul ati on Rout e Benzot hi adi zi des 25-100 (daily) Tabl et
Oral (e.g. hydrochl orothiazide) 10 Loop diuretics 50- 80
(daily) Tabl et O al
124
Table 2, continued.
R?
A -
5 R }it CHO
H
R6 R7 - mp (°C)
10

. N
n-propy! 'i Aij
15 Z N

n-propyl | s/EN\J

20 o \“
" n-propyl 2/&’“

25 | - | |
n-propyl . ; m

) e

n-propyl %

s




(e.g. furosem de) When used with an NSAI D, the dosage of All blockers wll
generally be the sane as when the Al 15 bl ocker is used alone, i.e.,
1-500.mIligrams per day, ordinarily from10 to 100 mlligrans per day in
one or nore applications. Wen used with diuretics, the Initial dose of
Al'l bl ocker can be less, e.g., 1-100 mlligranms per day and for the nore

active conpounds 20 1-10 mI1igqges per day. It is expected that the
conpounds of this invention will also be useful in the treatnent of
' Table 2, continued.
RY
5 R'I?S‘ ;cuo
H
R6 R7 . mp (°C)
10

LJ
n-propyl N

15

20 n-propyl wax’

25 |
n-propyl ~§\©,o' :
30 -

k13




chroni ¢ renal failure. 177 CLAIMS: 1. An anti hypertensive conpound of
the formula: [err]

126
Table 2, continued.

R?

, I

CHO
H

e R7  mp(oc)

n-butyl VQ
15 n-butyl ; /Q

0

n-butyl i /z}
n-butyl % /z}

o D
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178 [err] 179 [err] 5 [err] is H O, 'Br, | or F; alkyl of 1to 4
carbon atons or al koxy of 1 to 4 carbon atons; [err] is CN, [err] or [err];

127
Table 2, continued.
n‘r

R6  R7 . mp (°C)

n-butyl '! /C 5
’ n-butyl .ETE
2 n-butyl ’2 Q

-% N

; n-butyl 2/ »
N

n-buty! 3 /[; )

n-buty! ~§z:3

28 eB B9
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30
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[err] iis H alkyl of 1 to 6 carbon atons, cycloal kyl of 3 to 6 carbon
atons, al kenyl or alkynyl of 2 to 4 10 carbon atons; [err] is alkyl
of 2 to 10 carbon atons, al kenyl or alkynyl of 3 to 10 carbon atons or the
same- groups substituted with F or [err]; cycloal kyl of 3 to 8 carbon atons,
cycl oal kyl al kyl of 4 to 10 carbon 15 atons; cycl oal kyl al kenyl or
cycl oal kyl al kynyl of 5 to 10 carbon é@ﬁns; [err] optionally substituted

with F or [err]; benzyl or benzyl i the phenyl ring with 1 or
2 hal ogens, ‘T§Hﬂ§é,55hﬁﬂu@3.

R?
N
/ § _
s R"(n'a CHO .
H
Ao R7 ~ mp (°C)
10 .
u*j
n-butyl t "\N
15 A
n-butyl ; /(u\ J)
20 /um
nbutyl ; ,Q,u
25 .
n-butyl % n°
30 o i’:
n’butY| % \
¥ | REPLACEMENT SHEFT
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al koxy of 1 to 4 carbon atons, alkyl of 1 to 4 20 carbon atons or
nitro; [err] is vinyl; cycloal kylidenyl; alkynyl of 2-10 carbon atons;
phenyl al kynyl where the al kynyl portion is 2- 6 carbon atons; heteroaryl
selected from2- and 3- thienyl, 2- and 3-furyl, 2-, 3-, and 4-pyridyl, 2-
25 pyrazinyl, 2-, 4-, and 5-pyriyggdi nyl, 3- and 4- pyridazinyl, 2-,
4- and 5-thiazolyl, 2-, 4-, and 5- selenazolyl, and 2-, 4-, and 5-oxazol yl,
2- or 3- pyrrolyl, 3-, 4- or 5-pyrazolyl, 2-, 4- or 5- imdazolyl; o-, m
or p-biphenylyl; o-, m or p-

10

15

20

25

30

35

Table 2, continued.
R?
. N
n'/(;&cno
3! .

-R6 R7 mp (°C)

- 0

n-butyl ; /©’
n-butyl -% - O’O |

aNMR (CDCI3) @ 10.25 (5,1H); 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 (¢, 3H).

bNMR (CDCla) @ 11.45 (bs,1H); 9.88 (s, 1H); 7.55 (m, 1H); 7.37 (m.
1H); 7.13 (m, 1H); 2.73 (t, 2H); 1.80 {m, 2H); 0.91 (¢, 3H).

CNMR (DMS 39,66 (s, 1H), 7.70 (m, 1H), 7.38 (m, 2H), 7.11 (m,
gl%??% (n??ﬁ)). 270 )tfszm':‘% 80 (n(u. 2H), 0.97 (t, 3H).




30 ) phenoxyphenyl ; 2-oxazolinyl; 2-thiazolinyl; substituted
phenyl al kynyl . heteroaryl, biphenylyl or phenoxyphenyl as defined above
substituted with 1 or 2 substituents sel ected from hal ogen, hydroxy,

nmer capt o, al koxy of 1-5 carbon atons, alkyl of 1-5 35 - carbon atons,
[err], -CN, [err], [err], [err], 18 [err]
7\

lo . H-NONQN

PART B: Preparation of 4-(furan-2-y1)-2-n-propyl-1-
15 [(2'~(1H-tetrazol-5-y))biphenyl-4~-
yl)methyl]imidazole-5-carboxaldehyde.

4-(furan-2-yl)-2-n-propylimidazole-5-
20 carboxaldelhiyde was transformed into the entitled
product by the procedures described in Example 1, parts
D and I: mp 129 (dec.). WNHMR {COCI3) & 10.15 (s,1H);
7.95 (d,1H4); 7.55 (m,20); 7.38 (m,2H); 7.10 (d,2H);
6.98 (d,2H); 6.85 (d,1H); 6.45 (m,1H); 5.55 (s,2H);
25 2.55 (t,2H); 1.70 (m,2H): 0.91 (t,3H).

~ The examples {n Table 3 could be prepared by
the procedures described 1n example 27 using the
appropriate starting materfals:
30

35
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pyrrolyt, pyrazolyl or imdazolyl as defined above substituted on ring
nitrogen with al kyl of 1-5

_ carbon atons, phenyl or benzyl; or
substituted 5 al kyl ,

) al kenyl, or alkynyl of 1 to 10 carbon atons
substituted with a substituted or unsubstituted heteroaryl, biphenylyl or

phenoxyphenyl group as defined above; -S(0O)[err]-heteroaryl, -S-(0)r-
bi phenylyl, -S(Or-phenoxyphenyl, ssfp-tetrazole, [err] [err] [err]

Table 8

R]Y
Ak

Example No. RG R7

28 n-propy! -QO—O glass®

30 n-propyl .z l:§

10

20
81 n-propyl : .3/2:}
25
82 n-propyl
30 ;
83 n-propyl
2 34 n-propyt ED
REPLACEVENT SHEET
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[err] [err] 15 N1,2,4-triazolyl, where heteroaryl is a heterocycle
defined in the scope of [err] and where the phenyl group in [err] of [err],
the Nnimdazolyl, N 1,2, 3-triazolyl, and N-1,2,4-triazolyls nmay be
substituted with one or two substituents as 20 descri bed above for
heteroaryl: 0 [err]

132

Table 3, continued.

wd, T;: s -

Example No. RE 7 mp (0C)

3 | n-propy! P ,Cﬁ
S R — ‘*‘Q
C o 0
Lo npropl .%T"y
m - e
“ SR &

REPLACEMENT SHEET
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30




181 [err]
at ons,

182 [err] is H alkyl or perfluoroalkyl of 1 to 8 carbon
cycloal kyl of 3 to 6 carbon atons, phenyl or benzyl:

133
Table 3, continued.

B‘ﬁﬂo ”.'a“

.
Example No. RO 'R"
10
4 n-propyt %)\u]
15
42 n-propyl %ﬁj
20
43 n-propyl %Q
| 25
44 n-propyl {/Coc]
30 K
45 n-propy %/C |
3
REPLACEMENT SHEET
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[err] is H, alkyl of I
carbon atons, phenyl,
is H alkyl
[errt], [err], or [err];
cycl oal kyl of 3 10

[err] independently are H,

fornmul a

to 6 carbon atons,
benzyl ,
of 1 to 6 carbon atons,
[err]

to 6 carbon atons, phenyl
of 1 to 4 carbon atons, phenyl,
[err]-methyl benzyl, or taken togé?ﬁer with the nitrogen forma ring of the

cycl oal kyl
acyl
cycl oal kyl
is H alkyl
al kyl

Table 8, continued.

e

5
Example No. RE R7
10
| /"]
46 n-propyl | 't Sn
15
2 47 n-propyl
25
A &
| 30
1 3 _
REPLACEMENT SHEET
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of 1 to 4 carbon atons, phenacyl;
of 3 to 6 carbon atons,
of 1 to 6 carbon atons,

or benzyl: [err] and



15 Qis [err],
phenyl : 20

O or [err];

[err] is alkyl of 1 to 6 carbon atons,

[err] is H, alkyl of 1-4 carbon atons, or

[err],

or [err];

[err] and [err] independently are H, alkyl of 1 to 6 carbon 25

atons, benzyl,

or are taken together as [err] where u is 3-6;

[err] or [err]; [err] is [err], [err],

10

15

. 20

30

1%

135

[err], "[err] 30

" Table 8, continued.

[err] is H,

mp (°C)

Example No.
49 n-butyt.
50 n-butyl
51 n-butyl
52 n-butyl
53 n-butyl
54 n-butyl.
65 n-butyl

28FEB WY




[err] [err] is hydrogen, alkyl with from1 to 6 carbon atons, benzyl, or
allyl; 35 [err] and [err] are independently hydrogen, alkyl with froml
to 5 carbon atons, or phenyl: 183 [err] and [err] are independently

al kyl of 1-4 carbon atons or taken together are [err];

136
Table 3, coniinued.

e Ao o _
Example.No. RS R? mp (°C)
o LY § ;)
e e
20 58 r-butyl ,gl;&

50 n-buty! %I’§

10

& ~ n-butyl P Q
" 61 n-butyl *U

REPLACENENT S
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[err] is H alkyl of 1 to 4 carbon atons, [err] or [err]; 5 [err] is H,
[err], [err], OHor [err]; X is a carbon-carbon single bond, -CO, [err],
-0, -S-, -NH -N, -CON-, -NCO, [err], [err], 10 [err], [err],
[err], [err], [err] [err] 15 [err] Yis Oor S Zis 0, [err], or
S,

7
Table 3, continued.

a"£ o

5
Example No. RG U RT -mp (00)

10 _

62 n-butyl ! Q
5 .

63 n-butyl asfu\j _
20 | ' "

64 n-butyl %L:n
25 . Z

65 n-butyl N
“ e

66 . n-butyl | ’% "
35

REPLACEMENT SHEET
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mis 1. to 5 nis 1l to1l0; pis0to 3, gis2to3;, ris0O0Oto?2 sisO

to 5; 25 t is 0 or 1; or a pharmaceutically acceptable salt thereof;
provi ded that: 30 (1) the [err] group is not in the ortho
position; (2) when [err] is [err] X is a single bond,
REPLACEMENT SHEET
138 28TEB 1997
Table 3, continued. —
A3
RSN VCHO gt
: | o
Example No. RS " R ‘mp {°C)
10 -

| N
67 n-butyl | '/EN]
15 .

68 nbutyl

25
69 nbutyl ) ’Q
%%?Ei%&ﬁ@gag(g‘zﬁfs. b.'('sg.zzﬁi.%. 17('5%?'19"2&.'272&? ax).

3 MR cocusha 9.69 (s, 1H), 8.10 (m, 1H), 7.58 (m, 4H), 7.48 (m,
?'3’5{,; 8 l_&d. 2H), 7.00 (m, 7H), 5.62 (s, 2H), 2,61 (¢, 2H), 1.79 (m, 2H),



35 184 and [err] is [err], or [err], then [err] nust be in the ortho
or nmeta position; or when [err] and X are as above and [err] is [err] or
[err], [err] must be ortho; 10 (3) when [err] is [err] and X is other than

139

The examples tn Tables 4 and § can be made by

- procedures described in examples 1, 2, or 27 using the
biphenyl starting materials disclosed fn this patent or
by other methods familfar to one skilled ¢n the art

10

15

20

25

30



a single bond, when X = =

then [err] nust be ortho except 15
[err] and [err] is [err] or [err], then [err] nust be ortho or neta; (4)
when [err] is [err] or a salt thereof, [err] cannot be S-al kyl; (5) when
[err] is [err] or a salt thereof, the 20 substituent on-the
4-position of the im dazole cannot be [err], [err], or [err]; [err] (6)
when [err] is [err] [err] is not methoxys 25 benzyl ;
Table 4
et
4 "
R N "R®
Ot
O
Ex.No. R6 R - R8 X A  mp(°C)
70 n-propyl 4-CF3 CHO singlebond COOH
71 n-propyl 4-OMe CHO singlebond COOH
72 n-propyl 4-COOH CHO singlebond COOH
73 n-propyl 4-CON(Me)2 CHO singlebond COOH
74 n-propyl 4-SO2CH3 CHO singlebond COOH
75 n-propyl 4-SO2NMe2 CHO singlebond COOH
76 n-propyl 3-CF3 CHO singlebond COOH
77 n-propyl 3-OMe CHO singlebond COOH
78 n-propyl 3-COOH CHO singlebond COOH
79 n-propyl 3-CON{Me)2 CHO singlebond COOH
80 n-propyl 3-802CH3 CHO singlebond COOH
81 n-propyl 3-SO2NMe2 CHO singlebond COOH
82 n-butyl 4-CF3 CHO singlebond COOH
83 n-butyl 4-OMe CHO singlebond COOH
84 n-butyl 4-COOH CHO singlebond COOH
85 n-butyl 4-CON(Me)2 CHO singlebond COOH
86 n-butyl 4-SO2CH3 CHO singlebond COOH
87 n-butyl 4-SO2NMe2 CHO singlebond COOH
88 n-butyl 3-CF3 CHO singlebond COOH
89 n-butyl 3-OMe - CHO singlebond COOH
90 n-butyl 3-COOH CHO "singlebond COOH
91 nbutyl 3-SO2CH3 CHO singlebond COOH
92 n-butyl 3-SO2NMe2 CHO singlebond COOH




(7) the [err] group is not [err] or [err]; 30 2. A conpound
of Caim1 having the fornula: 35 185 wherein [err] is [err]; [err]; or
10 [err] is alkyl of 3 to 10 carbon atons, alkenyl of 3 to 10 carbon

LY
Table 4 (continued)

R® N7 R :
O
10
Ex.No. R6 R R8 X A mp (°C)

83 -n-propyl 4-CF3 COOH single bond CNgH
15 94 n-propyl 4-OMe COOH singlebond CN4H
85 n-propyl 4-COOH COOH single bond CN4H
86 n-propyl 4-CON(Me)2 COOH single bond CN4H
87 n-propyl 4-SO2CH3 COOH single bond CN4H
€8 n-propyl 4-SO2NMez COOH single bond CN4H
. 89 n-propyl 8-CF3 COOH single bond CN4H
20 100 n-propyl 3-OMe COOH single bond CN4H
101 n-propyl 3-COOH COOH single bond. CN4H
102 n-propyl 3-CON{Me)2 COOH single bond CN4H
103 n-propyl 3-802CH3 COOH single bond CN4H
104 - n-propyl 3-SO2NMe2 COOH single bond CN4H

25 .105 nbutyl 4-CFs COOH single bond CN4H
106 nbutyl 4-OMe COOH single bond CN4H
107 n-butyl 4-COOH COOH single bond CN4H

108 n-butyl 4-CON(Me)2 COOH single bond CN4H
n-bmy 4-8 g

109 utyl COOH single bond CN4H
110 n-butyl 4-SO2NMe2 COOH single bond CN4H
30 11t n-butyl 3-CF3 COOH single bond CN4H
112 n-butyl 8-OMe COOH single bond CNgH
113 n-butyt 8-COOH COOH single bond CN4H

114 n-butyl 3-SO2NMe2 COOH single bond CNgH

35
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atons, .al kynyl of 3 to 10 carbon atons, cycloalkyl of 3 to 8 carbon atons,
benzyl substituted on the phenyl ring with up to two groups selected from
al koxy of 1 to 4 carbon atons, hal ogen, alkyl of 1 to 4 carbon atons, and
nitro; [err] [err] is H alkyl of 1 to 5 carbon atons, [err], or [err]; X
I s carbon-carbon single bond, -CO, -CON-, 30 [err] 35 or a

pharmaceutically acceptable salt thereof.

10

142

Table 4 (continued)

k@ﬁ

A

Ex.No. RS R R8 X A  mp(oC)
. 115 n-propyl 4-CF3 CHO singlebond NHSO2CF3
15 116 n-propyl 4-OMe CHO singlebond NHSO2CF3 .
117 n-propyl 4-COOH CHO singlebond NHSO2CF3
- 118 n-propyl 4-CON(Me)2 CHO singlebond NHSO2CF3
119 n-propyl 4-SO2CH3 CHO singlebond NHSO2CF3
120 n-propyl 4-SO2NMe2 CHO singlebond NHSO2CF3
121 n-propyl 3-CF3 - CHO singlebond NHSO2CF3
20 122 n-propyl 3-OMe CHO singlebond NHSO2CF3
123 n-propyl 3-COOH =~ CHO singlebond NHSO2CF3 .
124 n-propyl 3-CON(Me)2 CHO singlebond NHSO2CF3
125 n-propyl 3-SO2CH3 CHO singlebond NHSO2CF3
126 n-propyl 3-SO2NMez CHO singlebond NHSO2CF3
25 127 n-butyl 4-CF3 CHO singlebond NHSO2CF3 -
128 n-butyl 4-OMe CHO singlebond NHSO2CF3
129 n-butyl -4-COOH CHO singlebond NHSO2CF3.
130 n-butyl 4-CON(Me)2 CHO singlebond NHSO2CF3
131 n-butyl 4-SO2CH3 CHO singlebond NHSO2CF3
132 n-butyl 4-SO2NMe2 CHO singlebond NHSO2CF3
30 133 n-butyl - 3-CF3 CHO singlebond NWSO2CF3
134 n-butyl .8-OMe CHO singlebond NHSO2CF3 -
135 n-butyl 3-COOH CHO singlebond NHSO2CF3 .
136 n-butyl 3-SO2NMez CHO singlebond NHSO2CF3
35
REPLACEMENT SHEET
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186 3. .A conpound of Claim2 wherein: [err] is H alkyl of 1 to 4 carbon
atons, hal ogen, or alkoxy of 1 to 4 carbon atons; [err] is al kyl, alkenyl
or alkynyl of 3 to 7 carbon atons; 5 [err] is heteroaryl selected from 2-
and 3-thienyl, 2- and 3-furyl, 2-, 3-, and 4-pyridyl, or p-biphenylyl

10

143

Table 4 (continued)

Ex.No. RS | RB X A mp°0)
137 n-propyl 4-CF3 CHO -NHCO- CN4H
15 138 n-propyl 4-OMe CHO -O- CN4H
139 n-propyl 4-COOH  CHO -S- CN4H
140 n-propyl 4~08I2‘léMe)2 CHO -NH- CNgH
141 n-propyl 4-SO2CHs CHO -OCH2- CN4H
142 n-propyl 4-SO2NMe2 CHO -SCH2- CN4H
143 n-propyl 3-CF3 CHO -CH20- CN4H
20 "144 n-propyl 3-OMe CHO -NHSO2- CN4H
145 n-propyl 3-COOH CHO -SO2NH CN4H
146 n-propyl 3-CON(Me)2 CHO -CHsCH-  CN4H
147 n-propyl 3-SO2CH3 CHO -CO- CNgH
148 n-propyl 3-SO2NMe2 CHO -CH2- CN4H
2 149 nbutyl 4-CF3 CHO -NHCO-  CN4H
150 n-butyl 4-OMe CHO . -O- " CNgH
151 n-butyl 4-CON(Me)2 CHO -S- CN4H
152 n-butyl 4-SO2CH3 CHO -NH- CN4H
153 n-butyl 4-SO2NMe2 CHO -CH2S- CN4H
154 n-butyl 8-CF3 CHO -SCH CN4H
30 455 n-butyl . 3-OMe CHO -SO2NH- CNgH
156 n-butyl 3-COOH  CHO -CO- CN4H
157 n-butyl 3-SO2NMe2 CHO -CH2- CNgH
35
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[err] [err] is [err], alkyl of 1 to 6 carbon atons or phenyl; 25
is H or alkyl of 1 to 4 carbon atons, [err] is [err] NN or

[err] is H or alkyl of 1 to 4 carbon atons;
car bon atons,

[err]
[err] 30
[err] is H alkyl of 1 to 4
or acyl of 1 to 4 carbon atons; 35

144
Table §

)Y
e -
A
"' O
Ex.No. RS R7 RS X A mp(oC)

10

168 n-propyt - i Q COOH singiebond ChgH
. 169 n-propyt j D COOH singlebond CN4H

160 n-propyl t i} COOH singlebond CNaH

20 _ :
161 n-propyl ‘t /E:} COOH singlebond CN4H
25 | o :
162 nspropyl .%,féi:ii COOH single bond CN4H
30

163 n-propyl ‘E Z & COOH singlebond CNgH

35 164 n-propyl t Z/ § COOH single bond ON4H




187 [err] is H alkyl of 1 to 5 carbon atons; ORl7; or 5 mis 1to 5 X
single bond, -0-; -CO; -NHCO; or [err]; or a pharrraceutlcally accept abl e
sal t thereof 4. A conpound of O aim3 wherein [err] is 10 and X is a
single bond, or a pharmaceutically

145
Table § {conttnued)

I h

N
3
A
O
Ex.No. R6. ;Y RE X. A mp (°C)
20 -
N
165 n-propyt vt ! ) CHO .singlebond COOH
15

166 n-propyl : Z & CHO singlebond COOH
. v

20 167 n-propyl él/ § CHO singlebond COOH
L 4

. 168 n-propyl Z ’§ CHO single bond COOH

168 n-propyl 'VC& CHO singlebond COOH

30

nyx U
170 n-propyl t} CHO singlebond COOH

35

REPLACEMENT SHEET
28 FEB 1997




suitable salt thereof. 15 5. A pharmaceutical conposition
conprising a pharmaceutically suitable carrier and a conpound of any one of
Clainms 1 through 4. 6. Pharnaceutical conposition of Claimb5 which 20
additionally contains a diuretic or a non-steroidal antiinflammuatory drug.
7. A pharmaceutical conposition for preventing renal failure in a warm
bl ooded animal resulting fromadm nistration of a non-steroidal 25
anti-inflammatory drug (NSAI D) conprising an effective-anount of a conpound
of any of clains 1 through 4 use irhétepwi se or in physical conbination

table § (conttinued)

5 AT

N R
Ao W
>
o (EeNo R R7 RS X A mp(°C)
: L l
171 n-propyl ")\] CHO singlebond NiSO.CHs
15
Z
172 qn-propyl i \Nj CHO singlebond NHSO,CH,
.20 :
PN :
173 n-propyt ’i \ CHO _slngle bond. NHSO,CFs
25
174 a-propyt (c“) CHO. singlebond NHSO.CFR;
30 y | -
175 n-pfopyl % x CHO singlebond NHSO,CF,
3%

REPLACEMENT SHEET
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with the NSAID. 8. A pharnmaceutical conposition for treating
hypertension in a warm bl ooded ani mal conprising an effective anount of a
conmpound of any 30 of claims 1 through 4 to |ower the aninmal's bl ood
pressure. 188 9. A pharnaceutical conposition for treating congestive
heart failure in a warm bl ooded ani mal conprising an effective anpbunt of a
conpound of any one of clains 1 through 4 to correct .the

147
Table § (conttnued)

N
5

Ex.No. RS R7 RS X A wp (°C)
10
176 n-propyl /'::] CHO -NHCO-  CNgH
15 ‘t
177 n-propyl go CHO -O- ChNgH
20 L
178 n-propyl & ’© CHO -S- Ch4H
25

179 n-propyl 3 4 CHO -0O- ONgH
30 180 n-propyl «t/O CTHO -OCHz2-  ONgH

181 n-propyl % /z} CHO -CH«CH.- CNaH

35

REPLACEMENT SHEET

28 FEB B9




henodynam ¢ burden on the heart to relieve the congestion. 5 10. A process
for the preparation of a conmpound of aiml whereinr is 1 which conprises
contacting an imdazole derivative of Formula 1 with a benzyl derivative of
Formula 2 in a solvent in the presence of 10 a base for about 1 to
about 10 hours at a tenperature In the range of about 20[err]C to the

reflux tenperature of the solvent to forma benzylim dazole of Fornula 3:
[err] wherein each of [err] and [err] is stable

148
-able § (conttinued) -

.R‘I /Y .

5 N° RS
Tt
O
Ex.No. RE R? R8
. b R X A mp (o)
/
182 n-propyl ."C} CHO single bond CNgH
15 (':H‘ o

single bond GNgH

. t’
20 188 n-propy! gj CHO
| b,

25 .
184 n-propyl - 3\‘ CHO singlebond GN4H

185 n-propyl —t’z:? CHO singlebond ONgH

CPLACEMENT SHEET|
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under the reaction conditions and is a group as defined 25 in Claiml
or an internediate or protected formthereof which can be transforned to
such a group and wherein [err] is hal ogen, p-toluenesulfonyl oxy or

met hyl sul f onyl oxy; and thereafter as necessary transform ng said

I ntermedi ate or protected forns of the R groups to R 30 groups as
defined in Claiml. 189

g L3
Table § (continued)

RY
5 - .
A
X

Ex.No. RS " RS X A mp(oC)
10

. .
;s 188 n-propyl z § CHO singlebond CONgH
\
H

20 187 n-propyl ‘i /CZ:\: CHO single bond CNgH

s X

.188' n-propyt CHO  single bond™ CN4H

' o
189 n-propyl CHO

; L

single bond CNaH




11. Process of Cl aim 10 wherein conpounds | and 2 are contacted in the
presence of a base selected fromthe group consisting of a netal hydride
(M), a netal al koxide (MOR), sodium carbonate, potassium carbonate, 5
triethylam ne and pyridine. in a dipolar aprotic solvent or, where the base
Is MOR, the solvent can be an al cohol, ROH, where Mis lithium sodium or
potassiumand Ris nethyl, ethyl or t-butyl. 10 12. Process of

Cl aim 10 wherein a two-phase solvent system one an organi c phase such as
met hyl ene chl oride and the other an aqueou s phase, is used in the presence

150

Table 5 (conttnued)-

5wy

. N RS
- A
0
Ex.No. RE - '
o R7 R8 X A mp(oC)
180 n-propyt —\’Q CHO  singlebond CN4H
15 H
20

y-"  CHO einglebond CNgH

25
192" n-propyl ,&’? ‘CHO  einglebond GONgH

] s
183 n-propyl z“ CHO

single bond CNgH

2BFEB 17




of a phase transfer catalyst such as tricapryl net hyl ammoni um chl ori de. 15
13. Process of Claim1l1ll wherein: [err] is 13 20 X is a carbon-carbon single
bond, -CO, -O, -S, or 25 -NH; R2 and R3 are each independently H,
a, Br, I, [err] F, [err], alkyl of 1 to 4 carbon atons, al koxy of | to 4
carbon atons, aryl or furyl;

151
Table § {continued)

N
5
‘A
4
Ex.No. RS R7 .R8 X -A mp(°C)
10
)
| 194 n-propyl )& y” CHO singlebond ONgH
15

| p : |
20 195 n.propyt CHO singlebond CN4H

N

- | }
® 186 _n-propy v{’ca COOH singlebond CN4H
30 , r" |

187 n-propyl gﬂ&“‘ COOH single bond CN4H
35
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R6 and.R7 are as defined in aim1; 30 [err] Is [err]; [err]; or
[err]; [err] is as defined in aiml; [err] is [err], CN, [err],

trialkyltin tetrazole, or trityltetrazole; and [err] and [err] are as
defined in Claim1. 35 190

152
Table 5 (continued)
N-x—R’ o
R"QN} Re
: '\@ A
- e
Ex.No. RS R7 RS X A mp(oC)
10

198 n-propyl 'VO CH20H single bond CN4H

15 109 | n.propvl % ﬂ CH20H single bond CN4H
2 200 n-propy! % /z} CH20H singie bond CN4H

201 n-propyl % /ﬁ} CH20H single boqd CN4H

25

202 n-propyl ; I} CH20H single bond CN4H
30 -§ . .

203 n-propyl Z § CH20H single bond CNgH

35 ' .

204 n-propyl § Z/ \  CHzOH single bond CNgH

S
REPLACEMENT SRERT
28FEB 1997




14 . Process of Caim13 wherein [err] is [err] and the product of Fornula
3 is contacted with an alkali in an aqueous al coholic solvent or with [err]
at a tenperature in the range of about 20[err]Cto the 5 refl ux
tenperature of the solvent for about 1-24 hours, followed by adjustnent of
the pH of the mxture to a value in the range of 3 to 7, to convert the
product to the correspondi ng product wherein [err] is [err]. 10

15. Process of daim14 wherein atlkgast one of R2, R3 or R13 in Fornula 1
is [err] and is converted to [err].

Table § (continued)

AT -

5 N R®
A
X
o EX-No. RE R7 RS X A mp(°C)
205 n-propyl -%-OEG—H CHO single bond CN4H
208 n-propyl ‘¢-C=C-CH, CHO single bond CN4H
15 |

207 n-propyl é—CEC-CHrCHs CHO single bond CN4H
208 n-propyt -s-csc—-bﬂ,-ph CHO single bond CN4H

i 208 n-propyl -(CHz)/O CHO s!ngle bond CN4H

210 n-propy! -CH.-.CHQ CHO single bond CN4H

N
211 n-propyl oy rc,hc“z(} CHO single bond CN4H

3 I3 |
212 n-propy! % ,c’/c (-71 CHO single bond CN4H

REPLACEMENT SHEET
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16. Pr.ocess of Claim14 wherein R14 is t-butyl 15 and the reaction is
conducted in [err]. 17. Process of Claim13 wherein [err] is -CN and the
product of Fornmula 3 is contacted with (i) a strong acid at refl ux

tenperature of the solvent for about 20 2-96 hours or (ii) a strong
alkali in an alcohol solvent at a tenperature in the range of about
20[err]C and the reflux tenperature of the solvent for about 2-96 hours
fol |l owed by adjust.ment of the pH tg about 3-7, or (iii) sulfuric acid
foll owed by acid or alkali, to 25 15 Convert t he product to the
correspondi ng conpound Table § {conttnued)
"TW
, P—
R"LN R®
5 A
X
Ex.No. R6 R7 R8 X A mp(oC)
10

213 n-propyl Oo CHO single bond CN4H
~(CHy);

5 <CH=CH-CH,
214 n.propyl Z/ \ CHO single bond CNgH
S ' :

N
20 215 n-propyt J:“j CHO single bond CN4H

«CH,-CH=CH

i~ N '
216 n-propy! e N J CHO single bond CN4H

‘g‘\c@
217 n-propyl CHO single bond CN4H
30 ‘&
218 n-propyl *Cy CHO single bond CN4H

35 219 n-propyl *c“ﬂ’Oﬁo CHO single bond CN4H

25
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wherein [err] is [err]. 18. Process of Claim1l7 wherein at |east one of

[err], [err] or [err] is [err] and is converted to [err]. 30 19. Process of
Claim 17 wherein [err] is [err] and is converted to [err], or is [err] and
is converted to [err] when [err] is converted to [err]. 35

155 _
Table § (continued)

N
s .
A
©
10 Ex.No. RE R7 R X A mp(°C)
220 n-propyl - ,-cﬂzcam CHO single bond CN4H

15
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20 . Process of Caim13 wherein [err] is -CN and the product of Formula 3
Is contacted with a m xture of equinolar anounts of sodi um azi de and
ammoni um chloride in a polar aprotic solvent at a tenperature in the 5
range of about 30[err]C to the reflux tenperature of the solvent, for about
1 hour to 10 days, to convert the product to the correspondi ng conpound
wherein [err] is- b-tetrazolyl. 10 21. Process of Claim20 wherein
[err] is [err] and is converted to [err]-tetrazolyl when [err] is

156

The following compounds in Table 6 w
ere ;
could be prepared by the procedure in e o 1p:repared o

Table 6

&ju—i':& _‘ |

mp (°C)

221 nb | 0 |
n-butyl P CHO CNgH

222 n-butyl Q ' CHO-
| R O°  CNgH

223 n-butyl ;,:O CHO CNgH

224 n-butyl E/O CHO = CNg¢H
225 n-butyl }@ CHO  CNgH

REPLACEMENT SHEET
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converted to 5-tetrazolyl. 22 . Process of Claim13 wherein [err] is -CN
and 15 the product of Formula 3 is reacted with trialkyltin azide or
triaryltin azide followed by acidic or basic hydrolysis to convert the
product to the correspondi ng conpound wherein [err] is 5-tetrazolyl. 20

23 . Process of Claim13 wherein [err] is -CN and.the product of Formula 3
i's reacted with trialkyltin azide or triaryltin azide to produce a conpound
of Formula 3 wherein [err] is trialkyl or triaryl stannyl tetrazol-5-yl,
the latter conpound is reacted with

. Tall;sl’e g, continued.
Re A _— nmeWU%
gx.No. Rs R7
,/)E:;ib cHoO CNeH
226 n-butyl 't
y O ~ cHO  ONa
n-prop 't '
227 o-p " 4
]/a cHO  ONeH
228 0-propyt s ;-,_' -
O cHO  CNM
220 npropyl  a{ >

230 npropyl  }/ |
D ae
231 npropyl 3} s

.2‘/[} COOH  ONaH

232 ﬂ?FTOPY‘




25 #f-ri phenyl met hyl chloride to produce a conpound of Fornula 3 wherein
[err] is triphenylnethyl-tetrazol-5-yl, and the |atter conpound is

hydrol yzed to produce a conpound of Formula 3 wherein [err] is
5-tetrazolyl. 30 24 . Process of Claim?22 wherein [err] is [err]
and is converted to [err]-tetrazolyl when [err] is converted to
5-tetrazolyl. 25 . Process of Claim13 wherein [err] is [err] and 35

the product of Fornmula 3 is contacted with a reducing

158

Table 6, continued.

233 n-propyl §/£st§
234 n-butyl f/z}

235 n-butyl 'i COOH CN4H

mp (oC)

CH20H CNgH
CH20H  CN4H
236 n-propyl CHO ONaH

237
 frpropnt .COOH  -NHSOCF3

238 npropyl "Q CHO  COOH




192 agent to forma second internediate of Formula 3 In which [err] is
[err], and the latter is contacted with an anhydride [err] or [err] or a
chloride [err] or [err] of sulfonic acid in a solvent to 5 produce a
conmpound in which [err] is [err] or [err]. 26 . Process of C aim25
wherein at | east. one of [err] or [err] is [err] and is converted to [err]
or 10 [err].

158

Table 6, continued.
Ex. No. Rs Ry Rs A

o

239 n-propyl '3 CHO CN¢H
L3

240 n-propyl '§ CHO

~ mp(°C)

COOH
~i N
(3
241 n-butyl (o) CHO CN4H

REPLACEMENT - SHEET
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27. Pracess of Caim114 or 17 wherein the conpound of Formula 3 with [err]
either (a) is contacted with about 1-4 equivalents 15 of thionyl
chloride in excess thionyl chloride or another solvent at a tenperature in
the range of about 20[err]C to the reflux tenperature of the solvent for a
period of about 5 mnutes to about 2 hours to forman internediate of
Formula 3 wherein [err] is COO, and the 20 |atter is contacted with
about 2-10 equival ents of hydroxyl am ne derivative [err] in excess
hydr oxyl am ne derivative [err] or other sigl vent, at a

0

Example 242

10
N
N
L2
15
Preparation of 2-n-Butyl-4-phenylthio-1-[(2'-(1H-
tetrazol-5-yl)biphenyl-4-yl)methyl]imidazole-
S5-carboxyaldehyde
20

2-n-Butyl-4-chloro-1-[(2'-N-triphenyl-
methyl (1H-tetrazol-5-yl)biphenyl-4-yl)methyl]-
tmidazole-5-carboxyaldehyde (synthestzed as described
. in European Patent Applicatfon Number 89100144.8,

25 published. 7.19.89) (590 mg, 0.89 mmol, 1 eq), and
thiophenol (0.91 mt, 8.9 mmol, 10 eq) were added to a
freshly prepared solution of sodium methoxide fn
methanol (sodfum: 205 mg,8.9 mmol, 10 eq; methanol, 40
mL) and the mixture refluxed overnight under Np. The

30 solvent was removed §n vacuo and the residue dissolved
fn water (50 mL). The pH was adjusted to 10-12 with 10
N NaOH. Gummy solids (trityl group-containing
compound) formed which were dissolved by the additton
of ethyl ether (S0 mit). The layers were separated and

35 the aqueous layer extracted with ethyl ether (2 x 50




tenperature in the range of about 25-80[err]C for about 2-18 hours, or
(b) is contacted the hydroxylam ne derivative [err],

di cycl ohexyl car bodi i m de and 1-hydroxybenzotriazole in a solvent at a
tenperature in the range of about 0-30[err]C for about 1-24 hours; to
provi de a conpound in which [err] is 30 CONHOR12. 35

10

15

20

25

161

ml). The aqueous layer was then extracted with ethyl
acetate {6 x 50 mL). The ethy) acetate layers were—
collected, dried (MgSO4), and the solvent vemoved in
yacuo to yleld a residue which was redissolved {n water
{50 mL). The pH was adjusted to 1 with conc. HCl. A
gummy precipitate containing product formed which was
dissolved {n ethyl acetate {50 mL)}. The layers were
separated and the aqueous layer was extracted with
ethyl acetate (2 x 50 uwl). The ethyl acetate layers
were collected, dried (MgSO4), and the solvent removed
In vacuo to yleld a white glass (200 mg).
Crystalifzation from hot n-butylchloride yielded a
white solfd (142 mg): mp 1435-145.5°C. WNMR (DHSO-dg)
& 9.82 (s, 1H); 7.80-761 (m, 2H); 7.58 (d, 1H, J=BH2);
7.52 {d, 1H, J=BHz)}; 7.45-7.20 (m, SH); 7.09 (d, 1M,
J=BHz): 7.03 (d, 2H, J=8Hz); 5.62 (s, 2H): 2.64 (t, 2H,
J=7Hz): 1.50 (t of t, IH, J=7,MHz); 1.25 (t of q, 2H,
J=7,7Hz); 0.80( t, 3H, Je7Hz). Anal. calcd. for
CC2pH2eN60S  (H20)p.4: €, 67.02; H, 5.38; N, 16.75; S,
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 {n example 242 and other examples
in this patent application and in EP 89100144.8

. (published 7.19.89) or by other methods familiar to one

skilled tn the art.
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193 28 ¢ Process of O aim 10 wherei n: [err] is X is a carbon-carbon single

bond, -CO, -0, -S-,

-0, or 10 -NH; Jerr],
1; and [err[] [err] 15 29

162

Table 7

and are as defined in Caim
Process of Claim28 wherein [err] is [err]

X
ExNo. Rs Ry ‘Rs A mp (°C)
243 n-butyl .S,O CHO COOH 142.5-143.5
244 n-butyl “CHO Js’© COOH  a
245 n-bqyl .sfuj CHO CNH b
H
246 n-butyl . CHO COOH ¢
oy O]
247 nbutyl A, CHO CNgH
=
248 nbutyl CHO CN4H
REPLACEMENT SHEET
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and the product of Fornula 3 is contacted with an al cohol [err] in
t he. anhydrous state in the presence of a strong acid or a Lewis acid,

foll oned by 20 saponification of any [ERR] groups concomtantly forned
or present in internediate 3,

to formthe correspondi ng conpound of Fornul a
3 wherein [err] Is [err] and [err] is not H 25 30. Process of
Claim28 wherein [err] is [err] and [err] is not H and the product of
Formula 3 is contacted with an aqueous acidic nediumat a tenperature in
the range of about [err] and the refl ux

163

- , '\

Ex.No. Rs Ry Rg A mp (oC)
249. n-propyl -NHCOCH3 CHO CNgH

250 n-propyl CHO NHSO2CF3 CN¢H

251 n-propyl s 5N CHO COOH

Nﬂ\ | )

252 n-propyt -s"*N CH, COOH COOH

253 n-propyl ’s_g\,,j CHgOH COOH

254 n-propyl 's'{.] CHzOH ON4H
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tenperature of the solvent for a period of about 0.5-24 30

hours to form
t he correspondi ng conpound of Fornula 3 wherein [err] is [err].

31 .
Process of Claim 28 wherein [err] is [err] and the product of Formula 3 is

contacted with 35 194 (a) a carboxylic acid anhydride [err] or

164
Table 7 (continued)

AL -

Ex.No. Rs Ry Rs A mp (°C)

255 n-propyl @ CHO COOH

256 n-butyl b, CHO  ONgH
CH,

257 n-butyl 's-(:] | CHO . CN4H

258 n-butyl "s"'{:,] CH2OH CNgH
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chloride [err] in a solvent in presence of a base at a tenperature in the
range of about O[err]C and the reflux tenperature of the solvent for about
0.5-24 hours or 5 (b) a carboxylic acid [err] under
anhydrous conditions in presence of a strong acid or Lewis acid at about
0-100[err]C for about 0.5 to 24 hours, to formthe correspondi ng conpound

in which [err] is [err]. 10 32 . Process of Claim28 wherein [err] is
[err] and the product of Formula 3 is contacted _

165
Table 7 (continued) T

A

ExNo. Rg Ry Rs A mp (°C)
N
-—N, N

259 n-propyl CHO COOH

N
260 n-propyl —"\:!l - CHO CN4H
| =N

261 nbutyt —N CHO CN4H .
MeOO OMe

262 n-butyl —N N CHO CNaH

263 n-butyl —u’:} CHO Ch4gH

264 n-propyl '"HSO‘_@ CHO CNgH

REPLACEMENT SHEET
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wi th aqueous acid or alkali to formthe correspondi ng conpound wherein
[err] is [err]. 15 33. Process of Claim28 wherein [err] is [err] and the
product of Fornmula 3 is contacted with an oxidizing agent at a tenperature
of about 25-45[err]C for about 1-200 hours to produce a correspondi ng
conmpound 20 of Formula 3 in which [err] is [err] and [err] is H 34

Process of Claim28 wherein [err] is [err] and [err] is H and the prodﬁct
of Formula 3 is contacted with an organonetallic conmpound [err] in

166
Table 7 (continued)

AX.

ExNo. Rs Ry ¥ Re A mp (°C)

OH

265 n-propyl Q CH20H COOH
S
266 n-butyl -E’O CHO

0
267 n-butyl -§ CHO  CNgH

‘NM%‘&MM e e e s,
) 1.28(tof)c';. }-ﬁ% sg'

.(sa(ton. X
hNMR S0-dg) 2 8.80 (s, 1H); 8.41 (d, 1H, J=7THz); 7.72 (d, 1
J(DM d, 1)14 J-‘Il-% ?.’4 7.25(‘(’:':;.&%) 1.19«.2&3"-'&"’).
7H(z oH, Ju7Hz): 685 (d.2H, J=7Hz): 2|-q, 270 (,
1.57(toft.2H J=7.7Hz); 1.29 ofq.zfi 7Hz); 0.81 (t,

COOH

SNMR (DMSO-ds) 29.83 (s, 1H2 772 (d 1H, JuBHz); 7.65-7.15 (m,

9H); 7.10 (d, 2H, J=EHz); 5.64 - 264 (t, 2H, J=TH2); 1.50 (toft,
2H, J=7.7Hz); 1.23 (tof g, 2H, J=7.7Hz); 0.78 (t. 3H, J=
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25 which Pis MyBr or L1 in a solvent at a tenperature in the range of
about "*-78[err]Cto 100[err]C for about 0.5-24 hours to forma conpound of.
Formula 3 in which [err] is [err] and [err] is not H 30 35 .
Process of Claim28 wherein R8 is [err] and [err] is not H and the product
of Formula 3 is contacted with an oxidizing agent in a solvent to forma

correspondi ng conpound of Fornmula 3 in which [err] is [err] and [err] is
not H 35

167
- Example 268

T  -

10 p,
Ph,¢5@“
PART A: Preparation of 2-n-propyl-4-cyciobutylidenyl-
5-hydroxymethyl-1-[(2'~(N-triphenylmethyl-(1H-

tetrazol-5-yl))biphenyl-4-yl)methyl] imidazole.
15 .

(8-Bromo-n-butyl)triphenylphosphonium bromide
(7.42 g, 0.0155 mmol, 2 eq) was suspended tn THF (125
mt) and 0.75 M potassium hexamethyldisilazane (41.4 mi,
20 0.031 mmol, 4 eq) was added at room temperature, The
aixture turned blood red. After 0.5 h, 2-n-propyl-5-
hydroxymethyl-1-{(2°~(N-triphenylmethyl-(1H-tetrazol-5-
y1) )biphenyl-4-yl-methyl]imidazole-4-carboxaldehyde
. {5.00 g, 7.75 smol, 1 eq) as a slurry in THF was added.
25 The mixture eventually turned fnto 2 yellow-orange
suspensfon. After 24 h, the reaction was worked up by
adding & 1ittle methanol to quench, followed by ethyl
acetate and water. The layers were seperated and the
organic layer was washed with water (2X) and brine
30 (1X). The organic layer was dried (MgSO4), and solvent
removed in yacuo, and the resfdue flash chromatographed
in 60:40 pentane/ethyl acetate to 100% ethyl acetate to
yield 4.12 g (78%) of a white soltd: wmp 181.5-
182.5°C. NMR (DMSO-dg) & 7.78 (m,1H); 7.61 (t,1H,
35 J=7Hz); 7.54 {t,1H,J=7Hz); 7.48B-7.20 {m,10H); 7.03
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195 36 . Process of Claim28 wherein [err] is [err] and [err]
the conmpound of Formula 3 is contacted with an oxidi zi ng agent
to forma correspondi ng conpound of Formula 3 in which [err] 5

and [err] is OH 37.

10

15

20

25

30

35

is H and
in a sol vent
is [err]

Process of Claim 28 wherein [err] is. [err] and [err]
Is OH and the conpound of Formula 3

168

(d,2H,d%BHz) ; 6.96-6.70 (m,BH); 5.99 (s,1H); 5.13
(s.2H); 4.97 (t,1H,Je7Hz); 4.21 (d,2H,d=7Hz); 3.05
(m,2H); 2.79 (m,2H); 2.31 (t,2H,d=7H2); 1.98 (m,2H);
1.48 (t of q, 2H,3<7,7Hz); 0.77 (t,3H,0=7Hz). Anal.
((CqsHaNG0e (H20)0,75) C. H, N.

g

Lo

PART B: Preparation of 2-n-propyl-4-cyclobutylidenyl-
5-hydroxymethyl-1-[{2'-(1H-tetrazol-5-
y})biphenyl-4-y1)methyl]imidazole.

_ 2-n-Propyl-4-cyclobutyl{denyl-5-hydroxymethyl-
1-[(2'-(N-triphenyimethyl-(1H-tetrazol-5-y1))biphenyl-
4-yl)methyl] imidazole (1.00 g), methanol (25 wl) and
THF (15 al) were mixed and refluxed for 24 h. The
solvents were vemoved {n yacuo and the residue
famediately flash chromatographed quickly in 1:1
pentane/ethyl acetate to 100X {sopropanol and
eventually-to 100% ethanol to yield 320 mg of a light
yellow glass: NMR (DMSO-dg) & 7.59 (d,1H,J=7Hz); 7.54
(t, IH,d=7H2); 7.46 (t, 1H,Jd=7HZ);: 7.42 {d,1H,Js7H2);
7.06 (d,2H,J=7Hz); 6.90 (d,2H,J=7H2); 5.97 (s,1H); 5.17
(s,2H); 4.31 (s.2H); 3.04 (m,2H); 2.77 (m,2H); 2.42
(t,2H,9=7Hz2); 1.97 (m,2H); 1.53 (t of q,2H,J=7,7H2);
0.86 (t 3H,J=7Hz).. Amal. (CagH2gNg0) C, H, N.

28 FEB B9




I's cont-acted with thionyl chloride in excess or in 10 anot her sol vent at
a tenperature in the range of about O[err]C to the reflux tenperature of
the solvent for about 5 mnutes to about 24 hours to form a correspondi ng
conpound of Formula 3 in which [err] is [err] followed by contact of the
latter with an am ne 15 [err] in excess or in a solvent at tenperatures
in the range of about O[err]C and reflux tenperature of the solvent for

about 5 mnutes to about 24 hours to forma correspondi ng conpound of
Formula 3 in which [err] is [err]. 169

Utflifty
The hormone angfotensin II (All) produces
uwumerous biological vesponses (e.g. vasoconstriction) —
through stimulation of {ts receptors.on cell membranes.
5 For the purpose of tdentifying compounds such as All
antagonists which are capable of interaci!ng with the
A1l receptor, & 1igand-receptor binding assay was
utilized for the fnftfal screen. The assay was carried
out according to the method described by [Glosswmann et
10 al., J, Biol, Chem,, 249, 825 (1974)], but with some
modifications. The reactfon mixture contained rat
adrenal cortical microsomes {source of AIl receptor) 1n
Tris buffer and 2 n¥ of 3H-AIT with or without
potential All antagonist. This mixture was fncubated
15 for 1 hour at room temperature and the veaction was
subsequently terminated by rapid ftltration and rinstng
through glass micro-fibre filter. -Receptor-bound 34-
All trapped in filter was quantitated by scintillation
counting. The inhibitory concentration (ICsqg) of
20 potentfial All antagonist which gives 50% displacement
of the total specifically bound 3H-AII 15 a measure of
the affintty of such compound for the AIl receptor.
Compounds of this fnvention which were tested in this

binding assay exhibited ICsq of 10°5H or lYess (Table
25 '8).




20 38.. Process of Claim28 wherein [err] is [err] and [err] is H and the
product of Forrmula 3 is contacted with thionyl chloride in excess or in a
solvent at a tenperature in the range of about 20[err]C to the reflux 25
tenperature of the solvent for about 0.5-24 hours to forman internediate
conpound of Forrmula 3 in which [err] is [err]. 39 . Process of Caim38

wherei n the conmpound of 30 Formula 3 in which [err] is [err] is
contacted with sodiumor potassiumsalt of a nercaptan [err] in a
170
Table 8

Angfotensin 11 Antihypertenstve
Receptor  Effects 1n renal

—Binding _ Hvpertensive Rats
5 ICs0 Intravenous Oral
Ex. No. (pmolar) Activityl Activity?
1 0.0]13 + +
2 0.021 + Nr3
27 0.17 + N3
28 0.35 NA NT
10 a7 0.21 M N
242 0.024 + +
243 0.28 HA Nt
244 0.37 RA NY
245 0.024 + +
246 0.27 + NT
268 0.044 NT NT

15

1 Significant decrease {n blood pressure at 3.0
mg/kg or less

2 Significant decrease in blood pressure at 30
mg/kg or less

20 NA - Not active at 3 mg/kg or 30 mg/kg dosage tested.
Although some of the compounds tested were not
active orally, they were active {antravenously.

NT  Not tested,
NT3  Not tested at 30 mg/kg p.o.

REPLACEMENT SHEET
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sol vent. at a tenperature in the range of about 25-100[err]C for about 1-24
hours to forma conpound of Fornula 3 in which [err] is [err]. .

Process of Claim 28 wherein the conpound of Forrmula 3 in which [err] is
[err] is contacted with an alkali netal cyanide in a solvent at a

tenperature In

10

15

20

25

30

35

n

The potenti{al antthypertensfve effects of the
compounds of this invention may be demonstrated by
administering the compounds to awake rats made -
hypertensive by Vigation of the left renal artery
fCanglano et al., J, Ehimacol, Exp, Ther., 208, 310
(1979)]. This procedure {ncreases blood pressure by
increasing renin productfon with consequent elevation
of AIl levels. Compounds are administered orally at 30
mg/kg and/or intravenously via a cannula in the jugular
vein at 3 mg/kg. -Arterial blood pressure is
contfnuously 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
antthypertensive effects of the compounds which were
tested. Some compounds of this fnvention exhibited
intravenous activity at 3 mg/kg and some exhibited ora}
activity at 30 mg/kg (Table 8). '
Dosage Forms

The compounds of this {nvention can be
admintstered for the treatment of hypertension
according to the {nventfon by any means that effects
contact of the active {ngredient compound with the site
of action in the body of a warm-blooded animal. For

‘example, adminfstration can be parenteral, f.e.,

subcutaneous, intravenous, {ntramuscular, or intra
peritoneal. Alternatively, or concurrently, fn some
cases administration can be by the oral route.

The compounds can be administered by any
conventional means available for use {n conjunction
with pharmaceuticals, either as fndfvidual therapeutic
agents or {n a combination of therapeutic agents. They
can be administered alone, but are generally
administered with a pharmaceuttcal carrier selected on

REPLACEMENT SHEET
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t he range of about 20-100[err]C for about 1-24 hours to 5 forma
conpound of Fornmula 3 in which [err] is [err] and the latter conmpound is
hydrol yzed to the correspondi ng conpound of Forrmula 3 in which [err] is
[err] and [err] is OH 10 41 . Process of Claim 28 wherein the
conmpound of Forrmula 3 in which [err] is [err] is contacted with the sodium
or potassiumsalt of a dialkyl nmalonate in a solvent at a tenperature in

t he range of about 20-100[err]C for about 0.5-24 hours to forma conpound
of Formula 3 15 in which [err] is [err] followed by

172

the basis of the chosen route of administratfon and__
standard pharmaceutical practice.

for the purpose of this disclosure, a wamm-
blooded animal {s a member of the antmal kingdom

5 possessed of a homeostatic mechanism and {ncludes
wammals and birds. '

The dosage administered will be dependent on
the age, health and weight of the rectpient, the extent -
of disease, kind of concurrent treatment, {f any,

10 frequency of treatment and the nature of the effect
desired. Usually, a dafly dosage of active ingredient
compound will be from about 1-500 milligrams per day.
Ordinarily, from 10 to 100 milligrams per day tn one or
more applications is effective to obtain destired

15 results. These dosages are the effective amounts both
for treatment of hypertension and for treatment of.
congestive heart fatlure, t.e., for lowering blood
pressure and for correcting the hemodynamfc burden on
the heart to relfeve the congestion.

20 The active fngredfent can be administered orally
in solid dosage forms, such as capsules, tablets, and
powders, or in liquid dosage forms, such as elixirs
syrups, and suspensfons. It can also be adminfstered

~ parenterally, in sterile liquid dosage forms.

25 Gelatin capsules contain the active {ngredient
and powdered carriers, such as lactose, starch,
cellulose derivatives, magnesium stearate, stearic
acid, and the ltke. Similar diluents can be used to -
make compressed tablets. Both tablets and capsules can

30 be manufactured as sustatned release products to
provide for conttnuous release of medication over a
period of hours. Compressed tablets can be sugar
coated or film coated to mask any unpleasant taste and

protect the tablet from the atmosphere, or enteric
35
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saponification of the latter with aqueous alkali at a tenperature in the
range of about 25[err]C to the reflux tenperature of the solvent foll owed
by acidification with mneral acid to forma conpound of Formula 3 in 20
which [err] is [err] followed by heating the latter to about 120[err]C or
in dilute mneral acid at reflux tenperature to forma product of Formula 3
in which [err] is [err] and [err] is OH 25 42 . Process of Claim

28 wherein [err] is -CHO and the conmpound of Formula 3 is contacted with a
nmet hyl ene phosphorane [err] or 173

coated for selective disintegration {n the
gastrointestinal tract.

Liquid dosage forms for ora) administration can
contatn coloring and flavoring to -ncrease patient

5 acceptance. . ' - '

In general, water, 2 suitable ofl, saline,
agqueous dextrose (glucose), and related sugar solutions
and glycols such as propylene glycol or polyethylene .
glycols are suitable carriers for parenteral solutfons.

10 Solutions for parenteral administration preferably
contain a water soluble salt of the active fngredient,
suitable stabflizing agents, and {f necessary, buffer
substances. Ant{oxidizing agents such as sodium
bisulfite, sodium sulfite, -or ascorbic acid, efther

15 alone or combined, are suttable stabilizing agents.
Also used are citric acid and 1ts salts and sodium
EDTA. 1In additfon, parenteral solutfons can contain
preservatives, such as beazalkonium chloride, methyl-
or propyliparaben, and chlorobutanol.

20 Suitable pharmaceutical carriers are described in
Remington's Pharmaceutical Sciences, A. Osol, a
standard reference text in this field.

Useful pharmaceutical dosage-forms for
admintstration of the compounds of this tnventfon can

25  be {llustrated as follows:

Capsules
A large number of unit capsules are prepared by
filling standard two-pfece hard gelatin capsules each
with 100 mflligrams of powdered active ingredient, 150

30 mnilligrams of lictose. 50 milligrams of cellulose, and

6 milligrams magnesium stearate,
Soft Gelatin Capsules
A mixture of active t{ngredient fn a digestible
ofl such as soybean ofl, cottonseed ofl or olfve ofl 1s
35 prepared and tnjected by means of a positive

REPLACEMENT SHEET

28 FEB 1997




[err] in a solvent at a tenperature in the range of about 25[err]C to the
reflux tenperature of 30 the solvent for about 1-24 hours to forma
conmpound of Forrmula 3 in which [err] is [err] or [err] except where [err]
is Hand [err] is OH and optionally then contacting the conpound of
Formula 3 in which [err] is [err] with a reducing 35 agent
at a tenperature of about [err]

10

15

20

25

30

174

displacement pump into gelatin to form soft gelatin
capsules containing 100 milligrams of the active
ingredtent, The capsules are washed and drted. —
Jablets

A large number of tablets are prepared by
conventional procedures so that the dosage unit is
100 mill{grams of active ingredient, 0.2 milligrams of
collofdal silicon dfoxide, 5 milligrams of magnesium
stearate, 275 milligrams of microcrystalline cellulose,
11 milligrams of starch and 98.8 milligrams of lactose.
Appropriate coatings may be applied to increase
palatability or delay absorption.

Iniectable

A parenteral composition sutitable for
adminfstration by injection {s prepared by stirring
1.5% by weight of active ingredient in 10% by volume
propylene glycol. The solutfon {s made to volume with
water for fnjection and sterilized.

Suspension
An agueous suspension is prepared for oral
administratfon so that each 5 mill{liters contain

100 milligrams of finely divided active ingredient, 100

milligrams of sodium carboxymethyl cellulose, 5
milligrams of sodium benzoate, 1.0 grams of sorbitol
soltutfon, U.S.P., and 0.025 mil1l{1{ters of vantilitin,
The same dosage forms can generally be used when
the compounds of this tnventfon are administered
stepwise in conjunction with another therapeutic agent.
When the drugs are administered {n physical
combinatfon, the dosage form and administration route
should be selected for compatibility with both drugs.
Suitable dosages, dosage forms and administration
voutes are fllustrated in the following tables.
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197 for. about 0.5-24 hours to forma product of Fornula 3 in which [err] is
[err]. 43 . Process of Claim28 wherein [err] is [err] 5 and the
conmpound of Formula 3 is contacted with an isocyanate of Fornula [err] in a
solvént at a tenperature in the range of about 25[err]C to the refl ux
tenperature of the solvent for a period of about 5 mnutes to about 24
hours to forma conpound of Formula 10 3 in which [err] is [err] 44
Process of Claim 28 wherein. the conpound in

175

Examples of NSAID's that can be combined
with All blockers of this fnvention:

Dose
5 Drug ing) Formulation Route
Indomethactn 25 Tablet Orat

(273 times daily)

10 Heclofenamate 50-100 Tablet Oral
(2/3 times daily)

Ibuprofen 300-400 Tablet Oral
(3/4 times datly)
15 .
Piroxicam 10-20 Tablet Oral
(172 times dafly)
Sulindac 150-200 Jablet Oral
20 (2 times datly)
Azapropazone 200-500 Tablet Oral

(3/4 times datly)




which R8 is [err] is contacted with an amne [err] in excess am ne or
anot her solvent for a period of 15 about 1-24 hours at a tenperature in

the range of about O[err]C to the reflux tenperature of the solvent to form
an internediate of Formula 3 in which [err] is [err]. 45 .. Process of

CGaim28 in which [err] is [err] 20 and the conpound of Fornula 3 is
contacted with an alkali netal azide in an aprotic solvent at a tenperature

in the range of about 25-80[err]C forlﬁgout 1-24 hours to forma conpound
of Formula 3 in which R8 is [err] and e latter is contacted with a

reduci ng Examples of diuretics that can be combined
with AIl blockers of this inventfon:

Dose
5 Prug img) Formulation Route
Benzothfadtzides 25-100 (dafly) Tablet Oral
(e.g. hydrochlorothiazide)
10 Loop diuretics 50-80 (daily) Tablet Oral

(e.g. furosemide)

¥When used with an NSAID, the dosage of All
blockers will generally be the same as when the All
15 blocker ts used alone, f.e., 1-500 milligrams per day,
ordinarily from 10 to 100 milligrams per day in one or
more applications. When used with diuretics, the
{nitta) dose of AIl blocker can be less, e.g., 1-100
milligrams per day and for the more active compounds
20 1-10 milligrams per day.
It ts expected that the Eompounds of this
tnvention will also be useful in the treatment of
chronic renal fallure.

28 B B9




25 agent to forman internediate of Formula 3 in which [err] is [err].
46 . Process of Claim44 or 45 in which [err] Is [err] or [err] and_the
conmpound of Formula 3 30 is contacted with a chloroformate of Formul a
[err]" or a sulfonyl derivative of Fornula [err] I m Ll“ I in
the presence of a base at a tenperature in the ranglal B“I Il lﬂlm mC to
the reflux tenperature of a solvent for about 5 m-nutes®to abdout 35

177
CLAIMS: —_—
1. &n antihypertensfve compound of the
formula:
N-——.‘ n?
5 /( :—“/-R‘
Pl
RS N
|
(CHy),
10
/
R"—‘ '
L7v\
R? (=)
15
@
wherein
20 (o
Rlis  4-coM: 4~coR: -o-§-oa: —S0M:
g 0
=C{(CF3)20H -O-ll’-OH: =POH, : -NH-I.’-OH:
25 oH &
4=NHSOCH3:  {—NHSOCFy; -—CONHOR':
30 it 1 '
—somrg:  g—peon i g AN
RY OH N
35 |
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198 24 hours to forma conpound of Formula 3 in which [err] is [err] or
[err]. 47 . Process of Caim44 or 45 in. which the 5 conpound of
Formula 3 with [err] equal to [err] or [err] is co_ntacted with_an_ -

i socyanate or isothiocyanate [err] in a solvent at a tenperature in the

RS S 1 A

178
F F
N—¥ /Y
W ¢ 4 -< "3» Po4x :
4"£quv" ) Bl
5 H R [ F
o)
| " .
10 :B l‘.,bjlfji:]::::l <<;::2>..4<;::;>
3 3 :
13
HOG R N RS
o
15 ‘éij-QL COH
4. CONH N,N : 4-CONHNHSO;CF3:  4—CONH=CHCHCeHs:
H (-isomer)
& RY )
o Wy
20 . . ’ L.i . ° :
4-CO-N (E-isomer) ; 4 27 “RW P 4 -(N)c&
COH H
13 0 R4
Ne=N R ,,r,la
25 4'&(“" R 2 L 4-N -\TR’ :
R o at
o RS-
[
or . -O-NHSOz"'(OHﬂu—O( :
30

RZ ts H; Cl; Br; I; F; NOp; CN; alkyl of 1 to 4 carbon
atoms; acyloxy of 1 to 4 carbon atoms; alkoxy of 1
to 4 carbon atoms; COpH: COR9; NHSO,CH3; NHSO,CF3;

35.




10 forma conpound of the Formula 3 in which [err] is [err]. 48 .
Process of Claim10 wherein [err] is [err] and [err] [err] and [err]
defined in Caim33 in which 15

is [err] is reduced by neans of iron and acetic aci

are as

t he conpound of Formuta -3 wherein [err]
us chloride, or

hydrogen and palladiumto a conmpound of Formula 3 mmlm EW!‘”EH]
and the latter is reacted with an appropriate acid arhydr T,y Uy

pht hal i ¢ anhydri de 20

10

15

20

25

30

35

)3

g4
RS

or a substituted phthalic anhydride in a*sol vent
or with an appropriate acid chloride sucpnas substituted

N—=N
“CONHORZ; 50,1, ; ,(N",‘q ; aryl; or furyl;
) H
1s H; C1, Br, I or F; alkyl of § to 4 carbon atoms
or alkoxy of 1 to 4 carbon atoms;
is CN, N0z or COpRMY;

is H, alkyl of 1 to 6 carbon atoms, cyclﬁalkyl of

3 to 6 carbon atoms, alkenyl or alkynyl of 2 to 4
carbon atoms;

RS 15 alkyl of 2 to 10 carbon atoms, alkeny! or alkynjl

of 3 to 10 carbon atoms or the same groups
substituted with F or CO2R14; cycloalkyl of 3 to 8
carbon atoms, cycloatkylalkyl of 4 to 10 carbon
atoms; cycloalkylalkenyl or cycloatkylatkynyl of 5
to 10 carbon atoms; (CHz)sZ(CHz)mks optionally
substituted with F or COoR14; ‘benzyl or benzyl
substituted on the phenyl ring with 1 or 2 halogéns.
alkoxy of 1 to & carbon atoms, alkyl of 1 to 4
carbon atoms or nitro;

is viny}; cycloalkylidenyl; alkynyl of 2-10 carbon
atoms; phenylalkyny! where the alkynyl portion {s 2-
6 carbon atoms: heteroaryl selected from 2- and 3-
thienyl, 2- and 3-furyl, 2-, 3-, and 4-pyridyl, 2-
pyrazinyl, 2-, 4-, and S5-pyrimidinyl, 3- and 4-
pyridazinyl, 2-, 4- and 5-thiazolyl, 2-, 4-, and 5-
selenazolyl, and 2-, 4-, and 5-oxazolyl, 2- or 3-
pyrrolyl, 3-, 4- or 5-pyrazolyl, 2-, &- or 5-
tmidazolyl; o-, wm- or p-biphenylyl; o-, ®- or p-
phenoxyphenyl; 2-oxazolfnyl; 2-thtazolinyl;
substituted phenylalkynyl, heteroaryl, bipheaylyl or
phenoxyphenyl as defined above substituted with 1 or
2 substituents selected from halogen, hydroxy,
mercapto, alkoxy of 1-5 carbon atoms, alkyl of 1-5
carbon atoms, -NOp, -CN, -CF3, -COR16, —CHoOR17,
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anthranilic acid chloride in the presence of aqueous alkall or a base or
with an aporopriately substituted phthalic or anthranilic acid in the
presence of 25 di cycl ohexyl carbodl m de in a solventto produce-a

ARG 1 e ST S g

M s
180

-wHCor!?, -conr18R19, $(0).R17, and SO,NRIBRYY;
pyrrolyl, pyrazolyl or tmidazolyl as defined above
substituted on ring nitrogen with alkyl of 1-5

- carbon atoms, phenyl or benzy); or substftuted

5 alkyl, alkenyl, or alkynyl of 1 to 10 carbon atoms

substituted with a substituted or unsubst{tuted
heteroaryl, biphenylyl or phenoxyphenyl group as
defined above; -S(0)p-heteroaryl, -S-(0)y-
biphenylyl, -S5(0),-phenoxyphenyl, -S-tetrazole,

10 -5(0)RY, -NRIBR19, _NR1B.peteroaryl, -NR18-phenyl,
-NRIB-biphenylyl, -NR18-phenoxyphenyl, -N-
phthalimido, -NH-SO2-phenoxyphenyl, -NH-S02-
heteroaryl, -NH-SOp-biphenylyl, -NH-50p-R17, and
-$-(C=0)-R17, N-imidazolyl, N-1,2,3-triazolyl,

15 N-1,2,4-triazolyl, where heteroaryl is a heterocycle
defined {n the scope of R7 and where the phenyl
group in R17 of -s-(0)R17, the N-imidazolyl, N-
1.2,3-triazolyl, and N-1,2,4-triazolyls may be
substituted with one or two substituents as

20 described above for heteroaryl;
| °
RE 15 -(CHp)p-1CH-RIL ; - (CHp)LOCRE4; -(CHp)paSRIS;
al?
25
Rl4 ' 0 o

-CHGCH(CHz);!HORIS:'-CH-CH(Cﬂz)sERlsz -CR16;

0
30 -CH=CH(CHp) sOCRIY; ~(CHp)g-tetrazolyl;
. o ‘ !
{CHp) s-CH-CORS; - (CHp)nCRIG; - (CHp)nOCNHRIOD;
H3
35 Y (1)

~(CHR)NRTICORIO;  —(CHp) o NRILICNHRIO; - (CHo) oNR11SO,R1O;
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49. Process of Caim10 wherein [err] is [err] R2 and R3 are H and [err]
and [err] are as defined in daim10 and the resulting conpound of fornula
3 with [err] equal to [err] is contacted with trifluoroacetic 5 acid at

reflux tenperature for a period of about 0.2-1 hour : mmtk‘“\ and
pall adiumto formthe correspondi ng conpound of Forrml\“m“w Blerr] is
OH and the latter is contacted with a base at about 25[érr}C ind a suitable
benzyl halide of the formula: 10 15
181
’ Y
- (CH2) pNR11CR1O,

R ¢

RY 1s -Q!H-O!RZI:

R10 45 alky) of 1 to 6 carbon atoms or perfluorcalkyl of 1 to ¢
carbon atoms, 1-adamantyl, 1-naphthyl, l;(l-naphthyl)ethyl or
(CH2) pCeHs; .

10 R 1s 4, alkyl of 1 t0 6 carbon atoms, cycloalkyl of 3 to 6

carbon atoms, phenyl or benzyl;
R1Z 45 4, methyl or benzyl;

R13 15 -COpH; -CO,RY; =CHaCOPH, -CHaCO,RY; or

0

15 9 20
-C-NHS02- (CHp) ,@’ R

0 0 0
=0-S-0H; -0-P-OH; -SO03H; -NHP-OH

20 .
-Posﬂz: -C(Cfa)zoﬂ: -NHSOZCH3; -NHSOZCFs: -NHCOCFS;
. 12, )
conmon'?; -sodmy; | B :
a7 .
25 '
’O“ZQ‘ H .MQ : -COWSO;CF, :
H H
30

a5




20 .to produce the correspondi ng conmpound of Formula 3 wherein [err] is
13 25 and X is [err]. 30. 50 . Process of Claim10 wherein [err] is -CHGQ
wher eby the benzyl:derivative of Fornmula 2 attaches to.the.imdazole
derivative of Formula 1 preferentially at the nitrogen atonladracent t he

carbon atom of the 35 i mi dazol e ring to which [ﬂ']“l“”ﬂl“i“ﬁ““‘ﬂqm

182

RI4 §5 H, alky! or perfluoroalkyl of 1 to 8 carbon
atoms, cycloalkyl of 3 to 6 carbon atoms, phenyl or
benzyl;: T

RIS s #, 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;

R1® {5 #, alkyl of 1 to 6 carbon atoms, cycloalkyl of 3
to 6 carbon atoms, (CHp)pCeHs, OR7, or NRIBRLY;

®17 ts H, alkyl of 1 to 6 carbon atoms, cycloalkyl of 3

10 to 6 carhon atoms, phenyl or benzyl;

/18 and R19 {ndependently are H, alkyl of 1 to 4 carbon
atoms, phenyl, benzyl, a-methylbenzyl, or taken
together with the nitrogen form a ring of the
formula

e

Q 1s NR20, 0 or CHyp;

RZ0 s H, alkyl of 1-4 carbon atoms, or phenyl;

20 RZ} §s alkyl of 1 to 6 carbon atoms, -NRZZR23,
or ~CHCH,CO,CHy;

H2
R2Z and R23 {ndependently are H, alkyl of 1 to 6 carbon
25 - atoms, benzyl, or are taken together as (CHp)y where
u ts 3-6;

RZ4 is H, CH3 or -Cghs:

R25 15 NR27R28, ORZE, WHCONHp, MHCSNHZ,

30
-NHsChf-*<f::j>>-'C*h or 4ﬂ4501-f<<:::>>

R26 {5 hydrogen, alkyl with from 1 to 6 carbon atoms,
benzyl, or allyl;
35 R27 and RZ8 are tndependently hydrogen, alkyl with from
1 to 5 carbon atoms, or phenyl;

28 FEB By




200 51 :. A process for the preparation of a conpound of Claim1 whereinr
Is O which conprises contacting an i m dazol e derivative of Formula 1 or

metallic salt with 4-fluoro-1-nitrobenzene in a sol vent--+n the-5
days at a

tenperature of 25-150[err]C to forman N phenylim
el aboration to conpounds

presence of a base if the free imdazole is used, f@ h&ﬁ
e i i

10

15

20

25

30

35

183

R29 a:d R3O gre independently alkyl of 1-4 carbon atoms
or taken together are -(Cﬂz)q—;

R 15 w4, alkyl of 1 to 4 carbon atoms, ~CH CH=CHyor
-CH2C6H4R32:

R32 s H, N0z, NHp, OH or OCH3;

X 1s a carbon-carbon single bond, =C0-, -CHp-, -0-, -S-

[}
~HH-, - | ~CON- , ~NCO-, ~OCH-, ~CHp-,
&zs .‘tza 23
~SCHy=, ~CH,S-, ~NHC(RYY) (82)-, -HR%350,,-,
23 '
-S0,NR%-, —c(R?7) (R%B)mH-, —CHecH-, ~CFeCF-,

~CHeCF-, ~CFaCH-, ~CH,CH,-, ~CF,CF,-, A

or4 ocor}’ tmzs R290 or30
“(H- , «CH- |, =C- or -cf

YisOorsS;

Z ts 0, MR, ors;

mis 1 to §;

n is 1 to 10;

pis 0 to 3;

q is 2 to 3;

r is 0 to 2;

s 1s 0 to §;

"tisOor1;

or a pharmaceutically acceptable salt thereof;
provided that:

(1) the R? group {s mot fn the ortho position;

(2) when R! s x—<;{§ K X §s a single boﬁd.
R .

its



wher ei n. X=NHCO by t he process described in Caim49. 10

process of Claim 28 wherein [err]

bond,

reagent such as [err]

THF or 15 di ne at -
to 25[err]C foll owed by aqueous work-up fol | owed by am mﬂmﬁ ,m
[err] groups where [err] is t-butyl or hydrolysis of any dritVyh: wie

52 . A

and the product of Formula 3 is contacted with an organonetallic
[err] in the presence of an anhydrous

nonhydr oxylic sol vent such as ether,

or

Is CHO, and X is a carbon-carbon single

78
any
d

tetrazol e groups to formthe correspondi ntféconpound of Forunul a 3 wherein

[err]

S

10

15

20

25

30

35

(3)

(4)

(5)

(6)

N

1 Y 15
and R'° s COMH, or ’( N then R must,

N
H

be {n the ortho or meta position; or when Rl
and X are as above and R13 15 NHSO,CF3 or
NHSO2CH3, R13 must be ortho;

<:7)Ru

1

when R® ts X ‘_§ s and X {s other than
Rz R’

8 single bond, then R!3 must be ortho except
when X « #8230 and R!3 1s NiSO,CFy or
NHSO2CH3, then R13 must be ortho or meta;

when R {g 4-C0.H or a salt thereof, R6 cannot

be S-alkyl;

when Rl §s 4-COH or a salt thereof, the
substituent on the 4-position of the tmidazole
cannot be CHpOH, CHp0COCH3, or CHaCO02H;

CF
when Rl {s .M::% « R6 {5 not methoxy-

benzyl;
the RS group 1s not ~CHCHaCHCHy or CHaOH;

2. A compound of Claim 1 having the formula:

. N A7
n"(,',,j\ac




20 [errr] where [err] H 3 . A process for the preparation of the
conpounds of claim1l where [err] = substituted or " unsubstituted

bi phenyl yl , phenoxyphenyl, or heteroaryl, - charact
hal oi m dazol e 237 is coupled with an arylnetal deri Wllm IN"{I IHIH
M=ZnBr, [err], [err], etc. in the presence of a transitront netals catal yst

such as palladium platinum nickel, or 30 zirconium to form an
arylim dazol e 238: 35

185
wherein 1
Rlis -COH; -NHSO,CFy; N-% =¥
N’ -X
5
or
¥ oaw

10 RS is alky} of 3 to 10 carbon atoms, alkeny! of 3 to 10 carbon
: atoms, alkynyl of 3 to 10 carbon atoms, cycloalkyl of 3 to 8
carbon atoms, benzyl substituted on the phenyl ring with up to
two groups selected from alkoxy of 1 to 4 carbon atoms,
halogen, alkyl of 1 to 4 carbon atoms, and nitro;

15
9
R® {s -(CHp)g-tetrazolyl, -(CHp) ORY; -(CHp)H0CR14;
rl4
°
-CH=CH(CH2) ¢CR16, -CHsCH(CHz)s(l.HOR‘S:
~(CHp)aCRIG; ~(CHp)nNHCOR1O; - (CHp)nNHSOLRIO;
0
or -CR16;
25  R13 s -COpH, -COZRY, MHSOCF3: SO3H; or ,( R
H

RIS §s H, alkyl of 1 to 5 carbon atoms, ORL7, or NRIBRI?;

X s carbon-carbon single bond, -CO-, -CON-,
30 l2s

-CHpCHp~, -NCO-, ~OCHz-, -CHp0-, =0-, -SCHp-,
3
-CHpS-, -NHCHp-, -CHoNH- or -CHeCH-;

35
or a pharmaceutically acceptable salt thereof.
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201 [ervy] 10 where [err] and r have the neanings given. in Caiml, Xis Br
or 1, HIls ZnBr, [err], [err], etc., and Ar is substituted or unsubstituted
blphenyl yl, phenoxyphenyl, or heteroaryl. 15 -A process for
t he preparation of the compounds of Claim1 where erri-substltuted or

) O R

186

3. A compound of Claim 2 wheretn:
RZ {s H, alkyl of 1 to & carbon atoms, halogen, or
alkoxy of 1 to 4 carbon atoms; -

R6 s alkyl, alkenyl or alkynyl of 3 to 7 carbon atoms;

R? s heteroaryl selected from 2- and 3-thfenyl, 2- and
3-furyl, 2-, 3-, and 4-pyridyl, or p-biphenylyl

) '-sQ : -s-O =-

15 ';14
RS s -(CHp)gOR!1; -(CH)gOCR14; -CH«CH-CHORLS;
0 0
2 -{(CHp) nCRI6; ~CHoNHCORIO;

-(CH2)gNHSO2R10; or -COR1S;

R10 {s CF3, alkyl of ) to 6 carbon atoms or phenyl;
25 R s W, or alkyl of 1 to 4 carbon atoms;
R13 15 COpH; CO,CHo0COC(CH3)3: NHSORCF3

N-'{
or
F R
N
H
a0
R4 {5 o, or alkyl of 1 to 4 carbon atoms;
RYS s H, alkyl of 1 to 4 carbon atoms, or acyl of 1 to 4 carbon
atoms;
35
REPLACEMENT SHERT
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unsubsti tuted bi phenylyl met hyl, phenoxyphenyl nethyl, or heteroaryl net hyl
characterized in that a hal ol m dazole 237 is coupled with an

aryl met hyl netal derivative 20 [err] in the presence-of a transition
netal catalyst to forman aryl methyl | m dazol e 240:

e e e A it

187
R1® ts H, alky! of 1 to 5 carbon atoms; OR!7; or

). - —

5 mis ! to 5;
X = single bond, ~0-; -C0-; -NHCO-; or -OCH2-; or a
pharmacentfcally acceptable salt thereof..

4. A compound of Claim 3 wherein R} is

10 R% "2
P4
.x_b and X {s a single bond, or a pharmaceutically

suftable salt thereof.

15 5. A pharmaceutical composition comprising a
pharmaceutically suitable carrier and a compound of any
one of Claims 1 through 4.

6. Pharmaceutical composition of Clatm § which
20 additionally contains a diuretic or a non-sterofdal
antiinflammatory drug.

7. A method of preventing renal failure {n 2
wara blooded anima) resulting from administration of a
25 non-steroidal anti-inflammatory drug (NSAID) which
comprises administering, stepwise or fn physical
combinatfon with the NSAID, a compound of any of Claims
1 through 4 {n an amount effective to prevent renal
fatlure.
30 _
8. A method of treating hypertension in & warm
biooded anfmal comprising administering to the animal {n
an amount effective to lower the antmal’s hlood pressure

a compound of any of Claims 1 through 4.
35
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in daiml, Xis Br or I, M is ZnBr, etc., and Ar is substituted or
unsubstituted heteroaryl methyl, biphenyl nethyl, phenoxyphenylnethyl. 5 55.
A process for the preparation of the conpounds of Claim 1 where
[err]=vinyl, alkynyl, substituted al kenyl, or substituted al kynyl

characterized in that a hal oi m dazole 237 is coupl
1-al kenyl netal or an 1-al kynyl netal derivative (AM l "ﬂ"lmaw m, or an
1-al kyne (AH) in the presence of a transition netal «catal ystwt

9. Method of Claim 8 wherein 2 diuretic s
administered to the animal prior to or simultaneously
with the fmidazole compound.

5 10. A method of treating congestive heart failure
fn 3 warm-blooded animal comprising administering to the
animal a compound of any one of Claims 1 through 4 {n an
amount effective to correct the hemodynamic burden on
the heart to relieve the congestion.

10 '

11. A process for the preparation of a compound
of Clatm 1 wherein r ts 1 which comprises contacting an
fmidazole derivative of Formula 1 with a benzyl
derivat{ve of formula 2 in & solvent {n the presence of

15 a base for about 1 to about 10 hours at a temperature in
the range of about 20°C to the reflux temperature of.the
solvent to form a benzylimidazole of Formula 3:

: .
20 R CH X
) - n e——
! !

. 1
25 -~

wherein each of Rl, RZ, R3, RS, R7 and RE {s stable

under the reaction conditfons and {s a group as defined
30 tn Clafa 1 or an intermediate or protected form thereof
: which can be transformed to such a group and wherein X!

1s halogen, p-toluenesulfonyloxy or methylsulfonyloxy;

and thereafter as necessary transforming said

intermediate or protected forms of the R groups to R
35 groups as defined fn Claim 1.

s i
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1-al kenyl - or 1-al kynylim dazole 241: 15 [err] 30 where [err] and r have
the meanings given in daiml1l, Xis Br or 1, Mis a netal, Ais vinyl,

[err], [err], [err] or 35 [err], Ph' is phenyl of Substituted

phenyi IRRR )RR

169

12. Process of Claim 11 wherein compounds 1 and 2
are contacted in the presence of a base selected from
the group consisting of a metal hydride (MH), a metal
alkoxtde (HOR), sodtum carbonate, potassium carbonate,

[ triethylamine and pyridine, in a dipolar aprotic solvent
or, where the base {s HOR, the solvent can be an
alcohol, ROH, where M is 11thium, sodium or potassium
and R s methyl, ethyl or t-butyl.

10 13. Process of Claim 11 wherein a two-phase solvent
system, one an ovpanic phase such as methylene chloride
and the other an aqueous phase, is used fn the presence
of a phase transfer catalyst such as
tricapryimethylammonfum chloride.

15

14. Process of Claim 12 wherein: R! 1s

L Y QY

13

- X is a carbon-carbon single bond, -CO-, -0-, =S-, oOr
25 -NH-3
RZ and R3 are each tndependently H, C1, Br, I,
CO2R14, F, MO2, alky! of 1 to 4 carbon atoms,
alkoxy of 1 to 4 carbon atoms, aryl or furyl:
R® and R are as defined #n Claim 1;
30 R8 {s -(CH2)qORIY; ~(CH2)SRIS; or -(CHR)nCN;
R s as deftned 1n Claim 1;
R13 15 cozR!4, cN, HOZ, trialkyltin tetrazole,
or trityltetrazole; and
r14 and RS are as defined 1n Claim 1.
35
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203 and, Ar is substituted or unsubstituted biphenylyl. phenoxyphenyl or
heteroaryl x=0-8, y=0-7 and z=0-4. 5 56 . A process for the
preparation of the conpounds of claim1 where [err] V|nyI or- substituted

al kenyl characterized in that imdazol e al dehyde 2 cted with
et hyl enetri phenyl phosphorane or a substituted neth 'gﬁ sphorane
to forma 10 vi nyl i m dazol e or a substituted alke
[err]

190

15. Process of Claim 14 wherein RI3 {s -COpRM
and the product of Formula 3 {s contacted with an
alkati in an aqueous alcoholic solvent or with CF;COEE—_
at & temperature in the range of about 20°C to the

L reflux temperature of the solvent for about 1-24 hours,

followed by adjustment of the pH of the mixture to a
value in the range of 3 to 7, to convert the product to
the corresponding product wheretn R13 {s ~COZH.

10 16. Process of Claim 15 wherefn at least one of
RZ, R3 or R13 1n Formula 1 ts -CO2R14 and 1s converted
to -COH.

17. Process of Claim 15 wherein R} {s t-butyl
15 and the reactfon is conducted fn CF3COoH.

18. Process of Claim 14 wherein R13 15 -CN and
the product of Formula 3 {s contacted with (i) a strong
acid at reflux temperature of the solvent for about

20 2-96 hours or {11) a strong alkall {n an alcohol
solvent at a temperature {n 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
(111) sulfuric actd followed by acid or alkali, to

25 convert the product to the corresponding compound
wheretn R13 fs ~COpH.

19. Process of Claim 18 wheretfn at least one of
R, 83 or A1 s -cozal4 and 1s converted to -COpH.

30
20. Process of Clafm 18 wherein R8 ts - (CHp)nCN
and fs converted to -(CH2)aCOZH, or ts -(CH2)nOR!! and
1s converted to (CH2)nOH when R13 fs converted to
-CO2H.
35
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30 where [err] and r have the neanings given in Claim1l, Ar is
substituted or unsubstituted bi phenylyl, phenoxyphenyl or heteroaryl, and u
+ v =0to 8. 35 204 57. A process for the preparation of the conpounds

of Formula | wherein [err] is -S(Or-heteroaryl, -
L

19
21.:Process of Claim 14 wheretn R13 {s -CN and

the product of Formula 3 {s contacted with 2 mixture of
equimolar amounts of -sodium azide and ammonfum chloride
fn 2 polar aprotic solvent at a temperature {n 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 R13 s
5-tetrazolyl.

10 22. Process of Claim 21 wherefn RS s - (CHp)gCN
and 1s converted to -(CHp)g-tetrazolyl when RI3 g5
converted to S5-tetrazolyl.

23. Process of Claim 14 wherein R13 15 -CN and
15 the product of Formula 3 {s reacted with trialkyltin
azide or triaryltin azide followed by actdic or basic
hydrolysis to convert the product to the corresponding
compound wherein R13 {5 S-tetrazolyi.

20 24. Process of Claim 14 wheretn R13 §s -CN and
the product of Formula 3 fs reacted with trialkyltin
azide or triaryltin azide to produce & compound of

Formula 3 wheretn R13 {s trialkyl or triaryl stannyl
tetrazol-S-yl, the latter compound fs veacted with

25 triphenylmethyl chloride to produce a compound of
formula 3 wherein R13 15 triphenylmethyl-tetrazol-5-yl,
and the latter compound 1s hydrolyzed to produce a
compound of Forwula 3 wherein R13 ts S-tetrazolyl.

30 25. Process of Claim 23 wherein 88 1s
-(CH2)pCN end {s converted to -(CHp)p-tetrazolyl when
R13 ts converted to S5-tetrazolyl.

26. Process of Clatm 14 wherein RI3 §s -NO2 and
35 the product of Formula 3 {s contacted with a reducing
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-S-(Or;bi phenylyl,

-S(0) r-phenoxyphenyl, -S-tetrazole, [err] 5 [err]

[err] [err] imdazolyl, N1,2,3-triazolyl, and N-1,2,4-triazolyl,
characterized |in that im dazol € containing conpounds-—10-- 255
substituted with an el ectron withdrawing group E a

nucl eophiles in a suitable solvent at room terrperahmﬂmﬁjmﬁzmmnmx _
tenperature of the solvent resulting in an aromati ¢’ n keaction

10

15

20

25

30

192

agent to form a second {ntermediate of Formula 3 in
which R13 {s NHp, and the latter s contacted with an
anhydride (CH3502)20 or (CF3502)20 or a chloride
CH3502Ct or CF3S02C1 of sulfonic acid in a solvent to

produce a compound in which R13 15 -NHSO,CH3 or
-NHS02CF3.

27. Process of Claim 26 wherein at leist one of

RZ, R3, or R13 15 -NOD; and 1s converted to -NHSO,CH3 or
-NHS05CF3.

28, Process of Claim 15 or 18 wherein the

compound of Formula 3 with R13=COoH efther

(a) 1s contacted with about 1-4 equivalents
of thionyl chloride fn excess thionyl chloride or
another solvent at a temperature in the range of about
20°C to the reflux temperature of the solvent for a
period of about 5 minutes to about 2 hours to form an
{ntermediate of Formula 3 wherein R!3 {s €OCl, and the
latter s contacted with about 2-10 equivalents of
hydroxylamine derivative HoNOR1Z {n excess
hydroxylamine derfvative HzNORlz or other solvent, at a
temperature in the range of about 25-80°C for about
2-18 hours, or

(b) {s contacted the hydroxylamine
derivative HaNORIZ, dicyclohexylcarbodiimide and
1-hydroxybenzotriazole tn a solvent at a temperature in
the range of .about 0-30°C for about 1-24 hours;

to provide a compound 1n which R!3 1s
CONHOR1Z,

REPLACEMENT SHEET
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wher eby:-the | eaving group X is substituted with a 15 nucl eophil e Nu
such as sulfur or nitrogen to produce corrpounds of structure 256 [err]
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29. Process of Claim 11 wherein: R! 1s

Y0 QR

X 13 2 carbon-carbon single bond, -C0-, ~0-, =S-, or
10 -HH-;
RZ, R3, RS and R7 are as defined in Claim I:
and
R8 1s (CHz)nORIL, (CH2)nOCORM4, (CHp),CH(OH)RYS,
(CH2)qCORIE (CHR)ACT, (CHp)aCN, CHO.
15
30. Process of Claim 29 wherein RB s {CH2) nOH
and the product of Formula 3 15 contacted with an
atcohol RUIOH fn the anhydrous state fn the presence of
& strong actid or a Lewis acid, followed by
20  saponificatfon of any €0aR14 groups concomftantly
formed or present {n intermediate 3, to form the
corresponding compound of Formula 3 wherefn RS s
(CH2)q0R1! and /1 ts not H.

25 31. Process of Claim 29 wheretn R8 fs (CHp),0R!!
and R1! {s mot H and the product of Formula 3 fs
contacted with an aqueous actdic medium at &
temperature in 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
vherein R s (CHp)nOH.

32, Process of Clatm 29 wherein RE 1s (CHp),OH

and the product of Formula 3 fs contacted with
35

_—

REPLACEMENT SHEET v Shoet Has Been Replaced

- TR




10

15

20

25

30

35

A

194

(3) a carboxylic actd anhydride (R!4c0),0 or
chlortde 814¢C0CY tn a solvent in presence of a base at
a temperature {n the range of about 0°C and the reflux

_temperature of the solvent for about 0.5-24 hours or

(b) a carboxyltic actd R14COzH under
anhydrous conditions in 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 fn which R8 is
(CHp) z0coR14,

33. Process of Clatm 29 wherein RE is
(CHp) nOCORY® and the product of Formula 3 fs contacted
with aqueous actd or alkali to form the corresponding
compound wherein RE fs (CHz)nOH.

34, Process of Claim 29 wherein R8 s (CHp)pOH
and the product of Formula 3 fs 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 (CHp)q.1CORLS and RIS 15 H.

35. Process of Claim 29 wherein R8 s
(CH2)“C0R‘5 and R16 is H and the product of Formula 3
fs contacted with an organometallfic compound R16P in

‘which P 1s MgBr or Li in a solvent at a temperature in

the range of about -78°C to 100°C for about 0.5-24
hours to form a compound of Formula 3 in which RS 1s
(CH2) nCH(OH)RI® and R16 15 not H.

36. Process of Claim 29, wherein RS s
{CH2) nCH(OH)RIE and R16 15 not H and the product of
Formula 3 §s contacted with an oxidizing agent in a
solvent to form a corresponding compound of formula 3
in which R8 1s (CHp)aCOR!E and R16 1s nmot H.
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37. Process of Clatm 29 wherein RS is
(CH2)aCOR16 and R {s H and the compound of Formula 3
{s contacted with an oxidizing agent in a solvent to
form a corresponding compound of Formula 3 in which RS

is (CHz)qCORYS and R16 {s O,

38. Process of Claim 28 wherein RB 1s
(CH2) nCORIE and R 15 OH and the compound of Formula 3
is contacted with thfony! chloride fn excess or {n
another solvent at a temperature fn the range of about
0°C to the reflux temperature of the solvent for about
5 minutes to about 24 hours to form a corresponding
compound of Formula 3 {n which R8 1s (CHp)pcOCY
followed by contact of the latter with an amine
NHRIBR1Y {q excess or in a solvent at temperatures in
the range of about 0°C and reflux temperature of the
solvent for about § minutes to about 24 hours to form &
corresponding compound of Formula 3 in which RB s

(CHz) nCONRIBR1Y,

39. Process of Clatm 29 wherein R8 15 (CHp)qO0RY!
and R11 s H and the product of Formula 3 fs contacted
with thionyl chloride {n excess or in a solvent at a

- temperature in the range of about 20°C to the reflux

temperature of the solvent for about 0.5-24 hours to
form an {ntermediate compound of Formula 3 tn which g8

fs (CHp)pCl.

40. Process of Claim 39 wherein the compound of
Formula 3 fn which R8 15 (CHp)aCl 15 contacted with
sodfum or potasstum salt of a mercaptsn RISSH in 2
solvent at a temperature in the range of about 25-100°C
for about 1-24 hours to form & compound of Formula 3 1n

which R s (CHp),SRIS.
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41. Process of Claim 29 wherein the compound of
formula 3 1n which Rg 1s (CHp)nCl s contacted with an
alkall metal cyanide in a solvent at a temperature in
the range of about 20-100°C for about 1-24 hours to
form a compound of Formula 3 1n which /8 is {CH2) nCH
and the latter compound is hydrolyzed to the
corresponding compound of Formula 3 1n which &8 {s
(CH2)nCORYE and RIS 15 oM.

42. Process of Claim 29 wherein the compound of

* Formula 3 in which RS is {CH2)q-1C1 s contacted with

the sodium or potassium salt of a dialky! malonate tn a
solvent at a temperature in the range of about 20-100°C
for about 0.5-24 hours to form & compound of Formula 3
in which R8 1s (CHp)pn.1CH(CO221ky1)2 followed by
saponification of the latter with aqueous atkall at a
temperature in the range of about 25°C to the reflux
temperature of the solvent followed by acidification
with wineral acid to form a compound of Formula 3 in
which R8 15 (CHp)n.1CH(COZH)2 followed by heating the
latter to about 120°C or in dilute mineral actd at
reflux temperature to form a product of Formula 3 in
which RS s (CHp)4COR1E and RS 15 OH.

43. Process of Claim 29 wherein R8 s -CHO and
the compound of Formula 3 {s contacted with a methylene
phosphorane (CgHg)aP=CH(CHp)sCHRI40RIS or
(csus)gPiCH(CHz)sCOR‘G in a solvent at a temperature in
the range of about 25°C to the refiux temperature of
the solvent for about 1-24 hours to form a compound of
Formula 3 fn which RE 1s -CH=CH(CHp)sCHR140R}S or
-CH=CH(CHp) sCORTE, except where RY5 {s H and R10 {5 oM,
and optionally then contacting the compound of Formula
3 fn which RB {s -CH=CH(CH)}cCORIE with a reducing
agent tn a solvent at a temperature of about 0°-25°C

28 FEB w97
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for sbout 0.5-24 hours to form a product of Formula 3
in which /8 s -CH=CH(CHp)sCHRI4OH,

44. “Process of Claim 29 wherein R8 15 (CHp)nOH
and the compound of Formula 3 {s contacted with an
fsocyanate of Formula RIONCO 1n a solvent at a
temperature in the range of about 25°C to the reflux
temperature of the solvent for a perfod of about §
winutes to about 24 hours to form a compound of Formula
3 i{n which 88 15 (CHp),0CONHRIO,

45. Process of Claim 29 wherein the compound in
which RE 1s (CHp)pCl 1s contacted with an amine R1INH,
in excess amine or another solvent for a perfod of
about 1-24 hours at a temperature {n the range of about
0°C to the reflux temperature of the solvent to form an
intermediate of Formula 3 fn which RE s (CH)NHRIL,

46. Process of Claim 29 1n which RE 15 (CHp)nC)
and the compound of Formula 3 {s contacted with an
alkali metal azide in an aprotic solvent at a _
temperature in the range of about 25-80°C for about
1-24 hours to form & compound of Formula 3 in which RE
fs (CH2)pN3 and the latter {s contacted with a reducing
agent to form an intermediate of Formula 3 {n which RE
ts (CH)qNHZ.

47. Process of Clatim 45 or 46 in which R® s
(CH2)oNHR] or (CHp)aNHz and the compound of Formula 3
is contacted with & chloroformate of Formula R10pcoC)
or a sulfonyl dertvative of Formula R1050,C1, or
(R1050,)20 1n a solvent in the presence of a base at a
temperature in the range of about 0°C to the reflux
temperature of 2 soivent for about 5 minutes to about
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24 hours to form a compound of Formula 3 in which RE s
~{CH2) NR1ICO,R1D or - (CHp)aNR11SO,R1O, -

48, Process of Claim 45 or 46 fn which the
compound of Formula 3 with RE equal to -(CHp)aNHR!! or
{CH2)oNHy {s contacted with an fsocyanate or
fsothiocyanate RIONCY tn a solvent at a temperature fn
the range of about 25°C to the reflux temperature of
the solvent for about 5 minutes to about 24 hours to
form a compound of the Formula 3 fn which RB {s
- (CH2) R CYNHRIO,

49, Process of Claim 11 wherein R! 1s NO, and RZ,
R3, RS, R7, and RB are as defined tn Claim 34 in which
the compound of Formula 3 wherein Rl 1s N0z 1s reduced
by means of {ron and acetic acid, stannous chloride, or
hydrogen and palladium to a2 compound of Formula 3 '
wherein Rl 15 NHp and the latter is reacted with an
appropriate acid anhydride such as phthalic anhydride
or a substituted phthalic anhydride in a sclvent or
with an appropriate acid chloride such as substituted
anthranilic acid chloride in the presence of aqueous
alkali or a base or with an appropriately substituted
phthalic or anthranilic acid in the presence of
dicyclohexylcarbodiimide fn a solvent to produce 2
compound of the Formula 3 in which Rl s

. z "'13".‘.;01‘ Q ‘

13

o 1 e rw

and X fs NHCO. REPLACEMENT SHEET
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50. Process of Claim 11 wherein Rl 1s OCHCgHs,

RZ and R3 are H and Rﬁ. R7. and R are as defined in
Claim 11 and the resulting compound of Formula 3 with ——
R! equal to OCHCgHs 1s contacted with trifluoroacetic
acid at reflux temperature for a pertfod of about 0.2-1
hour or with hydrogen and paliadium to form the
corresponding compound of Formula 3 fn which R! 1s OH
and the latter ts contacted with a base at about 25°C
and a3 suitable benzy! halide of the formula:

13
- et NAYA
~Hal=CH3"
) 4 .13

el
.

to produce the corresponding compound of Formula 3
wherein Rl 1s

and X {s -0CHz-.

51. Process of Claim 11 wherein RS 1s -CHO,
whereby the benzyl derfvative of Formula 2 attaches to
the {midazole derivative of Formula 1 preferentfally at
the nitrogen atom adjacent the carbon atom of the
imfdazole ring to which RE {s attached.
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52. A process for the preparatfon of a compound
of Claim 1 wherein r {s O which comprises contacting an
fmidazole derfvative of Formula 1 of its wetallic salt
with 4-fluoro-1-nitrobenzene in a solvent, in the
presence of a base {f the free imidazole 1s used, for
1-10 days at a temperature of 25-150°C to form an N-
phenylimidazole followed by elaboration to compounds
wherefn X=NHCO by the process described in Claim 49.

53. A process of Claim 29 wherein R {s CHO, and
X is a carbon-carbon single bond, and the product of
Formula 3 1s contacted with an organometallic reagent
such as Rl1lMgBr or RMIL{ tn the presence of an
anhydrous nonhydroxylic solvent such as ether, THF or
dimethoxyeihane at -78 to 25°C followed by aqueous
work-up followed by acid hydrolysis of any coznl4
groups where RY 45 t-butyl or hydrolysis of any
trityl-protected tetrazole groups to form the
corresponding compound of Forumula 3 wherein RB s
-(CH2)n-1-CH-R11, where R} £ H,

al7

54. A process for the preparation of the
compounds of claim 1 where R7 = substituted or
unsubstituted biphenylyl, phenoxyphenyl, or heteroaryl,
characterized in that haloimidazole 237 1s coupled with
an arylmetal derivatfve ArM, whe}e M=2nBr, Me3Sn,
B(OH)2, etc. fn the presence of a transition metal
catalyst such as paltadium, platfnum, nickel, or
zirconfum, to form an arylimidazole 238:

e R T
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(CHial ::: - ;'j‘*\".
a’li’s;m . - B /QQT:‘
237 2%8

where R!, R2, B3, 85. RS and r have the meanings given
fn Claim 1, X 1s Br or I, M s ZnBr, Me3Sn, B(OH)p,
etc., and Ar is substituted or unsubstituted
biphenylyl, phenoxyphenyl, or heteroaryl.
55. A process for the preparation of the

" compounds of Claim 1 where R7ssubstituted or

unsubstituted biphenylyimethyl, phenoxyphenylimethyl, or
heteroarylmethy! characterized in that a haloimidazole
237 is coupled with an arylmethylmetal derivative
ArCHaH' in the presence of a transition metal catalyst
to form an arylmethylimidazole 240:

N?x N—zc“.!"

AL | e >
(CH), | _ArCHM (CHa),
3 (3

e ik !
R? 7‘@\"" n /W\’a!
237 240
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where RI, RZ, B3, RO, RE and r have the meanings given
fn Clatm 1, X 1s Bror I, M* {s ZnBr, etc., and Ar
ts substituted or unsubstituted heteroarylmethyl,

biphenylmethyl, phenoxyphenylmethyl.

56.

substituted alkenyl, or substituted alkynyl

A process for the preparation of the
compounds of Claim 1 where R’-vinyl. alkynyl,

characterized in that a haloimidazole 237 {s coupled
with an l-alkenylmetal or an l-alkynylmetal derivative
(AM), or an l-alkene, or an l-alkyne (AH) in the
presence of a transitfon metal catalyst to form a

1-alkenyl- or l-alkynylimidazole 241:

N—a/x
s
(cslqa), AM or AH
pa’
4Rt
HP""eLz
237

241

where Rl, R2, R3, RS, R® and r have the meanings given
tn Claim 1, X s Bror I, M is a metal, A is vinyl,
CHeCH(CHp) xAr, CEC(CHp)yCH3, C=C{CHp)zPh', or
C=C{CHp) xAr, Ph' is phenyl or substituted phenyl,
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anl Ar s substituted or unsubstituted biphenylyl,

phenoxyphenyl or heteroaryl .' %x=0-8, y=0-7 and
1'0".

57. A process for the preparation of the
compounds of clatm 1 where R7=vinyl or substituted
alkenyl characterized {n that imidazole aldehyde 253 s
reacted with methylenetriphenylphosphorane or a
substituted methylenetriphenylphosphorane to form 2
vinylimidazole or a substituted alkenylimidazole 254:

u-{(ﬂwucﬂo =~ (CH,),CHaCH(CH,), Ar
a--—(“/ AL w7 or

_ vinyl
©th) - ©hta, or
H\ or ﬁ\ cycloalkylidenyl
._’..31 .

» F/"’ha L, —h!
R’ %\R’ MOH;) L “ﬂ!
254

Pha"=o(°“dn

where n=0-5

where R1, RZ, R3, RS, R® and r have the meanings given
fn Claim 1, Ar is substituted or unsubstituted

biphenylyl, phenoxyphenyl or heteroaryl, and
w+ve0to8.
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58. A process for the preparation of the __
compounds of Formula 1 wherein R? is -S{0)-heteroaryl,
-$-{0) r-biphenylyl, -S(0)-phenoxyphenyl, -S-tetrazole,
-S(0)(R17, -HRIBRI®, _NR1B_petercaryl, -NR1B-phenyl,
-R18-biphenylyl, -NR'Sphenoxyphenyl, -H-phthalimtdo,
-NH-SO2-phenoxyphenyl, -NH-SOz-heteroaryl, -HH-
$02-biphenylyl, -RH-S0p-R17, and -S-(C+0)-R17, -
imidazolyl, H-1,2,3-triazolyl, and N-1,2,4-triazolyl,
characterized fn that {mtdazole contatning compounds
255 substituted with an electron withdrawing group €
are reacted with nucleophiles fn a suitable solvent at
room temperature to the reflux temperature of the
solvent resulting {n an arvomatic substitution reaction
whereby the leaving group X s substftuted with a

nucleophile Nu such as sulfur or nitrogen to produce
compounds of structure 256:

_, Nu
/g;%’é | A
Nucleophile "Nu" ‘\(\]
- ;‘l@im Solvent 7V\
R .
288 256
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ABSTRACT
SUBSTITUTED IMIDAZOLES

Substituted imidazoles (I) are useful as angiotensin II blockers. These compounds have
activity in treating hypertension and congestive heart failure. Pharmaceutical compositions
containing the novel imidazoles and pharmaceutical methods using them, alone and in

conjunction with other drugs, especially diuretics and non-steroidal antiinflammatory drugs.
(NSAID’s) are also described.
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R16 s H, alkyl of 1 to 5 carbon atoms; 0817: or

().

mis1to5; |
X = single bond, -0-; -CO-; -NHCO-; or -OCHz-; or a
pharmaceutically acceptable salt thereof..

4. A compound of Claim 3 wherefn R! {s

/%
- .
_x_t/? and X {s a single bond, or a pharmaceutically

suftable salt thereof.

5. A pharmaceutical composition comprising a
pharmaceutically suitable carrier and a compound of any
one of Claims 1 through 4.

6. Pharmaceutical composition of Claim 5§ which
additionally contains a diuretic oi a mon-steroidal -
antiinflammatory drug.

7. The use of a compound in any of Claims 1 through 4

in an effective amount stepwise or in physical combination with the

non-steroidal anti-inflammatory drug (NSAID) for preventing
renal failure. - :

8. The use of a compound of any of Claims 1 through 4

in an effective amount for treating hypertension.
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_ 9. The use of a compound of any of Claims 1
through 4 in an effective- amount for treating hypertension
wherein a diuretic is used prior to or simultaneously with the

imidazole compound.

10. The use of a compound of any one of Claims 1
through 4 in an effective amount for treating congestive
heart failure.

11. A process for the preparation of a compound
of Claim 1 wherein r is 1 which comprises contacting an
imidazole derivative of Formula 1 with a benzyl
derivative of Formula 2 {n a solvent {n the presence of
a base for about 1 to about 10 hours at a temperature in
the range of about 20°C to th& reflux temperature of the
solvent to form a benzylimidazole of Formula 3:

s
B R R [ R
. i-l-_\‘_ﬂ'l +« R 2 — R
RN . R
- H | SIAN
x 2 &

2

wherein each of Rl. Rz. R3. R5, R’ and RS s stable
under the reaction conditions and is a group as defined
fn Claim 1 or an intermediate or protected form thereof
which can be transformed to such a group and wherein X!
is halogen, p-toluenesulfonyloxy or methylsulfonyloxy;
and thereafter as necessary transforming satd

_ intermediate or protected forms of the R groups to R

groups as defined in Claim 1.

REPLACEMENT SHEET

15DEC 1897




~

[ Descri ipti ol g y
L3818 I E’.,CJ 58] Pag d..
. ,E’Claﬁn(s) : paged 'Q*Lo raged 24
-0 Drawing(s) : Pags d .. 10 pa ?:qg
0 Abstract :;;sag - to paged

187 | DATE oF. Rﬁcmpﬂ 8 JUN 1998

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

R16 s H, alkyl of 1 to 5 carbon atoms; GR‘17

().

5 mis 1 to 5;
X = single bond, -0-; <CO-; -NHCO-; or -OCHo-; or a
pharmaceutically acceptable salt thereof..

4, A'compound of Claim 3 wherein R! {s

10 R‘a : .
R
x4 7y and X is a single bond, or a pharmaceutically

suitab)elsalt thereof.

15 5. A phannaceutical- composition comprising a
| pharmaceutically suitable carrier and a compound of any
one of Claims 1 through 4.

6. Pharmaceutical compostition of Claim 5 which
20 additionally contains a diuretic or a non-steroidal
antiinflammatory drug.

7. A phanmaceutical composition for preventing renal failure
in a warm blooded animal resulting from administration of a non-steroidal

25 anti-inﬂammatdry drug (NSAID) comprising an effective amount of a compound
of any of claims:-1 through 4 use in stepw1se or in physw'tl combination

with the NSAID. - _; i

8. A pharmaceutical composition for. trcatmg hypertension in
a warm blooded animal comprising an effective amount of 2 compound of any

- 30. of claims 1 through 4 to lower the animal’s blood pressure.
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9. A pharmaceutical composition for treating congestive
heart failure in a warm-blooded animal comprising an effective amount
of a compound of any one of claims 1 through 4 to correct the
hemodynamic burden on the heart to relieve the congestion.

10. A process for the preparation of a compound
of Claim 1 wherein r 1s 1 which comprises contacting an
imidazole derivative of Formula 1 with a benzyl
derivative of Formula 2 in a solvent in the presence of
a base for about 1 to about 10 hours at a temperature in
the range of about 20°C to th& reflux temperature of the
solvent to form a benzylimidazole of Formula 3:

CHX [ R

o N-{—\ . R
R&Jg; £§4ﬂi f " R N
1
| R:@-,/

Lo

2

wherein each of R!, RZ, R3, RB, R’ and R® {s stable
under the reaction conditfons and {s a group as defined
in Claim 1 or an fntermediate or protected form thereof
which can be transformed to such a group and wherein x!
is halogen, p-toluenesulfonyloxy or methylsulfonyloxy;
and thereafter as necessary transforming said
{ntermediate or protected forms of the R groups to R
groups as defined in Claim 1.
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11. Process of Claim 10 wherein compounds 1 and 2
are contacted in the presence of a base selected from
the group consisting of a metal hydride (MH), a meta)
alkoxide (MOR), sodium carbonate, potassium carbonate,

5 triethylamine and pyridine, in a dipolar aprotic solvent
or, where the base {s MOR, the solvent can be an
alcohol, ROH, where M s lithium, sodium or potassium
and R is methyl, ethyl or t-butyl.

10 12 . Process of Claim 10 wherein a two-phase solvent
system, one an organic phase such as methylene chloride
and the other an aqueoué phase, 1s used in the presence
of a phase transfer catalyst such as
tricapryimethylammonium chloride.

15
' 13. Process of'Claim 11 wherein: R! is
| - 13
X0 QO
20 ; ) |
‘ 2 \3 R - R13

\

X is a carbon-carbon single bond, -CO-, -0-, -SQ, or
25 ~NH-;

RZ and R3 are each independently H, C1, Br, I,
co2R14, F, N0z, alkyl of 1 to 4 carbon atoms,
alkoxy of 1 to 4 carbon atoms, aryl or furyl;

R6 and R7 are as defined in Claim 1;

30 R8 is -(CHp)nORMY; -(CHp)SR15; or -(CHp)pCN;
Rl §s as defined tn Claim 1; _ ]
R13 15 co,R14, CN, NOp, trialkyltin tetrazole,
or trityltetrazole; and
R!4 and R1S are as defined fn Claim 1.

h | REPLACEMENT SHEET
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14 . Process of Claim 13 wherein R13 s -CO,R14
and the product of Formula 3 1s contacted with an
alkall 1n an aqueous alcoholic solvent or with CF3CO.H
at a temperature.in the range of about 20°C to the
reflux temperature of the solvent for about 1-24 hours,
followed by adjustment of the pH of the mixture to a
value in the range of 3 to 7, to convert the product to
the corresponding product wherein R13 ¢ -CO2H.

15. Process of Claim 14 wherein at least one of

R2, R3 or R13 in Formula 1 s -COpR' and 1s converted

16. Process of Claim 14 wherein R14 1s t-buty
and the reaction is conducted in CF3CO2H.

17. Process of Claim 13 wherein R13 ts -CN and
the product of Formula 3 fs contacted with (i) a strong
acld at reflux temperature of the solvent for about
2-96 hours or (i1) a strong alkali in an alcoho)
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
(111) sulfuric acid followed by acid or alkali, to

convert the product to the corresponding compound
wherein R13 {s -CO2H.

18. Process of Claim 17 wherein at least one of
RZ, R3 or R13 15 -CO,R14 and 1s converted to -COH.

19 . Process of Claim 17 wherein R8 is -(CH2)nCN
and s converted to -{CHy)nCOZH, or fs -(CHp)p0R!! and
1s converted to (CH2),OH when R13 1s converted to
-CO2H,

|REPLACEMENT SHEET
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20 .:Process of Claim 13 wherefn R!3 1s -CN and
the product of Formula 3 {s contacted with a mixture of
equimolar amounts of ssodium az{de and -ammonium chloride
in a polar aprotic'solvent at a temperature in the
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 R13 is.
5-tetrazolyl. )

21-.. Process of Claim 20 wheretn RB 1s ={CH2) mCN
and {s converted to'#(CHz)m-tetrazolyl when R13 {s
converted to 5-tetrazolyl.

22,. Process of Claim 13 wherein R13 45 —CN and
the product of Formula 3 {1s reacted with trialkyltin
azide or triaryltin azide followed by acidic or basic
hydrolysis to convert the product to the corresponding
compound wherein R13 1s 5-tetrazolyl, .

23 . Process of Clatm 13 wherein R13 1s -CN and
the product of Formula 3 is reacted with trialkyltin
azide or triaryltin azide to produce a compound of
Formula 3 wherein R13 s trialkyl or triaryl stannyl
tetrazol-5-yl, the latter compound is veacted with
triphenylmethyl chloride to produce a compound of
Formuta 3 wherein R!3 {s triphenylmethyl-tetrazol-5-yl,
and the latter compound s hydrolyzed to produce a
compound of Formula 3 wherein R13 is 5-tetrazolyl.

24 . Process of Claim 22 wherein RB 1s
-(CH2)nCN and is converted to -(CHp)p-tetrazoly) when

"RI3 {s converted to 5-tetrazolyl.

25 . Process of Claim 13 wherein R13 1s -NO2 and
the product of Formula 3 {s contacted with a reducing

_— [REPLACEMENT SHEET
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agent to form a second intermediate of Formula 3 {n
which R13 is NHp, and the latter is contacted with an
anhydride (CH3502)20 or (CF3S02)20 or a chloride
-CH3502CY or CF3502C1 of sulfonic actd in a solvent to
produce a compound in which R13 {s -NHSOZCH3 or
-NHSO0,CF3.

26 . Process of Claim 25 wherein at least one of _
RZ, R3, or R13 1s -ND, and 1s converted to -NilSO,CH3 or
~NHS02CF3. :

27 .. Process of Claim 14 or 17 wherein the
compound of Formula 3 with R13-C02H either
(a) 1s contacted with about 1-4 equivalents :
of thionyl chloride in excess thionyl chloride or
another solvent at ‘a temperature in the range of about
20°C to the reflux temperature of the solvent for a
period of about 5 minutes to about 2 hours to form an
intermediate of Formula 3 wherein R13 1s COCY, and the
latter is contacted with about 2-10 equivalents of
hydroxylamine derivative HoNOR'Z in excess
hydroxylamine derivative H2N0R12 or other solvent, at a
temperature in the range of about 25-80°C for about
2-18 hours, or _ - '
(b) 1is contacted the hydroxylamine
derivative HZNQBIZ. dicyclohexylcarbodiimide and
1-hydroxybenzotriazole in a solvent at a temperéture in
the range of about 0-30°C for about 1-24 hours;
to provide a compound in which R13 1s
CONHOR12,
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28 . Process of Claim 10 wherein: R} {s

X is a carbon-carbon single bond, -C0-, -0-, -S-..or
-NH-: .
Rz. R3. RO and R are as defined in Claim 1;
.and - _
R8 s (CH2)nOR11, (CHp)nOCORI4, (CHp)nCH(OH)RI,
(CH2)1CORIE (CH2)4C1, (CH2)CN, CHO.

29 . Process of Claim 28 wherein RS is (CH2) nOH
and the product of Formula 3 is contacted with an
alcohol RI1OH in the anhydrous state in the presence of
a strong acid or a Lewis acid, followed by
saponification of any C'02R14 groups concomitantly
formed or present in intermediate 3. to form the
corresponding compound of Formula 3 wherein R8 1s
(CH2)0R!? and R11 {s not H.

30 .. Process of Claim 28 wherein R8 is (CHp)pOR1!
and R11 s not H and tlie product of Formula 3 {s
contacted with an aqueous acidic_medium at a
temperature in the range of about 25°C and the reflux

temperature of the solvent for a period of about 0.5-24

hours to form the corresponding compound of Formula 3
wherein RE 1s (CHp)nOH.

31 . Process of Claim 28 wherein RE s (CHZ),‘OH"
and the product of Formula 3 is contacted with

REPLACEMENT SHEET
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(a) a carboxylic acid anhydride (R14c0)20 or
chloride Rl4coct fn a solvent tn presence of a base at

~a temperature fn the range of about 0°C and the reflux
_temperature of the solvent for about 0.5-24 hours or

(b) a carboxylic acid R14COH under
Anhydrous conditions in 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 R8 is
(CHz) nOcOR14,

32 . Process of Claim.28 wherein RB s
(CHZ),,OCOR14 and the product of Formula 3 {s contacted
with aqueous acid or alkali to form the corresponding
compound wherein-R8 1s (CHp)nOH.

33 ,. Process of Claim 28 wherein RB {s (CHp)pOH
and the product of 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 RS 1s (CHp)p-1CORIE and RIG 4s H.

34 .. Process of Claim 28 wherein R® {s
(CH2)nCOR!6 and R16 {s H and the product of Formula 3
is contacted with an-organometallic compound R16p ‘1n
which P is MgBr or Li in a solvent at a temperature in
the range of about -78°C to 100°C for about 0.5-24
hours to form a compound of Formula 3 in which R8 is
(cnz),,cu(ou)al6 and R16 {s not H.

35 . P.rocess of Claim 28 wherein R8 1s

-.(CHZ)nCH(OH)R15 and R}5'is not H and the product of

Formula 3 {s contacted with an oxidizing agent in a
solvent to form a corresponding compound of Formula 3
in which R8 1s (CHp),CORIG and R16 is not H.

T -
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36 . Process of Claim 28 wherein RS s .

© (CH2)CORY6 and R1E s Hand the compound of Formula 3
" §s contacted with an oxidizing agent in a solvent to

form a corresponding compound of Formula 3 in which R8
fs (CH2)4CORIE and R16 {s OH.

37. Process of Claim 28 wherein R8 {s
(CH2) 1CORYO and R0 15 O and the compound of Formula 3
is contacted with thionyl chloride in excess or in
another solvent at a temperature in the range of about
0°C to the reflux temperature of the solvent for about
5 minutes to about 24 hours to form a correéponding '
compound of Formula 3 in which RS 1s (CH2)pCoCY
followed by contact of the latter with an amine
NHRIBRIY 1 excess or in a so]vent at temperatures in
the range of about 0°C and reflux temperature of the
solvent for about 5§ minutes to about 24 hours to form a
corresponding compound of Formula 3 in which RB is
(CH2) nCONRIBR1T,

38 . Process of Claim 28 wherein Rr8 is (CHZFnORll'
and R11 {s H and the product of Formula 3 {s contacted
with thionyl chloride in excess or in a solvent at a
temperature in the range of about 20°C to the reflux
temperature of the solvent for about 0.5-24 hours to
form an intermedjate compound of Formula 3 {n which r8
is (CHp)pCl. '

39 . Process of Claim 38 wherein the compound of
Formula 3 in which R8 1s (CH2)aC1 1s contacted with
sodium or potassium salt of a mercaptan RISSH tn a
solvent at a temperature in the range of about 25-100°C
for about 1-24 hours to form a compqund of Formula 3 in

“which RB is (CHp),SR1S.

A RO L 18 JUN 598
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40 . Process of Claim 28 wherein the compound of
Formula 3 fn which Rg 1s (CH2),C1 1s contacted with an
alkalt metal cyanide 1n a solvent at a temperature tn
the range of about 20-100°C for about 1-24 hours to
form a compound of Formula 3 in which RS 1s (CH2) nCN
and the latter compound {s hydrolyzed to the
corresponding compound of Formula 3 {n which_R8 {s
(CH2)nCORIG and R16 §s oK,

41 . Process of Claim 28 wherein the compound of
Formula 3 in which R8 1s -(CHp)p-1C1 1s contacted with
the sodium or potassium salt of a dialkyl'malonate-in a
solvent at a temperature in the range of about 20-100°C
for about 0.5-24 hours to form a compound of Formula 3
in which RS 1s (CHz)p.1CH(CO2alky1)2 followed by

'saponification of the latter with aqueous alkali at a
temperature in the range of about 25°C to the reflux

temperature of the solvent followed by acidification
with mineral acid to form a compound of Formula 3 in
which RS is (CHz)n-1CH(COZH)2 followed by heating the
latter to about 120°C or in dilute mineral acid at
reflux temperature 'to form a product of Formula 3 in
vhich RE 1s (CHp),COR6 and R16 s OH.

42 . Process of Claim 28 wherein R8 1s -CHO and.
the compound of Formula 3 is contacted with a methylene

-phosphorane (65H5)3P=CH(CH2)sCHR14bR15 or

(CgHs) 3P=CH(CHp) sCORIE 1n a solvent at a temperature in
the range of about 25°C to the reflux temperature of

‘the solvent for about 1-24 hours to form a compound of-

Formula 3 ia which R® is -CH=CH(CHp)<CHRI40R1S or
-CH;CH(CH2)5C0R16, except where R15 §s H and R16 {5 OH,

‘and optionally then contacting the compound of Formula

3 1n which R8 is -CH=CH(CH2)COR!6 with a reducing
agent in a sqlvent at a temperature of about 0°-25°C

- T
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for about 0.5-24 hours to form a product of Formula 3
in which RB is -CH=CH(CH2)sCHRI%0H, :

43, *process of Claim 28 wherein RE 1s (CHp)n0H
and the compound of Formula 3 i{s contacted with an
isocyanate of Formula RIONCO 1n a solvent at a
temperature in the range of about 25°C to the reflux -
temperature of the solvent for a period of about §
minutes to about 24 hours to form a compound of Formula
3 in which RB s (cuz)noconakl°

44 . Process of Claim28 wherein the compound in
which RE is (CH2)nCl is contacted with an amine RIINH,
fn excess amine or another solvent for a pertod of
about 1-24 hours at a temperature in the range of about
0°C to the reflux temperature of the solvent to form an
intermediate of.Formula 3 fn which R s (CHy)oNHRIL,

45 .. Process of Claim 28 in which R8 1s (CHp)nC)
and the compound of Formula 3 is contacted with an
alkali metal azide in an aprotic solvent at a
temperature in the range of about 25-80°C for about
1-24 hours to form a compound of Formula 3 in which R8
is (CHZ)nN3'and the latter is contacted with a reducing
agent to form an intermediate of Formula 3 in which R8
is (CHp)pNH2. - '

46 . Process of Claim 44 0or 45 in which RE 1s
(CH2) aNHR1Y or (CHp)gNH2 and the compound of Formula 3
is contacted with a chloroformate of Formula-R1%0coC)
or a sulfonyl derivative of Formula R1050,C1, or
(R1050,),0 in a solvent in the presence of a base at a

‘temperature in the range of about 0°C to the reflux

temperature of a solvent for about 5 minutes to about
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24 hours to form a compound of Formula 3 in which R8 1s
< (CHa)pNR1ICOoR10 or -(EHp)pNR11SOLR1O,

7 . Process of Claim 44 or 45 {n which the
compound of Formula 3 with RB equal to -(Cﬂz)nNHRll or
(CH2)pNH2 1s contacted with an fsocyanate or
1sothiocyanate'R?°NCY in a solvent at a temperature {in
the range of about 25°C to the reflux temperature of
the solvent for about 5 minutes to about 24 hours to
form a compound of the Formula 3 in which R8 1s

© = (CHa) oNR11CYNHR1O,

48 . Process of Claim 10 wherein Rl 1s NOo and RZ,
R3, B, R7, and R® are as defined in Claim 33 in which

the compound of Formula 3 wherein Rl {s NO2 ts reduced

by means of fron and acetic acid, stannous chloride, or
hydrogen and palladium to a compound of Formula 3
wherein Rl is NHp and the latter is reacted with an
appropriate acid anhydride such as phthalic anhydride
or a substituted phthalic anhydride in a solvent or
with an approbriate acid chloride such as substituted
anthranilic acid chloride in the presence of aqueous
alkali or a base or with an aporopriately substituted
phthalic or anthranilic acid in the presence of '
dicyclohexylcarbodiimide in a solvent to prdduce a
compound of the Formula 3 in vhich Rl is

13

L O

13
R
\

e smeramrassomsans
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49 - Process of Claim10 wheresn Rl 1s OCH;CgHs, .
RZ and R3 are H and R5, R7. and R8 are as.defined in
Claim 10 and the resulting compound of Formula 3 with
R] equal to OCHyCgHs 1s contacted with trifluofoacetic
5 acid at reflux temperature for a perfod of about 0.2-1
hour or with hydrogen and palladium-fo form the
corresponding compound of Formula 3 in which R! 1s oH
and the latter is contacted with.a base at about 25°C
and a suitable benzy? halide of the formula:
10

15

20 to produce the corresponding compound of Formula 3
wherein R} 1s

e

and X 1s -OCHp-.

30. . ' .
50 . Process of Claim 10 wherein R® s -CHO,

whereby the benzy): derivative of Formula 2 attaches to

the imidazole derivative of Formula 1 preferentially at

the nitrogen atom adjacent the carbon atom of the

35 imidazole ring to which R8 s attached.
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51 .. A process for the preparation of a compound
of Claim 1 wherein r is 0 which comprises contactjng an
imidazole derivative of Formula 1 or its metallic salt
with 4-fluoro-1-nitrobenzene in a solvent, in the
presence of a base 1f the free imidazole is used, for
1-10 days at & temperature of 25-150°C to form an N-
phenylimidazole followed by elaboration to compounds
wherein X=NHCO by the process described in Claim 49.

52 . A process of Claim 28 wherein R8 1s CHO, and

X {s a carbon-carbon single bond, and the product of

Formula 3 is contacted with an organometallic reagent
such as R1MgBr or R!1Li 1n the presence of an
anhydrous nonhydroxylic solvent such as ether, TH?ZOr
dimethoxyethane at -78 to 25°C followed by aquedus
work-up followed by acid hydrolysis of any COpR14
groups where R4 is t-butyl or hydrolysis of any
trityl-protected tetrazole groups to form the
corresponding compound of Forumula 3 wherein RB 1s
-(CHz)n-l-CH-Rll. where R11 # H.

orl7

53 . A process for the preparation of the
compounds of claim 1 where R7 = substituted or _
unsubstituted biphenylyl, phenoxyphenyl, or heteroaryl,
characterized in that haloimidazole 237 is coupled with
an arylmetal derivative ArM, where M=ZnBr, Me3Sn,
B(OH)2, etc. in the presence of a transition metal

_catalyst such as palladium, platinum, nickel, or

zirconium, to form an arylimidazole 238:

[ ————e <,
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R* 7235;*“ | ' ' f‘”’;égé;??a.i
o, _Am '
’/;-l_*“ P’
B‘z§g<ap
238’

237

where R1, RZ, R3. R5. R8 and r have the meanings given.
tn Claim 1, X is Br or I, M 1s ZnBr, Me3Sn, B(OH)2,
etc., and Ar s substituted or unsubstituted |
biphenylyl, phenoxyphenyl, or heteroaryl.
54 . A process for the preparation of the

" compounds of Claim 1 where R’=substituted or
-unsubsti;uted biphenylylmethyl, phenoxyphenylmethyl;.or'

heteroarylmethyl characterized in that a haloimidazole
237 1s coupled with an arylmethyimetal derivative '
ArCHoM' in the presence of a transition metal éatalyst
to form an arylmethylimidazole 240:

N X : . N CHAAT
ﬂ'/( / — B R"( “ R'
(mw, mcmm‘> R wm»
_i_at o : ——R‘
237 o _ 240
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where R, RZ, R3, RO, R8 and r have the meanings given
fn Claim 1, X 1s Br or I, M* 1s ZnBr, eté., and Ar.
is substituted or unsubstituted heteroarylmethyl;
biphenylimethyl, phenoxyphenylmethyl,

55 A process for the preparation of the

.compounds of Claim 1 where R7-vlnyl. alkyayl,

substituted alkenyl, or substituted alkynyl
characterized in that a haloimidazole 237 {s coupled
with an 1-alkenylmetal or an 1-alkynylmetal derfvative
(AM), or an 1-alkene, or an 1-alkyne (AH) in the
presence of a transition metal catalyst to form a
1-alkenyl- or l-alkynylimidazole 241: '

N-:;;x N-:;,A
ZA-RY PP )
1
(CHy), AMor AH {CH,),
T ~u
B°/§’\Bz ! R? \_\’\R’
237 241

where R!, RZ, R3, RG, R8 and r have the meanings- given
in Claim 1, X is Bror I, M is a metal, A is vinyl,
CH=CH(CHp) xAr, C=C(CH2)yCH3, C=C(CH2);Ph', or
C=C(CH2)xAr, Ph' 1s phenyl or substituted phenyl,
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and Ar 1s substituted or unsubstltuted blphenylyl

phenoxyphenyl or heteroaryl X=0-8, y=0-7 and

z=0 4. i
5 56 . A process 4or the preparation of the
compounds of claim. 1 where R7-v1nyl or substituted
alkenyl characterized fn that imidazole aldehyde 253 is
reacted with neihﬂenétripheajlphosphor‘ane or a
- substituted methylenetriphenylphosphorane to form a
10~ vinylimidazole or a substituted alkenyl{midazole 254:

—~

, /\(graaucuo . N.V(cuz),,cu-cu(cnza,m
e S a'*( >R
: - vinyl
15 ), . (cu,), | o . -
ﬁ\ 1 or ()\. cycloalkylidenyl
~-R - PPhy —a—R1 ~
/4§>e : = §;<§>?
Ar{CH)/ R R :
20 253 264 _
or
Phap (CHZ)I'l
25

where n=0-5

30 where R‘. Rz, R3. R5, R8 and r have the meanings given
fn Claim ), Ar'is substituted or unsubstituted
biphenylyl, phenoxyphenyl or heteroaryl, and
t+ve=0tos8.
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57. A process for the preparation of the
compounds of Formula I wherein R’ 1s -S(0) p-heteroaryl,
-S-(O)r-biphenylyl. -$(0) -phenoxyphenyl, QS-tetrazole.
~-5(0)RY?, -NRIBR19, _NRIB_heteroaryl, -NR)B-phenyl,
-NR!8-biphenylyl, -NR1Bphenoxyphenyl, -N-phthalimido,
-NH-502-phenoxyphenyl, -NH-S02-heteroaryl, -NH-

- S02-biphenyly), -NH-S02-R17, and -S-(c=0)-R}7, N-

imidazolyl, N-1,2,3-triazoly), and N-1,2,4-triazolyl,
characterized in-that fmidazole containing compounds
255 substituted with an electron withdrawing group E
are reacted with nucleophiles in a suitable solvent at
room temperature to the reflux temperature of the
solvent resulting.in an aromatic substitution reaction
whereby the leaving group X is substituted with a
niicleophile Nu such as sulfur or nitrogen to produce
compounds of structure 256:

N— X |
Rs/__(h;)é- F : . . N"}‘Z_h:gu
Nucleophile "Nu* RS N)
Soivent - ;
Rt t\‘?' s
. R2
255
256
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