RUSED RI NG ARYL SUBST TUTED-1"M DAZOLES - - | Rel at ed

Appkication 5 This is a contlnuatlon i n-part of USSN 07/ 375, 069

filgd. June 3 Al so,, Carini, Duncia and Wng U.S. POV/US90103677
Se”"'f‘ai &PZJ}Z&?& filed Decenber 6, ~ 1988, -discloses and cl ains
suMst.i tut ed i midazol es whi ch are angiotengin Il (Al) blockers and -
their use, alone 10 or in conbination with otther drugs, to treat :
hypert ensi on and congestive heart failure. _ BACKGROUND OF
THE | NVENTI ON Field of the Invention This sinvention relates to

novel substituted 15 i m dazoles, and procg@IgBe for their preparation. The

i nvention also relates to MAShLLAN tai ning the
BUSEIGRY ARSL SHUBOYER Ruronsci

-novel *inm dazol es and phar nace ) usrng em alone and in
conj unction with ot her dr ugs, egmmm%s and non- st er oi dal

anti -y 20 i nf Ihagrr?t ory dhtn381é @Noﬁ%t&%nﬁatihcn-in-pafﬁeafcﬁﬁwUdlﬁ's\?s Adliﬁg) S |
i nventi on i nhi bi e agtio or ot ensin an
are useful é“g‘Fgr n%?'l é\?%gl'l ngl r%"g‘ﬁgl’r% d #o '(‘ ds.
hyper t ensi on. The mﬂ-ﬁmtimlha@ﬂsuon a‘lm'tﬂ)dsmasmemecpmbe? @ obul i'n,
. angi ot ensi nogen, tyygp', OdYEE1 SEKH %ﬁ”%&?ﬁs ubst‘ﬁhG@d'ﬁnM&%Bl@Q“&ﬂ?{éhEd by

angl otensin convertin e l'atter substance i

en
- power ful vasopr es®f® g“g aé%?ﬁiwicﬂhﬁﬁk biackers, ppd kheir, usg, &, ? ive
- agent for 30r odae idmg chmbyindt iord withsethier idrugs; i boistreatnal i an

hypertension and congestive heart failure.

This invention relates to novel substituted

15 imidazoles, and processes for their preparation.'-The
invention also relates to pharmaceutical compositions
containing the hovel imidazoles and pharmaceutical
methods using them, alone and in conjunction with other
drugs, especially diuretics and non-steroidal anti-

20 inflammatory drugs (NSAID's).

' The compounds of this invention inhibit the action
" of the hormone angiotensin II (AXI) and are useful
therefore in alleviating angiotensin induced
hypertension. The enzyme'renin acts on a blood plasma

25 o2-globulin, angiotensinogen,'to produce angiotensin I,

' which is then converted by angiotensin converting-enzyme
to AII. The latter substance is a powerful vasopressor
agent which has been implicated as a causitive agent for
producing high blood pressure in various mammalian

30 species,'such as the rat, dog, and man. The compounds

. of this invention inhibit the action of AII at its
'_ _ receptors on target cells and thus prevent the increase
"a in blood pressure produced by this hormone-receptor.

interaction. By administering a compound of this
'35 invention to a species of mammal with hypertension due

s

-f_f_,_____L.____—~—————
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30 speci-es, such as the rat, dog, and man. The conpounds of this : ‘<
I nvention inhibit the action of Al at its receptors! on target cells

and-.t hus ppRyeiboeiie | ncrease in blood pressure producqqalm Wﬁﬁiﬂ v
" horJione- r ecept or interaction. By adm nistering a cofrpoun o? this 35 .
invention to a species of manmmal with hypergensi on due _
2 to All, the blood pressure is reduced. The conpounds of ~this
i nvention are al so_usef l{’l(ﬁ Lgr the treatment of congest i ve heart

fail'ure. Adnini §Pr&tfo cpdRersRpre is redyged. Jbfi: FHPMNAS 2%di uretic
such as furosenthis oinventiipar acél 2l sy lusefulleforitheectreatment ayfv se conbi ned

t herapy (diuret] | | ca ' _ n aé&‘?p%

ant i hypert ensi vg&é%geécft‘)eo?{ef%g S%Pnir}%:u%rfd. hdﬂﬁ%%@nﬁearﬁi&nr g?i%n 0 etlltn?gnpound *
of this inventi8f Wi dpventigg with & disrebieisuglt agnfuressmifde, x( NSAI D)

can prevent 80 hyépechicddthiazibes efthERt nBea stépiiise tomMbined

adm ni stration ) urQ n_P: | d jcation 0 253
310, published Q{‘egﬁaﬁﬁ‘a@y?&icﬁ%ﬁﬁdiog:g'ﬁgs%s&? ga’tsélg'e'r“?g|£)"lr’1i'§s'u_bst ituted
i m dazol es bl ocknbaRces thecoapibypertensive effert of threeemppund.n -
al l'eviati ng angpahenbstratiGnCee a compoidid BEStRs AnveRthoAswith ta eating

.fgp?f stive hear Ewr__:-stég:{cyarle hnIQgix!:Ha%nza%ng glrgé: l'&&i?bpat\:/gn tpt]:.?eJe%E;nu' a.

10 renal failure which sometimes results from

administration of a NSAID. _ :
| European Published Application 0 253 310, published

January 20, 1988, discloses that certain substituted
imidazoles_bléck-the AIl receptor and are useful

15 ' therefore in alleviating angiotensin induced
hypertension as well as in treating congestive heart
failure. The imidazoles disclosed have tbe formula:

'R’

o

RS N

R! L | .
AN
- R?

. Rz.

20
The imidazoles of the present invention differ from
those of EPA 0 253 310 in the substituents R’ and R® at |
positions 4 and 5 of the imidazole ring. In EPA SR O

0 253 310, R7 and R® are defined as follows:
25 R? is H, ¥, C1, Br, I, NOp, CF3 or CN;
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20 = The |mdazol es of the present invention dlffer from t hose of
EPA 0 253 310 s,Z;bﬁﬁiubsutuents Rlerr] and Rlerr] at; positions 4 and
5 of.the inidazZol | n 'EPA 0 253 310, Rlerr] dnd R H&¢FUPM03677
defiied as fol | ows: 25 Rlerr] is H F, .d, B, I, NOerr], CFlerr] or CN
3 Rlerr] is H CN, alkyl of 1to 10 carb%n atons, al kenyl of 3

to 10 carbon atons, or the sane groups substituted wth F;

phenyl al kenyl wheR®i 5 tHhe Clb i pheyl ©fpadr £pok0 carbon atpms) alkenyd 2050k

at (C):Ir-rls -(CH err] %L[ gr g]td 'I‘Odéli%oxl -atloms. |50r the same groups substituted .
el Ter] L 2 ool e SRR it @i spectribidbsc, ppgeson 210 O
atonms; -(CHerr])[err ]iq & taz| %rbon atoms; 2)p-imidazol-1-ylg ] 10
< 5 -(an) m-1,2,3-triazolyl optionally substituted with
i . one or two groups selected from CO,CH3 or aikyl of
1 to 4 carbon atoms; -(CHz)m-tetrazolyl.

0
10 S '
~(CH2) nOR11; ~(CH2)nOCRI4; ~(CH2)pSR1S;

r14 ) ]
| Al ]
15 -CH=CH(CHp) gCHOR1S; ~CH=CH(CHp)g¢CR16; -CR1S;

0
n .
—CH=CH (CH2) gOCR11;
20 _
0 Y
U | i
(CHp) g-CH-COR16; - (CHp)4CR16; - (CHy),0CNHR1O;
{ ' :
25 CH3
0
Il [
- -(c32>nnnllconl°- -(cnz)nunllcnunlo- -(cuz;nnnllsoznlﬂ-_
: ll
- (CH2) nNR11CR1O; etc., where R10, R11, 314 R1S, R16,
and Y are as defined below for the present invention.
35 Pals et al., Circulatiop Research, 29, 673 (1971)
, describe the introduction of a sarcosine residue in
f position 1 and alanine in position 8 of the endogenous
vasoconstrictor hormone AII to lyiel-d an (octa)peptide
that blocks the effects of AII on the blood pressure of
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30- - and Y are as defined below for the present i vention. 35

Pals et al., Ci rcul ati on Research, 29, 673 (1971)" scri be the
inLLOduct| rcosi ne,residue in position 1 and

position 8 opoilﬁﬁzgﬁdogenous' : vasoconstrictor hornehe A HM{@?H an
(oct a) pepti de that bl ocks the effects of Al on the bl ood pressure of

pithed rats. This analog, [Sarl, 2A1a®] AIz, initially
called "P-113" and subsequently "Saralasin®, was found
to be one of the most potent competitive antagonists of
the actions of AII, although, like most of the so-called
S peptide-AII-antagonists, it also possesses agonistic
actions of its own. Saralasin has been demonstrated to
lower arterial pressute'in'mamm@ls and man when the
(elevated) pressure is dependent on circulating AII
(Pals et al., Circulation Research, 29, €73 (1971);

10 Streeten and Anderson, Handbook of Hypertension, Vol. 5,
Clinical Pharmacology of Antihypertensive Drugs, A. E.
Doyle (Editor), Elsevier Science Publishers B.V., p. 246
(1984)). However, due to its agonistic character,
saraiasin generally elicits pressor effects when the

15 pressure is not sustained by AII. Being a peptide, the
pharmacological effects to saralasin are relatively
short-lasting and are only manifest after parenteral
administration, oral doses being ineffective. Although
the therapeutic uses of peﬁtidg AII-blockers, like

20 satalasin} are severely limited due to their oral
ineffectiveness and short duration of action, their
méjor ﬁtility is as a pharmaceutical standard.

Some known non-peptide antihypertensive agents act
by inhibiting an enzyme, called angiotensin converting

25 enzyme (ACE), which is responsible for conversion of
angiotensin I to AII. Such agents are thus referred to
as ACE inhibitors, or converting enzyme ingibitors
(CEI's). Captopril and enaiqpril are commercially

) ‘available CEI's. Based on experimental and clinical

30 evidence, about 40% of hypertensive patients are non-
responsive to treatment with CEI's. But when a diuretic
such as- furosemide or hydrochlorathiazide is given -
together with a CEI, the blood pressure of the majority
of hypertensive patients is effectively normalized.

35 Diuretic treatment converts the non-renin dependent

N
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_4: - pithed rats.- Th+—s anal-og, [Sar{err} ---Ala[err]] AH cinitially

.cal I'éd " P- 113" and. subsequently "Saral asin", was found =~ "to be one of the
rost potent conpetitive antagonists of . the actions of Al l, although,

li ke rmost -of wpderspeasgal | €d+5 peptide-All-antagonists, it al

agoni stic actions of its own. Saral asin has been dermnstrat ed to

| oner arterial pressure in mammal s and nan n the (el evated) pressure
i s dependent on circulating All" (Pals et "al., Circul ation Research 29,

673 (1971); 10 Streeten and Anderson, Handbook of I—% erten Vol

1 on
dinical Phar mac#tdpe dp ERwiating bleed PIGIRYTe %o & reni gdfﬁj. tor)
El sevi er Sci ence stiste.shaithdugh the. iamazoles( p¥8this immupp doe by its

agoni 11 ¢ oharacteigeeeredflildall 4eNE! é! éfﬁ%&ﬁg@ﬁaﬁzeffects when

the 15 pressure 1snot sustarne t he
phar macol ogi cal er¢eeptort Saéhﬁ%l%innbﬂré‘m&’ét’ﬂgeﬁi angigtepsipasting and
are omly manj fseStc&f\ie&ftiaéréﬂiﬁﬁéiJ both mﬁﬁnrsannomwrsaitmeeeneer ng

ineffective. Altho t her,apeu f pep | gekers,

li ke 20 saral asr'ﬁ&q'hrte’esg% q‘l ef'%é!"a%%s'isaégt he|§r‘t'‘(B)nrl’atj‘lilréltg""’R 8t -

i nef fectiveness athe Qﬂirsnalraatibmadﬁa&emm thendipretic npjor utility is as

a phar maceut i Calb &iatgﬁdrothiazide iSOEBmJﬁaﬂ\!!hlfl(}naﬁﬂﬂhm bidiely pRE t eggl ve

agents act y, | nhi bi ngi ot ting

oy (ACE), whyErAdeman YAERRS I Feon Roafl, £ 67" FUbLicPINEL 19, 2D

Al'l . Such agdft s which nelatef to rtthe mse of d@mqsnﬂibht‘%#%'s &° &5R3%Erting

enzyme | nhi i t O pyperdrsich) -1#3Mhr! b and-enRl-2ackt, dtepamercial |y

available CEl's Efnse Qn experi nme taI and g‘?&n g nee, ﬂbout 40%

of hypertensive pBPPERRSh S%c ﬂoPPYs cal g Shatai énF?"é r{gﬁﬁ RRrt heCEI " s

But when a di ureth and Campbblhs WurmSevhdmmohyme&chlmtﬁhlazﬁadé is gi ven -

together with a Bi-Bed, haesey fieflioh i) CIHi%s! Y Americd,

hypert ensi ve fatl s |s e eclivel'y 'norma

71:979 (1987). Diuretics have also been administered in.

combination with saralasin to enhance the

antihypertensive effect. ' :
Non-steroidal anti-inflammatory drugs (NSAID's)

have heen reported to induce renal failure in patients

20 with renal underperfusion and high plasma level of AXI.
{Dunn, M.J., Hospital Practice, 19:99, 1984).
Administration of an AII blocking compound of this
i_nvention in combination wi_th an NSAID (either stepwise
or in physical combination) can prevent such renal

25 failure. Saralasin has been shown to inhibit the renal.
vasoconstrictor effect of indomethacin and meclofenamate
in dogs (Satoch et al., Circ, Res, 36/37 (Suppl. I):I-89,
1975; Blasingham et al., Am. J. Phvsiol., 239:F360,
1980) . The CEI captopril has been demonstrated to

30 reverse the renal vasoconstrictor effect of indomethacin

s in dogs with non-hypotensive hemorrhage. (Wong et al.,
- J. Pharmacol, Exp. Ther. 219:104, 1980). ‘
4 _ -

According to the present inventiqn there are
' '35 provided novel compounds of formula (I) which have
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35 Diuretic treatnent converts the non-renin dependent

5 <

state in regul ating blood pressure to a renin-depgndent

Al t hough the im dazoles of this invention act by

.o,
angiotensin 5

under the

conbi nati on

Non- st er oi da
i nduce rena
pl asma | evel

by bl wikemepzshe -All ¢
i ' converting enzyme, both mechangsns involve interference
wi th the renin-angiotensin cascade. A.combi nation of
mal eate and the diuretic _hydr.ochl qr i,S_CO rciall vaj |l abl e
¢ ARARHERS40 o Y ARRgePL o b K aAeck L8 CHP0 MR Costrd s 1o
which relate to  témtihypestedsivesics with CEI's to treat
in either a diuretic-first,
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RY OH
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state.
a different nechani sm
an by inhi bPCTAYSIWOMS6T?

the CElI enal april

. hypertension,
h or in physical
ell, W  B., Pharnacol
dical dinics.N Anerica,
istered in conbi nati on
ve effect.-
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Practice, 19:99, 1984).
is invention in _
or in physical conbination)

. 25 failure. Saral fsin has been shown to inhibit the
vasoconstrictor effect of .| haci n and mecl of enamat e
R! |
8
,/§§/>\\ .
R2 R} (1)
wherein
0]
. - ]
Rl is 4-COH, 4-COoR9;  -0-S<OH;  -SO3H;
- i
o)
0 -0
. ol . |
-C(CF3)20H; -0-P-OH; -PO3H,;  -NH-P-OH;
. | . |
OH OH
4-NHSO2CH3; ' -CONHOR12;

N—N
A N

N
H

-This Sheet Has Been Replaced -

———



| indogs (Satch et ‘al.;"TTC, " Res. 736/37 (Suppl . 1):1-89, 1975;

Bl asi'nghamet al., Am J. Physiol. 239: F360, 1980). The CElI captopril
- has been denw; Iﬁﬁzﬁij to 30 reverse the renal vasoconstrict @CTEOS9036TH
i ndorret haci n dogs wi th non-hypot ensi ve henorrhage. (Wng et al.,
J. Phar macol Exp. Ther. 219:104, 1980). Summary O
The I nvention - According to the present I nvention there are 35
provi-ded novel conmpoypdyy of fornula xh have K _._ F
angiotensin Il-antag z\\ng proper ' es d are useful
anti hypertensives.4 \ F :
: r .
. - _
L3 o . ~
i ; _
BHOC '
[
o
f N ¢ 4-CONHNHSO,CF3; 4-COHN-CHCH,CgHs;
~ 4-CONH N/ (£ -isomer)
5 : H
4.CO-N_ s (€ ~isomer) ; ..l/ _ \S 4—L )
002H
13
- N=N R
\
4&“‘* a 4-x ;
R‘
10 '
o)
-
or o— C‘NHSOZ"— .(_CHZ)S
’ Rzis'x, Cl; Br; I; F: Noz,"CN, alkyl of 1 to 4 carbon
f ' atoms; acyloxy of 1 to 4 carbon atoms; alkoxy of
5 1 to 4 carbon atoms; CO2H; 002R9- NHSO2CH3;

NHSOZCF3 ’
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5 wherein
&5

7 Jerr]

WO 91/00281™ . o *  PCI/US90/03677

10

15

20

25

30

N—N

AN
CONHOR'?; SO,NH,; u’ ; aryl; or furyl;
. H : ..
R3 is H; Cl, Br, I or F; alkyl of 1 to 4 carbon atoms or
alkoxy of 1 to 4 carbon atoms;
RY is cN, NOy or COoR1l; |
RS is H, alkyl of 1 to 6 carbon atoms, cycloalkyl of 3
‘to 6 carbon atoms, alkenyl or alkynyl of 2 to 4
carbon atoms; '

RS is alkyl of 2 to 10 carbon atoms, alkenyl or alkynyl

of 3 to 10 carbon atoms or the same groups
substituted with F or COpR!4; cycloalkyl of 3 to 8
carbon atoms, cycloalkylalkyl of 4 to 10 carbon

atoms; cycloalkylalkenyl or cycloalkylalkynyl of 5
to 10 carbon atoms; (CHj)gZ(CH2)gRS optionally

substituted with F or COsR14; 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; -

R7 is 1~ or 2-naphthyl; S5- or 6-naphthoquinonyl; 3-, 4-
or S5-acenaphthyl; 3-, 4~ or S5-acenaphthenyl; 1-,
2~ or 9-anthracenyl; 1- or 2-anthraquinonyl; 1-,
2-, 3-, 4-, or 9-phenanthrenyl; 2-, 3-, 4-, 5-,
6-, 7- or 8-quinolinyl; 1-, 3-, 4-, 5-, 6-, 7- or

. 8-isoquinolinyl; 2-, 3-, 4-, 5-, 6- or 7-indolyl
which can be substituted on ring nitrogen with
lower alkyl of 1 to 5 carbon atoms or benzyl; 4-,
5-, 6~ or 7-indenyl; 2-, 3-, 4-, 5-, 6= or 7~
benzofuryl; 2-, 3-, 4-, 5-, 6- or 7-benzothienyl;
l-, 2~, 3- or A-dibenzoturyl;'l-, 2=, 3= or 4-
dibenzothienyl; 1-, 2-, 3- or 4=fluorenyl; any of
the foregoing polycyclic afyl groups substituted
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) |
Frpr

is H d; Br; I; F;, NJerr]; CN, alkyl of 1 to 4 carbon

acyl oo 917002810 4 car bon atons; al koxy of 15 1 to 4pCRrris9n/03677
atogs; JCOerr]H, CJerr]Rerr]; NHSOerr]CHerr]; NHSO err] CF[ err];
[err] _ : . : 9

with 1 or 2 substituents selected from halogen,
alkoxy of 1-5 carbon atoms, alkyl of 1-5 carbon
atoms, -NOz, —-CN, -CF3, -COR16, -cHyoRrl7,

- -NHCOR17, -cONR18R19, s5(0),R17, and SO,NR1BR13;

5 the anhydride of 4, S-dicarboxyl-1- or 2-naphthyl;
© or substituted alkyl df 1 to 10 carbon atoms,

alkenyl or alkynyl of 2 to 10 carbon:atoﬁs'
substituted with a substituted or unsubstituted

polycyclic aryl group as defined above;
10 ~ -S(0) y~heteroaryl; -NR18-heteroaryl, and
-NH-SO,~heteroaryl;

0
| i
15 R8® is -(CHy)p-3CH-R1; -(CH2)n,OCRY4; -(CHp)SR1S;
orl7
rRi4 : 0 0
20 1 . . | I
- -CH=CH (CHp) sCHOR15; ~CH=CH (CHp) sCR6; -CR16;
.
: i
25 -CH=CH(CH2)SOCR11: -~ (CHo) n—tetrazolyl;
) Y
i i
. (CHp) g~CH-COR16; —(CH),CR16; - (CHy),OCNHR1O;
30 ' - ' I
Y 0.
i i |
35  -(CHp) pNR11COR10; - ¢CHp) nNRI1CNHR1O; - (CHp) nNR11S0O,R107
X
: I
- (CHy) nNR11CR10;
40
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R[gerfr] ’is H d, Br, I or F; alkyl of 1 to 4 carbon atons or 5 al koxy

of{ T to 4 carbon atons; . HRerr] is CN, NJerr] or CJerr] R 1.

Rlerry is HWIR/POIBL 1 to 6 carbon atons, cycloal kyl of 3 eﬂéllmspyogm7
carbon atons, al kenyl or alkynyl of 2 to 4 carbon atons; 10

Rlerr] is alkyl of 2 to 10 carbon atons, al keny® or al kynyl - of 3
to 10 carbon atons or the sane groups substituted with F or
CJerr]Rerr]; cycloal ky&z‘beS to 8 carbon atons, cycl oal kyl al kyl
of 4 to 10 carbon aff ons; cycl oal kyl al kenyl or cycl oat kyl al kynyl of
5 15 to 10 ﬁgrP @% 1(CH[err])[err]Z(CH[err])[err]R[err]
optionally subs ed'with For CJerr]Rerr]; benzyl aqr henzyl

substituted on thB %himwlky}lg?ﬁ/\ﬂ{ kol 6ocazbon atoms om|RRFEFINOTAAIER) of 1
to 4 carbon algons, % to 6 carbon atéms, Cif-aaamﬁﬁ q—ﬂHﬁHthylZO

Rlerr] is 1- or 2nap t hoqui
5- acenapht hyl ; 3-, Y %Péﬁ%ﬁﬁ&ﬂ % (Eﬁzypcs or 9- anthracenyl;

1- or 2-ant hraqwﬁbhyis ﬂ ,alkyl of 1 %o eﬁcarﬁon %oﬁspWIQf 325
- or

3-, 4-, 5-, ui nolin
8-isoquinolinyl; 2-, 3t° Gl cazpon Wl?&'ﬁﬂé]&ypr benzyl whi ch can be

substituted on nn@Znigrm.g%ﬁM 1 or be zyl;l ower alkyl of 1 to 5 car bon
atons or ben 13 - ‘Cﬁ?h 4- -, 6- or 7-
benzofuryl ; é‘)d 3-ﬁ, 4‘,5 _-5‘-:02%' eo Uenzo chécozl@ -, 2- 3- or
4-di benzofuryl; 1-, 2-,03- or 4 di ben ot hienyl; 1-, .2-, 3- or
4-fluorenyl; any of 1 th f or egoi ng pol ygyclic aryl groups
substi tuted  ~0-S-OH; -0-P-OH; -SO3H; ~NHP-OH

15 l 1

0 . OH | OH .

-PO3Hy; ~C(CF3)20H; -NHSO,CH3; -NHSOpCF3; -NHCOCF3;

' OH © ’ ?—N\\
~CONHOR?; -8 "'Cll'—" g" OH ; /L N7
' ¢ —SOxNHy; ’ 7

| SO N
_ R2T oOH {
20 ' ) r31
| N—N ' .
Iy, A0 ) e,
—cH,” N/ * —CONH N/ e CONHNHSO,CF3 #
3 " .

L]

— i . N N ' 20
I\ = 7>
N~ CF3 O —

R4 ,
25 . - .
-R14 is =, alkyl 6:: perfluoroalkyl of 1 to 8 carbon
atoms, cycloalkyl of 3 to 6 carbon atoms, phényl or
behzyl; '
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9~ " T wi t T 767 2 SUBbSTTTUents el ect ed from hal ogen, al koxy

of 1°5 carbon atons, al kyl of 1-5 carbon o at Qms, hKIerr], - CN,
-CF[lerr],’ Q{B[,qm,is -CHetr]Rerr], ' - NH err], _
_CGNR err]Rierr, S(O [errRerr], and Sqerr]NRerr] Rierr]: T o 0s0/03677,
anhydride of 4, 5-dicarboxyl-I- or 2-naphthyi; or substituted
al kyl of 1 to 10 carbon at ons, . al kenyl or al kynyl of 2 to 10
carbon atons . !é,lﬂa t d wasKkostes W ed
pol ycyclic aryl groug bédi)#i tggd Ukae n LEH&? % err]§het e4roaryl
-NR[ err]-heteroaryl, t8nf °‘rb°n ‘t°m§k+ER§ ]bﬁﬁfﬁ*o of 1
[err], 20 carbon atoms, phenacyl; 10 - [err]
Rl err] is [err] 'R16 is H, alkyl of 1 to 6 carbon atoms, cycloalkyl of 3

. 5 to 6 carbon atoms, (CHz)pCeHs, O orR17, or NR1ERr19;

R17 is H, alkyl of 1 to 6 carbon atoms, cycloalkyl of 3
to 6 carbon atoms, phenyl or benzyl;
R18 and R19 independently are H, alkyl of 1 to 4 carbon
' atoms, phenyl; benzyl, CG-methylbenzyl, or taken
10 " together with the nitrogen form a ring of the
formula; .

/—(Cﬂz)t
| \——J\Q ;

15 0 is NR20, 0 or CHy;
R20 is H, alkyl of 1-4 carbon atoms, or phenyl;
R21 is alkyl of 1 to 6 carbon atoms, -NR22R23,

or —-CHCH2CO2CH3;

|
20 _ NHo

R22 and Rr23 independently are H, alkyl of 1 to 6 carbon
atoms, benzyl, or are taken together as (CH2)y

where u is 3-6;
25 R24 is H, CH3 or -CgHs; . |
R25 is NR27R28, OR2B, NHCONH;, NHCSNHj,

. 30 R26 is hydrogen, alkyl with from 1 to 6 carbon atoms,
benzyl, or allyl. '
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Rlerr] is alkyl

of 1 to 6 carbon. atons or perfluoroalkyl of 1to 6
carbon atons, 1-adamantyl, 1:naphthyl, 1-(1- naphkhyl)ethyl or
(CH[er(])[err]C[err]H[err];~ R[err] is H alkyl of 1to 6 carbon
cycl oal kyl wb 93700281 to 6 carbon atoms, phenyl or benzyl PCT/US9{03¢ ] is

H, methyl or benzyl; 10 err] is - H -
-ZgH[err]CCIerr]H, -O%[err?[CQe]rrisR[eﬂ?r{Lrﬂ COerr]Rerr];

10

15

20

25

30

R27 and R28 are 1ndependent1§ hydrogen, alkyl with from
1 to 5 carbon atoms, or phenyl;

R29 and R30 are independently alkyl of 1-4 carbon atoms
or taken together are -(CH2)qg-

R31 is H, alkyl of 1 to 4 carbon atoms, -cnzcn-caz or
—CHpCgH4R32;

R32 is H, NOp, NHy, OH or ocn3.

X is a carbon-carbon single hond, -CO~, -Cﬂz- -0-, =5-,
-NH-, -N- , -CON- , -NCO-, -OCHp-, —CH20-, '

| I |
R26 r23 R23

-SCH2-, -CH2S-, -NHC(R27)(R28), -NR23s02-,

-SO2NR23-,. -C (r27) (R28)NH-, - ~CH=CH~, ~-CF=CF-,

~CH=CF-, -CF=CH-, -CH2CHz-, -CF2CF2= ,/ N

or  ocor” NR*® 8% OR®
| [ ] \/
-CH- , -CH- , -C- oor -C- :

Y is O or S;

Zz is 0, NR1l, or s;

mis 1 to 5; '

n is 1 to 10;

p is 0 to 3;

q is 2 to 3;

r is 0 to 2;

8 is 0 to 5;

t is 0O or 1;

and pharmaceutically acceptable salts of these
compounds; provided that:

(1) the Rl group is not in the ortho position.
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'R[err] |s H. alkyl. or. perfluorocalkyl of. .1 to 8 carbon - a-t-oms',“

cycloalkyl of 3 to 6 carbon atons, phenyl - ' benzyl ; _ o
Rlerr] is H alkyl of 1 to.6 car bon at ons, cycloalkyl‘of 3 to 6
car bon: at ons w@BD09281 benzy!, acyl of 1 to 4 carbon éﬁgﬂ§“”“““7
phenacyl ; Rlerr] is H alkyl of 1 to 6 carbon atons, cycloal kyl of 3 5
to 6 carbon atons, (CHerr])[err]ClerriHerr],a¥ORerr], or NR[err]R[err]
Rlerr] is H alkyl of 1 to 6 carbon atons, cycloal kyl of 3 to
carbon atons, phenyl or benzyl; R[err] and Rlerr] independently are H
al kyl of 1 to 4 carbon atoms, phepyd, benzyl, [err]-nethyl benzyl,
or taken 10 together with the nitrogen forma ring of the
formul a; 15 Qis M{erﬂ O oy W 1; Rlerr] is Halkyl of .
1-4 carbon atons, ¢2)phamt R' is—R B kK 39 a 13;&1@ gghgpn at omrs,
-NR[err]R[err] or -CHCH er r]CH[err] [err]
_ /' \ps
.R?
| - ' N—N |
N
13 : .rr‘ 13
and R is CO,H, or N s then R must
o H
5 | _
be in the ortho or meta position; or when Rl and
X are as above and R13 is NESO,CF3 or NESO,CH3,
R13 must be ortho;
R
(3) when R is=x and X is other than
R |
10 ‘ R?

a single bond, then R13 must be ortho except when
X = NR23cO and R13 is NHSO,CF3 or NHSOzCH3. then

R13 must be ortho or meta;
15 (4) vwhen Rl is 4-00211 or a salt thereof, R6 cannot be

. S-alkyl;

(5) when Rl is 4-CO2H or a salt ‘thereof, the
substituent on the 4-position of the imidazoie
cannot be CH0H, CH0COCH3, or CHpCOgH;

) 20 ' . -
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Rlerr] and Rl err] independently are.H alkyl of 1 to 6-carbon - ' a

atoms, benzyl, or are taken together as (CHerr])[err], ' where u is
3-6; 25 Rerr] is H CHerr] or -Cerr]Herr]; Rlerr] is '
NR[ err] err] NHCONH[ err ], NHCSNH[err], .
Rl err] :Qé[ﬁrr% lfo?)gen al kyl W th from 1 to 6 carbon atd’ms Péﬁﬁé;olmﬁenzyl
or allyl; ' 12 Rl err] and
Rl err] are-independently hydrogen, alkyl ¥ih from - 1 to 5 carbon
atons, .or phenyl; Rlerr] epkdffirr] are independently al kyI of 1-4
carbon atons or taken todetper are -(CHerr])[err]-; 5 Rerr] is

H, alkyl of 1 to 4 carbon atons,

- CH
e Aerr g e 8L oot

S CH:CH[err] or
I\Q err err C]—Ior
; bon i t nzy -S-1‘
-NH-, -N -CO\I- , - NCO, -OCHerr] [err]O

(7). the R6 group is not -CHCH,CH,CH3 or CHyOH.

l
5 . | F

The R7 substifuents- named above can be répresetrt:ed
~by the following formula:

1- or 2-naphthyl 5- or -naphtho- 3,4 or5- 3 & or 5-
10 - quinonyl acenaphtheny! acenaphthyl

anhydride of 4,6- 4,5-disubstituted-  1- or 2-anthraquinonyl
dicarboxyl-1- or  1-.0or 2- naphthyl .

2-naphthyl
A :
\'\ /q |
N .
. 2. %45 13,45, | \
1-,2-0r 9-anthracanyl & 7-or8. 6 7-or 8so-
| quinolinyl quinolinyl
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Jerr], . : 20 Yis Oor S

is 1to 5 nis 1to 10, 25 pis 0 to 3;
to 2; s wosi/o0286; ~ " is 0 or 1; 30
acceptabl.e salts of these conpounds;

group is not

in the ortho position;

4-,5-,6-or7-
lndenyl

2-,3-,4-,5,6- or
7-benzofuryl

pro{il ded t hat:

Zis O NR[érrj bf”S; m
qijs-2to 3 ris o
-and pharnaceuf?@ﬁmﬂyﬂﬂﬁﬂ

(1) the Rerr]

A
2-,3-,4-,5,6-or
7-benzothieny!

fescliusolosoll

1-, 2-,3- or 4- " 1-,2-,3-0r4- 1-, 2-, 3-or 4-
fluorenyl dibenzofuryl _dibenzothieny!
or

N
R

2-, 3-,4-,5-, 6-
~or 7-indolyl

o

1-,2-,3-,4-0r9-
phenanthrenyl

vhere A is a carbon-carbon singlé.bond or a divalent.

5 alkyl radical of 1-10 carbon atoms or a divalent alkenyl
or alkynyl radical fo 2-10 carbon atoms and R is
hydrogen, lower alkyl of 1-5 carbon atoms or benzyl.

Preferred for their antihypertensive activity are _
novel compounds having the formula:

10
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13 (2) when Rlerr] is  [err]  Xis a single bond,

and Rerr] is CJerr]H, or [err] then Rlerr] hust 5
be in the ortho or neta position; or when Rerr] and X are as
above and RW¥ersiJooRst NHSO er r]CFlerr] or NHS(err]CH ery], PCT/US90/036%33
nmust be ortho; [err] . (3) when
Rlerr] i-s [err] and X is othelsthan - 10 a
single bond,” then Rlerr] nust be ortho except when X = NRerr]CO
and Rlerr] is NHSQ err]CF[err} or NHSO ert]CH err], then - Rerr]
must be ortho or neta; 15 (4) wheN err] is 4-CJerr]H or a salt
t hereof, R6 cannot be - al Ryl ; (5) when Rerr] is .
4-CJ err]H or a salt thereof, the substituent -on the 4-position -
of the imdazole’ , RS N R® (11) .

CH,

Rl

wherein
13 Rz

VA

R is =-CO,H; -NHSO,CF3; /
N
5 ' - H

e

orx

Rl 3

R5_is-a1kyl of 3 to 10 carbon atoms, alkenyl of 3 to 10
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 '
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cannat be CHerr]OH, €H err]OCOCH err], or -CH err]COerr]H, 20
14

[ eFrr] . (6) when Rerr] is,[err]
Rlerr] is rgﬁogﬁﬁgﬁiybeﬂzyl (7) the R err] group |sq§§q%§y r
[err] Ri*err] substituents naned above can (@%@ﬁted
by the follow ng fornmul a: 17 [err] ' or _
2-napht hyl . 5- or 6-naphtho- 3- 4- or 5- . - 10 qui nonyl
acenapht henyl . acenapht hyl . . kErr]

RE is (Cﬂz)m-tetrazolyl, w(caz)noall--xcnz)nocal‘lo

5 - .0 . .RM )
. - ~CH=CH (CHp) gCR16, -CH=CH (CHp) sCHORS;
o ' o]
10 i i ;
- {CH2) nCR16; - (CH2),NHCOR1Q ; - (CHp),NHSO,R10}
0
15 -CR16;
—N
s
13 9 N
R is -CO.H, -_CO;R + NHSOCF3; SO3H; or 7 N/ )

R16 is H, alkyl of 1 to 5 carbon atoms, OR17, or
20 NR18R19; '

X is carbon-carbon single bond, -CO-, =-CON- ,
|

R23

25 T . '

~CHyCHp-, =NCO-, -OCHp~, -CHp0-, -SCHz-,

Rr23
30 ~CH2S-, -NHCHz-, -CHoNH- or -CH=CH-; and
. pharmaceutically acceptable salts of these
. compounds. )
More preferred are compounds of the preferred scope

¢ - 35 where°
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anhydei de of 4,5- 4,5-disubstituted- 1- or 2-anthraqui nonyl

di car boxyl -1- or 1- or. 2- naphthyl 2-naphthyl [err] . [err]
where A is a carbon-carbon single bond or a divalent alkyl radical of 1- 10
car bon at ondV@PL/Q02¥lval ent al kenyl | ) PCT/US90/03677
18
R2 is H, alkyl of 1 to 4 carbon atons,_halogen, or -

10

15

20

25

30 .

Rr6
R7

alkoxy of 1 to 4 carbon atoms;
is alkyl, alkenyl or alkynyl of 3 to 7 carbon atoms;
is 1- or 2-naphthyl; 2-, 3-, or 4-quinolinyl;

i-, 3- or 4-isoquinolinyl, 1-, 2-, or 3-indolyl;

o ‘g
- | - 1
is =(CH2)mOR11 ; - (CH2)mOCR4 ; -CH=CH-CHOR1S;
0 0
i - i

- (CH2) nCR16 ; -CHoNHCOR1O;

RrR10

- Rril1

Rri3

R1S

Ri6

mi

- (CH) pNHSO2R10; or ~COR1S;

is CF3,. alkyl of 1 to 6 carbon atoms or phenyl;
is H, or alkyl of 1 to 4 carbon atoms;

is COzH; CO2CH,0COC(CH3)3; NHSO,CF3

. N—N
s
or N/ :
B : |

is H, or alkyl of 1 to 4 carbon atoms;

is H, alkyl of 1 to 4 carbon atoms, or acyl of 1 to

4 carbon atoms;

is H, alkyl of 1 to 5 carbon atoms; OR}7; or

NS

s 1tosS;

X = single bond, -0-; -CO-; -NHCO-; or -OCH2-; and

pharmaceutically acceptable salts.

e
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or al kynyl radical fo 2-107Carbon at ons and R i'S™—hydiogen, |ower alkyl

of 1-5 carbon atons or benzyl. - Preferred for tjheir antihypertensive
activity arewo 91roszsy Coerqur‘rds havi ng the fornul a: 10 } PCT/US90/03677
16 [err]

19

* Note ‘that throughout the text-ahen.an &alkyl
substituent is mentioned, the nozmal alkyl structure is
. meant (i.e., butyl is p-butyl) munless othetwise
specified. .

k-] Pharmaceutically suitable salts include both.the
metallic (inorganic) salts and organic salts; a 1ist of
vwhich is given in Bemimgn_s_zhumam:ml_aci.ms
17th Edition, Pg. 1418 (1985). 1It is well known to one
.skilled in the art that an appropiiaté salt form is

10 chosen based on physical and chemical stability,
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

15 pharmaceutical compositions comprising a suitable
pharmaceufical carrier and a compound of Formula (I),
and methods of using the compounds of Formhlg'(l) to
treat hypertension and congestive heart failure. The
pharmaceutical compositionsléad optionally contain one

20 or more other therapeutic agents, such as a diuretic or
2 non-steroidal anti-inflimmatory drug. Also within the
scope of this invention is a method of preventing renal
failure resulting from administtation of a nonsteroidal
anti-inflammatory drug (NSAID) which comprises ,

25 'administering a compound of Formnla {(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

30 formula, when a radical can be a substituent in more
than one previously defined radicél, that f£irst radical
can be selected independently in each previously defined

. . radical. For example, Rl, R2 and R3 can each be
CONHOR12., RI12 pneed not be the same substituent in each

_ -Thxs Sheet H'IS Been Rep laced




or Rlerr] is alkyl of 3 to 10 car bon

wherei n

al kenyl of 3 to 10 10 carbon at ons, alkynyl of 3 to 30 carbon
cycl oal kyl i o3/do9818 Car bon at ons, benzyl _ substifuted on th
rifng with up to two groups sel ected from al koxy -of 1 PCETUS90
at ons, hal ogen, alkyl of 1 to 4-£@fbon atons, and nitro; 15

10

15

20

25

of R1, R? and R3 but can be selected independently for

each of them. _
Detalled Description .
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 reagenté and materials employed and
‘suitable for the transformation being effected. It is

understood by those skilled in the art of organic
synthesis that the functionality present on the
imidazole and other portions of the molecule must be
consistent with the chemical tranéformations proposed.

‘This will frequently necessitate judgment as to the

order of synthetic steps, protecting groups required,
deprotection cbnditions,'and activation of a benzylic
position to enable attachment to nitrogen on the
imidazole nucleus. Throughout the following section,
not all compounds 6f Formula (I) falling into a given
class may necessarily be prepared by all methods
described for that class. Substituents on the startihg'
materials may be incompatible with’'some of the reaction
conditions required in some of the methods described.
Such restrictions to the substituents which are
compatible with the reaction conditions will be readily

.apparent to one skilled in the art and alternative

methods described must then be used.
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[err]. | 10""'“"' T ;"'O""M - R[err] S H,-“él kyl of 1 to 5
carbon atonms, OR[err], or 20 NR[err]R[err] IX is carbon-carbon

'single bond, wo¥ireasON .. | R PeTIbs9e703677

21

i
&
3R eaw0, R es
N g Hap
R"NJ\[R orR
H
Rl—”-
Rz/\ssgs
L .
NH O N—R?
b) mO)Cl 8 Y
g — R‘/\ RY-,\R R"QN‘/_ R’
RIX .
] o Rl—
Rz/\’\lv ' Rz*'" @Rs
L N_yks 3
2_R?
I Ge QU
A FR 5 CN N -
RS “NH S / M CN 10 | N
a4 Base OOzH
NH-IR_S_l
=-R
Qi
’ ‘N
pry N=N

G_enefally, compounds of -!‘orm_ula (3) can be prepared
by direct alkylation onto imidazole (1), with an
appropriately protected beniyl halide, tosylat_e or

- This Sheet Has Been Replaced
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pharmaceutically acceptable salts of these conpounds. Mor e
preferred are conpounds of the preferred scope 35 where:} :

18 R[err] is H alkyl of 1 to 4 carbon atons, hal ogen, -or

al koxy of 1WOPIPEL hon at on's: R6 is alkyl, alkenyl or RCE{USIO/36TR {0

7 carbon atorrs; - R7 is 1- or 2-naphthyl; 2-, 3-, or 4-quinolinyl; 5
~1-, 3- or 4-isoquino|iny|, 1-, 2-, or 3-hﬁdolyl;

[err]

- mesylate (2) in the presence'of-base,-as_shown in path
- a). Preferably,.the metallic imidazolide salt is
.pteparea by reacting imidazole (1) with a proton-
acceptor such as MH where M is lithium, sodium or
5 potassium in a solvent such as dimethylformamide -(DMF)
or by reacting it with a metal alkoxide of formula MOR -
vhere R is methyl, ethyl, t-butyl or the like in an '
alcohol solvent euch as ethanol ‘or t-butanol, or a
dipolar aprotic solvent such as dimethylformamide. The
10 imidazole salt is dissolved in an inert aprotic salvent
' such as DMF, and treated with an appropriate alkylating
agent (2). Alternatively, imidazole (1) ¢an be
alkylated with a benzyl halide (2, where X=Br, Cl) in
the presence of a base such as sodium carbonate,
15 ° 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 4fnitrobenzyl intermediate .(3a,
- 20 wherein Rl = 4-NOj, R2 = R3 = H) may be obtained by
| di;eet alkylation onto imidazole (1) with a 4-nitro-
benzyl halide, tosylate or mesylate in the presence of
base. ' |
_ As R7 and R® are different, mixtures of two
25 regioisomer alkylation'products (3b, and 3c) are
obtained in which R7 and R8 are interchanged. When RS
is CHO the alkylation is such that the benzyl group
becomes attached to the adjacent nitrogen
preferentially. These isomers possess distinct physical
30 and biological properties and can ﬁsually be separated
‘and isolated by conventional separation techniques such
as chromatography and/or- crystallization.
In all series examined, the more rapidly eluted
isomer of a given pair has greater hiological potency
35 than the less rapidly eluted isomer.
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Rlerr] is CFlerr], alkyl of 1 to 6 carbon atonms or phenyl; Rlerr] is H, '
or al kyl of 1to4carb0n atoms Rlerr] is CCIerlr]H
CCIerr]CH[eM?WU—I[eN])[err] NHSO err] CF[err] 20* [err]PCl‘IUS90103677
Rlerr] is H or alkyl of 1 to 4 car bon at ons; Rlerr] is H, aI kyl of 1
to 4 carbon atonms, or acyl of 1 to 25 23 4 carbon atoms; = " Rlerr] is
H, alkyl of 1 to 5 carben atons; ORerr]; or 30 mis 1tob5 = X

single bond, -O; G@tele:ﬁely,OranyCBprétiy funectdionalized
Egar maceut caI l%e Cleupui?igl -8e§f¢£t°ive {41 may be converted to dmine (_ﬁ)
by treatment with an acylamino sketone .(3) -in the
presence of an inert -solvent such.as benzene, toluene,
5 or the like, 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. Texier-Boulet, Synthesis, 679
(1985). The resulting imine () can be cyclized to the
10 N-benzyl imidazole (3) with phosphorus pentachloride
(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).

15 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, Angew.

N Chem. Int, Ed, Engl., 8, 981 (1969); G. Hofle, W.
20 Steglich, H. Vorbruggen, Ang.eu.._:hem._m:.._m.._ﬁnnl;.
12, 569 (1978); W. Steglich, G. Hofle, Ber., 102, 883
(1969), or by selective reduction of acyl cyanides, A
pfaltz, S. anwar, Ig;,_Lg::‘ 2977 (1984), or from
o-halo, a-tosyl or a-mesyl ketones via the appropriate
25 substitution 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

30 nucleophile, a piocedure familiar to one skilled in the
art. This displacement may be achieved using azide ion,
ammonia, or phthalimide anion, e€tc., in a neutral

. solvent such as dimethylformamide, dimethylsulfoxide

N ~ etc., or under phase transfer conditions. The benzyl

35 halide (2) may be made by a variety of benzylic halo-
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Not e .t hat throughout the text when an al kyI | substituent is mentioned,

the normal al kyl structure is ~meant (i.e., butyl is nybutyl) unless
ot herw se ecified. 5 Phar maceut i caI |y suitable salts include
bot*h the %{)Qﬁsic (inorganic) salts and organic salts; &PCIESI03677
which is given in Renington's Pharnaceutical Sciences, 17th Edition,

pg. 1418 (1985). It- is well known to one24 skilled in the art that an
appropriate salt formis 10 chosen based on physical and chemi cal
stability, demitdbn| inéyhody Fara18pcté YorRdki0ledi in tehe Bief ef6ed

salts of this idteahORehorsid%Acianalion dfLARRKE dorsdatquge POt assium

sodi um cal cium an cope -of this

i nvention are MitdhNrhsemesveginimddeointan dnessnpelventy suchupsabl e
phar maceut i cal meteﬁﬂdcm&ﬂiﬁéoﬂﬂdtﬂé &Hﬂ@ﬂc@ 6f)a radicanld nethods of

h F d
neart fai1 upe SHrietbr Qe dh eheh1 perRRIch SheCEmETAREBAPy Cont i n

one 20 or norerQﬁlmetranéih#mmol ¢ agents, such as a diuretic or a
non-steroidal anti- h”&ké@ﬂﬂétﬂb‘fgtoﬂa&% ‘Qléﬂfl’vﬂf:l@@s may %Oﬂﬂd?f this-
al rom

t t h nt It
i i strat  on 4F0m s4BRLe oo fReiaoPhl1Le, sebst deutdnn: sR3CEATRY BROARD) whi i
-conprises 25 alttmmticetlng. a 'Imilq)dnnuludés frditraltdof} ) sulEctiationge or
physi cal cqgbi qﬁids%o 18c 14, N%Eﬁeﬂ??afﬁ'&%g?ﬁ%g&, Frieded-i Nvention

can al so be used as |agnost| a eni_n angi ot ensi n
system ' “Ift“sﬂﬁﬁiﬂt’c%“m&‘éﬂ’gf’ﬁa%*@'f andgether ssdmidaxr ai 30 fornul a,
when a radi cal msartiiena kndwi ito/®hle sRiIIDEE in thbhaatprca. memausl y defined

radi cal, that fdgst Edﬁidtfg%ts andé%@lh@eé g;&aﬁnh epﬁm Uy in each

previ ous| y defined 'and Rlerr] can
each be C@mﬂﬂ@?r]“%&?%t (28 5he sane substltuent in each

15 Another way to synthesize functionalized benzyl
" halides is via chloromethylation of the corresponding'

aromatic precursor. Thus, the apprcpriateiy-substituted
benzene ring may be chloromethylate& with fcrmaldehyde
and hydrochloric acid (HCl) for example with or without

20 an inert solvent such as chloroform, carbon
tetrachloride, light petroleum ether or acetic acid. A
Lewis acid such as zinc chloride (2nCly) or a mineral
acid such as phosphoric acid may also be added as a
catalyst or condensing agent, R. C. Fuson, C. H.

25 McKeever, Org. Reactions, 1, 63 (1942).

Alternatively, -henzylimidazoles (3) can also be
prepared as shown in path b) by forming an RS
substituted amidihe (2) from an approbriately
‘substituted benzylamine (4) which is in turn reacted

30 with an a-haloketone, u—hydrokyketone (8), a-halo- .
aldehyde, or a-hydroxyaldehyde, F. Kunckell, B_g:;.., 34,
637 (1901). '

AS shown :ln path a), im:l.dazole (1) may be alkylated

by a variety of benzyl derivatives.- These include
35 compounds- with latent. acid functionalities such as o, m,
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20 . of Rerr], R[ér"r'] a‘ncT'Rfer'f]"'but' can"be Sel'ected’i nde"p"é'ndently for

each of them Det ai |l ed Descri ptjl on Synthesis 5
The novel cqgy Wﬁnof Fernul a (1) may be prepared - )usingp¢rrpisberaséry Ons
and techni ques "descri bed in-this ‘section. The reactions are perforned

I n a solvent ‘appropriate to the reag? gts and-nmaterials enployed and
suitable for the transforrmation being effected. It is 10 wunderstood by

those -skilled in the art of hesi s tha ctlonallty
present on the and ngﬁeézxﬁﬁan%f% 'B‘S%Y%‘Bﬁ%s(ﬁrtﬁéy;rgf e nust be
consi stent wi t hshown chkreHatdl ©f s ariiitnides ofsfQrRe @) may bgjis wi| |
frequently. neceﬁ§a£éiﬁéwm%b6§y1£h Uﬁd&%ﬁtﬂﬁ‘mﬂfa 10} "¢ ic steps,

prgt ect: ng grouggg;gmq%;g t‘%’%‘néﬁf’%“g F‘?IEOQJ- ﬂl ti ongﬁrgﬁ& activation of
a benzylic n

i m dazol e nuE| eyseatient giidhi at hel f o#dxd\/\migtusetoi)moncentn@t-eél | conpounds
of Formula (1) nghwg e,gp.;acm xena %igiraﬂcéﬁ@%%%' & ReEuxepar ed by

al | met hods SCrihb uents.on tarting
materials may b&ewﬁﬁﬁ?&}é’ﬁ%lf@r\/\? slb?f’b“oPrt #’é%?&"? te eﬂﬁdl tions -

required in somgogfuihSydidtiaés iflcanralsshol soltent) suthi ascethamoX o t he
Feadily S 2‘3' %, ehbFi e, RN Fof 59¢'roits| £6 Rrii-atates Bm W 11 DO
met hods desdPi b@@"m nefinxpcanske used. If another nitrile group is

present it will also 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

15 mineral acid to give the carboxylic acid (19).

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

20 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 tetrdzole is prepared by
the 1,3-dipolar cycio_add-ition of trialkyltin or
triaryltin azides to the appropriately substituted
25 nitrile as described in detail by Scheme 15.

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

30 Org. Chem., 2., 319 (1937) to the corresponding imidazole

LI as shown in Scheme 1. The corresponding oxazole can
also be converted to imidazole (1) by action of ammonia
. : or amines in genetal, H. Bredereck, et al., B_ex_.., 88,

1351 (1955), J. W. Cornforth and R. H. Cornforth, J.
35 Chem Soc,, 96, (1947).
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Several alternative. routes to imidazoles.(l) are
illustrated in Scheme 2. As shown in Scheme 2 equation

a), reaction of the appropriate R6 substituted 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) uherein R7 and

R8 are both hydrogen can be prepared as shown in

equation b) by reaction of the appropriate
R6-substituted imidate ester (12) with a-amino-

aeetaldehyde dimethyl acetal (13), M. R. Grimmett, Adv.

Heterocyclic Chem., 12, 103 (1970).

As shown in equation c), imidazole (15; wherein
7 = hydrogen and'R8 = CHz0H) can be prepared by
treatment of the imidate ester (12) with 1,3-dihydroxy-
acetone (14) in ammonia by the procedure described in
Azshixg_dsz_zhazmazig 307, 470 (1974) . Halogenation of

‘imidazole (15) or any imidazole wherein R7 or R8 is

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 1 affords the '
corresponding'N-benzylimidazole (12); wherein R7 is .
halogen and R8 is CH0H) . This procedure is described
in U.S. Patent 4,355,040. Alternatively, imidazole (17)
can be prepared by the procedure described in v.s.
Patent 4,207,324.

' Compounds of formula (11) can .also be prepared by
treatment of the starting imidazole ‘compound (1) wherein
R7 and R® are both hydrogen, with the appropriate benzyl
halide followed by functionalization of R7 -and R® by
treatment with formaldehyde as described in E. F.
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Generally, conpounds of _Eormula. (3)__can be prepared by direct al kylation
onto imdazole (1), wth an appropriately protected benzyl halide,

t osyl* ‘ate or 22 -mesyl ate (2)
in the presencWOs1/i9a8le, as shown in pat h a). Prefer any,Pcmsyomggﬁl c
I m dazolide salt is prepared by reacting im dazol e (1) with a proton
acceptor such as WH where Mis lithium s@fumor 5 potassiumin a sol vent
such as di net hyl f or mam de ( DVF) or by reacting it with a netal al koxide -

of formula MR soddtebe, Ret |al®t h!hnsﬂm&l, 13b8t y1978) t€oadlbiwké by an
al cohol sol vent u F%hanol or t.- butgpoc* 0 _a di pol ar aprotic
sol vent such as ﬁ?? Pt &S ?ﬁgc‘i r?ib(?g?m e salt i's dissolved in

an inert aprotic soI vast shown dinclequatbng d)ythe dAmbdazplas HAAnCBRPRLIR i at e
al kyl ating . be prepared by reaction of RS substituted amidines (1B)

. 5 with an a-hydroxy- or G-haloketone or aldehyde (8) as
o described by F. Kunckel, Ber., 34, 637, (1901).
Compounds of Formula (1) wherein RB = CH,0R can be
prepared as shown in equation e). The imidazoles (JJ
were prepared as described in L. A. Reiter, J. Orqg.
10 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). '
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agent (2). Alternatively, imdazole (1) can be alkylated with a benzyl
halide (2, where X=Br, d) in .t he presence of a base such as sodi um
car bonat e, 15 ot assi um carbonate, triethylamne or pyr#dine. The
reaction isY /90380in inert sol vent such as DVF or DMSO at 20C to the
reflux tenperature of the solvent for 1- 10 hours.. PCT/US99703677
exanpl e, the 4-nitrobenzyl internmedi ate283a, 20 V\/nerel n Rerr] =

4-NJ err], Rerr] = Rerr] = H nay be obtained by di rect al kylation
onto imidazole (1) with a 4-nitro- Schemeepzyl halide, tosylate or nesylate
in the presence of base. ~As Rlerr] and Rerr] are different,
m xtures of two 35 rNEeHGonme t@n proggets (3b, and 3c) are

obt ai ned in which and W Rhter-e-ha-n-ged Wnen R err] s
CHO the al kylationtis: ﬂhat t he ®hzyl group becones attached to
the adjacent nitrogep - preferentiagly. These isoners possess distinct
physical 30 -and bi 8T0gi cal properties and can usual 'y be separated and
i sol ated by conventional separation technique as chronmat ogr aphy
and/ or crystalliBati2dm. H,NCH,CH (OMe) ;| N-alLsery e_gi ined, the nore rapidly
el uted i soner of a gi,xen pair has greater blq gi cal . potency 35 than
the less rapidly eluted i$ener. 23
Al ternatively, any properly functi onal i zed %9/ r’ri!-ng ge.r_in%"ati ve (4)
may be convertedgt qai msne (gy, by treat msnt vvlt an ‘acylam ket one (5)
in the presencé of an |r'eﬁgt‘1 sol v@#H. such as ene, toluene, :

| R6/N  A\OH
Lo Ho

S , 5
14 / halogenation

X

16 R ¥ p2
2
5 .
K v@mo f, m
RS “NH, R7 -
18 8
1) NH;, Cu*?
. ) B Nt
€) RCOOCH,0H+RCHO — ) |
R = naphthyl, quinolinyl, etec. RS“N7.
H
1
83°§ Ca 20 . . -
2y o
reA A\ CHOR - :
H
ia
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5 or the like, and a cat aI ytic anount of p-toluene-- ~. -sulfonic acid or
mol ecul ar si eves, N. "Ergef, and W Stegllch Li ebi gs Ann, Chenl, 1916,
(1978), or in the presence of -al-unina, F. Texier-Boul et, Synthesis,
679 (1%@%1,@ resulting inine (6) can be cyclized to R /03677
N- benzyl im dazo ?3) wi t h phosphorus pentachl ori de (PCferr]),
phosphorus oxychloride (POC [err]) or 26 i phenyl phosphine (PPhlerr]) in
dichl oroethane in the presence of a base such as triethylanm ne, N
Engel and W Steglich, Liebigs Ann§F§Eﬁ£;%11916 (1978). 15 '
" Acyl am no ketone (5) is readily obtaina am no acids via the
Daki n- West reaction, H. D. Dakln R Vest, J. Biol, Chem, 7 95 and
745 (1928), and vgpiou _.R modi fi eat i onqq.u%’r eof, W Stegl iNtg Hofl e,
Angew Chem [t g Scoplons, 981 gIokorm@Q Hofle, 5 %megl i ch,
H. Vor bruggen, Angevl?.6 I nt . Ecl"ER@;I 17"‘3‘6’9‘3 ) W
Steglich, G Hofle, Ber 2, 883 ( , or by select duction
of acyl cyanides, A R& S. Anwar, e+—4éett 2977 or from
a-hal o, ‘a-tosyl or a- msg\rl/\%kz)nes vi a thgl SFRPI i ate 25 gubﬁil%ﬂll on
reactions that one skilled,in the art will readily recogni zegg
The functionalized benzyl afrnes (4) may be nﬁﬁ% from the corrésponding
benzyl halide, tosylate or ~nmesylate (2) via displacgnmegh with a
nitrogen 30 nucleophile, a pro fam liar to one sgi® in the
art. This displacement may be_adhi §7egosHi ng azide |g{¢]; 2 LbHsa, or

C

pht hal i m de ani on, mfguoag n aRhellT al .sol vent 'su a
di met hyl f or mani de, ermﬁw sul f ox et GECL/MeO¥ nder phgls® tgansf er

condi tions. The benzyl 35 halide *be made by a var{ benzylic
hal o- | R(‘ -\;R | *® »
o .
B 17 m“lcl:)zo N_'.‘RZ:H iy
Rﬁ::oc:l. R‘AN/— 2
R1}\>-;§3
22
—vR.’
€) 17 et RGJL é—c;i20R“ e 25
N vy
30
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- b4 ' genatlon met hods faniliar to one ‘skilled in the art, for

_"}_".exa"rrpl e benzyl i.c brom nation of- toluene derivatives Wit h

" N-bronosuccininmide in an inert.solvent such as carbon tjet rachloride in
the presence woasenrgical 5 initiator such as benzoyl peroxi ?g:[r
t-enperatures up to reflux conditions. A wi de- var i 86%”’03677
t ol uene derivatives nay be nade fromsg npl e el ectrophilic substitution
reactions on an aromatic ring. This includes nitration, sulfonation,

10 phosphoryl ation, Ar gl -G Myﬁeho E&i-%iﬁ-l gl%midggié§

I on nown to one

acylation, halo tion
skilled in-the gﬁ'ﬂ? ele a%dih H20H, t4he @J&I”i‘}"&? %Vlaﬁﬁpf-‘@?é?%ﬂ B%actions, "
Vol . 1-5, | a‘aeuplmrtmb’oake d&&@'@bonaﬁug haudénolhé@yww to

the. 23??2;2‘53?%% Bt 30 baxtery Be SREnbds tiqlagl 0RGAY) 501 O O
substituted 3 géﬁlﬁﬂ eln ithe Hfﬁg bePxefierediyy htheakeohodh (L3} s dehyde
and hydrochl ori eonokgtédido ther caxaﬂm@ mst)huﬂfnmﬁifwyu 2R1o2diud el t

sol vent such as chI qrof or r - tetrachl ol eum et her .
or acetic acid. ® ri" &‘Q'SEEW%E’%W Bﬁ %S%déc’( gﬂﬁ ?%ﬁ"}’ﬁ or '
m ner al aci dtempehaasrqahfsphersolmﬂ may al so be added as a

catal yst or condensi &masfau fnay FBe Ol a By a N&t88Ee o
Reacti ons, ?lb 63“%194 @) XI ter nastéi\?ec@ il—benz |m dazol es (3)

can al so be fegehites, bys purheophitic, dipphgcenant; ﬁ'&‘&ﬁ
substituted ani groece@ires rimmiddaapps ogrié akdlljed in thebatrtt utPok benzyl am ne

(4) whichis in Q(E;nﬁ e &3 AL h etone (8)

a- hal o- 5 1¢ a'Q’Ia- ?8%’% yi e iboﬁ% Q‘Egl Pe égé&x%& : 637
(1901). CERRAMeLhY p&Fﬁ Wtives J486) at (%mmytﬁéeauk%/l at ed

by a variety of 20ozyd meotc.atives. These include 35 conmpounds with

latent acidjkunctionghilips 45N sdy Be MYdrolyzed to an acetic acid
derivative (21), by a variety of methods. These methods
include methods described previously for the hydrolysis
of ni_triles of formula (9). Examples of desired acids

* and bases for this hydrolysis include mineral acids such

20 as sulfuric acid, hydrochloric 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 hydroxide. The
hydrolysis reaction proceeds under heating at

'~ 25 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 hydrochloric
acid/methanol solution for 2-48 hours to give ester

30 @8). '
_ Ester (2_&) may be hydrolyzed to carboxylic acid
(21), for instance, after Rl, RZ and R3 have been
elaborated. Various methods, acidic or basic, may be
used. For example, compound (28) is stirred with 0.5N
35 potassium hydroxide in. methanol, or if base soluble, it

M
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25 - » and p-cyanobenzyl halides, nesylates or tosylates as - shown in
path ¢c). Ntriles of formula (9) may be -hydrol yzed to carboxylic acids
of .fornmul a (1909160281 treatment with strong acid or -al kali. Pephsdoshsssr S
treatnment with a 1:1 (v/v) mxture of concentrated - aqueous hydrochloric
acid/ glacial acetic acid at reflux t efperatures for 2-96 hours or by
treatment with IN-  sodium hydroxide in an al cohol solvent such as
et hanol or eisysieivred ynol O reciité hpdroxixte tfemrp2+48 Uk et f203¢h 10
20[err]C to ref |£I§ ,_Qeaﬂallg‘etﬁégn ,JJ ganot her nitrile group is present it
yzed. _ R '

w1l also be hydrol functionality can al so be

hydrolyzed in two stc¥dugxymethyl derivative,{dT), may pg, peYIRLRE &8 form the

ami ge foll ﬁwgﬂvé)mb Flbyl & Svar Mtiyh ofoprocedur@sox i AS shiown 3(5 pather gl

acid to give the car ic aci 10) .. - The_nitrife n be
converted i nt% t’ﬁg acycf%&f:peg?)%%é r?(f)hrtgﬁgz%*tg’ d‘e?i 531‘.1" ef?%f) %yg‘g vari ety
of ‘met hods ustyl halddezor am@Enhydeddecimiaplvent such jascdiethydn be .

heated with sodi gghég, Q:‘it%ﬂﬂ?é A ﬁ@i;gfi&% ich1821a&N6r ainel QURET at ures
bet ween 30[err]C an%?refl ux X

or 1-10 s, J. P. Hurwitz and A J. .
Tonson, J. Org. &ReHhe Prgsence %@’%‘fﬁd‘)‘aﬁ%fp@r’éﬁw he tetrazole is
prepared by thiethylagipel arAltexnaddwelyotlhf mayi bekgeylates by .
Ry o T b o A
readily _avai Féﬁ‘?‘éd?))ﬂngﬁfl ir the, prssenge of MmEatalvbiaARounEPE
exanpl e, acyl am AekrirdimeShytamids) poprdidined(DMAE) via the procedure
described by A. Hassner, Tet. Lett., 46, 4475 (1978).
Treatment of (17) with a solution of carboxylic acid
15 anhydride in pyridine optionally with a catalytic'a_mount
~ of DMAP at temperatures of 20-100°C for 2~48 hours is
the preferred method. | \
" The ether (30) can be prepared ‘from the alcohol
(A1) as shown in path c) by methods such as treatment of
20 (17) in a solvent such as dimethylformamide or .
diuiethy_lsulfoxide with potassium t-butoxide, sodium
hydride, or the like followed by treatment with R11y at
25°C for 1-20 hours, where L is a halogen, tosylate or
mesylate. '
25 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 MOR1l, where M is sodium or
potassium, for 2-10 hours at 25°C either ip R110H as
30 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 in R1loH
' containing an inorganic acid such as a hyﬁrochloric acid
35 ‘or sulfuric acid. '
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i*a or equival ents thereof, D. Davidson, et-al. -J. 30 Org Chem 2,

{1937) to the correspondi ng i m dazol e as shown i n Scheme 1. The
espondi ng o0 81/802%n al so be converted to inidazole (1) bW%MSawﬂ%W
nmoni a ~or amnes in general, H Bredereck, et al., Ber., 88,

(1955); J. W Cornforth and R H Cornfor J. 35 Chem Soc., 96,
7). 26 Sever al
rnative routes to i mweme)Emidazoliies of fiddmullar It g¢ompobagnehdreins
in Schenme 2 equat.i on react Lon _of the,appropri R ]

i tuted i date T-0) Emule BEpened, by th, oL PRERF nefhSast 1 petng
] - hydroxy- 5 omrdevsitdoal diveionee skililedeipdehé8art nthatooeatabnds to
azol es of formula (,1 Dzi urQ h

maz., 307 and 4mﬁjféj}®ti°ns' %te%ﬁ'g' ?I |§§8 gﬁ}"ﬁg%id?é gmﬁ%ohn%% (1)
ein Rlerr] add othe® wqtmmmm@gedisambedpabpuee!la}asbshown in

e'quat ion b) by rgagd s i m dat e

r (12) with a-am no-és(y}yogzgte?%l y(iéoggo%?ﬁs W%gtgﬁé Ji%%’ifﬁf

tt, Ady. - reamdrigardions cfe® 8(19.1933? As shovvn in
tion c), inidazole (1% K& 10408) apteRleett 1on of
rr]OH) can be prepared by |, treatrrent e.,imdate ester § vmth
di hydr oxy- R e ("‘éjﬂl"i fategasteycidél vk
i ve der Phangezitthe ?&ﬂasﬂl&dewwidihﬁl qggmaiaraﬂiaés mateﬁldBZﬁheclﬁ 15an

1 dazol e wheieln Herd Sl i Sviceroion ictors BLeleLably

| osucci ni m de i n{3)pol Bubsequent elaboration into (I) provzdes the
N-arylimidazole compounds of the invention. '

Alternatively as shown by equation b) the Marckwald

15 procedure, described by Marckwald et al., Bex., 22, 568,
1353. (1889); Bexr., 25, 2354 (1892) can form a
2-mercaptoimidazole (38) from aniline derivative (34)
via isothiocyanate .'(3_7_) . Desulfurization of (38) with
dilute nitric acid followed by anion formation at the

20 2-position of the imidazole (39) and reaction with R6X
where X is Cl, Br, 'I, allows the formation of (40) which
can be subsequently elaborated to I.

A variation of Marckwald's process as shown in

equ_ation ¢) using an G-aminoketone (41) and

25 isothiocyanate (37) can also be employed, see Norris and
McKee, J, Amer. Chem. Soc., 77, 1056 (1955) can 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) (illustrated

30 by equation d)) can also be used to prepare N-aryl
substituted imidazoles from appropriate haloaromatic
compounds (43; X=F, Cl, Br) and imidazoles (1):
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sol vent such as d| oxane_or. 2-net hoxyet-hanol at a ~ tenperature of

40- 100[err]C for 1- 10. hours. Reaction of the hal ogenat ed i m dazol e (16).
with a benzyl halide (2) in 25 the manner described hin Scheperiussofo3sTss t he
correspondl /6Byl i m dazole (17); wherein Rerr] is . hal ogen and
Rierr] is- err]OH). This procedure is d§3$cr|bed in US Patent
4,355,040. Alternatively, inidazole (17)° can be prepared by the
procedure described in U S. 30 Patent 4,207,324. , Conpounds of
formula (17) can al so be prepared by ‘s-chﬂ??-éat ment of the starti ng

i m dazol e conpound (1) wherein - R[err] and Rl err] are both hydrogen,
with the appropriate.benzyl - halide fol |l onedNBy functionaltzation of
R[errJ and Rlerr] by 35 treatmann wi th fornmal ga de"as described in E. F.
27 Godefroi, et al.. Recueil . i 91 1§é§ (1972)"*NH | owed by

hal ogenati on as was d&stxi b&dR As sh in equation d) the

i m dazoles (1) can alg ~ be pre ted by react ig6f R6 substituted

am dines (18) 5 wit} ' Jcet one or al dehyde (8)
as descri bed by & J* nckel Ber., 34, 637, (19%1) . Conpounds
~of Formula (1) wher ei n R[err] CH[err]O—l can be _A.prepared as shown in
equation e). The i m dg q@;(l) wer e preparedffas 2dscribed in L. A
Reiter, J. Og. 10 D e, 52, 2714 (1987). Hydrixypgethylation of (1) as
descri bed by U Kenp&g et al. in U S Patent 4,2787801 provi des the
hydr oxyrret hyl i m dazol es (1la). , 35 '
34 2 -

N
N—p RS /@-—mzon
RS (Ar U
‘-——
- 13
S &Y > R
Rl3 .
| RS
I; (wherein R! = 4_<-_-> ) 36
R, R° = H
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28 [err]

e L ey,

P e R Nkt e

-29 Schene 3 . [err]

WO 91/00251 J_. PCT/US90/03677
34
Scheme ¢ fcont{nyed)
nw NH, - NCs | D
+ cscl .
o2 1) HNCHyCH(0RE) 2 Hs ) *
m—
] 2) 12, A - 38,
Z > R13 > R , R
> R13
2 n | TR
,- _ 1 mo;, A\
N . N : '
! R"Q A1) nBuri Q :
: . 2) R% :
S RI3 D RB
.40 8 8
N R
. HS
e n'coca,naz + 3 — — —
41
—_—  RI3
2
_ N-q}“lls
Ne RS N
d) ’éq ﬁR + RS R?
RENR
H .
= 13
' =RE
S
In various éynthetic routes R1, Rr2 and R3 dgo not R
necessarily remain the same from the starting compound '
to the final Products, but are ofte

N manipulated through

e
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30 . e LETTL LT L e e 30 - Sl As-shown in

Schene 3, path a) for benzyl i m dazol es (17) V\/ne[e Rlerr] = CHerr]OH,
t he hydroxynet hil %roups« m:1y be easily converted to the ﬁ?fliﬁﬁ(%&% ng
hal’i de, rres

35 -

_known reactions in the intermediate steps as shown in
Schemes 5=22. -All of the transformations shown in
Schemes "5-10 and 12 can also be carried out :on:the
terminal aromatic ring (i.e., biphenyl-ring).

5.
_ Scheme 5
. Rre . o R‘ . - R
| N, N=— -
A3~ 1B~  JE
RS N/ | Rr® - N {0) R® . N/ .
I s s
(CHp), : (CB;), - (),
P PN A
R2 C . :/Sue _Rz > :/ g2 \/I| SO0 H
e e G
44 45 ' 46
i0 . As shown in Scheme 5, compounds where Rl is a

sulfonic acid group may be prepared by oxidation of the
corresponding thiol (45). Thus, an N—benzyiimidazole
derivative bearing a thiol group may be converted into a
sulfonic acid (46) by the action of hydrogen peroxide,
15 peroxyacids such as me;aéhloroperoxybgnzoic acid,
potassium permanganate or by a variety of other

oxidizing agents, E. E. Reid, Oxganic Chemistry of
. Bivalent Sulfur, 1, Chemical Publishing Co., New York,
120-121 (1958). '
20 Aromatic hydroxy or thidl groups are obtained from
. deprotection of the cérresponding alkyl ether or
' thioethers. Thus, for example, a niethyl ether or a
methyl thioether derivative (44) of an N-benzylimid-
azole containing one or more aromatic xings may be
25 converted into the free phenol or thiophenol (45) by the
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or tesylate by a variety of nethods famliar to one 5 skilled in the art.
Preferably, the al cohol (17) ‘is converted to the chl r|de (25) with -
t hi onyl chloride in an inert solvent at tenperatures 20[err]C to the
refl ux WORWBRBLr e of the sol vent. Chl ori de (25!’)‘-"%&5@“%@36

di splaced by a variety of 10 nucleophiles by nucleophilic displacement
reaction procedures famliar to one 3Rilled in the art. For

exanpl e, excess sodi um cyanide in DMSO may be used to f orm cyanonet hyl
derivatives (26ictdon ofpberonresitpiomide @éthylo stdfddel P. G. Wiljdard| ¢ (26)

may be hydrol yzggate, an 299&1@, afdtd pertdpravatyree (2980)py a variety of

nmet hods. These n hqds descrl d usly .for the
hydr ol ysi s ge’t"?ﬁq%ﬁlsé‘&y%ff?#‘fﬁ!n? g dbg o$ ?é%ﬁc{r gC'I ds

and bases for tnm._ti;hm.yﬂs 3Rl Lﬂé?fﬂ neKSﬁt mdjdesimtms as sulfuric
aci d, hydrocgl OEh&-étE dg.apd Féﬁ‘éﬂ:iis Rl N uﬁlzti'?n%i:oﬂf ié%ﬁ%e with

30-50% acetic acid (when sol ubi

1G¥ pr oblem, al kal i netal
hydr oxi des 132ty 3930y urnd 2RI RLigtYoPE M%F&Mﬂ?’éﬁ oxi de. The
hydrol ysi s reacti on xrtereativelyp NIaaizyl§nidazdles pEPEhbat surtonated ng from

"50-160[err] C fogyzsf%g}gwwg%ﬁ%u%zﬁi hexx! lrQr é{jo(fza}‘fg@%( 'hﬁ esterified by

a variety of ecting arts e nol ecul e..
Preferably, (27foheentyatigrsdor rﬁ%tlhmhschﬂ@lf@atingaegmmt&mpssoI ution

for 2-48 hoygs tR1&ko4h1Enet 20id (638)sulfur trioxides weth(&8)withouke
hydrol yzed to carboxylic or_instanc after Rerr], Rerr]

and R[err] -haveSBERIFxing ‘gFﬁﬁﬂrﬁ‘f‘aé %/&r"f’ﬁﬁ’éerfﬁﬁ’ga 9ine &% ¢ or basic, may
be used. Ftempexatpires Ezopolnto (20D°Ci with iow edthout $eBIMSE Kpot assi um

hydroxi de in mepbRePINe1¥on! AnbRSSedOl @i dnd Related Reactions,

I1II part 2, G. A. Olah, ed., Interscience Publ., 1355
15 (1964).
' The synthesis of compounds where R1 is a sulfate,
phosphate or phosphonic acid are depicted in S.s:h:me_ﬁ_..

\
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317 - is stirred in 170N"sodi um hydroxide for 1-48 h at' 20[err]C to

refl ux terrperatures Hydr oxynet hyl derivative (17) may be acyl ated
to. gi ve ( vari ety .of procedures.. As showt in path

acyl ation can be acﬁﬁeved with 1-3 equival ents of an acyl%&’oﬁwan
anhydride in.a solvent such as diethyl - % her, tetrahydrofuran,

nmet hyl ene chloride or the like in the presence of a base such.as

pyridi ne or triethyl am ne. AI'ternat.%éﬂ ay be acylated by 10
reaction with a carboxylic acid and dicyc | cag bo- - diimde (DCC) in
t he presence of a catal ytN.cf%Dunt of El net hyl ami no) pyri di ne _
(DMAP) via the progedure ( d%s,crl bed by snj{ Tet. Lett., 46, 4475
(1978)". Tr eat ment th a sol u o boxylic aci d 15
anhydride in pyridi neRgpt iBnal | y with a c yNi ¢ anount of DVAP at

tenperatures of 20-100[errdC for M&'_haurs |s| the preferred nethod.
The ether (30) can be prept@, from the al coho{CH,), (17) as shown in path-
c) by nmethods such as treafnent of 20 (17) inja sol§ent such as -
di met hyl f or mam de or t hyl sul f oxi de ot t - but oxi de,

'9' 'Qth Rlerr]L at

sodi um hydri de, f ol | oweqR2ay—tr e

25C for 1-20 hours, ?\(qs a hal ogen, t 39 e oo nmesyl ate. 25

Al ternatively, treatnga (17) with 1-5g3 qui val ents of thionyl
chloride in chloroformf hours at 25[err]C fol |l owed by treatnent
of the internediate 3‘% dy;thlSequaI ts of MOR[err], where Mis
sodi um.or pot assium for-10 hours atR®5[err]C either in R-err]OH as
30 solvent or in a polar sol vexgesuch I“Z d| rret hyl form “am de or the
like will also yield ether (30). (30) can al so be
prepared for exanple by heatl ng-‘ for 3-15 hours at 60-160C in

Rl err] OH contai ni ng an i nerganic ac|d such as a hydrochloric acid 35 or
sulfurlc aci d. (CH,),

} p2 | /k/o&on

& “j OH
R3/§)
BT
RS RE RS
N—, - N—; N—;
| A R? /4 4 7 il /\ 7
R 'N RS N/ 6 <
| PCl, c1, R N
I _Alcly | |
(CHy), (CHy), - (CHp),
-z H\
R2—— l Rz__/ L PCl, z___/ 1L PCl;
} X s\\//" ) 2
: 2 0 S
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32 -

prepared by the follow ng net hods,

the art th
and 5 ot her’

N-arylim daz

ol

oles_of formula I
it being
nanlpulatlons,
ocedures di scl osed

produce conpounds with the desired cog&L
Rlerr] and R err]. - As shown in SC

of

ani |l ine derivative (34) Wi

bl bl (1) 10
substituted am dine (35) provides naterra can

di hydr oxyacetone to f

(') .provides the

rmstrycture

(36).

(conpounds wherein

understoo

above may be
nations of R e
ene 4, equatio

Subs ent e

r o) can be
by one skilled in

protecting and deprok§§é§§§F§‘§PS

rr], Rerr],

n a) t he reaction
form 10 the

be cyclized with

| aboration into

& e

iTi9d%0l e conpoundy-at

he i nventi on.

Alternatively as sho
descri bed by Marckwal

et al.

, Ber 22

by equation b) the Mar

g/z s

5 procedure

3 (1

); Ber., 25,

2354 (1892) can formfa
via i sot hioc

- (34)

2- nercapt0|n1dg§ole

(3328, Desul furi zat i

38) fro

n of (3 W th

agpl i ne derivative

dilute

nitric acid foll owed Hyc&hlon formation at the @Hy),2- p05|t|on of the
i m dazole (39) and reaction with R6X
formati on of (40) which
A variation of Marckwal d's process as shpan.fn
[err]-am noket one (41) and

wherg X i@ O,
- can be subseque el ggﬁat
’L/ at

el

Br, ,
ed to 1.
ion ¢) using an

RS grme RS
: N‘—./ | _ | N— —
. ¥/ \ 7 . -\
C) Rsl / R h 5/« ‘/R-'
1;1 + PCl3_ cu(n) R N
. |
(CHy), - (CHY),
_ ) +
L/K" N2+ Rz- /l/PClsx.
' “1 ‘ ""s 1
| 'R3/§/ Rs/v
' 33 - 54  x = BF,, SiFg 2ZnCl,
1 3H20
8
%
R\ O
f _._R'l
R/ 7
aﬁbl + 3HC1
_ : 0
Fg__Jf?Liﬂ;_g{ni
l []
3 S\, 4O -
22
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25, i sot hi ocyanate (37) -can-al so- be -enpl oy_ed see ‘Norri-s-and MKee, J.

Aner. Chem Soc. 77, 1056 (1955) can al so be enpl oyed. Internedi ate
(42)- can be converted to (1) by known sequences. iThe general procedure
of Carboni et oidk1 . J- Ater. Chem Soc., 89, 2626 (1967) @CI/USH/36TU
30. by equati on- d% can al so be used to prepare N-aryl substituted
I m dazol.es from appropriate hal oaromatic 39 conpounds (43; X=F, d, Br)
and i mdazoles (1): 33 J[err] NH
34 [err] : Scheme € _(continued)
4a)
8 RS
. N—, R

D . (cHy
- Br . 2\‘ 9 Rzl 331 halogen
s Cal €1
S
R3./ R3
5 56
1 (ELO) 3P [
NiXy (X = halogen)
A

N-Benzylimidazoles containing a phenolic hydroxyl
- group {(47) may be readily converted into the _
5 corresponding sulfate (48) or phosphate {49). As shown
'in equation a), reaction of the phenbl with a sulfur
trioxide-amine complex will give the ‘co,r:es'ponding '
sulfate (48), E. E. Gilbert, Sulfonation and Related .
Reactions, Interscience, New York, chapter 6 (1965).
10 Reaction of the phenol (47) with phosphorus penta-
chloride followed by hydrolysis will give the
corresponding phosphate (49), G. M. Kosolapoff,
Organophosphorus Compounds, John Wiley, New York, 235
(1950) . ' '
15 . As shown in equation b) N-benzylimidazoles may be

converted into the corresponding phosphonic acids by
reaction with phosphorus trichloride (PCl3) and aluminum

F ' chloride (AlCla) in an inert solvent for 0.5-96 hours

from temperatures of 25°C to the reflux temperatures of

* 207 the solvent. Appropriate workup fpllowed by reaction
' with chlorine (Cly) and subsequent hydrolysis of the
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tetrachloride (51) gives the phosphonic acid derivative
(52), G. M. Kosolapoff'in ng*_ngnggigns, S5, R. Adams,
editor, John Wiley and Sons, New York, 297 (1951).
Another more direct route involves reaction of the N- -
benzylimidazole with PSCl3 and AlCl3y followed by
hydrolysis, R. S. Edmunson in nnmnghgnaixg_gzgnni:‘
Chemistxy, Vol. 2, D. Barton and W. D. Ollis 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 in the

presence of Cu(I) followed by hydrolysis with water
(ibid, p. 1286).

As shown in equation d), the aryl halides (535) may
be photolyzed in the presence of phosphite esters to
give phosphonate,esters (56), R. Kluger, J. L. W. Chan,
J._Am‘_Chgm‘_SQQ‘ 95, 2362, (1973). These same aryl

halides also react with phosphite ‘esters in the presence-

of nickel or palladium salts to give 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 ketone
(51) may be reacted with a phosphorus trihalide followed
by water hydrolysis to give a-hydroxyphosphonic acid

- derivatives, G.M. Kosolapoff, op. cit,, 304, as shown ih'

Scheme 7.

—__—_’__—__________._'

i
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| i various synthetic routes Rerr], Rlerr]~and Rlert] do not necessarily
remain the sane fromthe starting corrpound to the finpal products, but are

of.ten mani pu ng?LOUgh . | Iﬁ%ﬂ
known reactlons ) e internmedi ate steps as shown in Schenes
of the transformations shown in Schemag 5-10 and 12 can al so be carr| ed

out on the term nal aromatic ring (iig., bi Phenyl-ring). 5 Jerr]

) RS RS
N—/ N— -
/N 1) ¥, ] 2
R | neo o R l'q
‘ (CH), - (CH)),
o
Rz// I/ER // L ) :1:’ o8
e, R, YOS f
R}/£§V’) R?/A§V’J ;” Lx
51 (R = H, or alkyl) 28
5 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 without solvent or in a
nc_mre'act:lve solvent such as benzene or chloroform at

10 temperatures of 25-65°C. The intermediate acid chloride
is then treated with 2-10 equivalents of the appropriate
amine derivative, HZN-0R12, for 2-18 hours at
temperatures of 25-80°C in a polar aprotic solvent such
as tetrahydrofuran or dimethylsulfoxide to give the

15 hydroxamic acid (59). -
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10 , As shown in Schene 5, conpounds where Rlerr] is a sul fonic acid
. group nmay be prepared . by oxidation of the correspondi ng thi ol (45) .
Thus, an N—ben éhhp1dazole Do derivative bearing a thiol

converted haitkss sul fonic acid (46) by the action df hygrogen perOX|de
15 peroxyacids such as netachloropero§%Pen20|c aci d, pot assi um

per manganate or ‘by a variety of other oxi di zing agents, E. E Reid,
Organi ¢ Chem stry of Bivalent sul §chiemel 8 Cheni cal Publishing Co., New
Yor k, 120-121 (1958). 2 Aromati c hydroxy or thiol groups are
obtained from degr ot |on of the correspgqg mg al kyl ether or

thi oethers. Thus, fgq} e é a nethyl eth Q( met hyl t hi oet her
derivative (44) of Mn N= ylimd- - a d@% cpn |ning one or nore
aromatic rings rmgﬁt) converted into the ég phenol or thiophenol (45)
"by the - action of. boron
tribrom de nethyl sulfi Fryhl e, Tet. Lett.,
21, 3731 (1980); HORIZA. Lyster, J.

G Wllard
HW iodide, M

Org. Chem, 42, 3761 (1 - JKSEt” and derivati ves
. 10 50
N— R’
L= — M
R‘ N Rﬁ
Z |
: =~ COOCON(C¢Hs), CONHSO,Ar

X :
100

5 Alterhatively, the carboxylic acid (10) caﬁ-be

converted to the hydroxamic-acid'(iﬂ) according to the
procedure in J, Med, Chem., 28, 1158 (1985) by employing
dicyclohexyléarbédiimide, l-hydroxybenzo-triazole, and
HoNOR12 or according to the procedure described in
10 Ssynthesis, 929 (1985) employing the Vilsmeier reagent
and HoNOR12, |
Compounds where Rl is -CONHSOAr (59a, Ar=phenyl,
o-tolyl, etc.) may be produced by treatment of the
intermediate acid chlorides from the preparation of the
15 hydroxamic acids (59), with ArSOzNHNa. " Alternatively,
these acylsulfonamides (59a) can be prepared from the
' carboxylic acids (10) through the corresponding N, N~
diphenylcarbamoyl anhydrides (10a) as described by F. J.
Brown,'et al. in Eur. Pat. Appl. EP 199543 (3ee Schenme
20 9). '
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5 thereof, G I|. Feutrill, R NeMrrington; Tet- - Lett. 1327, (1970),
and a variety of other reagents. Alternatlvely N—benzylln1dazole5'

may_be sul f.onat ed by stirring with Herr]SQerr]} at a va
different ~WQM0BLratToks or with other sul fonating agent&t?h%ﬁﬁhgcyb

chlorosul fonic acid or sulfur trioxide with or w thout conpl exi ng
agents such as di oxane or pyridine at 43 enperatures fromO0 to 200C with
or without solvent, K LeRoi Nelson in Friedel-Crafts and Rel ated
React i ons, 11 -part 2, G. A dah, gﬁ[g IHEerscLence Publ ., 1355 15
(1964). The synthesis of conpt re Rlerr] is a sulfate,
phosphat e or phosphonic aC|d are depicted |n Schene 6. 37 [err]
38 [enr] N Ni;'k' _ Ni7/R - . hbzyja
, /ﬂl.ﬁ£_4gy ’ﬂl A _gp? /4[ :ﬁ A _Rr?
) . RS N7 R N7 RSN
(CH)), ) (CH)), (CH));

/’\ymc-o

r/l\‘ H 2 rll\\ 3 2
Lo e S O S

R
l/v' l;\)

R3
© 8
8 8
N—F | N'-/R
VS VR
| RS N R¢" °N
R-OH | —_ |
R = alkyl, i.e. (CH:)’ (“) (CHQ)g
(CH3)3SiCH,CHp- ) :
NCOR
| Rz__.__/\);/ HOO R2__L_./ ) 4 N
. 62 £

Aniline intermediates (£3) are disclosed in U.S.
Patent No. 4,355,040 and may be obtained from the
corresponding nitro compound precursor by reduction. A
variety of reduction procedures may be used such as
10 iron/acetic acid, D. C. Owsley, J. J. Bloomfield,

Synthesis, 118, (1977), stannous chloride, E. D. -
Bellamy, Tet, lLett., B39, (1984) or careful hydro-
genation over a metal catalyst such as palladium. _
As shown in Scheme 9, aniline intermediates of
15 ©N-benzylimidazoles may also be prepared from the
corresponding carboxylic acid (10) or acid chloride via
. a Curtius rearrangement of an intermediate acyl azide
(60) . More modern methods include using diphenyl-
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‘______._d_————‘-‘.—'——_—’——“r

139 ferr] . N- Benzyl i m dazol es containing a .

- “-phenolic hydr oxyl group (47) may be readily converted i.into the 5

. ‘corresponding sul fate (48) or phosphate (49). As shown ~in equation a),
‘reaction of t N&OPHIBE. with a sul fur trioxi de-am ne cgnpl @CTMUB0/0367E
the correspondi ng sulfate (48),- E.-E. Glbert, Sul fohation and Rel at ed
‘Reactions, Interscience, New York, chapte446 (1965) 10 Reaction of the

TR RN B g oS B ot v
K. r S. ¢ L. Anm. Chem. Soc.,

(1972), and trapping the intermediate’ isocyanate (£1)
produced by the Curtius rearrangement with 2-trimethyl-

5 silylethanol and cleaving the resultant carbamate (£2)
with fluoride to liberate the amine (£3), T. L. Capson
and C. D. Poulter, Tet. lett., 25, 3515 (1984).
Classical procedures familiar to one skilled in the art
may also be employed. _

10 . Compounds where Rl is -SO,NH, may be made
‘as shown in Scheme 10:

-______’_p_"‘,_'__—/
' cet Has Been Replaced
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* @ ganophosphor us Compounds, John W1 ey, New York, 235 (1950). 15

As shown in .equation b) Nbenzylim dazoles may be  converted into the
correspondi %BW poni & @l ds by reacti on wi th phosphorRCI/USHZ0360T | de
(PC[err]) and” alum num chloride (AlC[err]) in an inert solvent for
0.5-96 hours fromtenperatures of 25[errjgg to the reflux tenperatures of 20
the solvent. . Appropriate workup foll owed by reaction with chlorine
(Adferr]) and subsequent hydrol ysis of

40 tetrachl oride (51) gives the phosphonic acid derlvatlve (52),
G M Kosolapoff in Og. Re§§t|ons 6, R Adans, g® tor, John Wley
and Sons, New York, 29;,_(_’].9 ). Anot her nore Ni—rzﬁ route involves
reaction of the N 5 bgnzyfyi mi dazol e with PSO [ eff] Akd A,C [err] foll owed
by hydr ol ysi s; RA BBn in Conprehensj TR Chenistry,
Vol . 2, D. Barton gsd V 7 Olis editors, R®¢Perwghon Press; New York,
1285 (1979) Al ser natively, equation c) iljustrates that aryl 10
phosphoni c acids (52) nmay be forned REpm reaction t he correspondi ng

di azoniumsalt (53) wit h(E? err] "ﬁ"‘t‘ﬁ?’ presengm,9f Cu(l) followed by
hydrolysis with water

d, p.  1286). 'As shown in equation
d), the aryl halides (55 nmay 15 be photolyzed i he presence of
phosphite esters.to 7 ) : -
. SO,NH,

2 = S0,C1 R? -
R == L !
/ - /\
. R
& 55
S Sulfonamide compounds {§5) may be made by reacting

an arylsulfonyl chloride (£4) with ammonia, or its
equivalent.' ““Unsubstituted -arylsulfongmides are made by
reaction with ammonia in aqﬁeous'-_ solution or in an inert
oi-ganic solvent, F. H. Bergheim and W. Braker, J,. Am. .
10 Chem. Soc., €6, 1459 (1944), or with dry powdered
ammonium carbonate, E. H. Huntress and J. S. Autenrieth,
J. Am, Chem, Soc., £3, 3446 (1941); E. H. Huntress and
F. H. Carten, J. Am., Chem, Soc., £2, 511 1940) .
The sulfonyl chloride precursor may be prepared by
15 chlorosulfonation with chlorosulfonic acid on the
aromatic ring directly, E. H. Himtress and F. H. Carten,
" ibid.; E. E. Gilbert, op. cit., 84, or by reacting the
corresponding aromatic diazonium chloride salt {83) with
sulfur dioxide in the pfr:esence of a copper catalyst, H.
20 Meerwein, et al., J. Prakt. Chem,, [ii), 152, 251 .

. ' (1939), or by reacting the aromatic sulfonic acid (46)
with PClg or POClz, C. M. Suter, The Organic Chemistxry

K of Sulfur, John Wiley, 459 (1948).

- This Sheet Has Been Replaced

HIIII A Ill




gi verphosphonat e esters (56), R KIuger,lJ. L. W Chan, - J. Am Chem

Soc., 95, 2362, (1973). These sane aryl hal i des al sp react with
phosphlte 1} the presence of nickel or palladiu ive
phosphonat?@?ﬁ@?@ 20 P. Tavs, Chem Ber., 103, 2428(19%@%’?% be
subsequently converted to phosphonic aggds (52) by procedures known to
one skilled in the art. N-BenzyI|n1dazoIes cont ai ni,gg an al dehyde
or ketone (57)I#deﬂeeﬁtﬁanngﬂPPﬂsaP & HeESAudTY ¢ rhﬁﬁ h fol | owed 25
by water hydrolysis to give [err]-hydroxyphosphonic acid derivati ves,

G M Kosolapoff op. cit., %94, as shown in Schene 7.

41 [err] : ' :

5 is -COpCH(R24)0CR21l can be made by procedures well known
in penicillin and cephalosporin chemistry. The purpose
is to provide materials which are more lipophilic and
which will be useful orally by rapid transit from the
gut into the bloodstream, and which will them cleave at

10 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
involve& in preparing such compounds V. J. Stella, et

15 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 procedures which are applicable to the
_preparation of chemically stable linked esters are
20 illustrated by equations a~-e of Scheme 11.

- Scheme 11

(a) RCOoNa + (CH3)3CCO2CHZBr —» RCO2CH20COC(CH3) 3

25 :
10 | ' 58
G. Francheschi et al., a‘_a;:ihibni:sJ as, (1),
938-941 (1983). -
30 |
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5 Conpounds where Rlerr] is -CO\IHCR[ err] may be prepared as shown
in Schenme 8, by the treatnment of a carboxylic acid (1I0) with 1-4

equi val ents of thi onyl chloride for 1-10 hour s. Th|}s reaction can be run
W t hout sol veniyoyiséoise - n(onr eactive solvent such as’ benzenepersus9o/e3sr?
chl orof orm at 10 terrperatures of 25-65C. The internediate aci'd chloride

is - then treated with 2-10 equival ents of tge appropriate - amine
derivative, Herr]N-ORlerr], for 2-18 hours at cug enperatures of
25-80[err]Cin a polar agrotic solvent such = ag tetrahydrofuran or

di met hyl sul f oxi de (%) GRoop #heCAS) JNCONYCHTH § AOCICHOTOL (CH3) 3
42 [err]

5 ' CHj3
. l o
RCO2CHOCOC (CH3) 3
_ 5
10 '

J. Budavin, U.S. Patent 4,440,942
- r24
1
15 (c) RCO2H — RCO2CH-OCOCHCH2CO2CH3

|
NH2p

£3:]
20

B. Daehne et al., G.B. Patent 1,290,787
r24
25 (d) RCOpE = RCOoCHCONRZ2RZ3
£9
Ferres, Chem.. Ind., 435-440 (1980)

'  rew” 670
(e) R-COH ——a \_

30

—_
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.5 A-ternatively, the-carboxylic aci-d (10) can be- converted to the
hydroxam c acid (59) according to the procedure in J. Med. Chem, 28,
1158 (1985) by enpl oyi ng di cycl ohexyl car bodi i m de,!

1- hydr ox |azol e, and Herr]NOR[err] or accordj ,d%n

procedure QESCI’I ed in 10 Synthesis, 929 (1985) enpl oyi ngbg.g {@I er

r eagent and Herr] NOR[err]. gs Conpounds where Rlerr] is

-CONHSO err]JAr (59a, Ar-phenyl, o-tolyl, etc ) rray be produced by
treatment of the Claytapcetrdhk ot AnsiniczolohosntsiCher uheraR¥par at i on of
the 15- hydroxanm @,aqieys 6'5@-)6713/\/!(11&74\; Sa err] NHNa Alternativel Y, t hese

. acyl sul fonam des (59a) can be prepared fromthe . carboxylic acids.(10)

t hrough the corresponding N, N di phenyl ¢ rbaﬁoyl anhydrides.(10a) as
described by F. J. Brown, et al. in EurR \Qgpl EP 199543 (see
Schene 20 8). —-—R’43

‘ . In equations a-e: R = N—-J R? _ :
2
_ g3
5
Compounds of Formula I where Rl :I.s ~C(CF3) 208
may be prepared as shown in .s.chgme__lz
Scheme 12
10 - - |
N— _R® N—a _R?
X, I K.,
' R _ '/""""R
R‘ : . N

- Hexafluqroisopropanol compounds (72) may be
prepared by treatment of arylsilane (I1) with 1-5
15 equ-ivalehts of hexafluorocacetone in a soivent such as
methylene chloride at temperatures ranging from about
-50° to 25°C for a period of 2-10 hours. The requisite
arylsilane (21} can be prepared using methods lgnbwn to
one skilled in the art’ such as the procedures described
- 20 in Chapter 10 of Butterworth's "Silicon in Organic. ' .
Chemistry". |

-
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[etr]> ™ ~ ' ' 5 "~ Aniline internediates (63) are
disclosed in U S. Pat ent .No. 4, 355,040 and may be‘ obt ai ned fromthe
]

cor [ espondi Nowg divgpagioPoung precursor by reducti on. i’bﬁf‘*ae
reducti on procedures may be used such as 10 iron/ acetlc acid ;03677

Onsley, J. J. Bloonfield,: Synthesis, 488, (1977), stannous chloride, F. -
D. Bel | amy, Tet, Lett., 839, (1§§A}I fAr careful hydro- genation over
a netal catal yst such as pal |l adi um As shown in Schene 9, aniline

i ntermedi ates of 15 N—benzyl i m dazol es rra¥ "al so be prepared fromthe

N—>. R N— R?
| =~ .:_R" VE=Y
“Om, | UN,,, i
22 S - 73
_ -' ' Lt ‘
: * ' reductive / RI3

' amination
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corneépbnding carboxyfic acid (10) or acid chloride via- a CUrtius
rearrangenent of an internediate acyl azide (60). More nodern nethods

i ncl ude us ny > ' 9‘%35%7
prsphoryI‘gg?ﬁéggi a source of azide, T. Shioiri, ~K. ﬂlﬁgﬁ§ya,

‘Yamada,* J. Am Chem Soc., 94, 6203 5 1972), and trapping the

i nternedi ate i socyanate (61) roduced by the Curtius rearrangenenf wth
2-trimethyl- 5 silyhetshawm 1 &nﬂﬁng%geRﬂEOlﬂ%%u(mntmcuhb%ate (62)

with fluoride tg &i Qgcs-€ andeRABE NTCddB hay be ag‘ﬁ@s%epue&mct& D.
Poul ter, Tet, L?%ngl%&byg%%;c&?% ’bn"é‘ﬁpPS""é‘arg%% &Ei res famliar to

one skllled I n npounds wher e
Rlerr] is -SJ ephthaiic rqnhmly‘ide dexikvativeadnsamvappnopsiatessdlvent
45 :

5 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).

10 When R13=NHSO0,CH3, NHS0,CF3 or tetrazolyl (or a
variety of other carboxylic acid equivalents), compound
(13) 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

15 methylene chloride in the ptesence of a base such as
sodium bicarbonate, pyridine, or triethylamine.

' Likewise, aniline (§3) may be coupled with an
ipptqpriate carboxylic acid via a variety of amide or-
peptide bond forming reactions such as DCC coupling,

20 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 ketbnes to form secondary
amines (74). Thus the aniline is first stirred with the

25 carbonyl compound in the presence-bf a dehydration
catalyst such as molecular sieves or p-toluenesulfonic
acid. Afterwards the resultant imine is reduced to the
amine with a borohydride rediucing agent such as sodium
cyanocborohydride or sodium borohydride. Standard

30 catalytic hydrogenation reagents such as hydrogen and '
palladium/carbon can also be employed.

Alternatively, aniline (£3) may be monoalkylated by
reaction with ethyl formate follovwed by reduction with,
for example, lithium aluminum hydride to produce the

35 N-methyl derivative (74). Anilines (74) may in turn be

I —————
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[err} ' 5 - Sul f onam de conpounds (65)-may be made by

reacting an aryl sul fonyl chloride (64) with amonia, or |ts

equi.val ent . mm&*,‘t ut ed @ryl sul fonami des are made by, Mo%h
amoni a i n aqueous sol ution~or in an inert or gani ¢ sol vent

Bergheimand W Braker, J. Am 10 - Chem 3oc., 66, 1459 (1944), or with dry
powder ed AMGL e 24 bmaé&aoﬁyﬂb ﬂ':mrﬁﬁ@di‘ﬂées] nd sbghenrieth,
J. Am Chem Soc., 63, 3446.(1941) E Hunt ress an(f l{i Carten, J.
Am Chem Soc., ehlorides gngarboxylic acids by,ppyn9f the &PPB@ PFecursor

nmay be prepar ed tprotedanesrdesdrfibed previvudiyc tooydeld f (23)c wherel lbn'the

aromatic ring di r_q@(tdn\é)cg. H. Huntress and F. H Carten, ibid.; E E
Gl bert, op. cit.

q reactin corresp ond ar ogg; |
di azoni um chl & i de sal‘t"‘ ("é&% {fdh, or bI‘P’ar“tBe&'xii&E epF’& ReSof a
copper, catal yst, vheréOthbbaning rgroeb fhy , bel .1ddatled, oﬂafat.he&l akomd€fe 251

L300, o7 0 7 3 bt RO Uk R0k St el Plapyatig 8 €11 ©
459 (1948). make amide-carboxylic acid derivatives of formula 1) .
‘Thus, for example, maleic anhydride, 2,3-_naphthalene—
10 dicarboxylic acid anhyd:ide, and diphenic anhydride are
reacted in a similar fashion to phthalic anhydride with
_aniline (£3) or (24) to yield carboxylic acids (16),
(11), and (2B), respectively. .
Phthalimide derivatives of aniline (£3) may be made
15 by a variéty-of methods, preferably by stirring aniline
(£3) with phthalic anhydride in acetic acid at a
températuie between 20°C and reflux, G. Wanag,
A. Veinbergs, Ber., 15, 1558 (1942), or by stirring (£3)
with phthaloyl chloride, a base such as triethylamine,
20 and an inert solvent.

Aniline (£3) may be converted into its trifluoro-
methanesulfonamide derivative or its trifluoroacetamido
derivative preferably by reacting it with triflic
anhydride or trifluoroacetic anhydride and a base such

25 as triéthylamine 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.

Thls Sheet Has Been Rep laced'




46 - Li nked ester compounds of formula (1) where R err]

[err] 5 is [err] can be nmade by procedures well known , . in penicillin

and, cephal o0®i/028eni stry.; The. purpose is to provide j ich .
are nore |ipophilic and which will be useful orally by %@r@%ﬁ?t
fromthe gut into the bl oodstream argh which will then cleave at 10 a
sufficiently rapid rate to provide theggangysically usef ul

concentrations of the active carboxyliT acro— form The foll ow ng review
articles and references cited therein discuss this concept and the

chem stry involved in preparing¥URh®eSMmp@nds V. J. Stella, et 15

al ., Drugs, 29, 455-473 (1985); H Ferres, Drugs of Today. 19 (9),

499-538 (1983); A4 A 'rg_.dl'a, AnfY . Repts Med.: Ch , nk0, 306-315 T

(1975). . Exper TTEWB pr oa
preparation of chemRSal g stabl e lijnke
equations a-e of Schene 1.

O

sare appl Bedpre to the

. [
ar eR bf) ustrated by

- This Sheet Has Been Replaced
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30 - . 47— - [ert] - 10 J. Budavin, US.

Pat ent 4,440,942 [err] , 20 B. Daehne et al,, G B. Patent ,
1, 290, 787 . - ' P
. WO91/00281 ( * PCT/US90/03677
' 53 - | :
hem nued
cn) CK;
. e) | + 2ac2:—> Z ' W
MgX - ZnCl H+
Br -Ni- o :
S | ——s—tN
AN W uan z . _
& — G
\\ n
CN

Equation a) illustrates that the biphenyl compounds

(8Q) can be prepared by alky];atiox_i of imidazole (1) with
S the appropriate halomethylblphenyl compound (79) by the
general procedure described in Scheme 1.

" The requisite halomethylbiphenyl intermediates (79)
are prepared by Ullman Coupling of (Bl) and (82) as
described in "Organic Reactions®, 2, 6 (1944) to provide

10 intermediates (83), which are in turn halogenated.
Halogenation can be accomplished by tefluxing (83) in an
inert solvent such as carbon tetrachloride for 1-6 hours
in the presence of a N-halosuccinimide and an initiator
such as azobisisobutyronitrile (equation b).

15 As shown in equation c), derivatives of inter-
mediate (83) in which R13 is at the 2' position (83a)
can also be prepared by the method described in 2..019.
Chem., 41, 1320 (1976), that is Diels-Alder addition of
al, 3-butadiene to a styrene (B4) followed by

20 aromatization of intermediate (85). _

Alternatively, the substituted biphenyl precursors
(B3; where R13 = COOH) and their esterp-' (89) can be
prepared as illustrated in equation d), which involves

. This Sheet Has Been Replaced:
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[.err] _ Ferres, Chem I nd.

, 435-440 (1980) 30~
- Jerr] - - 48 Cl ayton et al.
‘Anti m crob. Agents Chenotherapy, 5, (6), 670~%71 (1974)
[err]  woowpozsr . !N equations a-e: R = [err] [err] pcr/usee/e3sr?

54
oxazoline compounds as key intermediates, A. I. Heye:s
and E. D. Mihelich, J. 2Am. Chem. Soc., 87, 7383 (1975).
Further, as shown in Equation e), nickel-catalyzed
cross-coupling of an arylzinc halide with a
5 halobenzonitrile yields a biphenylnitrile which can in
turn be hydrolyzed by standard methods to afford acid

88. : ..
| The substituted biphenyl tetrazoles (83; where
.Hﬂ_ N\ NH) |

10 \ﬁ/f ~ can be prepared from the nitrile:

.precursors (R13=CN) by the methods described in -
Scheme 1, equation c) and Scheme 15, equation c¢).
However, a preferred method for preparing
15 tetrazoles is described in Sthmg_li equations a) and
b). Compounds (90) may be prepared by the 1,3-dipolar
cycloaddition of trialkyltin or triphenyltin azides to
- the appropriately substituted nitrile (B3) as in
equation a). Aalkyl is defined as normal alkyl of 1-6
20 carbon atoms and cyclohexyl. An example of this
technique is described by S. Kozima, et al., J.
Organometallic Chemistry, 337 (1971). The required °
trialkyl or triaryltin azides are made from the
 ‘requisite commercial trialkyl or triaryl tin chloride
25 and sodium azide.. The trialkyl or triaryltin group is
removéd via acidic or basic h&drolyéis and the tetrazole
can be protected with the trityl group by reaction with
- trityl chloride and triethylamine to give {(91).
Bromination as previously described herein with
N-bromosuccinimide and dibenzoylperoxide affords
compound~(22). Alkylation of (1) with the appropriately
substituted benzyl halide using conditions previously
described followed by dep:otection of the trityl group

ta}
<

e
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Conpounds of Fornula | where Rlerr] is 4C(CF[err])[err]O—| ~.may be
prepared as shown in Schenme 12. Schene 12 10
[err] Hexaf | uor oi sopropanol cdrrpounds 72

pr epar ed by t WOOHOHBI of aryi silane (71) with 1-5 15 edui val ?0’
hexaf | uoroacetone in a solvent such as t hyl ene chloride at

t enper at ures rangi ng from about -50[errr’geto 25[err]C for a period of ;
2-10 hours. The revia shydrolysiargtsotandB071R12 an tetrpeopey od Othierg net hods .

Kot 10 of Bot fék&éé‘éﬁ]u@_bgﬁa?%g%é#ﬁ'l&g-&?@xéﬁé}ﬁgﬂ%ﬁ& feseribed 20 1n
l-ethoxyethyl can be used instead of the trityl group to
protect the tetrazole molety. These groups as well as
5 the trityl group can be introduced-and removed by
procedures described in Greene, Protective Groups in
s S3 » Wiley-Interscience, (1980).
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49. . [err]

shown in Sshene 13, conpound (73) in which

may, be easi| wopsipepged, for

Soc., 50, 474 (1928). 1gy

equi val ents), - conpoung
with the reqy I Sit§
procedure, or sifply s

(or a

acetate, es6. Oten
solution with the reactants remai ni ng

_has

1) 922, NaOE:

2} Deprotection

= -NHCO and Rerr]=
. exanpl e, by reacting aniline precursor (63)
with a pht hal i'c anhydri de derivative in an appropri ate S
as benzene, chloroform ethyl

product will precipitate from

behind, ML. “Sherrill, F.L. Scha;ﬂé&e-r. E P. Shoyer, J.
When - Jerr]CHerr],
Nquerr]CF[err] or tet aonI

Am Chem

r carboxyllc acid
d ng aniline (63)
en- Baumann

varlety of Oted
(73) may be obtai ned by red
.d chl origgey by either a Schetd
ri ng 0.2 3% vent such as
sodi um BT car hong#

_ ‘This Sheet Has Been Replaced .
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appr oprl ate car boxyl icacid via a var| ety of ani de or peptide bond
form ng reactions such as DCC coupl i hg, 20 azide coypling, m xed anhydride
synt hesis, owwdoiosdsfer =~ (coupling procedure famliar:to ORgyFtsEdoregrs N
the art. niline derivatives (63) will undergo reductive .

am nation wth al dehydes and ketones to f@&m. secondary : am nes (74).

Thus the aniline is first stirred $i » ‘ conmpound in the
presence of a dehydration cat al yst such as m)l ecul ar sieves or

p-t ol uenesul fonic acipgd. Afterwards the-resultant ymne is reduced to
t-he am ne witle)a bopdjydri de reduci ng agent such, &g sodi um

cyanobor ohydri de or sof bor ohydri de. Standard 30 al ytic

hydr agenati on reagents D} as hydroggﬁ and ‘pal Jm car bon can al so
be enpl oyed. NWernati vel y—a-nq—i» (63) n® e nnnml kyl at ed by
reacti.on w t.h ethyl forngte foll owed¥C}eduction Wit | /fo exanpl e,
l'ithium al um num hydri de#wg,SNoduce the 35 N-nethy

7 |\y=!'(74)

~Anilines (74) may in t S DMF
reacted with carboxyl ik d anhydri d& and aci d . ori d@s or
carboxylic acids by any ®f the coupling procedur €% descri bed previously
to yield (73) where X = -N(CH err])CO. 5 gsuline (63) or (74)
or other internediate a 1 nes where the am no groop nay be | ocated on:
anot her aromati c ring for exanple, also react with other anhydrides to
meke ami de- car boxyl i ¢ @&hﬁnﬂﬂs' b8! Y Eforlire 95045 Anlerd ag NUS, for
exanpl e, nal eic anﬁydrl fg‘@ al ene- I car B(oxyl Ic aci.d
anhydride, andgdi phehi drFae ge C‘Peﬁét%’éﬂ?‘ﬁe& 85nFhewn f ashion to -
pht hal i c anhydride with: R

in Scheme 16 by alkylation of imidazole (1)‘ with the
appropriate benzyl halide (38§).

. Tlns Sheet Has Been Replaced -
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ani Line (63) or (74) to yield carboxylic acids (76), . (77), and (78),

respectively. Pht hal'i ni de derivatives of aniling (63) may be made
15 by a v met hods,” preferably by stirring anljlne ﬂE?@ th
pht hal i'c an 9§&¥%égﬁlﬂ acetic acid at a t enper at ur &€ bet wee éﬁgnd

. reflux, G Wnag, . A. Veinbergs, Beb8, 75, 1558 (1942), or by stirring
(63) wi t h pht hal oyl chlori de, a.%gﬁsﬁgﬁgg as triethylamne, 20 and an
i nert solvent. Aniline (63) nverted into its trifluoro-

met hanesul f onam de derivative or its trifl uoroacetam do derivative
preferably by reacting it with tri{QHBr anhydrldgNor gi fluoroacetic

anhydri de and aabase sucha25 as thylamne in a Tag 4 S0l vent such as
nmet hyl ene chl ori 78[erry C %eﬂlomed by wa ngFto room :

t enper at ure. dB3unds o ture (1) er® X is a carbon-
carbon |inkage whg e depicted as R¥N be nmade a% shown in
Schene 14, - P2 [lerr] I +X
. ) . 1 96 . G,Rl:l
e
' ' : X=0
} X=S§

87; XxX=0

:X=§
99; X = NH '
100: x = NR%® (R* % R)

d09: X = 0 ) : /
A10: X = § ' ' ‘
111; X = NH N QR |
! 'COCH3'
112; x = NR%® (R?® ) . 23
105-108 109=3122
5 The halomethyldiphenyl ether (109) employed as an

alkylating agent in the presént invention is prepared as
shown in 'equation b). An Ullman ether condensation of
the phenol (21) and a halobenzoic acid as described in
Bus.s.ian_cngmj_ca.]_nem_us, 43, 679 (1974) provides the
10 intermediate acid (101). The conversion of (101) into
{109) is accomplished by esterification with _
diazomethane to afford (105) followed by halogenation

-
Sheet Has: Been Replaced

T U



53 Ferr] : . ~.” Equation a) illustrates that the :
bi phenyl conpounds (80) can be prepared by al kyl qtlon of imdazole (1) -
with 5 the a riate Ral pet hyl bi phenyl conpound (79) by”ell% ral
Cpr ‘ocedur e deégg !fé’ﬂzsi n Schefre 1. The requisite halo 'Pﬁ?%%ﬂi :
i nternedi ates (79) are prepared by Ulslgman Coupling of (81) and (82) .as -

~described in "Organic Reactions", 2, 6 (1944) to provide 0_ i%e di ates
(83), which are empiaying hs Praredure vsq%%g%%tﬁ%ﬁ?aea {#& i shed

by refl uxing (83)mendmphenylsumaaesmmntanweheaaimmammerauinor| de for -
1-6 hours in they | @yOr

such as azobi si sgglll}t y?oﬁéﬁ‘&% ‘qﬁ#‘%ﬁ&g&& %1%%§eﬂﬁ]6m@.ﬂl.)n equati on
¢), derivatives @nijpper(29) b §tEr‘(Q§!§“qen which Rlerr] .is at the 2'
position (83ay . .camnal ﬁé’:tbﬁ:@rﬂﬁ héfly Damiinee (nzhoch:dmcprbpalredl J.

ﬁh)e;n stsrlen23(2g4 r?’g‘lfs%'gﬁ;g&tfﬂ? y ngﬁélﬁdegt@gd gf |ntermed ate %ll%lt ad| ene.
_ Alternatively (107) can be alkylated by one of the
' following procedures: 1) di:ect alkylation of (107) with
R26L where L is a leaQing group such as a halogen or
10 .tosylate employing phase-transfer conditions and
" ultrasound as described in Tetrahedron 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 cyanoborohydridé in a solvent such as methanol at
15 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 in J. 2m. Chem. -
Soc., 96, 7812 (1974). The tertiary amine (10B) is then
_halogenated by the procedure previously described to
20 give (112).

. Thxs Sheet Has Been, Replaced
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Alterhatively, the substituted bi-phenyl precursors (83; where Rerr] =
COOH) and their esters (89) can be - prepared as iIIustsated in equation
d), .which invol ves 54 oxazol i ne
conpounds asM&IA/MMBLr nedi ates, A |. Meyers and E. D. M IpgirigdvoseserAm

Chem Soc,- 97, 7383 (1975). Furthgb as shown in Equation e),
ni ckel - cat al yzed cross-coupling of an ylzinc halide with a 5
hal obenzonitrile yields a-bi phenylnitri Behese ¥ can in turn be
hydrol yzéd by standard nethods to afford acid . 88. . The
substituted bi phenyl tetrazol eX - (83; where [ er 10 , can be
prepared fromthe nigril g ngsgursors- (Rl err}= 2y t he net hods
described in Sc @“5 . equat c)gand Sche 15}"8 uation c). '
However, apreferrﬁ d for P pi'ng 15 trd¥oles is described in
Schere. 15, equat.i® and Chrnpounds (90) e prep'ared-by t he
1, 3-di pol ar cycloHddltlon of tr| Whis N of triple azides to
the appropriately subgtituted nitril@83) as in galgon a). Al kyl is
defined as nornmal alkyl of 1-6 —

base

PoTH .R:: = 2-COCHy, X = halide
"d137 R = 2-COxCHy, X = 13
113, & = 2-cocn,
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20 carbon atonms and cycl ohexyl. An exanple of this technique is
descriibed by S. Kozima, et-al-.; J, Organonetal lic Chem stry, 337
(1971). The required trialkyl or triaryltin azidesijare made fromthe

requisite co £ ialRyl .or triaryl tin chloride 25 and sggi :
e b 2 K1 BCPABOGAT

The.tri al kyl tin group is removed via acidic or basi'c
hydrolysis and the tetrazole can be probkcted with the trityl group by
reaction with trityle Qhi | }yk#@.' i Y& LR

Brom nati on as previousl gs%r?g%%r%erﬁreciltﬁ e\n 38&I'\=|-Egrgrmsucci ni‘rﬁiede and
di benzoy! per oxi de a??‘%ﬂﬂféd as dhgSebeme I By agk¥iatton PE with the
appropriately simidaziodecedlpewinti thel rdquisity) benadylbem=ylphalides! y
described fol | owed b daahglgpl il (i) bhid B304R 2-concay are
55 vi‘a hydrol ysis raffor?is (‘80; R rr L tetrazol e?. OcH?er3 protecting
groups such as ;gniﬂ%ﬂ?é’ﬁi‘y?’yaﬂ%i'htﬂ-ﬂé‘t péxjmidaroleafihewitded i nst ead of

the tri L.yl QFOUF t%a:bdﬁ&h&ﬁ&péﬂi‘tbﬁlﬁb’e&&?hﬁhﬂﬁdﬂ m:%heseasmun%ms vel |
e ORI LA I T R R e
W | ey- | nt ersci ence, (3X8)8by. a variety of methods including hydzjolysis with
a base such as sodium hydroxide or potassium hydroxi;le
10 in an alcoholic aqueous solvent such as methanol/H0 at
 a temperature from 20°C to the reflux temperature of the
solvent. .
Carboalkoxybenzoylbenzyl halides (1l4) are prepared
by benzylic halogenation of the corresponding
15 toluoylbenzene precursor by a variety of methods
previously described herein. For exampie, methyl 2-(4-
methylbenzoy’l)benzo&te (115) can be refluxed for 2-48
hours with_ N-bromosuccinimide, benzoyl peroxide and
cafb_on tetrachloride to effect benzylic bromination.
20 ' :
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56 [®rr}] : 57 [err] R
Conmpounds of structure 93-95 where X is an -O, -S, or -N linkage can
be prepared aWOSi00p815 . [err]. = in Schene 16 by al kyl ati on of

i midazole (1) with the appropriate benzyl halide (96). !

~ PCT/US90/03677

232 (where X

co)

N'ﬁ/ Rl

I.H} ' RGA ;‘- R?

OR?#
OR3¢
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58 [‘:err] | o e e e et a—— _ S T -

wo91/00281 </ PCT/US90/03677
| 63 | |

As shown in Scheme 18 the toluoyl ketones {73;
where X = CO) may be further transformed into a variety

of ketone derivatives including compounds where X is

5 NR25 R29 0 OR30 -ocoRl? OR14
o \/ N
-C- s . "_C- '] -CR oy and =C= .

r

Reaction of ketone (13a) with a hydroxylamine or an

10 appropfiately substituted hydrazine will give the

' requisite oximes (117) and hydrazones (118). Reaction
with alcohols in the presence of an acidic catalyst with
removal of water will give ketals (119). Reduction,
with-lithium‘alnminum hydride, a metal borohydride,

15 zinc/acetic acid or catalytic hydrogenation will give -
the corresponding alcohol (120) or fully reduced
methylene compound (121). These alcohols may be
acyiated by a variety of anhydrides or acid halides in
the presence of a base with or without solvent to give

20 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 in the appropriate solvent or by
treatment with a mineral acid in an alcoholic solvent,

25 or by reaction of the alcohol with diazomethane as

' described in G. Hilgetag and a. Martini, "preparative
Organic Chemistry", John Wiley, New York, 355-368
(1972). '

Compounds of formula (I) where X is ~-OCHo-,
30 ~SCHp-, and -NHCHp- are prepared as shqwn.in s:hgmg,lg.
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agent

The hal onet hyl'di phenyl ether (109) enployed as an al kyl ati ng
In the present invention is prepared as shomn I n equation b).

An

U | man et her condensatlon ;of t he phenol (97) and a. id as
descri bedVP91/0028% ssi an Cheni cal Revi ews, 679 (1974)-provﬁ§§@ﬁﬁﬁ%

5

internediate acid (101). The conver5|gp of (101) into (109) is
acconplished by esterification with di azonet hane to afford (105)
fol | owed by hal ogenati on . Scheme. 19 59
enpl oyi ng the procedure used :in t he preparation of (79) The
di phenyl sul fide (110) and the di phenylam ng (111) . can be prepared from
the appropriate thiophenol (98) or -anfline (99) by this procedure.
The tertiary di phenyl am ne (112) can be pkepared fromthe secondary”
aniline (100) &y gbove proce 8 RBr ly (107) can be
al kyl ated by one ﬁhfkﬁna 6|Ig\/{;éfg.?i{lpr durewﬂedl rect al kyl ation of

_ %uch as a hal-ogen or

(107) with RE( f']L \Ah-e-se m

equi val ents of

ul trasound as

TIPS TR - . 126 - an

225: & - ca, , _

) ._, 8 _RS 8
AN’:.!}R'I . -—R7 -,R

RENT  — Rﬁ —_— Rﬁ

D -i-‘SGizPh 2y x‘{‘Os

o N—RS s N— R®
4 : (] A
A 7R7 * ....R13 reductive R‘A -/-R-’

5 ~As illustrated in Scheme 19, equation a, hydrqusis_

of benzyl ether (124) or methyl ether (125) affords
" hydroxy compound (125i which can be alkylated with the

appropriate benzyl halide to give (127). In the case of
the methyl ethers (125), the hydrolysis step can be

10 effected by heating the ether at temperatures of '
50°-150°C for 1-10 hours in 20-60% hydrobromic acid, or
heating at 50°-90°C in acetonitrile with 1-5 equivalents
of trimethylsilyl iodide for 10-50 hours followed by
treatment with water. Hydrolysis can also be carried

S

Has Been Replaced
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15 25[err]C at a pH of..3-6 for-1-24—hours, or 3) reductive am nation

of (107) enploying an appropriate carboxylic aci d) and sodi um
bor.ohydride as described~n J. Am Chem . Soc, 967 7812 (19746 The
tertiary am n&vQ 94080281 t hedo hal ogenat ed by the prodedur e REIEUSH/EIET
described to 20 give (112). 665 [err]

61 Cormogegsby x%%"ttﬂﬁak'r&féﬂ?i)-z""@&gfvh[é& f? - prepared as

shown in Scheme 1 3/ o the re UISIte
benzoyl benzyl hal FE]%%"’M e gy mekhypere Ml@e(i‘%} weere 9%

2-CO err]CH err] neérs followed by treatment with water, or by treatment
with an acid such as aluminum chioride and 3-30
S equivalents of a sulfur-containing compound_sncﬁ as
. thiophenol, ethanedithiol, 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 acid
10 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 methox_ide, eodium hydride or the like in a
solvent such as dimethylfcrmemi'de_ or dimethylsulfoxide
15 at room temperature followed by alkylation with an
appropriate benzyl halide at 25°C for 2-20 hours affords
ethers of formula (127), as shqim in equation a.
The sulfide (129) can be prepared from the
thiophenol (43) by the procedure described above to
20 prepare the ether (127) from the phenol (126). The
thiophenol (45) can be prepared for '-example bﬁ treatment
of the benzylsulfide (128) with sodium in liquid
' ammonia. ' '
The amine (130Q) can be prepared as shown in
25 equation £, from the aniline (_-_63_)., itself available from
' reduction of the correspending p-nitro compound (3a)
which has previously been described. The reductive
amination can be carried oit by the same procedure as
described in S.ch.eme_li for the preparation of compound
30 (19). -
Compounds of Formula -(I) where the X linkage' 1s_

. -CR=CH-, ~CHCH-,.and ' ' " are.prepared as
shown in Scheme 20. '

. This Sheet Has Been Replaced
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5 prepared by alkylation of imdazole (1) with car bonmet hoxybenzoyl
benzyl halide (114). Ester (113) " may be hydrol yzed tjo the corresponding
car boxylic éﬂ (116) by a variety of nethods includin ¥§w§ W th
a base suc @Bﬁ‘un1hydrox4de_or potagglun1hydrOX|de/10 |n an al coholic
aqueous sol vent such as nethanol/Herr] a tenperature from20[err]C
to-the reflux tenperature of the sol vent .

Car boal koxybenzoyl benzyl hal i des (114§=§5ﬁiﬁﬁppared_ by benzylic

hal ogenati on of .the correspondi ng 15 tol uoyl benzene precursor by a variety
of met hods previ ously descri bed ferein. For exanpl e, nethyl 2-(4-

met hyl benzoyl ) benzoate_(115) can b refluxed for 2-4 pe -NOUrs with

N- br onmosucci ni m d 7-E¥nzoyl peroxtégzigg —Garbon eﬁ{gghlorlde to effect ~

I =
benzy.lc bronlngg n;;?% [er;

- CHO Al

The cis or trans stilbene (132) can be obtained by
employing a Wittig reaction between the aldehyde (57)
and the phosphorane (131).
The stilbene (132) can readily be converted to the
10 saturated derivative (133) for example by catalytic
hydrogenation emp;bying,a'hetéroggneous.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
15 solvent such as benzene, tétrahydrofuran or gthanol'at
25°C under 1-3 atmospheres of hydrogen for 1-24 hours.
The cyclopropane (1;1) c;h be prepared by treating '
the stilbene (132) with the Simmons-Smith reagent as

This Sheet Has Been Replaced.
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63 - As. shown in Scheme 18 the tol uoyl ketones (73; where X =
CO may be further transformed into a variety of jketone  derivatives
i ncl udi ng conpounds wher& X is [err] React i on of ketone,_i,F a) with-
a hydroxyl aniWM@ 9800281 10 ahkpiopriately substituted hydrazi neP&F ’Qj}’ ¥t he
requi site oximes (117) and hydr azones (1187 React i on with alcohols in

th f t I I
otals (119).  Rediirdred (8§ Y. Yoo, soner B ench {{Hi%,"be of ' ©

bor ohydri de, 15 t:eawimet(n.azhwttrome@av&eyz@Moﬁdﬂsgmmmem ppwder e

t he correspondi ng,glmib@azgg‘ e m nﬁj‘yl(qrgagsprrpound
(121). These al cohol s nay “a var kgpg of a drides or
acid halides in ©f l?%é’-’ﬁP&E‘EﬂEe"”cﬁh &hﬁa§§°w gqptad ’3(%\?ent to give

20 the correspontiransfiext usgeneaescruedainmmm A0%e
converted into thﬁ]ﬁ c&rg-,ggpondl ng ethers (123) by reaction of the

met al al koxi de wi an al kyl" halide,- - nesylate or tosil ate in the
appropriate sol vent orThg preparptipinnfi campaRuRdsiok farmale ((T), where) Xohol i ¢

solvent, 25 or bisr<CR30Hy*,0+Cr¥tH-q cCHeCFw t+CRNCEz0aRA ePRoCFp— are

descri bed in G Hgl. |gg1 d rfq Ni, "Preparative - Organi c

Chem stry", John %ﬂggé/ ﬁv'?\./ %—368 (1972). Corrpounds of
formula (1) where Xis -OCH err]-, 30 -SCHerr]-, and -NHCH err]- are
prepared as shown in Schene 19. " '
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64

] ~ ferr]

|
WO 91700281 - | . _  PCT/US90/03677
' 68
Scheme 21
8) ArCCHAr' = 4+ Et,NSFy ——202 . ArCF,CHoAr!
13s | . | a3g
THF, B _
| Mo,
ArCF = CHAr!
437

b) arcm,car' + Et,NSF; —c‘flc—lz—- AxCH,CF,Ar*

128 p— 139
N N0y

. ATCH = CFAr!
140
¢ Arcluart + EtNSF; ——2-2..  arcpcapac

Al,0;

: . [ ] .
- 9 ArCCAr' + Et,NSF,
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5 As illustrated in Schene 19, equation a, hydrolysis of benzyl
et her_, (124) or ther (125) af f ords hydr oxy gompound 1 whi ch
can be al kyl at g@%\pﬁp ‘appropriate benzyl hali dg t'o gi vé’é“ QS%WWW
t he case of t he net hyI ethers (125), tf® hydrol ys| s step can be 10
effected by heating they@higheata bEiRRIAIAT} AURLERC for
1-10 hours in 20- O%h brorrtc%la f&? t,rlngah

acetonitrile with § 578 8 4 © 2P 3e %é. §IT' defor 10-50
hours fol |l owed by apprdprdat&ehetme hagsheor HAROUEyswhickrAnbearseacarried
65 out by treaf g@ﬂ; epi's I n
nmet hyl efie chl ori de at errfl?i%'fmﬂ%ak EL %ﬂ(yﬂﬁ hal:h# gﬁqgig
treatment w th nat&® 2ghmeRk KOt imidaap%h nitroges. s%%?er' -&P&ﬁ?nﬁm
chloride and 3-30 Eyacw,l nalteat Sester, of Bﬁheﬁosuiaﬂameggﬁaﬁwa&ul@hsuah as

t hi ophenol , et haneg} r’%;ﬁw syl f | ne | ori de
at 0-30C for 1-20 hours feqluﬂﬁtf% .rt 'P ggtm mﬁzﬁ ceormggrrpound
(124), hydrol yS|s initiaddypformed Aflneroebhylene (A3h) nmtmz)umabetm

acid 10 for 0.2-lebaudes ik aPHof %@i&sﬁt g1 0EAE Oafew'a\é%é%méxﬁe chlorfa€sence

of a suitable gatalyst such as 1 | adi_ um on pr ot onation
of (126) with g&bagéé %&Fﬂo‘i&%é’i“%aﬁrﬂﬂﬂ%"&e ¥r the
like in a sol vaaansmﬂna.amﬂnamtdxyldwvnﬂededmdlyelm silef Oxi de 15 at

room tenperat ur fgké%‘.’{ﬁt% §H§ g;ié By WhRiAP the RRBELIE 'H G %ﬂ&i"

hal i de at 25C for ours_a
solvent such as tetrahydrofuran, diglyme or N- -

methylpyrrolidone in the presence of mineral acid.

15 ([Equations a and h). Experimental details of such
procedures are found in D.R. Strobach and G.A. Boswell,
4. 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

20" (141) may be similarly converted to the corresponding
1,2-difluorostilbene (143). Likewise as shown in _
equat;.i-on 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

25 al., J..Med. Chem., 20, (3), 421-430, (1977). |

Rr23

o {
Compounds of formula 1 where X = -CON~-, -CH20-,
30 <~CH3S-, ~CHPNH—~, can be made as shown in Scheme 22.

. Thls Sheet Has Been Replaced
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ethers of fornula (127), as shown in equation a. = The sul fide (129)

can be prepared fromthe t.hi ophenol (45) by the procedure descri bed
above to 20 pWemareszsihe et her ,(127) from the phenol (126). } The
t hi ophenol (45) can be prepared for exanple by treatnment . ghg he
benzyl sul'fide (128).with sodiumin |iqui® ~ammonia. ~
(130) can be prepared as shown in 25 %82 c, fromthe aniline (63),
itself avail abl-e from reduction o . respondi ng p-nitro conpound
(3a) whi.ch has previously be%hdescri bed. The reductive am nation
can be carried out by the sane proc ’dur-e as described in Schenme 13 for
the preparation of conpound 30 TP a4s) - Conmpounds of Fornula (1)
where the X |inkage ig_, t,[err%""t"’t ' 66
[err] . Z_R? '

' R"/«N/ R Ra 3——1{7

o . lm.m ’rchZ

" OozHP '\Q RB

I / a1, : mN-A-rRB.P
Nq ) l *Pm-etion

c : : if necessa
/Q >R >
N - P P“;;"*inv group (if neeuuxy)
' ' R
n
148 AR £ - AR Q
- CONAIRI
R RI3
. 2@
RIS
N — _RS ' '
=7 he N——_RS
RN /(
Co,Me CH.
— - o CH,0Ts
st
' 8
LY. =
152 oarrp RS °N
12; m-aone XAIR!
U6 Bdeaz-pP.p 124 X = cup- -
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5 = The cis or trans stil bene (132) can be obtained by - enploying a
Wttig reaction between the al dehyde (57) and thq phosphor ane

The stil beneWaswpo28hn readi |’y be converted to the I0 ‘sat ur REAU ? &t ive
(133) for exanple by catalytic hydr ogenati on enpl oyi nga het er ogeneous
catal yst such as - pal | adi unf’ carbon or Prati nuni carbon or alternatively

with a honpgeneous catmy pEevEUED1 P Udribed PRI RBS- can nedliaB® pyOCi UM
chl ori de. The reduiglon |s_€§w orned in a solveni such ai benzene,
r

“tetrahydrof uran ALKIARLABS appropriate dricdazple sith es of -
hydrogen for 1-24-ohlosomethylbenzbatecin|thy gresenté il a:a:a,sleespcbpws ed by

treating - the ShialsRS0R €drdnatle’ in! %ol P WRivelt lHudifagent 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
nmy need to be protected and subsequently deprotected)
and dicyclohexyl carbodiinide (DCC) in methylene

10 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. Ciotti, Jr., J._Am, Chem,
Soc., 71, 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 organié solvent in the'presence of
an acid scavenger such as Nch03, 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= —CHZO- =CH2S-, and -CHyNHo~-
can be made as shown in pathway b. The ester (149) is
reduced with a reducing agent snch as lithium aluminum
hydride in an inert solvent to form the alcohol (150)

25 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
R23=H) to form compounds (154), (155) or (15€). Again

30 this may require that R!3 be 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
synthesis. ' K
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67 . described in J. Am Chem _Soc., 81, 4256 (1959), o"r by treati ng'
(132) with nethyl ene diiodi de and copper powder as dgscribed in J. Am

Chem Soc. 39 (1979), - or by treatnment with the i - LI Ng
met hyl ene g,ojﬂm er reagent described in J. Am Cher Solgﬁpq%%ﬁwmn

(1979). The preparatlon of cogynds of formula (1) where X IS
-CF[err]CH err]-, -CF-CH,; -CH CF-, and - CF2CF2- are depicted in
Schenme 21. Altewtivelyp eﬂ‘f alcohol (150) can be converted

to the corresponding halide with SOCly, (COCl), etc,

and the resulting halide can then be reacted with a

: phenol, thiophenol or aniline in the presence of base to
5 form the desired compound, where X is -CHy0~, -CH2S-,
-CH7NE- respectively.

. *2!
a) N—.;._ﬁ‘, HN, y N-ﬂ.‘(k"
A5~ I [ 5+

%
d
8
2

&

A

d

157 solvent SO\;
—— 159 u-n!!
R/
= \

solvent

pis _9 .
_ _ NHR2? ‘Base :
‘161

10 l . '.. . . '—.

Compounds of Formula (I) w'he.'re X= _-IS'OZNRZ:?- and.
-NR2350,- may be prepared as shown in Scheme 23. Bas
. shown in equation a, sulfonylchloride derivative (157)
15 can be reacted with aniline derivative '(1.5.8.) in a
solvent in the presence of an acid scavenger such as
sodium bicarbonate, triethylamine or pyridipe or under
Schotten-Baumann like conditions to give (159) .
Sulfonylchloride derivative (157) can be obtained by

- This Sheet Has Been Replaced-
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69 °° 7 Vinylene fluorides (i'37) “and ('140) can be prepar ed by
reaction of SF[err] or Et[err]NSF[err] (DAST) with th appropriate

ket.one (135) woetet®: | nawhf ch Ar bears a met hyl igr-oup COPORUSHIDSTI O a
benzylic halide suitable 5 Tor attachnent to an im dazole nitrogen, and

Ar' bears a cyano nitro, ester, or otfer suitable group which can

be subsequently co err|H NHSO err CF etc., The
initially formed%ﬁ ?gg ﬁ?é@g ?fg bf &iu %"e‘i"atif'ﬁrﬁ%d in a
non- pol ar sol vent %ﬂ&‘?*b& ’ené%ﬂPUPﬂdéY reackien switde ®#Gdst PY convert ed
to the vinyl ene frocry dez.umewise,rrmamé W ber réAtey HadeHerectly

into the unsat urated fl uori n e.reaction in a_polar
sol vent such as tﬁ'?’aﬁ?&?ﬁﬁﬂ%ﬁf %‘P?He ‘9?\1-‘3' h suLteRyIghIoFAfABone in the
presence. of m&er@#ria@tdvelﬂ.ﬁ.q.)Ecpwa@iwasmﬁbhd b]. Experinmental details of

h - d
G Tl e o i,
and 4,212, 515 (1 phenyl ¢ om %uenkesomeapm }iate
benzoin 20 . (141)WmierenganandiH.y Ico8kaliabek, @.t hegcaKesHoadi,ng10

1, 2- di fluorostilb 14 | kewi se _as .sho i uatio d) an
appropri ate benzi Fﬂ%lsgd %% ﬁ* °§5ﬁ\?€?f’8§" \mit:[lée (E=CH) CanBe
tetraf | uor odiHl yl ammnékmsgd wdian gtBR@aTd profledurés alreadgxperi nent al

detai | s are descragficned\bf. afHIixAY bréiidd dedivative sl gi@éerm.ﬁz.)?o (3) ,
421- 430, (1977)

Conpounds of for mith LKA Bodety of r(]u%b caruﬁeefpfgequeré%yeﬁlfﬂggd can be

made as shown i n ¢ oxiglazion, for example, with osmium tetroxide, Fieser

and Fieser, V.1, p. 812 (Lemieux-Johnson oxidation) to |

15 yield dicarbonyl-containing compound (164). Cyclization
in mineral acids, acidic ioh¥exchange resin,
POCl3/pyrid:l.ne, or trifluoroacetic anhyd:ide with a
catalytic amount of trifluoroacetic acid yilelds furan
(165; Z=0). Reaction of (164) with P4Sj;g. for example,

20  will yield the corresponding th_iophené (1€65; 2=S).
Reaction of (164) with an amine 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

25 from (165) by standard procedures already described. '
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70 [err] T ' 71 h As previously
descri bed, acid (10) can be made by al kyl ating the appropriate

i m,dazol e with net hyl 4- ¢hl or onet hyl benzoate in the presence of a base
such as vmwomnm carbonate in a poI ar sol vent such :as PCT/US90/03677

di met hyl f or mam de fol | owed by hydrolysis t he resul ting ester.
Conpound (10) can be converted to (14 by reaction with the requisite
am ne (146) (Rerr] may need to be Swhemec24#d and subsequently

depr ot ect ed) and di cycl ohexyl carbodiimde (DCC) in nethylene 10
chloride. [J. R Beek, et al., J. Am Chem Soc,. 90, 4706 (1968)] or by
reaction with tosyl oride in pyri dBHELL OTs, OMsjetcdr ewst er and C. J.
Cotti, Jr., J. Am RO, (7 6214 (1955)]. Yet another process.
i nvol ves conver QpAlof car box id (10) to its agid chloride 15
with, for exanple, thifonyl chloridd|folTowed by reactio with the am ne
i n.-agqueous base (SoD&TTYN- Baunann condi tions) or i br gani ¢ sol vent

in the presence of : aci d aba\}c..uc. sorei—ws NaHCONG pyridine or
triethylam ne, or by -otfrer procedures known to form an :
162  E=00,CHsorCN | E
| Rl
: - Rjlt
163 R
27N E
RH R
165 E
19)
0O Ril
Ril )
164
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20 "anide bond between an aromatic acid and an anine. The :

conpounds where X- CH[err]O CHerr]S, and CH[er JNH err] - can be
made as shown W’ﬁéﬂ“% ‘l:he ester (149) is ?juc'ed W t PCEIUSSS/03671J
agent such as |ithium al um num hydridggin an i nert solvent to formthe

al cohol (150) 25 which can then be reacted with tosyl chloride in
pyri-dine to form t osylCor@opnds )whegein,aimethykene, group (i InSertRdt he

presence of base pitiveen €hé rmﬁﬂﬁdllnﬂromatiﬂ"%ﬁb iﬂ&&)het aicaghenol (153), or

ani‘line (146; wh |m4§) or (156)
Again 30 this m? r‘%*ﬁf‘% }?1 %Q%ﬂ Fe‘?f #%gé‘éﬁ%

prot ecti ng group, < 9§r5hod|'-?l?ll§a#914§t#@t@sfs&|9*y‘er u-@éc&' °§peC| fic
functional gr@ipsesaimplepdeichiiind aleminum Mydrice) pgiﬁ@ch:h:pnememw ed in

the art of organi nth S n t he
al cohol (150) can('c%we&s) Vere d‘fﬁmt 8°tﬁl§ec%°§§88n&+§§‘ %2151 gﬂ&?ﬁ;
SOCl [err], (COC )dhdorlidecfollowechy raaction iwithgchpedide andont &8N be
reacted with a :m%%zyt&ém' Qél&éﬂdit&%zbntim Pr%ﬁfsenaf base to
5 formthe deswg&lﬁ gnereils - yll? ﬁ—i
~CH err] NH respe gg ;rﬁlyzed to ca ox c ac
. 10 methods already described or reacted with a hydrazoic
acid equivalent to produce tetrazole (112).
Compounds wherein R13 is a trifluoromethylsulfonyl
hydrazide acidic functional group were prepared by the
- procedure described in equation b). That is, conversion
15 - of ester (l1£7) to the hydrazide (173) by standard
hydrazinolysis followed by reaction with triflic
anhydride affords hydrazides (114).

: ThlS Sheet Has Been Replaced




Conpounds of Forrrula (1) where X= -Sqerr]NR[err] ‘and - -NR[err]Sqerr]-
may be prepared as shown in Schenme 23. As shown in equation a,

sul § onyl chl ‘ég Iﬂ?ﬁi' vative ((157) 15 can be reacted with aniline
derivative ?ﬁ f solvent in the presence of anjaci PCRUS®IQSHT7 SUCh

as sodi um bi carbonate, triethylam ne7éer pyridi ne or under
Schot t en- Baunann |i ke conditions to gi (159).. Sul f onyl chl ori de
derivative (157) can be obtai ned by w :

- N—.- RE - N.., RS

—R
R6 — Rs ,

UCN_ - @cnzcl (OTs, OMs, Br, etc.)

168

b) -

6NH—NHSO;CF3

The syntheses of compounds wherein R13 is
substituted and unsubstituted 1,2,3-triazoles are

This Sheet Has Been Replaced
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73 - sulfonation of the c'cifr.espondi ng 'bér.l—z"yl der| vatlve as o d.escri bed

earlier, follomedmg/reactlon with PCl[err] or P [err]. Likew se,
anili ne (74)Wes1/0928% eacted{in the same manner as .déscri BEWUSIB/P36T t h
sul fonylchloride 5 derivative (160) to g;'.,v'e (161). Scherre 24
shows the preparation of furan anal ogsof t he -bi phenyl ounds (80).

Thus, -a- ket oest erdegtgfhped in SghegeePfngahwa :Hductj.qg(mfnpgkerj 138)g. Chem,
oo, | L y ey w2

i y, al kyl brom de
derivative to gi P¥F g4aspbut nym hydeifds giyes b '
subsequent | y cl eoxddation witdxMeQpi on, pyoidiniamprhloxgatiromateum t et r oxi de,
Fieser - and FigsQerty: (126) i?ijltédf& Wztai??_ﬂsom%d&hw@heto 15 y| eld

di car bonyl - contalnlng co ound

aci di ¢ i on- excharfi§& ?’EE QIB)pde PEFPH?E/HYdFHBde%’I‘“t’ﬂ"f P o?gﬁ 4
anhydride with a uﬂ)calﬁhyﬁiﬂ}:dmmuaheointthé jpresencetof aacatalystds furan

(165; Z=0 Reag} [ e , nples, will :
yield.-the correspongpng f%l op hene 155 é%‘%ﬁ; eactl on k? (% 24) with an
anine in.refl uxi n@%zen%eaﬂiqufh (328bivish sodivm azider PRROUFeSr by

using mol eculyyy the ¥,2y8StifaAE0(R7BNS (WY . welflxw.eled: fae, correspondi ng

o 105t Lt SGRTTBERE cAB) T80 o iy 7 (109
transformed via procedures already described into
product (180).

Aldehyde (177) can also be converted into °

'15 substituted 1,2,3-triazoles (183) via the sulfone (181),
.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 (183) where E=CN and COzR11,

20 The nitrotriazole (183; E=NOj) may be synthesized from
the unprotected triazole (179; P=H) via,nittat:l.on‘, R. Hu
ttel, et al., Chem. Ber., 88, 1586 (1955), C. L.
Habraken and P. Cohen-Fernandes J. Chem, Soc., 37
(1972), or from bromonitroethylene derivative (184), G.

25 Kh. Khisamutd:.nov, et al., zh. Oxg. Khim., 11, 2445 |
(1975), by reaction with sodium azide.

A variety of protecting groups may be used in the
‘manipulation of the above triazoles, amongst which is
the trityl group. This group may be easily atﬁach_ed by

30 reaction of the triazole with triphenylmethyl bromide or
chloride in an inert solvent such as methylene chl.ori_de
in the presence of an acid séaveriger such as triethyl
amine. The trityl group may be later removed by
stirring or refluxing in an acidic medium such _as'

35 trifluoroacetic acid/water, HCl in methylene chloride,

is Sheet Has Been Replaced

||II|I v




75 ° Conpounds wherein_a-net hyl ene group is-inserted bet ween t he
terminal aromatic ring and thé acidic functionality nmay be prepared as
shown i n Schorei/éis: equation a). Thus reduction of ester (167) with,
for 5 exanple, lithium alunm num hydride, gives al cohol A 168CI/US90/03677
Conversion of (168) to the chloride (169) %8 a thionyl chl oride foll owed
by reaction with orascéei@n evioysly described yields nitrile
(170). Conpound = 4 d{_g?O#gﬁ%@ﬁﬁﬁfol%ﬁee&tlligygﬁ’b%&/lw adsd b€71) by 10
met hods al ready desci,Pe G ysdag aindble metahzeitmlyst sabf £gui val ent
to produce tetraz8péladirmy and hydrogefonpounds wherein R13 is a

trifluoronethyl sul fonyl ‘hydrazi de acidic functional group were prepared
by the progedure described in equation b). That is, conversion 15 of
ester (167) to the hydrazide (173) by s&gcheme 26 hydr azi nol ysi s -f ol | owed
by reaction with triflic anhydri de affords hydrazides (174).

T o
- Poa oo
o P tmi UGve

O XY =

18

o _ 1) Nan, 1), NaN, -
_ 2) protection 2) protection X

P = protecting group
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79

The synthesis of triflvoromethyl-1,2,4-triazoles
(190) is depicted in Scheme 27. Acid chloride (186) is
converted to amide (187) using standard procedures ’
familiar to one skilled in the art. A preferred
protecting .group is the 2-propionitrile group
(P=CH2CHoCN) . Thus (151 P-CHZCHZCN) can be synthesized
from (186) and B-aminopropionitrile under Schotten-
Baumann like conditions, using agqueous base in an
organic solvent to help solubilize (186) and (187).
Amide (187) is converted to amidrazone (188) by reaction
with PClg or phosgene to make an iminoyl chlozxide which
then in turn is reacted with excess hydrazine.
Amidrazone (188) is 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.
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5 The syntheses of conmpounds wherein Rl err] is substituted and i
ynsubstituted 1,2, 3- triazoles are j : , 17
described in Scheme 26. Thus reduction of ester (175), with a seducing .
agent - sUkio 9§seb2gihi um al udi num hydri de or diisobutyl aPOriusseeser i de
- *gives al cohol (176). Xi.dation with M err] or pyridinium -
chlorochromate 5 converts (176) into aBlehyde (177). Nitroethylene
derivative (178) is prepared by condensation of aldehyde (177) with
" nitronmethane in the presence of asgihdst. R M Letcher and M P.
Sammres, J. Chem Ed., 62, 262 “{1985). Reaction of (178) with sodium
azide produces 10 the 1,2, 3-triazole,(179), (N. S. Zefirov, et al. J.
Chem Soc. Chem Conpd, 1001 (1971)) ansformed vi a .
procedures already ¢ ribed into Al dehyde
(177) can also be cOerted into 15 &)t i azoles (183) via
t he sul fone (181), xG BeCk, D. Gum 06, 2758 (1973),
foll owed by reaction t_,sodlun1a2| ¢ to?glve t he 1, 2~3tNH@zoIe (182).
Subsequent standard ' 0 TNHL, 2, 3-t rdA 83) where

E=CN and CJerr]R e 20 The nitrdy p (183; ENO B may be
synt hesi zed from he .unpr ot ect ed rlazole (179 P viafnitration, R
Hu 186 187 is8
P = protecting group - ' | -er _0;3553
8
A3
RS fNa’

X N’i
N N Chs
P
FscLﬁ |

o Pertinent R6 groups may be variously introduced by
' 5 many procedures including those described in Scheme 28
which describes imidazole construction.
The R® groups so introduced may stand unchanged or
. may be further elaborated if appropriately

functionalized, according to methods familiar to those -
10 skilled in the art such as are illustrated in Scheme 28.
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tfel: et al. | “Chem Ber. , 88 1586 (1955) C L. Habraken and P.

Cohen- Fernandes J. Chem Soc . 37 (1972), or from brom)nlpéﬁ) &Xl ene
deci vative (MV"@B‘ 25 *kh.X_Knhi sanutdinov, et al., Zh. 'Og ﬁr’% 08675 445
(1975), by reaction wth sodi um azi de. 8 A variety of protecting
groups may be used in the mani pul atj on t he above triazol es, anongst
which is °~ the trityl group. This gréﬁﬁﬁﬁgé be easily attached by 30
reaction of the triazole V\nthﬁﬁﬁ&gnylmethyl brom de or chloride-in an
i nert solvent such as net hy C rliglz%e\,omﬁmh@a _N BgEprese -@of an acid
scavenger such as triet hjHO Qﬁfne OcHi yI2 e¢mup nfy’Nje | ater renoved
by .stirring or refluxing in an acidic medi-.umsuch H® 3Htrifl uoroacetic
acid/mater, HC in nethyl ene chlori.de, : 1) Protect am . 78-  or
acetic acid/water. The“trityl group nmay al so be hy#f ogenol yzed using a
nobl e et al catal yst such as pal | adi um and hydr RLICL [err]

(” e Oﬂ s A

R = Ch,, SOh, CHyOloc,B

192: R* =B Q9 R'=Ts

=
® tau.ma
T& PR

f ‘ ' OHC{QR MN

a9 : a8
The 2-a1kenylimidazoles {201) can be prepared by
bromin_at;ion of the 2-alkylimidazoles (199) followed by
elimination of hydrogen bromide. The bromination is
5 preferably accomplished by UV-irradiation 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 brom_ide (200) with a base, -
such as DBU, triethylamine, or potassium t-butoxide,
10 affords the trans 2¥alkenylimidazoles (201). Cis
-alkenyl -derivatives -(223) are prepared from the trans
alkenyl compounds by treatmeht with osmium tetroxide and .
sodium periodate to afford aldehydes (202) followed by
. - Wittig reaction.
15

Rz(ca,).,,s

RS(CHz),.,N

-
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79 - The synt he5|s of tr|fI uor onet hyI 1 2,4-triazo|bes (190) is
depicted in Scheme 27. Acid chI oride (186) - - converteéd to am de (187)
using st andgpdyppsiedur es “famliar to one Skl lled in the a

preferred b5 protecting group is the 2-propionitrile group ‘;crms”’““"

(P-CH2CGH2CN) . Thus (187; P=CH err]CH ergJ CN) can be synt hesi zed from
(186) and 8-am nopropionitrile undgéhemé ten- Baunmann |i ke conditions,

" using aqueous base in an orga nt to help solubilize (186) and
(187). 10 Am de (187) igy converted to am drazone (188) 7 reaction
with PCl[err] or ph e to make an i m noyl chlorld}% then in
turn is reacted w t hpexeeRd hydr azi Bfominatied\Ti dr azon R8is cyclized to
t he trlfluoromatw’ 1,2,4-triazore (lwr'vmth Nor oacet i c
anhydride and 15 "then cQuv ted to 190 via brom naki | kylLation and
deprotection as previousl® ’ i
80 Sc <—R

199 200
R? R7
2% %
. N -'Q,l-R . N .3:‘.1{8
R T\(j Na10, N .
[ J—=~ | J—=
R3 R?/v\kz
201 202
R?
”
NS g
LN
203 oJ—R!
Rs/v-\Rz

R = alkyl, cycloalkyl

Alternatively, R6 groups may be introduced by

metallation of a protected imidazole or protected

5 2-methylimidazole followed by addition of an ap'piopriate
electrophile as illustrated in Scheme 30, equations a)
and b). The products (alcohols, esters, halides,
aldehydes, alkyls) are suitable for further elaboration
by methods familiar to those skilled in the art.

10 Metallation of imidazoles is described in K.L. Kirk, J.
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Pertinent Rerr]
i ncl Gdi ng tho bed 4% n Schene 28
constructi on. a?ogﬁfo%i The R eH]
or may be further elaborated if appropriately

N-N
es im

functronallzed

groups mey be varrously i ntroduced by, 5 many procedures
whi ch. descr|%

groups so introduced may sta ’é’ﬁﬁ@

d .

according to nethods famliar to those 10 8§k|IIed in the art such as are

illustrated |n Scheig., 26hen. , .4.3.. 4381 (1978); R.J. Sundberg, 1. Het.

10

15

20

m' ul 517 (1977" cv. Hay et 81.'

3_&, 4379 (1973); B. Iddon, Heterocycles, 23, 417 (1985)
" Condensation of 2-methylimidazole and appropriate

électtophiles (equation bh) with catalytic acid or bgse

~as described in A.R. Katritzky (Ed.), *Comprehensive
Heterocyclic Chemistry“, Yol. 5, p. 431, Pergamon Press,
N.Y., 1984 affords products wherein Rf is alkenyl which

are suitable for further elaboration.

Scheme 30
a) N’X BBuld '& nRx rx N‘&
(I;I N z.) g 5/(1:1
R , R . H
204 ' 205 A (where R ap’a B

R = CPhy, SO0,Ph

"& BBull _» n «h
e )
1) RCHO

206 znc1, 201
28

Em-\j

/(0

Various 2-substituted imidazoles can be prepared by
reaction of a protected 2-trimethylsilylimidazole 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 furthe: -elabor_ated as desired.
Altetnatively, RS may also be introduced by nickel

catalyzed cross-conpling of Grignard reagents with 2-

(methylthio) imidazoles (Scheme_31) as described by

e
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[err] s T

. be prepared by ‘brom nat ion of the 2-al kyli m dazol es}(199) fol | owed by

.- elimnation of hydrogen brem de.. The brom nation is 5 preferably

"7 acconpki. e e10928Y- i rradi at.i on for 1-4 hours of . dEXI/USYWOIT7 and
"W brompbsucéinimde, in an inert sol :éé such as carbon tetrachl oride
at 25[err]C Treatnent of the intermedi ate brom de (200) with a base,

- The 2-al kenyl'i m dazol es (201) can

such as DBU, tr iEst Wehkeftiagnd M. ot Bexsradmal, - JutChende So&0Q, CHeémr ds t he trans

2-al kenyl'im dazmnhpléqo, ‘1982); E. Wenkert et al., J. Chem, Soc.,
' Lhem. Commun., 637, (1979); and H. Sugimura and H. "
Takei, Bull. Chem. Soc, Japan, SB, 664 (1985). The 2-
5 (methylthio) imidazoles can be produced by the procedure
described in German Patent No. 2,618, 370 and the
references cited therein.

10 .
mcs . :?vocncn«ocn;), B, X "°1> N—)\ °“31 '
l‘. . A R8 ’
20 1'{ '
m .
// \ " (PhyP) NiCL, (i \
CHS” SN7R® or R6“SN7 RS
R - ~ NiCl,(cppp) R
222 ' 21

As shown in Schemes 32-36, elaboration of R8 can
be aecemplished by some of the procedutes described in
15 ' Schemes 3 and 28, byichain extension reactions familiar
" to those skilled in the art, or by degradation reactions
such as conversion of an ester to an acid or an alkene
to an aldehyde. - -
Specifically, the h&ﬂroxymethyl group .can be
20 activated for the displacement reaction by reacting with
' thionyl chloride, PClg or with carbon teerachloride/
triphenylphosphine to form a co:responding-ehloro'
derivative. By 2 similar reaction bromo and iodo
derivatives can be obteined.--The.hydroxymetﬁyl group
25 can eleo be ac;ivaged by forming the-co:responding

cot Has Been Replaced-
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al kenyl derivatives (203) are prepared fromthe trans al ke'n;./'l corrpounds

by Tréatment with osmiumtetroxide and . sodium perji odate to afford

al dehydes (202) foll owe® by W t t i g- react ion. 15 -~

87 [err] wo91/00281 - oo ) PCT/US90/03677 °
85 |

p-toluenesulfonate,‘methanesulfonate-ind.
trifluoromethane sulfonate derivatives.

- Scheme 32

A
C _Rs N

_ “oH
——
(CH); '
Z
R‘-_-—L- I
N
w2 /\/\R3

As shown in Scheme 32, the hydroxyl 'gfoup can be
converted: to thiolacetic acid derivative (215), J. Y.

This Sheet Has Been Rep laced




Al tetnatively, R[err] groups may be [ ntroduced by . metal lation of  a
protected i m dazole or protected 5 2-nethylim dazol e fol I'iovved by addition

of .an apprnggil} el ect rqphl le as illustrated in Schenme 30, equations a)
and b). The produc L (al cohol-s, esters, halides, aI::Iaehyd@S—'lVléﬂ!’ﬂJSﬂ:’@7 are
suitable f or further elaboratlon by thods famliar to those skilled

in the art. 10 Metallation of |mdazoIeS|s described in K L. Kirk, J.
83 ag. Cheﬁwtmx;r.us;..@em&) 1% JngﬁmwdgtOJthioktderivaténem 14,

Heterocyoles, 28 4 hiebymen Sq%’r%ﬁ‘f%aézﬁ’ﬁmé’gmﬁ@¥asm dggol o anc
, readily oxidized to an aldehyde group by means of
-5 manganese dioxide or ceric ammonium nitrate. The
aldehyde group will undergo chain extension reactions
such as the Wittig and Wittig-Horner reactions and enter
into typical carbon-carbon bond forming reactions. with
Grignard and lithium reigents as well as with compoimds
10 Dbearing activated methylene .gtoups. Alternatively, the
hydroxymethyl group can be oxidized directly to an acid
functionality which can in turn be converted to ester
and amide- derivatives. The esters and amides can be
, prepared directly from the aldehydes by manganese
15 dioxide oxidation in the presence of sodium cyanide and -
an alcohol or amine, L_Am._Chgm.._Sg.c:.., 90, 5616 (1968)
and J. Chem, Soc. (C), 2355 (1871). '
. As shown in Scheme 33, the chlorine on compound
(25) can be displaced by the anion of dialkyl malonate
20 to give the corresponding malonate derivative (217).
The saponification of (217) with NaOH (or KOH) gives the
coriesponding_ diacid which can be decarboxylated to give
the corresponding propionic acid derivative (218) by
_ hégting to 120°C. Alternatively, (218) can be directly
25 obtained by refluxing (217) with a mineral acid such as
' HC1 or sulfuric acid. The free acid (218) can be
esterified by heating in a medium of the wvarious
alcohols and a catalytic amount of mineral acids such as
HC1 or sulfuric acid to give the cof:esponding esters
30 (219). Alternatively the esters can be obtained by -
reacting thg free acid (218) and the corresponding .
alcohols in the presence of coupling reagents such as
 DDQ or EEDQ. A similar reaction with various mono-
substituted and disubstituted amines produces the
35 corresponding amides (220). A similar reaction with
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as described in A R Katti tZky TEdT), ™ Conpr ehensi ve ' -~ Heterocyclic

Chem stry", Vol. 5, .p. 431, Pergam)n Press, N. Y., 1984 affords products
wher ei n R[err& |s al kenyr which . are suitable for further el aboration. '
10 Schehe 30 [err] o PCT/US90/03677

Vari ous 2- substltut ed i m dazol es can be prepared by reaction of a

protected 2-trimethylsilylinidazole with 8715 suitable el ectrophil e by the.
net hod descri bed burfmké mercaPtaiieprtitivees thd .cobreBpéndihg Het. Chem, 9,

67 (1972), Whtﬁ? be further el aborated as desired. . .

Al ternatively, 341 S0’ be introduced by ni ckel catal yzed
cross-coupling of Gi gnard Feagents y th % 20 . (met hyl t hi o)i nm dazol es
(Scheme 31) as described by . - —_— ' : .

R

N . JOOOR
s AN\ a M+'< COOR A-Mo n uaon(xom
|
{CH)), . (l'.l'H;),'
. Z Z
Rl_:. ' _ Rl—.r: l
RZ/V\R?‘ Rz/ S \R3 212
25 ) :
R7 . N
N R om;
{ _§\/\ —5\’\(:00
Rs/LN COOH /L o
Hy, ‘C*.‘?)'
| e
Rl.._./ l R‘—T I
R2/~§/\R3 LT . R2 /\ \R3
218 _ R7 o .
N
R °N 'CONRI8RY?
-
(CH,),
P _
Rl—'LT l
R2 §"\RS 220

As shown in Scheme 34, the chloro group on (25) can
" be displaced by the" sodium salt or potassium salt of the
alkyl, aryl or arylalkyl mercaptans to give the '

et Has Been Replaced
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1f . | 84 E. Wénkert and
T W Ferrelra J. Chem Soc., Chem Commun., 840, (1982); E. Wenkert et

al,., J. Chew9irenst Chen Commun., 637, (1979); ang H. PE“M) d H.
Takei, Bull. Chem Soc. Japan, 58, 664 (1985). The 2- 5 590763677
(et hyl t hi o) i m dazol es can be produced Bgg the procedure described in-

[G:; Fr]an Pat ent N&ré&%%dﬂ% gt_r}flfit.c_t]ee de:ivraggserg n&eﬁ.ﬁl t%l?e tar}l%.rneel n. 10
derivative (222) can be obtained by treating (25) with
ammonia or with the corresponding mono-substituted
amines. Alternatively, the chloro group may be

5§ displaced by sodium azide to ine an azide intermgdiate
which upon reduction with Hj over a noble metal catalyst
or with a reducing agent such as chromous chloride
{W. K. Warburton, J. Chem. Soc., 2651 (1961)) yields
(222) where R10 and R1l are '.hydrogen. This amine can

10 be subsequently alkylated with alkyl halides, or
reductively alkylated with aldehydes and ketones to give
alkyl derivatives of (222). The amines (222) are
converted to the corresponding carbamates (224),
sulfonamides (225), amides (226) or ureas (221): by

15 standard procedures illustrated in Scheme 34 and’
familiar to one skilled in the art. -

I —
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As sfown in Schenes 32-36, elaboration of Rlerr] can . be acconpl i shed
by sone of the procedures described in 15 Schemes 3nFnd 28, by chain

ext-ension re am 4 ar; | to those skilled i
degr adati on %@%@ﬁi shch as conversion of an estef totpﬂi){i%%"%p an

al kene to an al dehyde. Speci8%cal |y, the hydroxynmethyl group
can be 20 activated for the dlsplacenent4§?§%EL§% by reacting with '
thionyl chloride, PCl[err] or with carbon tetrachl.oride/
tri phenyl phosphine to forma correspondi ng chloro derivative. By a
simlar reaction brono and iodo deriyatiR%s can be obtained. The
hydroxynet hyl - group 25 can-also be activ, by form ng the correspondi ng
85 *p-tol uenesul fonate, net hanesulfo e “trifl uoronethane
sul fonate derivatives. "R N Scheme 32
[err].. l
: (CHy),
Z
Rl—— |
| g’ R
+ - 25
SR
" / ‘ R,
U . Rr?
N \R : N \é _
{ _)\',sn SNt
R N R N
| B |
(CHy), (CHy),
N N
Rle— l Rl_..{:. \I
22 - ' 222 -
0 10 -
20 o, a1 R osoci{Ton g8y \op
R’ | R’ R?
B I3 M. A AR
N OR!0 N~§-R10 ~C-R10
R6 N" g R6 N| " R6 7
(CH)), (CH)), (CH),
& & &
0w ] R ]
224 225 . 226 -
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5 . ~ As shown in"Scheme 32, ‘the hydroxyl group can be Converted_td

thi ol acetic acid derivative (215) J. Y. i

-~

y WO 91/00281 | | * PCT/US90/03677
' 90
. . . R7
}q \ Rllg H
| W Mo eo /L N—C-N-R10
e RS N -
222 S | '
(CH)),
AN
R'— |
"3
Rz / \/\R3
221

The reaction between the thiopyridyl ester (229)
"and a suitable Grignard reagent produces the ketones

5  (230).
Scheme 35
? .
N—R ey
/Q"§ 0 ,l~ '
RN CH)P SR mo, GH,_),("‘RM
Rl_'/\l | .' Rl_":'/ I 1
. /s (vhere R = alkyl,
Rz_/v R R2 / \R3 cycloalkyl, '
_ 1Oh) el
: 23 R=pyridyl) _ 20
10 '

As shown in Scheme 36 when the imidazole 4- and/or
Sépos-ition contains an aldehyde (231) then reaction with
organometallic reagents such as Grignard or
alkyl/arylli_thium'reagents will yield alcohlols (232)

15 which in turn may be transformed into a variety of other
functionality familiar to one skilled 'in the art.

.
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86 * Gauthier, Tét Lett, 15 (1986), and to thiol ‘derivative = (216) by
subsequent hydrolysis K The hydr oxynet hyl grgup on conpound (17)
can be WG 9t /odasexi di Zed {t Lto an al dehyde group by freans ofp&r/usvorgssnese

- di oxi de or cerlc ammoni um ni tfrate. The al dehyde group wi |l undergo
chai n extension reactions such as the H{ttig and Wttig-Horner
reactions and enter into typical carbon-carbon bond form ng reactions
with Grignard and lithium reagent s—28<h@A8-38s with conpounds 10
bearing activated nethyl ene groups. Alternatively, the hydroxynethyl
group can be oxidi zZed dlrectL%kJo o1 acid - functionality-which can.in
turn be converted to e 15}, ndMami de derivatives. The esters and ami des
can bé ~ prepared di ol al dehydes by manganese 15 di oxi de
oxi dation in the prg N of sodi um cyani de and an al cohel or amne, J.
Am Chem Sec., 90, 56161(1968) and J. Chem Soc. Soc.- (C), 2355
(1971). As sho 2% Scheme 33, the chlorine on conpound (25)
can be displaced.by the &nion of dialkyl malonate 20 to give the
correspondi ng mal o Aerfvati ve ( The saponification of (217)

with NaOH (or KOH) gi tfle carre ondi ng di acid which can be
decar boxyl ated to glvgaiJ>\%ge coRr ¥%on g propionic acid derivative
(218) by heatanFto 120Rerr] C M ternathgely, (2NSpcRIRBe directly 25

obtai ned by refluxing (217) with B neral a suc /a = —(CH{,1-CHR3LI furi c

acid. The free aci d23R18) can bex-naighprified g Zhg in a r@gl um of
the various al cohol s and a catal yt'i ¢ -anpbunt m riegral aci ds ch as
HC or sulfuric acid to give the corresponding esters (€#,),(219).
Alternatively the esters can be obtained by . . reactjng the free acid
(218) and the correspondlng al cohols in: theRNL\\ of coupling

reagents such as

%,\Rs

R2

S As shown in Scheme 37, ester 234 may be obtained by
direct oxidation of aldehyde 233 with NaCN, ‘MnO» in
methanol (Corey, E. J., et al. J, Am. Chem, Soc, (1968)
90, 5616). Oxidation of 233 with NaCN, MnOj, and an
amine in 2-propanol leads to the corresponding amide 235

10 (Gilman, N. W. Chem, Comm, (1971) 733).
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DDQ<or EEDQ A similar reaction with vari o-us rmnoQ substituted and
di substituted am nes produces the 35 corresponding amdes (220). A simlar

reaction w : 87 .vari ous
mer capt ans ‘8&3&@@%@1 t he corfespondl ng  thioesters. PCT/US90/03677
[err] - 92 . :
Scheme 37
Nﬂ CHO " N—-\ R
/4 ;;:—R? B /I (%:;
7
¢/ °N 6
R ) NaCN R N
(CH)), P (CHy),
MnO, .
R\ ~Z ROH 1
Sl A
N : N
R2 R R2 ~ R3
233 234
R = alkyl
RaCN
MnO; ' -
NH; or R'R"NE o
. iPrOH
CONRR"
235  R'orR"=Hor alkyl = 236
5 Saponification of ester 234 will lead 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 )
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5° As shown in Scheme 34, the chloro group on (25) can  be
di spl aced by -the sodiumsalt or potassiumsalt of thej al kyl ,. aryl or

aryl al kyl neggreves to dive(the cor r espondi nq,cqw(- F‘;%g 67
derivatives (221). The ani ne™ derivative (222) can be obtained by 7

treating (25) with ammonia.or with thesssorrespondi ng nono- substituted
am nes. Alternativel tthe chl oro ou
Xiochromate ch{ ége R/and ceric emmonium nitrate

{CaN) oxidations. . : ]

Likewise, the unalkylated hydroxymethylimidazole
derivative 1(RB=CHy0H) may undergo the transformations

5 to the-eldehyde,,este:, carboxylic acid and carboxamide
by the reactions mentioned above for the alkylated'case.

Compounds 238 (where Ar = aryl or heteroaryl as
described in the scope under the definition of R?) can
be prepared by the coupling of an arylmetal derivative

10 (ArM, where M = ZnBr, Me3Sn, B(OH)2, etc.) with a
haloimidazole 237 in the presence of a transition metal
catalyst such as palladium, nickel, platinum, zirconium,
etc. (Schemeh38af. Alternatively an imidazole metal
derivative 239 can be coupled to an arylhalide to

15 prepare 238 (Scheme 38b).

The arylmethyl derivatives 240 can be prepared
employing the transition metal catalysed coupling of 237
and an arylmethylmetal (ArCHoM', where M' = 2nBr, ete;),

. as shown in Scheme 3Bc.

20 Compounds 241 may be prepared, as described in
Scheme 384 by the coupling of an alkenyl or alkynylmetal
drivative (AM) or the corresponding alkene or alkyne
(ARH) with 237. .

Likewise, the unalkylated imidazoles (1, where R7 =

25 Br or I) may undergo.the coupling reactions described in
Scheme 38a-d [For references to transition metal
catalysed coupling reactions, see Richard C. BHeck,
Palladium Reagents in Organic Synthesis, Academic Press,
New York, Chaptefs 6, 7 and 8; and refetences cited

30 therein]. _

The compounds of formula I ﬁhere.R7 is an
arylalkenyl group or an arylalkynyl group and the
carbon-carbon double or triple bond is not adjacent to -
the imidazole ring (e.g., R7 = (CH2),,CH=CH(CH3)y2r,

35 where u # 0) can be prepared by a variety of chain
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.5 displaced by sodi uma2| de tb give an azide i nt er medi at e ‘whi ch upon

reduction with Herr] over a noble netal catalyst orywith areducing
agent such as chronous chl oride (W K. Warburton, J. Chem Soc., 2651
(1961)) WQBHE028t (222) where Rlerr] and Rlerr] are hydrBgENSI¥AIT7 ani ne
can 10 be subsequently al kylated wi th_al kyl halides, or reductively
al kyl ated with al dehydes and ket ones t 34 gi ve al kyl derivatives of

(222). The an} ¢lshgatddh Méthods ahdN¢RaiR bdupling £@4EEERE KindYnCe banat es
brocedures ;1194 ARidEed S Xnd Ret  Ing ibing e ndsB BpbSibed s 7, | 2" e
art . © Schemesed,|28, 29, 33, 35, 36, and 38. 90 [err] '
The compounds of formula I -where R7 is an arylalkyl
5 group (R7 = (CHy)yAr, where w = 2-10) can be prepared by
' reduction of the corresponding alkenes  (241) | by
catalytic hydrogenation. |
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The reaction between t he thiopyridyl ester (222) - and a suitable Gignard
reagent produces the ketones 5 (230). ferr] 10 As
shown in Scheme 36 when t&e inmidazole 4- and/or 5--posi tion contains an
-al dehyde- (231Ww0 $wo028EacCt i oervi th organonetal i c reagents soThUSYe/03677
Gignard or al kyl /aryllithiumreagents v@81 yield alcohols (232) 15
which in turn nmay be transfornmed into a variety_gf other functionality
famliar to one skilled in the art. o

\ Ne—my X
a) | / X" . | . N-—,}Ar
. 7—R /( A _ps
(CHy), . (),
»d’
' o
—==R1 _p1
s, ¥ . ., TR
113/'§’\l!2 . Rs/ *’\iz
231 238
(X = Br or 1) Ar = aryl or heteroaryl

. 238
pd°
N—_CH,Ar
A g
. ] [ |
ArCHML (CHyp),
pd’
¥
-—-Rl
- i
R,/-»\iz
) 240
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Scheme 38 {continued)
N— A
_ _ ¥ ffi_ky
)
Ao an (CHy),
:
)
ARt
_J
2 g2
A = CEC(CHp) A, S
or © 241
CH=CH (CH_) yAr
X = 0-8

COmpounds of formula I where R7 = arylalkenyl and
RS = CH20H, aldehyde, or COOH can be prepared as shown

in Scheme 39.
2—Alkylimidazole—4 5-d1carboxylic acids (242),

prepared by the method of R.G. Fargher and F.L. Pyman

(L. Chem. Soc., 1919, 115, 217), can be converted into
their correspond;ng diesters (ZAZ) by simply refluxing
in an alcohol solvent in the presence of an acid such as
HC1, or by many other methods familiar to one skilled in
the art. - : -
Diester (243) can then be converted into its
metallic salt by reaction with sodium methoxide, sodium
ethoxide, sodium hydridé; potassium hydride or any other
base in an appropriate solvent such as DMF. .The
resultant salt is then alkylated with the appropriately
substituted benzyl derivative (2) to yield

benzylimidazole (244). The above alkylation sequence
may be also performed by heating or refluxing the beﬁzyl
halide (tosylate'o: mesylate) (2) with imidazole (243)
in a solvent such as DMF in the presence of an acid
scavenger such as potassium or sodium carbonate.

-
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5. ®* As shown in Schene 37, ester. 234 may be obtained by - direct

oxi dati on .of al dehyde 233 with NaCN, Mh(Jerr] in t hanol (Corey, E. J.,

et.al. J. Am_ Chem Soc. ¥ 1968) 90, 5616). Oxi dat i- n of ZSﬁgy th NaCN
MO err], andW@P1/0028lyi ne 5. 2-propanol l.eads to the cofrespo &P@?
235 10 (Glmn, NN W Chem Comm (1971) 9.733) |

92 [err] ' : ;

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

'5 solvent such as THF yields primarily aldehyde (247) with
a2 minor product d:l.aldehydé (246). Separation of (241)
 from (24€6) either by crystallization or
chromatog:iphicany, followed by Wittig reaction of
(247) with the appropriately substituted

10 arylalkylidenetriphenylphosphorane in an inert solvent
such as THF yields the 4-arylalkenyl-5- hydroxymethyl-
imidazole (24R). Further oxidation of (248) with the
Dess-Martin periodinane (J. Org. Chem,, 1983, 48, 4155),
with manganese dioxide, with pyridinium chloto_chromate,

15 with barium manganate or with other oxidants familiar to
one skilled in the art; in an inert solvent such as THF
or methylené chloride f_bllowed by deprotection of either
Rl, R2, or R3 1f necessary yields the 4-arylalkenyl-

, imidazole-s-carbéxaldehyde (249) . -

20 Oxidation of (249) with, for example, manganese
dioxide/cyanide ion (Corey, E.J., et al, L_Am._ﬂhgm..
Soc., 1968, 90, 5616) or with potassium permanganate
(Sam, D.J. et al. J. Am. Chem, Soc,., 1972, 94, 4024)

- yields 4-arylalkenylimidazole-5-carboxylic acid (250).
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5 ‘ Saponi fication of ester 234 will lead to carboxylic acid 236
Al dehyde 233, in turn, nmay be“made fromthe correspondlfg al cohol 17 by a
vartety of nethods fan1llar“to one skilled in the art ncl udi ng pyridi um
93 . chl or YO8 (PCC), ISwern and ceric amoni um ni t r at @CT/USYAL7
oxi dat i ons. Li kewi se,. t he unalggyl at ed hydr oxynet hyli mi dazole

derivative 1(Rerr]=CHerr] OH) nay ungeigo tgf_transfornations

A_‘:\ mn, C0,CHy mem -&002033
COOHnnim 'ge Rs CO,CH; Br-(CH CO,CH,
i i 1:’-.";’3:271“ %\ C'@A]
= T 3R TN
3“
AR

CH,0H

ﬂ ‘gcnzon"' ,Q 1 /q ~CH,0H
( z) '

)

) ) l.' Rl—l'/

R_z"\g. 3 Rz"\R_s R2°\p3
u .

' l #hPoCH-{ (CH oAryl)
wictig Reaction

cHy), , (CH), Aryl]
H .

/«N (}leH oxidize x oxidize N

RS i outaise R
(CH) .::::::: «::%’ deprocect (
% - R N7 '

R} R2 ‘\RS : th"‘\RS -
R? R? , .
T o =
5 Imidazoles represented by structure (251) where X

is C1, Br or I and E is an electron withdrawing group
- such as an ester, ketone, nitro, alkyiéulfonyl,

arylsulfonyl, étc., can undergo the nucleophilic

aromatic substitution reaction (B. Schubert, H. Simon,
10 A. Jumar Z. Chem. (1968) 62-63) where the leaving group

X is substituted by a nucleophile such as sulfur,

carbon, or nitrogen to yield adducts (252) ' (Scheme 40).

The reaction can be done in a hydréxylic solvent such as
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W Il



’ : ’ . N N . . .. B

5 to the al dehyde, ester, carboxylic acid and car boxam de - by the

reactyi ons nenti oned above for the al kyl ated case. ' Conpounds 238
(where Ar - aryl or heteroaryl as . described in the Ecope under the-
definition of Rlerr]) can * be prepared by the couplihg of an aryl netal

derivative 10 WRSM00¥lere M L. ZnBr, Me[err]Sn, B(OH)[err], et PCT/AISH0I6T7 *
hal oi m dazol e 237 in the presence of a tran% tion netal cat al yst such
as palladium nickel, platinum zirconium -etc. (Schene 38a).
Alternatively an i mmi&hahelrmtalon-hyddef:yllﬁt lgeavaae $ach bﬁ osspled dobman

aryl halide to 15 pr %@rgéﬁré?@% gg?iux ten{pﬁra%:ur;rm% the me%p%&t'

derivatives 240 can be“prepare ransi
catal ysed coupling &hexaucleophiie somg §F%Wa9°’(‘ﬁ@{delipfm itshere M

= ZnBr, detc )d amishovs m&mtwma§g8ﬁucﬂbphilic. 8|4& may be
repare as esegri n al Ken

gl kSnyI net al gdr %\?‘gtol ggh%lmf n?’ﬁ g6$¥%%£§ﬁd jL%T‘%égi@ %Eea?ﬁ %‘
(AH) with 237 of sod wewfs‘pxiﬁeeaaﬂath@mtleé dezRie| @81) 1

g[ﬁr r] 3825d ?rF or Ix%aclmbpuﬂﬂ@s Uhd1bReC ot 'E?y&%ﬁ%l@ ?:ét‘i%a féniléls,
chenme 38a- or refenenges ran I on al yse u |ng
reactions, see R ch& gt ‘ig@r&mi es, Eﬁ% %%&@m@ im’@

Synt hesi s, "Academ ¢ h&tcssprylamm,Yeltb,., byt ldax €0 G'neirnkﬁ,lednﬂn the
references citedg30 gyeherei n) ' The conpounds of fornmula | where

Rlerr] is an aryI al ken oup or an arylal kynyl group and _the -
car bon- car bon doubl e or Fyﬂlg 'bﬁﬁ‘ﬂ@’é’ 1ggph éh?ai’c’er\’@ef’o the zefulitAplazol e

ring (e.g., R err] -sul€ifesr¢an dse ok SHe tihe) porresponding ﬂﬁmfexinéserr]
0) can be prepared by ah3EbhcY MY weltibls familiar to one skilled in the

art.
i5
Scheme 40
X
i
~ Nucleophile "Nu
" Solvent
4%
31 252
20 The compounds of this invention and their

preparation can be understood further by the following
'exampl_es, which do not constitute a limitation of the
invention. 1In these examples, unless otherwise
" indicated, all temperatures are in degrees centigrade
25 and'part_s and perdéntages are by weight.
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el ongation nethods_and..chain coupling.reactions-known to one

Skilled in the art including those described in Schenes 3, 28, 29, 33,

35, 36, and 38. The conpounds of formula | where Rlerr] is an
aryl al kyl -5 group (R[erﬁ} = (CHerr])[err]Ar, where w ;Zﬁyﬁgyu&ggz
+ prepar edV@91/00281educt i on }of the correspondi ng al kenes ( atalytlc

hydrogenation. . [ etob

. Example 1

S
N
M P )
_ )lz CH,OH
. n »

5 PART A: Preparation of S-hydtoxymethyl-Q-iodo-z-n-
propylimidazole.

A solution of 31.5 g of 4(5)-hydroxymethyl-2-n-
10 .propylimidazole and 50.6 g of N-iodosuccinimide in 560
mL of 1,4-dioxane and 480 mL of 2-methoxyethanol 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
15 the product as a2 yellow solid: mp 169-170°C. NMR ' _
(DMSO-dg) 812.06 (br s, 1H); 5.08 (t, 1H); 4.27 (d, 2H);
2.50 (t, 2H); 1.59 (sext., 2H); 0.84 (t, 3H).

20
Part B: Preparation of 4—iodo-z—n-propylimidazole-5—
' carboxaldehyde

25 To a solution of 35.8 g of S-hydroxymethyl-4-iodo~-
' 2-n-propylimidazole in 325 mL of glacial acetic acid at
20°C was added dropwise ovér 1 h 290 mL of 1.0 N aqueous .
ceric ammonium nitrate solution. The resulting mixture
was stirred at 20°C for 1 h. The :eaction mixture then -

///
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96 “[err]
aryl al kenyl and

Conpounds of formula I where Rlerr] =

R[err]': CH[err]CH al dehyde, or fPOCH can be prepared

as-*shown 5 woeifdsne 39.° : 2- Al kyl i mi dazol e- 4, 5- di caR@IYS90703637 ds
(242), prepared by the nethod of R G Fargher and F.L. Pyman (J.
. Chem Soc., 1919, 115 217), can be conveoted into their correspOnding

di esters (243) refl uxin coho vent
presence of an a%? égiﬁ$ with Fgferbr 4hPﬁﬁ§ﬁy é gn% Ilar to
one skilled i n aquédus acdium hydroxide em]a:ti(o’MB)mdaaxttmtém wahert ed

into its codh i éﬁi%ﬁ:ﬁﬁlﬁ b&h@é&ﬁnﬂ:ﬁ&ed&"'éd%;ﬁ‘l@ #%H@ﬁh@é‘fé’% sty um 15

et hoxi de,
approprlate solvﬁ

potassi um or Pase in an
h yjateT ang\bringe dr ied oven 2% Y§§P?3|%°4148h al kyl at ed

WIth the apprwprsaiﬂﬁe, -£11¢eRel) t #h@ dedrtdentrated. v athe erésiltishg/i el d
crude solid was :ecrystallized from l—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).

10

" .
N_ CHO .
é .

PART C: Preparation of 4-(naphth-l-yl)-2-n-

propylimidazole-5-carboxaldehyde.

15

A solution of 2.64 ¢ (OLoilﬁol) of 4-iodo-2-

n-propylimidazole-s—carboxaldehydé, toluene (40 mL), and
0.33 g (0.00029 mol) of tetrakistriphenylphosphine

20 palladium (0) was stirred at room temperature-under '
nitrogen, while a solution of 3.44 g (0.022 mol) of
i-naphthylboronic acid in 50 mL of ethanol was slowly
added. The reaction was stirred for 5 minutes, after
which 12 mL of 2M sodium carbonate was slowly added.

25 After the addition was completéd, the reaction was
refluxed for 48 h and cooled. The reaction was

:iltéred, the filtrate was evaporated under reduced

pressure, and the resu;ting residue was diésolved in 300

mL of methylene chloride, washed twice with 100 mL of

_ Thls Sheet Has Been Replaced
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benZyl i m dazol e (244). The ahove al kyl ati on sequence 20 may be also
performed b heatl ns? refluxi ng the benzyl hal i de [ tosyl ate or

mesyl ate) ( m dazol e (243) in a solvent such ‘as DRETAUS90/03677
presence of an aC| d scavenger such as _potassi um or -sodi um car bonat e.
97 - Diester (244) can be reduced®fth lithiumalum num - hydride

IS 2 | 22t : Cgr E) Xlsgngeaﬁufwéu ae%aildﬁ. Eaélbbtgi 53oﬁstrf&§pﬁa9hege€iéfé&m:} ( 23?
‘inert 5 sol vent éﬁ@rﬂ"{a of g S‘&g HP*’ﬁﬁrl‘P'\E% aﬂfg%@dg"giﬁﬂi%t:ﬂ& "r‘}"

m nor product di afdmyd&c.‘(.ma)he Sclalayeorwad mezie/pasic withn $0%6) ei t her
by crystallizati ﬁgdﬁﬁmap%%{)&%i:aggﬁg& Ehgaéﬁym f OlskltO%stﬁo.Wx{t | Ghd €action

f 247) wit
gr yl al k§/| i den%mt r bagd ﬁyﬁ#ﬂkﬂﬁéﬁ%n@aﬁne&hr#?ﬁsﬁq thyegcfidmes withp30Q mi-

yields the 4-arybgl kethyidne fihdiopsnest bxeé - methyleaedembeiba@ayefwdéwer
oxi dation of (24 rt|n perio

th the
Toss. 4, 4155), dEied gver adtem SRISHEC, o "Syanp o PR ISR, Feduced
chl or ochr onat e, ties\sutebarlmmamganagemrowq Imcd.t,héu%mxoﬂaprsddetm liar to

one skilled in tRARa{EDCLY) B 1104Q5! (ﬁplm.t $uzh @5 18F; 7.201 (wWetimylene

chloride foll owed bx deprotection of either Rl err R[err] or R[err]'
i f necessaryl9i eRd8 th’é' Ry | laBe i - 28) 7 1 Rlattel 8 car boxal dehyde .
(249). 20 Oxi dation of (249) with, for exanple, manganese

di oxi de/ cyanide ion (Corey, E. J., Jet al. J. Am Chem Soc., 1968, 90,
5616) or with potassium permangangdte - (Sam D.J. et al. J. Am Chem -
-Soc., 1972, 94, 4024) yi el dgZ4 8 y! al kenyl i mi dazol e-5-carboxylic acid
(250) :

CPh;,

Part D: Preparation of 4-Methyl-2'-(N-triphenyl-
15 methyl-(1H-tetrazol-5-yl) )biphenyl

4'-Methylbiphenyl-2-nitrile (preparation described
in European patent application 6253310, published on
20 20.01.88) (10.00 g, 51.7 mmol, 1 eq), tri-n-butyltin
chloride (14.0 mL, 51.7 mmol, 1 eq), sodium azide (3.4 g
51.7 mmél, 1 eq), and xylene (50 mlL) were mixed and
refluxed for 64 h after which the reaction mixture was
cooled to room temperature. 10.0 N NaOH (6.10 mL, .061
25 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 obtained were filtered,

e
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98 [err]

. WO91/00281 . | . o PCT/US90/03677

10

15

20

25

. ‘103
washed with water (2X55 mL) washed once with 3:2
heptane/toluene (55 mL) and dried overnight under high
vacuum to yield 19.97 g of a light yellow powder; mp
148.0-155.0°C (dec ). These solids were slurried in
ethyl acetate (75 mL) and filtered to yield 15.0 g of a
1ight yellow powder: mp 164.0-165.5°C (dec.). NMR
(CDCl13) $ 7.91 (d, 1H, J=9Hz); 7.53-7.18 (m, 13H); 7.02-
6.84 (m, 9H); 2.25 (s, 3H).

A\

Part E: Preparation of 4-Bramomethy1-2'A(N-triphenyl—'
: ' methyl-(1lH-tetrazol-5-yl))biphenyl,
. & representative procedure.

-Q-Me;hyl-Zl-(N-tiiphenylmethyl-(1H-tet:azol-5-
yl))biphenyl {(52.07 g, 109 mmol, 1 eq; for preparation,
see Example 95, Part B),_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 coéled to room temperature and the
succinimide f#ltered. The filtrate was concentrated and
the residuve triturated with ether to yield a first crop
of 36.0 g:mp 129.5-133.0°C (dec.). NMR (CDCl3) & 4.37
(CH2Br). This material was suitable for further

' transformation.
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5 = | m dazol es represented by structure (251) where X Is dd, Br

and E is an el ectron wi thdraw ng group such as an estjer o
al kyl sul f onMO 91700281 y| sul f orryl , etc., can undergo the nu’cl eoﬁﬁﬂ?ﬂlﬂﬁéﬁ
aromatic substitution reaction (H. Schubenm4 H Sinmon, 10 A Jumar Z.

Chem (1968) 62-63) where the |eaving group Xis substituted by a. -
nucl eophi |l e such as sul fur, carbon, or § ' ogen to yield adducts (252)
(Schene 40). The reactlon can be done ®droxylic solvent such as
99 met hanol or non-hydroxylic sol vent JDVBO at room

tenperature to the reflux tenperature of ent. The nucl eophil e
soneti nmes nust be converted into its i on to nmake+it nore nucleophilic.
For exanple, 5 thionaphthol can r : in methanol in the presence

of sodi um nmet hoxi de and the hal ol nmi'dazolfe ( . Ot her ~nucl eophi |l es

i hcl ude ot her arylthiols, heteroarylthiofs, aryl sul f onam des,

het er oaryl sul f onami des, arylantnes > ervpryl anm nes, etc., famliar to
one skilled in the 10 art. -

JN. N
Phy,C” °N

Part F: Preparation of 4—(naphth—l—yi)-2-n-propy1—1-

5 ' [(2'~(N~-triphenylmethyl-(1E-tetrazol-5-yl))
biphenyl-d-yl)methyllimidazole-s-carboxal-
dehyde.

10 A suspension of 4-(naphth-1-yl)-2-n-propyl-

imidazole-5-carboxaldehyde (0.90 g, 39.7 mmol, 1 eq),
4-bromomethyl-2'6(N-triphenylmethyl-(1u-tgtrazol-5-
yl))biphenyl (2.03 g, 43.7 mmol), 1.1 eq), dry DMF (20
- mL), and 3.0 g of potassium carbonate was stirred at
15 room temperature for 18 h. The reaction mixture was
filtered, the precipitate was washed with methylene
chloride and evaporéted'uhder reduced pressure. The
residue was-chromatqgraphed in 98:2 methylene
- chloride/ethyl acetate over silica gel to yield a yellow
. 20 foam. Yield: 1.50 g. 'NMR (CDCl3) & 9. 45 (s, 1H); 7.85
(m, 1H); 6.86-7.45 (m, 29H); 5.55 (s, 2H). 2.60 (t, 2H):
1.80 (m, 2H); 0.95 (t, 3H).

—__’_f_d_{'_{-————'{_‘—_
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|7 & sulfur nucleophile is used, the resultant - sul fi des can be oxidized

to the correspondi ng sul foxides and sul fones by yrethods famliar to one
skilled i nv)é?, art. <15 [err] : 20 pCIressmo¥eTRNdS
of this in YA8Lnd ¢ helwr preparati,@a can be understood further by

the fol | owi ng exanpl es, which do not 3&
I nvention. In these exanples, unless othj
tenperatures are in degrees centigrade .

wei ght .

-nstltute a limtation of the
NS8, i ndi cated, al
parts and percentages are by

Part G: Preparation of 4-(naphth-1l-yl)-2-n-propyl-1-
5 f(2'- (1H—tetrazol—5-yl)biphenyl—4-
yl)methyl]imidazole-5~carboxaldehyde.

_ 4~ (Naphth-1-yl) ~2-n<propyl-1~[(2'~(N-triphenyl-
10 uethyl-(ln-tetrazol-s-yl))bipheny1-4-yl)methyll-
imidazole-5-carboxaldehyde (1.50 g), THF (80 mL), and
10% RCl were stirred at room temperature. After 8 hr,
the mixture was poured into ice/5% NaOH and the pH was
" adjusted to.10. The resultant solids were filtered and
15 the pH of the filtrate was adjusted to 4-5 with 10% HC1.
~ The turbide solution was extracted with 80/20 methylene
chloride/i-propanol (3X100 mlL), - the organic phase was

- dried over sodium sulfate and evaporated under reduced
pressure to yield 0.51 g'of a white glass. NMR (CDCl3)

20 89.35 (s, 1H); 7.78 (m, 1H); 7.60-7.38 (m, 2H);
'7.35-6.96 (m, 12H); 5.62 (s, 18). 2.60 {m, 2H); 1.85 (m,
~ 2H); 0.90 (t, 3H). -
‘ ' ' The following intermediates can be prepared by the
method described in Example 1, Part C.
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100 . - Exanple 1 [err] 5 PART A

Prepar ati on dr oxynet hyl - 4-i odo- 2- n- : ropyl i m dazol e.
A sol ution ?’@Xﬂ of 4(5)-thydroxynethyl-2-n- 10 prop i M BETAIS0203877
50.6 g of N- i odosucci nim de in 560 mL of 1, 4-di oxane and 480 ni of
2- et hoxyet hanol was stirred at 45[err3®for 2 h. The sol vents then
wer e ‘renoved under vacuum The resul tipggygof i'ds were washed with
distilled water and then were dried to afford 54.6 g of 15 the product as
a yellow solid: np 169-170[err]C. NWR (DI\/SQd[err]) [err]12 06 (br s,
1H); 5.08 (t, 1H); 4.27 (d, 2H); 2 50 ZH), 1.59 (sext., 2H); 0.84
(t, 3H. err, Par t B Prepar ati on
of 4-iodo-2-n-propylimdazol e-5- ,( car boxal dehyde
6 o '
'0
e §
o

n-propyl
10
n-propyl
n-propyl
- n=propyl
15
I'hL, Sheet Has Been R,

i Il i



25 _“ To a solution of 35.8 g of 5-hydroxynethyl -4-i odo-
2-n-propylimdazole in 325 nL of glacial acetic acid,at 20C was added
dropwi se over 1 h 290 nL.of 1.0 N aqueous ceric anmoni UNpEFAUS99/03677
sol ution. WMt ng mixture was stirred at -20C for 1 h. Them“
reaction m xture then 101 was
diluted with water, adjusted to pH 5-6 en{)ﬂ)yl ng aqueous sodi um

hydr oxi de sol ution, and extracted wdble 1 (ebhtimied)n The conbi ned organic
phases were washed with water and brine, dried over anhydrous sodium5
sulfate, filtered, and concentrated. The resysting - crude solid was
recrystallized from 1-chl orobutane to sh 29.9 g of product as a
light yellow solid; nmp 141-142C. - [err]) [err] 11.51 (br s,
1H); 9.43 (s, 1H); 2.81 (t, 2H); .97 (t 3H). 10
[er r‘] '

5 - RS R7 mp (°C)
n-propyl . ]

F

n-propyl -

AN

wax

Q

$7N |
| |

e wax®

-,

n-propyl

dr\l‘_

n-propyl o @@ wax

< . - P T
) . ' wax
| . n-propyl _ .
Thls Sheet Has Been Rep
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PAR'[:C: Preparati on of 4-(naphth-1-yl)-2-n-- :
propyl i m dazol e- 5- car boxal dehyde. 15 A solution of 2.64 g (0.01
mol 3 of 4-i odWO021/00281 n- pr opyli m dazol e- 5- car boxal dehyde, 't ol upars($6b/08677
and - 0.33 g (0.00029 nol) of tetrakist ripggny! phosphine 20 palladi um
(0) was stirred-at. roomtenperature under nitrogen, while a solution of
3.44 g (0.022 nol) of 1- napht hyl Pabdei ¢ gcontimued} Nl of et hanol was
slowy added. The reaction was stirred for 5 mnutes, after whi ch
12 nL of 2M sodi um carbonate was slowWy added. 25 After the addition was
conpl eted, the reaction was “refluxed fg and cool ed. The reaction
was filtered, the filtrate was evapor g ea\\under reduced pressure,
and the resulting residue was dissol ved_sidiSO' nmL of met hyl ene

chl ori‘de,- washed twice with 100 nL of R* N CHO ' - _
102 - sat urated sodi um chl oride sol ution, lwashed twice with 100 nL of
distilled water, and washed twice with 300 HL of 10% HC . The HO | ayer
was nmade basic with 50% - sodium hydroxide until the pH=10. At this

point, the 5 basi cRbater |ayer wad? extracted three tn s_cyvith 300 nL

of nethylene chloride, the nethylene chlroride rayer was dri‘ed over

sodi um sul fate and evaporated under reduced . pressure. Yield: 0.90 g
(0.0034 nol ; 349% of product. NVR Qéu:l[err]) [err] 11.45 (m 1H); 9.42

(s, 1H; 7.28 (m 7H); 10 "2.82 (t, RHA 1.8 (m 2H; 1.01.(t, 3H).

S0
_ ,\ ._

n-propyl i[ ] : ;l

N ‘,:‘\

10 _ :
‘n-propyl
n-prbpyl ) N
_ N
15 }‘z_ N
7
n~propyl
, 2N

~ This Sheet Has Been Replaced
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[errf Part D Preparation of 4- NEthyI 2' -(N-triphenyl - 15
met hyl - (1H-t etrazol - 5-yl ) ) bi phenyl

}
- Met hyl bi phg\%é gq% ytrile-(preparation descri bed I:n Eur pagsesrossTy
application E( publ i shed on 20 20.01.88) (10.00 g, 51.7 mml, 1 eq),
tri-n-butyltin chloride (14.0 nL, 51.¥%mpl, 1 eq), sodiumazide (3.4

51.7 mol., ﬂnm)&mmxinéﬂanﬁo(@ ,) wy;eem@dﬁsqndm, 7.26£7 yeed
for 64 h after vvhlchthereatlg g1xture was groom
tenperature. 10.0 N Nat®4 nf> CosBg 1) (mq e 0:24qg (Fri £ -

chi ori de (14.99 g,b_mas(cms) a 9.44. 5} aqm.wssthe,nziﬁdea aAd (mhe2Mi xt ur e
stirred for 24 h Loy a a 190 wer e
added. The resultant sﬁurry EH }Nfir:éds ftgo?ﬂl’]gd? ?%)(' 1 Rgtﬁl

resul tant solids thus oBbai ned vvere filtered,
103 CNMR {CDC13) 2 9.53 (s, 1H), 7.74 (m, IH), 7.64 (m, 1lH),

7.28 (m, 2H), 3. 73 (g, 2H), 3.40 (s, 4H), 1 87 (m,
2H), 1.24 (t, 3H)
dNMR (CDC13) @ 9.88 (s, 1H), 8.22 (s, 1H), 7. 88 (m, 4H),
10 7.53 (m, 2H), 2.87 (t, 2H), 1.87 (m, 2H), 1.03 (t,
. 3H). - |
eNMR (DMSO-Dg) d 9.85 (s, 1H), 8.30 (s, 1H), B.14 (s,

1H); 7.60-7.90 (m, 2H), 7.01-7.21 (m, 2H), 3.93 (s,
3H), 2.78 (t, 2H), 1.85 (m, 2H), 1.01 u—., 3H).

15
The compounds in Table 2 can be made by the
procedure descr:.bed in Example 1 or by methods descrzbed
in European Patent Application 0253310 (publication
date: 20.01.88).

20

Th:s Sheet Has Been Replaced
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mashéd with water (2X55 nl) washed once with 3:2 hept ane/ t ol uene {55
m.) “and drled overnlght under hi gh vacuumto yield 19.97 ¢ of a light
yeld ow powdeWO 00281 148, 0-155. O[err] C (dec.). These sol'ids WeoTPUSIoAsseTed
in5 ethyl acetat e (75 mL) and filtered t yweld 15.0 g of a | i ght

yel | ow powder: np 164.0-165.5C (dec.). M%?a CDCl [err]) [err] 7.91 (d,
1H, J=9Hz); 7.53-7.18 (m 13H); 7.02- gbls m 9H); 2.25 (s, 3H).

[err] - 10 Part E: Preparation of

4- Brononet hyl -2' - (N-tri phenyl - '
met hyl -'(1Htetrazol - 5-yl)) bi phenyl, "a representative
procedure. 15 4- Met hyl - ik v i henyl net hyl - (1H-tetrazol - 5-
yl)) bi phenyl (52.07 g, 109 mol, 1 eq s gtion, see Exampl e 95,
Part B), N-bronosuccininmde (19.4 g, 109 2 mrol, 1 eq) benzoyl peroxide
(1.0 g) and carbon . tetrachloride (300 glL) were nixed and refluxed for
2. 5 h. The reaction was cooled to roomtenperature and the
succi ni m de fi%ter The filtrate was concentrated and t he residue
triturated with e lest crop 25 of 8p@°@) np 129.5-133.0C
(dec.). NWR (CDCl[err]) [err] 4.37 (CHZBr) This material was -
suitable for further transfornmagion. :

: s

n-propyl

n-propyl : ' =
2N

L d
.10 _ '
) ’ Vv
n-propyl N
n’PFOPYI
n-propyl
15
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1045 [err] Part F. Preparation of
4- qnapht h-1-yl )-2-n-propyl-1- 5-

[(2°-(N-tr thyl -{1Htetrazol -5-yl)) b PCT/US90/03677
bi phenyl - Wt??rré{’%;l ] i m dazol e- 5- car boxal - ‘ dehyde. 10
A suspensi on of 4-(naphth-1-yl9)-2-n-propyil I m dazol e- 5- carboxaldehyde

(0.90 g, 39.7 mol, 1 eq),

4-bronomet hyl - 2' - (N-t ri phenyl net hyF2p1%: 2 efGoRsinugd) yl )) bi phenyl (2.03
g, 43.7 mol), 1.1 eq), dry DVF (20 m.), and 3.0 g of potassium
carbonate was stirred: at R? -

X

R® “x7 “cHO
: : : ' .
. H

5 R6 R? : ~_mp(°C)

S > &

n-propyl

10

n-propyl

n-propyl

15 aNMR (CDCl3) & 9.54 (s, 1H), 8.74 (m, 2H), 8.20 (b, 1H),
7.85 (s, 1H),7.60-774 (m, 4H), 2.90 (t, 2H), 1.92 (m,
2H), 1.08 (t, 3H). '

Thls Sheet Has Been Replaced




15 v+oom tenperature for 18 h. The reaction mxture was filtered, the

pregci pitate was washed with et hyl ene "chloride and gvaporat ed under
reduced prwesreszsilhe resi due was chronmat ographed in 98PCT/ US0/0367E
chloride/ethyl acetate over silica gel ti ield a yellow 20 foam Yield:
1.50 g. NWR (CDC[err]) [err] 9.45 (s, #; 7.85 (m 1H); 6.86-7.45
(m 29H): 5.55 (s, 2H): 2.60 (t, 2H: . 1.80 (m 2H): 0.95 (t, 3H).

105 [err] Part .G .. Preparation ,of
4- (naphth-1-yl)-2-n-propyl -1- 5 rebie 2 P°°“%i‘?“ed9
[(2'-(1Htetrazol -5-yl)bi phenyl -4- _

yl ) met hyl ] i m dazol e- 5- car boxal dehyde. R

It

RE “x CHO

|
B
RS R7 ' mp (°C)
n-propyl _ | N
N
RS
. CH,
_ <
n-propyl m
N "N.
: . \
10 H
_ | N\
n-propyl "2 N
\
. : H
n-propyl N
- N
i .\
“t H
15

: ' i .
L o
Sy

¢

- 'This: Sheet Has Been Replaced
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4- (Naphth-1-yl) -2-n- propyl 1-[(2' - (N—triphehyl- 10
rret‘vﬁyl (1Htetrazol -5-yl))bi phenyl -4-yl)nmethyl]- -~

i m¥dazol e- 5- car boxal dehyde (1.50 g), THF (80 nlL), and | 10% HO  wer e
stirred at woerroeasaperature. After ‘8 hr, t he ni xture WwasPEE/USSQ/0BGYT0
ice/5% NaOH and the pH was - adjusted 2@310. The resultant solids were

filtered and 15 the pH of the: fiIt %t)e vgsozzi%usted to 4-5 wth 10% HC .
The turbide solution was extract ed*®th tﬁé‘f"ﬁ??ene

chl oride/i-propanol (3X100 nlL), the organi c phase was dried over sodium
sul fate and evaporated under reduced presgure to yield 0.51 g of a
white glass. NVR (CDCl[err]) 20 [err] N (s, 1H); 7.78 (m 1H);

7.60-7.38 (m 2H); 7.35-6.96 (m . ;- .62 (s, 1H); 2.60 (m 2H); 1.85
(m 2H); 0.90 (t, 3H). a{ i ntermedi ates can be
prepared by the met hod described in E%arrpl , Part C , 106
[erw] '

5 Rr6 R, | . mp(C)

O

n-propyl ‘3 O
) ' fo)
n-propyl
10
n-propyl
n-propyl
n-propyl
15
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107/ 'f-“' Tabl e 1 (continued) [err]
n- pﬁopyl _ . : Wax
\ .
- WO 91700281 : PCT/US90/03677
114

Table 2 (cbntinuedi

-
e
s’( 1\'
R gi; “CHO
H
5 Rr6 ) R7 - ' mp (°C)
o -
A -
n-propyl
 n-propyl
10
n-propyl
n-propyl wax®
15
®NMR (CDCl3) & 10.13 (s, 1H), 7.66 (m, 2H), 7.43 (s,
1),7.29 (m, 2H), 2.65 (t, 2H), 1.74 (m, 2H), 0.92 (t,
20 3m). |

/ o
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. g _
108 {.err] 10

' WO 91/00281 h | - PCT/US90/03677
' 115

Examples 2-94 in Tables 3 and 4 can be prepared by -

the methods described in Example 1 and by methods
described in European Patent Application 0253310

. " (publication date: 20.01.88).
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-,
N

v .
n- pr opyl 109 [ err] NMR

(DIVISOD[err]) [err] 10.04 (s, 1H), 8.135 (s, 1H), 7.20-7N99 (m
4 2. 65 71 (m 2H), 0.94 (t, 3H). err] ANVMR

[;Drr] 9.44(??am2?i8..55((m |2_|)H), 8. 15((m ;DH),‘ [ ]'7.%W77
2.85 (t, 2H, 1.73 (m 2H), 1.03 (t, 5 116 3H). [err]NMR (CDCl [err])
[err] 9.53 (s, 1H), 7.74 (m 1H), 7.64'(m 1H), - 7.28 (m 2H),
3.73 (g, 2H), 3.40 (s, 4H), 1.87 (m  Table 32H), 1.24 (t, 3H
[err]NMR (CDCl [err]) [err] 9.88 (s, 1H), 822(s 1H) 7.88 (m 4H), 10
7.53 (m 2H), 2.87 (t, 2H), 1.87 (m 2 - 3H)

[err]NVR (DVBO-Dlerr]) [err] 9.85 (s, . 0 8.14 (s,

1H), 7.60-7.90 (m 2H), 7.01-7.21 (mRG (s,,n 3H), 2.78 (t,

2H), 1.85 (m 2H), 1.01 (t, 3H). 15 h& ¥onpounds in Table 2 can

be made by the: procedure described |n- -\- hel or by nethods descri bed

i n European Patent Application 0253310 (pu date 20.01.88). 20

5 Ex. No. RrR6 . RrR7 : mé (°C) .
. o)
2 e 3 4@

3 - n=propyl
10
] . _
n-propyl
5 n-propyl
ThlS Sheet Has Been Repl
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110 [err]
WO 91700281 e 1-1_, PCT/US90/03677
Table 3 (continued)
.5 Bx. No. RS R7 mp (°C)
AN,
] _
n-propyl l l glassa
S
10 :
n-propyl glagsb
n-propyl 130 dec

" This Sheet Has Been Replaced
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¢
n- pr opyl 15 [err]

“ . WO 91/00281. L | * PCT/US90/03677
118

Table 3 (continued)

5 Ex. No. R6

R7 mp_ (°c)
10 _ n‘Pl'OP.Vi glassC®

' . n-propyl . '
11 ' propys . . @ waxd

10 ' | -
N m\ |
i3 n-propyl

N ‘,s’\

.

AN,
14 ' n-propyl m .

15 NN

cet Has Been Replaced
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o>

10 15 [err]NWR (CDO [err]) [er] 9.54 (s, 1H). 8.74 (m

2H), 8.20 (b, 1H), 7.85 (s, 1H),7.60-774 (m 4H), 2.90 (t, 2H), 1.92 (m
) : ' } B
2H: 1'.08 %69?/‘50031 ~¢ 112 Jerr] < PCT/US90/03677
' T 119

Table 3 (continued)

7
J:TR =

CHO . N
N

L/

5 .Ex. No. R6 . R7 ' mp (°C)

15 n-propyl
. | . \
i6 n-propyl ' g P
10 |
. g
17 S =
n-pro
| PTopy . .N
)
AN,
18 n-propyl
=N
19 n-propyl m
. ’ N
15 g
This Sheet Has Been Rep
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WO 91/00281 N PCT/US90/03677
120
Table 3 (continued)
'5 Ex. No. R6 mp (°C)
20 n-propyl
21
n-propyl
10
T e
n-propyl
M )
23 n-propyl

Been Replaced
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N

113- [err] : : n;propyl n- pr opyl
114 ; .
2, o _ 1 . )
- WO0.91/00281 -~ : . ' PCT/US90/03677
121

Table 3 {(continued)

AT

6 H

X

24  n-propyl |
' glass®
25 néprqpyl
10
| 26
' n-propyl
27 n-propyl

This-Sheet Has Been Replaced-
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<)

[err] ' : n- propyl

.t

- WO 91700281 L . PCT/US90/03677
122 '
Table 3 (éont:inued)
N R7
| 'n"«ﬁ\: :cao H
: _ Ny
N N
5. Ex. No. R6 R? mp (°C)
& ~ ‘ .
28 - h=propyl m
. N
\
H
29 - B
n-propyl ’E‘C:P
oy \
H
10
30 n-propyl | N
SN
31 n-propyl
32 n-propy-l
15
/
heet Has Been Replaced
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S T
-

[err]NW(@d[érr]) [er.r] 10.13 (s, 1H), 7.66 (m 2H), .7.43 (s,
1H) 7.29 (m 2H), 2.65 (t, 2H), 1.74 (m 2H), 0.92 (t, 20 3H)

115 ' Exanples 2-94 ip Tables 3 and 4 can be prepared by the th '
descri bed i rwb@en281 1 and :by net hods described in European ngﬁ”’&%%

Application 0253310 (publication date: 20.01288). 116 [err]

Table 3 (continued)

- 5 'Ex. No. - R6 mp (°C)

3 e

34 o
n-propyl

10
36
_ n-propyl

37 ‘n-propyl @ Q _
- ' ._

: ' n-propyil O.
T 15 . o '

This Sheet Has Been Replaced
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117  [err] 118 [err]
N ‘WO 91/00281 b
o : ' 124 o ! PCTIUS90/03677

Table 3 (continued)

S5 Ex. No. g6

mp (°C)

39 o
h=propyl ss

4 n-propyl @ g—- .
. _ ' o glassf

- 10

This Sheet Has Been Replaced
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- - W0 91/00281

10

. .15

20

119 [err]

PCT/US90/03677 .

125

anMR (CDC13) @ 10.03 (s, 1H), 7.4 (m, 1H), 7.84 (m,
1H), 7.77 (s, 1H), 7.54 (m, 1H), 7.38 ( m, 4H),
7.24 (m, 1H), 7.18 (d, 2H), 7.05 (d, 2H), 5.58 (d,
2H), 2.61 (t, 2H), 1.78 (m, 2H), 0.95 (t, 3H).

brMR (CDC13) @ 9.37 (s, 1H), 8.10 (m, 1K), 7.92 (m, 1H),
6.92-7.62 (m, 10H), 5.66 (s, 2H), 2.65 (t, 2H),
1.80 (m, 2H), 1.04 (t, 3H). |

CNMR , (CDC13) @ 9.77 (s, 1H), 8.05 (m, 1H), 7.85 (m, 2H),
7.00-7.83 (m, 10H), 6.95 (m, 1H), 5.61 (s, 2H),
2.59 (t, 2H),1.81 (m, 2H), 1.01 (t, 3H).

dNMR (CDC13) 9 9.76 (s, 1H), 8.14 (m, 1H), 7.92 (m, 2H),
7.73 (m, 2H), 7.55 (m; 3H), 7.28 (m, 4H), 7.11 (m,
2H), 5.64 (s, 2H), 3.96 (s, 3H), 2.63 (t, 2H), 1;75
(m, 2H), 1.01 (t, 3H).

~ ©NMR (CDC13) O 9.46 (s, 1H), 8.67 (m, 1n),_7.ea_(m, 1H),

7.41-7.65 (m, 6H), 6.90-7.34 (m, 10H), 5.30 (s,
2H), 2.62 (t, 2H), 1.78 (m, 2H), 1.06 (t, 3H)
fNMR (CDC13) 9 10.45 (s, 1H), B8.00 (m, '1H), 7.46-7.62
. (m, 4H), 7.23-7.40 (m, 5H), 7.23 (d, 2H), 7.02 (d,
'2H), 5.56 (s, 2H), 2.58 (t, 2H), 1.74 (m, 2H), 0.94
(t, 3R)

This Sheet Has Been Replaced
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10

<3

120 [err]

10

43 n-propyl . O O

15 44

Thls Sheet Has Been Rep laced

‘WO 91/60281 PCI/US90/03677
126
Table 4
N~—x—R7
A%
RG N RB
A
T
5 Ex. RS R7 RS x A mp (°C)
_No. :
a0
42 n-propyl 0o COOH single bond CNgH

COOH single bond Cﬂqﬁ

COOH single bond cNgR

»



-

"4 .
16 22 121 [err]

‘WO 91700281

122

127

[err] [err]

i . .
PCT/US90/03677

Table 4 (continued)

N
R"’(,

X

\
N

Ra

g8

R"

A

&

‘A mp (°C)

45 n-propyl

i0

46 - n-propyl

47 n-propyl

COOH single bond CNgH

COOH single bond CNgH

CHO

This Sheet Has Been Reblaced

single bond COOH



¢

:123 [err]

124

flerr] .
) [err] 10. 03

7.94 (m 1H), 7.84 (m
(7 24’%59%3677 18

err] (s, 1H),
i|2_|)5 , 77[%#2@2&@4[ 7.38 (m 4H), et (1, 2 TS
(d, 2H), 7.05 (d, 2H), 5. 58 (0I 28 - .
0.95 (t, 3H).
’ _ Table 4 (continued)
N=—x—R’
Vi \S
RG N Ra
5 Ex. g6 R? Rr8 A mp (°%C)
No. '
18 n;p:opyl' ™ CHO  single bond COOH
10 . _
- A
19 . n-propyl | CHO single bond COOH
) _
50 n-propyl \~ CHO single bond COOH
15 ' .
51 .n-p;:opyl | CHO

single bond COOH

Sheet Has Been Replaced
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~

"[ervr]NNR(CDCI[err]) [érr] 9.37 (s, 1H), 8.10 (m- 1H), 7..92 I(m 1H),

FAM\ING"—'Aoo@M\ll—\mm

.92-7.62 (m 10H), 5.66 (s, 2H), 2.65 (t, 2H), i 1.80 (m 2H),
.04 (t, 3Hyvose1roe28€’ 1 NVR,(CDC [err]) [err] 9.77 (s, 1H), 8@,@@0,@@)7
.'85(m 2H) , 7.00-7.83 (m 10H), 6.95 (m 1H), 5.61 (s,
.59 (t, 2H),1.81 (m 2H), 1.01 (t, 3H. 329 [err]NIVR(CDCI[err]) [err]
.76 (s, 1H), 8.14 (m 1H), 7.92(m 2H) 7.73 (m 2H), 7.55 (m .
H, 7.28 (m 4H), 7.11 (m (s, . 2H), 3.96 (s, 3H), 2.63
t, 2H), 1.76 (m 2H), "'@PI&"éﬁ?“t&’Sued)[err]Nl\/R(CDO[err])
err] 9.46 (s, 1H), 8.67 (m 1H), 788(m lH) 7.41-7.65 (m
Hy, 6.90-7.34 (m 10H), 5.30 (s, 2.62 (t, 2H), 1.78 (m
H, -1.06 (t, 3H) . [err] NMR ( §2 a 10 45 (s, 1H), 8.00 (m 1H),
. 46-7.62 (m 4H), 7.23- 7R& o aﬂ) '7.23 (d, 2H), 7.02 (d, 20
H), ,5.56 (s, 2H), 2.58 (t, 2H), 1.74 ( 0.94 (t, 3H)
26 [err] 127 ' A- ,
5 Ex. RS R? R®  x A mp (°C)
N .
52 n-prqp'yl l”’ N CHO single bond COOH
10
-
AAS
o
_ - _
53 n-propyl N CHO single bond NHSO2CF;
54 n-propyl CHO single bond. NHSO2CF3
15
This Sheet Has Been Replaced .

11




~

[err]v - - 128 Jerr]. . 129 ferr]
s WO 91/00281 . : g PCT/US90/03677 -
| 130

Table 4 (continued)

| N R’
' \S
R"L,N_ |

RB

5 Ex. RS R7 L x A mp (°C)

L0

55 n-propyl .

CHO single bond NHSO2CF3

10 - - - | -
T . 56 n-propyl z ' .C!lb single' bond ‘NHSO2CF3
4 .
| @ N
57 n-propyl 2N CHO  single bond anoécr3
15 . : . _

58 n-propyl CHO single bond N'nsozcr:g'

- 'This Sheet Has Been Replaced
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10 - 130 [err] L 131

8 WO 91/00281 .. ! PCT/US90/03677
a31

Table 4 (continued)

s w
.

N~ R®
a

5 Ex. RS - r7 - R x a mp (°C)
No. ' :

58 - n-propyl : ' CHO  ~NHCO- CN4H

10
60 n-propyl CHO =0~ CNzH .
61 n-propyl CHO -§- CNgH

. This Sheet Has Been Replaced
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[err] . 132 [err] . 133 [err]

_ ) :
8 WO 91/00281 5 1 PCT/US%0/03677
132
Table 4 (continued)
N R?
o\
RS “n” "R
a
x
5 Ex. RS | R7 RS X a mp (°C)
No. '
62 n-propyl | CHO  -Co- CN4H
10
63 n-propyl ‘CHO -dcnz- CN4H
64 ~ n-propyl - 1 _ CHO  ~CH=CH~- CN;I!.
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Table 4 (continued)
N R’
A X
R¢” "N RS
A
X
5 Ex. RrE R7 RE x A mp (°C)

65 n-propyl CH20H single bond CNg4H .

10
N
66 . L ) ]
. n=-propyl : CH, CH20H single bond CNgH
SIS
_ AN,
67 n-propyl . CH, CH20H single bond CNgH
15 '
\l .
T
: ’ N‘
68 n-propyl H CH20H single bond CN4H
is Sheet Has Been Replaced

L

T




-~
[ 4

134 .[err] . 135  [err] 136 [err]
: o t .
| WO 91/006281 - ' : PCT/US90/03677
134

' Table 4 (continued)

,«1—’0

A
5 Ex. &S R7 R x a mp (°C)
o .
. "s‘ ' N\ |
69 n-propyl H CH20H single bond CN4H
10
N
N
A \H _
70 n-propyl | CH20H single bond CN4H
71 n-propyl - CH20H single bond CN4H
15 | k

72 n-propyl . ‘E :O CH20H single bond CNgH

_. This Sheet Has Been Replaced :
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137  [err] 138 [err] bQ A - 15
WO 91/00281 : ' L PCT/US90/03677
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. Table 4 (continued).

LX)

5 Ex. RS R? RE x A mp (°C)

73 n-propyl CH20R single bond CNgH

10 :
RS > A
q n-propyl CH20H single bond CN4H
75 n-propyl _ ‘ 'S : CH20H single bond CN4H
15
76. . m-propyl ‘:S Cuzon single bond CNgH
-

This Sheet Has Been Replacea

[ I



141, [err] WO 91/00281 T ), PCT/US90/03677

136

Table 4 (contirnued)

5 EBx. &S R? - R x A mp (%)

' ar _
77 n-propyl “ IR CHzOB single bond CNgH

10 : )
78 n-propyl " CH20H single bond CNgH
79 n-propyl N - CH20H single bond CNgH
15 '

80 n-propyl - @G CHO  single bond CNgH

20 81 n-propyl ~CH=CH @G CHO single bond cﬁ;n

heet Has Been Replaced
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PART ‘A Preparati on of 2-n-Propyl -4, 5- di car bomet hoxy-
| m dazol e 10 2-n- Propyl i m dazol e- 4, 5-di carboxylic acid [prepar ed
by* t he mat‘pa(hﬂg,ﬁ G Fargher and F. L. Pynan (J. Chem PCBOUS90/0381D,
115 217) %(dec) [err]C (17.14 g, 86.6 15 nmol, 1 eq), nethanol.
(400 ni) and acetyl chloride (38.1 ni37 534 mol, 6 eq) wer e cautiously
m xed (acetyl chloride addition to nethanol. is very exothermc) and
refl uxed overnight. The sol vent ; v and water (100 ni)
and 10 N NaOH were .added unti | pm@ﬂ%q i“%ghgaéggﬁg m xture -was extracted
with ethyl acetate (3X), the organic Ia¥ers conbi ned, dried
(MgSA err]) and the sol vent renpov® Rvacuo to yiel d 12.00 g of a
whi t.e solid. Recrystallization " >§ane/ et hyl acetate yi el ded
11.41 g of a white solid (58%; nrpR 25 N16R"0-164.5C. NWR (CDd [err])
[err]395(s 6H); 2.78 (t, 2H) ; 13 of t, 2H, J??Hz) 0.97 (t,
3H, J=7 Hz); IR (neat) 1735 cnferr]. cagcd for '

Cerr]Herr]Nerr]derr].(Herr]OO0. 25: Q , 6.28; N, 12.14.
Found: C, 52.06; H 6.17; N 12.49.

142

5 ex. RS Y S RS X A mp (°C)

82 n-propyl ~CH, " CHO .éingle bond CNgH
10
-CHz.
83  n-propyl @ COOH -NH-CO- CNgH
84  n-propyl ~CH;~CH=CH COOH -0-  COOH

. ‘This.Sheet Has Been Rep. laced
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[err] 10 PART B: Preparati on of 4-Methyl - (N—triphenylnetﬁyl-

(1H tetrazoly, @ isgl phenyl 4' - Met hyI bi phenyl¢2-nitrile
(preeparation déscribed 15 ifi.European Patent Application -02586HAUS90/03677
publ i shed on 20. 01. 88) (10 00 g, 51.7 ggpl, 1 eq), tri-n-butyltin
chloride (14.0 m., 51.7 nmml, 1 eq), sodium azide (3.4 g, 51.7 mol, 1
eq), and xylene (50 nL) were m xed %1 reflu ed for 64 h after which
the reaction mxture was 20 cool ed F03n1F updlre. 10.0 N NaOH (6. 10
m., .061 mmol), 1.2 eq) and trityl .chloride (14.99 g, 53.8 mmol,

1.04 eq) were then added and the m xturey ged for 24 . h after which

water (30 mlL) and heptane (100 nl) merge added. The resultant slurry was
stirred at O[err]C for 1.5 25 h. TheRYeswt &Rt solids thus obtained were

filtered, - washed with water (2 x 55 ) shed once with 3:2

- heptane/toluene (55 nL) and dried overnigh er high vacuumto yield
19.97 g of a light yellow powder: np = 1 15530[ err]C (dec.). These
solids were slurried in 30 ethyl acetate ( : filtered to yield
15.0 g of a l'i ght yell ow powder: np 164.0-16 rr]C (dec.). NWR
(cC[err]) [err] 7.91 (d, 1H, J=9 Hz); 7.53-7.18XYm 13H); 7.02-6.84
(m 9H); 2.25253, 3H). :

| Ex. RS R7 h R x .
No. o . K mp (°C)

~NHSO02CF 3

10

EECCHz
85 n-ptopyl % CHO  -oCHo-

n-propyl CHp- CHO  ~CH=CH- -ﬁHSQzCF3

8 7 n-p ropyl
' CoOH =-Co- . -NHSO2CF4
15 - . : | 2CF 3
88 ' n-propy: -Cﬂﬁﬂy COOH -0- -NHSO2CF
- 3
_,__;__————————f—"
Has Been Replaced
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143 ' [err] ' '10 ) PART C

Preparati on of 4-Bronmonmethyl-2'-(N-triphenyl - j .
met hyl - ( 1Hwiede7a9281 - S- V! ) .bi phenyl 4-yl ) met hyl s alagel=
represent atlve procedure 1S P&I%&Sﬁ
4-Met hyl -2' - (N-tri phenyl net hyl - (1H-t et raa?l - 5- yl)) bi phenyl (52.07 g,
109 mol , 1 eq), N br onosucci ni m de f9 g, 109 mmol, 1 eq), benzoyl
20 peroxide (1.0 g) and carbon tetraihl orj de 300 m_) wer e m xed and
refluxed for 2.5 h. The reaction waabt®ot e‘:F°“t npgd) oom t enperature and t he
succinimde filtered. The filtrate was concent rat ed and the residue
triturated : N R?
. M \S
: . R TNT RS
A
X
5 Ex. RS . R? - R®  x A mp (°£:_)
. No '
8BS n-propyl N""cu=ch- CH20H -S- . CNgH
10 o : '
N : '
. . 2ZN ' '
90  n-butyl =CH, ' CHO -CO-. COOH
2N
91 n-butyl CH=CH- CHO ~OCH2- ¢oon
15 : '
-CH-‘.CHQ

< el
92 n-butyl e N " chHo —CH=CH- oo

eet Has Been Replaced -
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a

with ether to yield a first crop of 36.0 g: np 129.5- 25 133.0C (dec.).

NVR.:( CDC [ e briofigr] 4. 37 (CH[err] Br). This material was suitable for
further transformation. h PCT/US90/03677
[err] _ PART D Pr eparati on of 4, 5-di car bonet hoxy- 2- n- propyl -
1-[(2' - (N-triphenyl met hyl - (1Htetrazol - 5- y#49
bi phenyl -4-yl ) nmet hyl ] i m dazol e 15 Sodi um hydr| de (1. 06 g, 44 2
mmol, 1 eq) was added to a sol ufabkeod (continued)
4, 5-di car bonret hoxy- 2- n- propyl i m dazol e (10.00 g, 44.2 mol, 1 eq) in
DMF at room tenperature. 20 -Foam ng angI as _Re,vol ution occurred. The
t enperature was 2R\ :
RS N RS
. A
0
5 Ex. RG rR7 RB x ) A
No, :

mp (°C)

Cc
o) .-
. cL
93 n-butyl s'- COOH --co QCOO
- . ).
10
£
: . \
94 n-butyl S COOH -NHCO- COOH
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-



i.ncreased to 60-[err]C for 15 mnutes to d| ssolve all of the sodi um

hydri de. Gas evol ution ceased and the m xture was cool ed to room
tem)eratu% il' %ﬁl S mxture was. ~added a DVF sol ution qicr/usgo/oss-n
2' (N-tri phenyl'ne -(1H~25 tetrazol-5-yl))biphenyl-4-yl)nethyl broni de
(24.64 q, 44.2 mmol, 1 eq). After 2414y the solvent was renoved in
s vacuo, -and the residue was flash chromatographed in 75: 25 hexane/ et hyl
cetate to 100% et hyl acetate over ’a!# 1C el to yield 25.78 g (51% of
a%y\/mte gl ass which 30 was suitable RFORRES W8 transfor mati on.
gst allization fromethanol yielded an anal ytical sanple (white
cry Pals); np:. 124.0-125.5C. NMR (CDCI[er,é zM@rr] 7.91 (d of d, 1H,
J=3.9 Hz); %.59-7.20 (m - 12H); 7.09 H J=9 Hz); 6.94 (m 6H); 6.76
(d, 2H35 J=9 Hz); 5.30 (s, 2H);. 2.50 (t, 2H, J=7
145 "Hz) s 1.67 (t of t, 2H, f %%MQSH J=8 Hz). I R
(neat) 1718cnjerr]. Anal cal cd. for C[err] [err err]Jerr]: C 73. 49;
H 5.45; N, 11.96. Found: C, 73.23; H 5.44; N 12.22. 5
[err] 10 _ s
PART A: Preparation of 2-n-Propyl-4,5-dicarbomethoxy- -
- imidazole |
10
_ 2-n-Propylimidazole—4,S—dicarboxylic acid {[prepared
by the method of R. G. Fargher and F. L. Pyman (J. Chem.
Soc., 1919, 115, 217), mp 257 (dec.) °C}] (17.14 g, 86.6
15 mmol, 1 eq), methanol (400 mL) and acetyl chloride (38.1
mL), 534 mmol, 6 eq) were cautiously mixed (acetyl
chloride addition to methanol is very exothermic) and
~ refluxed ove'rnight. The solvent was removed in vacuo
- and water (100 mL) and 10 N NaOH were added until pH=7.
20 - The aqueous mixture was extracted with ethyl acetate
(3X), the organic layers combined, dried (MgSO4) and the
solvent removed in vacuo to yield 12.00 g of a white
‘solid. Recrystallization from hexane/ethyl acetate
yielded 11.41 g of a white solid (58%); mp: '
25: 162.0-164.5°C.  NMR (CDCl3) & 3.95 (s, 6H); 2.78 (t,

2H); 1.83 (t of t, 2K, J=7,7 Hz); 0.97 (t, 3H, J=7 Hz);
IR (neat) 1735 cm™l. ‘Anal. calcd. for

" Cy0Hy4N2049(H0)g.25: C, 52.06; H, 6.28; N, 12.14.

. Found: C, 52.06; H, 6.17; N, 12.49.

. 'This Sheet Has Been Replaced .
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15 * PART E: Preparati on of 4,5-di hydroxynet hyl - 2-.n-propyl - 20
1-[(2'-(N—tniphenylnethyl-(1FLtetrazoI-5-yI))_ i

bicpheny! - 4w 9rreédsy! ] i m dazal e PCT/US90/03677

4, 5- Di car borret hoxy- 2- n- propy™- 1-[(2' - (N-triphenyl - 25

met hyl - (1 H-t et razol - 5- yl)) bi phenyl - 4-yl ) me@R91 i i dazol e (9.88 g, 14.1
.ol , 1 eq) was dissolved in a mninumof THF and to this solution,
Iithiun1a|uninun1hydride (.0 - Miln-THF) (15.48 nL, 15.48 mmol, 1.1 eq)
was sl owy added dropwi se. The nilxture was allowed to stir at- room 30
tenperature overni ght after which i s, quenched by the . . Steinhardt
procedure (Fieser & Fieser V.1, p. hS follows: to the reaction o,
m xture water (0.66 nlL) was fi ghr ef u nggdfoIIowed by 15% NaOH
(0.66 m) fol'lowed by water (1.9 ni) NANel stirring for 72 h, a 35 .
very fine susﬁbn5|on of particulate, hdd forfle )Nhich was

146 N.

10 PART B: Preparation of Q-Methyl-Z'—(N-friphenylmethyl-
(1H-tetrazol-5-yl))biphenyl

4'FMethylbiphenyl-Z—nitrile (preparation described
15 in European Patent Application 0253310, published on
20.01.88) (10.00 g, 51.7 mmol, 1 eq), tri-n-butyltin
chloride (14.0 mL, 51.7 mmo}, 1 eq), sodium azide (3.4
9,i51.7 mmol, 1 ¢q), and xylene (50 mL) were mixed and
_ refluxed for 64 h after which the reaction mixture was
20 cooled to room temperature. 10.0 N NaOH (6.10 mL, .061
mmol), 1.2 eq) and trityl-chlbride (14.99 g, 53.8 mmol,
. 1.04 eq) were then added and the mixture stirred for 24
h after which'water (3Q,mL)'and_heptane.(100 mL}) were
“added. The reSuitant slurry was stirred at 0°C for 1.5
25 h. The resultant solids thus obtained were filtered,
washed with water (2 x 55 mlL) washed once with 3:2
heptane/toluene (55 mL) and dried overnight under high
vacuum to yield 19. 97 g of a light yellow powder: mp
148.0-155.0°C (dec.). These solids were slurried in
30 ethyl acetate (75 mL) and filtered to yield 15.0 g of a
h light yellow powder: mp 164.0-165.5°C (dec.). NMR
~{CDC13) 6 7.91 (d, 1H, J=9 Hz); 7.53-7.18 (m, 13H):
7.02-6.84 (m, 9H); 2.25 (s, 3H). '
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slomfy filtered through Celite[err]. The filtrate was dri ed. (MgSg err])
and the solvent renoved in vacuo to yield 8.83 g jof a yellow glass _
wht ch coul‘fo ﬁq recrystallized. Thi s i nterned at e wapCpWSvaBET7 Or
further ran ornatlon “NVR (DNBC)d[errké3[err] 7.82 (d, 1H, J=9 Hz);
7.68-7.28 (m 12%0, 7.05 (d, 2H, J=9 Hz) .87 (d, 6H, J=9 Hz); 5.16
(s, 2H); 4.94 (t, 1H, J=7 Hz); 4.66 (t, 1H, J=7 Hz); 4.37 (d, 2H, J=7
Hz); 4.32 (d, 2H, J=7 Hz); - 2.34 (t, 2H, J=7 Hz); 1.52 (t of g, 2H,
J=7,7 Hz); 0.77 10 (t, 3H, J=7 Hz). JB¥(neat) 3300 br; 3061; 1027; 1006;
909; 732; 699 cnjerr]. Anal. calcd. ffor C[err]H[err]N[err]C{err] H[err]O

C 74.07; - H 6.06; N, 12. 64 : Fo nd C, 74. 06 H 5.95; N - 11. 86.

147 ¢ [err] :

5
» _N__CPhy
.
. , R
N
10
PART C: Preparation of 4-Bromomethyl-2'- (N~-triphenyl-
methyl~(1H-tetrazol-5-yl))biphenyl-4-yl)methyl
bromide, a representative procedure
15 '

4-Methyl-2'-(N-triphenylmethyl-(1H-tetrazol-5-

yl))biphenyl (52.07 g, 109 mmol, 1 eq), N- o
bromosuccinimide (19.4 g, 109 mmol, 1 eq), benzoyl

20 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 residue triturated

| " with ether to yield a first crop of 36.0 g: mp 129.5-

25 133.0°C (dec.). NMR (CDCl3) & 4.37 (CH2Br). This
material was suitable for further transformation.

-
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PART ¥: Preparation of 5-hydroxynethy|-2-n-propyl 1- 15

[(2'-(N-triphenyl nethyl-(1Htetrazol-5-yl))- - .

bi phenyl - AW 9140828Y| | | ni dazol e- 4-carboxal -+~ dehﬁ&é"yﬁa”’m”

2-n-propyl -1-[(2'-(N-triphenyl - 144 -

nmet hyl - (1H-tetrazol - 5-yl)) bi phenyl -4-yl)- -

nmet hyl ] 1 m dazol e- 4, 5- di car boxal dehyde 20

4, 5- Di hydr oxynet hyl - 2-n-propyl -1-[ (2" - (N—trl :

met hyl (1H-tetrazol - 5-yl)) bi phenyl -4-yl) dazole (8.56 g, 13.2

mml, 1 eq) was dissolved in a nini rrum% \325 THF and added to a slurry of

manganese di oxi de (11.14 g, o ¢ in THF (100 nL) at room

t enper at ur e. After 24 h, the content' mere flltered t hr ough

Celite[err], s t he cake mashed w th THr &d the solvent of the

filtrate renoved in vacuo. The residue was 5h 30 chromatographed in 1:1

. hexane/ ethyl acetate to 100% et hyl aceNqigAQuensilica gel to yield the
di al dehyde which eluted first; 1.25 g (15% §f ajtan gl ass. NWR

(DVBO: d[ err]) [err] 10.27 (s, 1H); 10.17 (S,E%l 21 (d, 1H, J= THz) ;

7.68 (m 2H); 7.50-7.23 (m 10H); 7.09 (d Y35 ~J=9 Hz): 6.96 (d, 2H,
J=9 Hz): 6.86 (m 6H); 5.59 (s,
148 2H) 302.52 (t. 2H, J=7 Hz): PHaQT 'Sf q, 2H, J=7,7 Hz):

PART D: Preparation of 4,5-dicarbomethoxy-2-n-propyl-
1—[(2'f(N-triphenylmethyl-(lnétetrazol—s-yl))
biphenyl-4-yl)methyl]imidazole '

15 ' :

Sodium 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. -

20 Foaming and gas evolutioh occurred. 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 2'(N-triphenylmethyl-{(1H-

25 tétrazol-S-jl))bipheny1-4-y1)methylbromide (24.64 g,
44.2 mmol, 1 eq). After 24 h, the solvent was removed

" in iacuo, and the residue was flash'chromatographed in
75:25 hexane/ethyl acetate to 100% ethyl acetate over
silica gel to yield 25.78 g (51%) of a white glass which

30 was suitable for further transformation. _
Recrystallization from ethanol yielded an'analytical
sample (white crystals); mp: 124.0-125.5°C. NMR
(CDC13) & 7.91 (d of d, 1H, J=3.9 Hz); 7.59-7.20 (m,
12H); 7.09 (d, 2H, J=9 Hz); 6.94 (m, 6H); 6.76 (d, 2H,

35 J=9 Hz); 5.30 (s, 2H); 3.89 (s, 3H); 2.50 (t, 2H, J=7

heet Has Been Replaced .
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77 (t B3, J=7 H). IR (neat) 1697, 1672cnferr], Anal cal cd. f or
C[err]H[ rer]N[err]Jerr]: C: 76.62; H 5.33; N 13.07.

76.°46; H, wiobWo0281 12.94. 5 " Continued elution yiel deﬂq'ﬂéswm-"m"
4- hydr oxynet hyl - " imdazol e-5-carboxal dehyde product as a |light yellow
solid: np 164.5-166.0C. NVR (DVBO-d[err]) I4&5r] 9.86 (s, 1H); -7.80 (d,
. 1H, J=9 Hz); 7.63 (t, 1H, J=9 Hz); 7.53 (t, 1H  J=7-Hz); 7.50-7.25 (m
10H), 7.07 (d, ) 6. 94r 6, ¢ (t3m,1=8)HE)HZ) ;
5.29 (s, 2H); %H)Af ESd(’% (%E% iﬂgﬁi J&g gﬁg? 0 554% d—i@ t:"‘1 A9 (t of
q, 2H, J=7,7 Hz)IRolneat) 15 gcmyzy all??i ]oﬁr ﬁ}8§33 n{&fr]. Anal.

cal cd. for C[err-}ﬂ@yf]rﬂ[e:frdsqu"r]u(Id[serrka:harr]c, G3.48;1%, 15.48; . 64;
N, 12.84. Found:_C, 76. .36, N, 12.84.

149 [err] 12-22-- _10
5 _
| _CH,OH
. N"j
/\/Q 3
N7 “CH,OH
10 - .
i5 -

PART E: Preparation of .4_, Sl-dihydroxymetl_lyl-z-n'-'-propy'l—
.20 - 1-[(2'~(N-triphenylmethyl- (1H-tetrazol-5-y1))
 biphenyl-4-yl)methyl]imidazole

4,5-Dicarbomethoxy~2-n-propyl-1-[ (2'- (N-triphenyl-
25 methyl-(1H-tetrazol-5-yl))biphenyl-4-yl)methyl]imidazole
(9.88 g, 14.1 mmol, 1 eq) was dissolvéd in a minimum of
THF and to this solution, lithium aluminum hydride (1.0
.M in THF) (15.48 mL, 15. 48 mmol, 1.1 eq) was slowly
added dropwise. The mixture was allowed to stir at room
30 temperature overnight after which it was quenched by the
_ Steinhardt procedure (Fies'et & Fieser V.1, p. 584) as
| follows: to the reaction mixture water (0.66 mL) was
: first carefully added followed by 15% NaOH (0.66 mL)
~ followed by water (1. 97 mL). After stirring for 72 h, a
35 very fine suspension of particulate had formed which was

: This.Sheet Has Been Replaced
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C TRt ut

15§ PART G Preparation of 5- hydroxynethyl T [C|s-*ﬂﬂuh
(naphth 1-yl)ethenyl]-2-n- propyl 1-[(2" - (N— .
trlphenylnethyl (1Htetrazol -5-yl)) bi phenyl -

yl ) met hyl ]i mi We/A/0028p . . 1- Napht hyl rret hyl tri phenyl phosp K%TIUS%,OSGW
chloride (6.82 g, 0.0155 nol, 2 eq) was suspended in THF (50 nL) and
potaSS|un1b|s(tr|nethyIS|Iyl)an1de (0.75 M i n %48 uene, 25 20.68 nlL, 0.0155
nol, 2 eq) was added dropw se thereto at roomtenperature. The

resul tant red sol ut ishowlys £ilteked: tiraughsCelit€™.or Thesfhbtrate was dried
Afterwards, 5- hydro y o NraldidoPen i@gﬁhglg@l
tetrazol -5-yl).) bi phe ?F 4) ?? ¥§yrf| g§§o+eﬁpéé&!£ carbgﬁaldéLyde . H-
g, 7.75 mol, 1 eq) ofi asgkelddwi glass whitchi muidfndﬁ—llbemm@ldtlaaﬂ)m

tenperature and al | &0 n was wor ked up
by addi ng 300 nt é‘f‘ﬁ:eﬁ-ﬂﬁ?&? VISE hgggab ; ter EXI gx@rﬁf .
were separated afd tﬂ#‘@n&f-@&'ﬂﬁa&j P&yer%sﬂ@?fs%"?ﬁ’ 235!""( )i
The organic Iayer |7e§3( l\(g‘sqlghr)])-,a@g (g 2H J =0 Hz), 5 87 (d, 6H,
150 t he sol vent ‘renmove acuc to of ow

s I Pt e s T 515 JonaREAALACBey e 18, 3=T B23: 3166 (t,
1H, J=7 Bz); 4.37 (d, 2H, J=7 Hz); .4 32 (d, 2H, J=7 Hz);
'2.34 (t, 2H, J=71 Hz); 1.52 (t.of q, 2H, J=7,7 Hz); 0.77
10 (&, 34, J=7 Hz). IR (neat) 3300 br; 3061; 1027; 1006;
909; 732; 699 cm™l. Anal. calcd. for C4q3H3gNgO2¢Hp0: C,
74.07; H, 6.06; N, 12.64. Found C, 74.06; H, 5.95; N,
11.86. '
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atetate to 100% et hyl acetate over silica gel vyielded 7.95 g of a light
yell ow gl ass. NVR (DMSO-d[err]) [err] 5 8.20-7.20 ( 20H); 7.10-6.60 (m

12F); 5. 1GyH91/08881; 4,97 (t, 1H, J=7 Hz); 4.00 (fh - 2H); perAfkoblossAH.

J=7 Hz); 0.62 (t, 3H, *J=7 Hz). Anal. calcd. for

Clerr]Herr] N err] O (triphenyl phosphi neox14:i;e)[err] (Herr]O: C, 78.76;
H 5.73; N, 6.82. Found: C, 78.69; H 5.67; N, 6.90. 10 . 15

N [err] 20 25 PART H Preparation of

4-[ci s-(napht h-1-yl)ethenyl]-

2-n-propyl-[(2'-(N-triphenyl -(1H

tetrazol -5-yl)) bi phenyl - 4-p4 |11 m dazol -

5- car boxal dehyde 30 i’

5- Hydr oxynet hyl - [e‘(\(ﬁf&w %@ fhenyl ] - 2- nMN CHO

propyl - 1-[ (25- (N—trlphenyl pt hyl -{1Ht et razol

yl)) bi phenyl -4-yl ) met hyl ] i nN . 8 , : , eq), nmanganese
di oxide (4.44 g, 51.1 mol, and 35 nethylene chlj p (25 nlL) were
m xed and refl uxed under :

10. (Ph) ,c~ NN

(Ph)sC

PART F: Preparation of 5-hydroxymethyl-2-n-propyl-1-
15 - [(2'-(N-triphenylmethyl-(1H-tetrazbl¥5-y1))-
biphenyl-4-yl)methyl)imidazole~4-carboxal-
dehyde and 2-n-propyl-1-{[(2'-(N-triphenyl-
methyl-(1H-tetrazol~-5-yl) )biphenyl-4-yl)-
methyl]imidazole-4,S-dicarbokaldehyde-
20

4,5-Dihydroxymethyl-2-n-propyl-1-{[(2'~(N-triphenyl-
methyl(lH—tetrazol-S-yl))bipheny1f4-yl)methy1]imidazole
(8.56 g, 13.2 mmol, 1 eq) was dissolved in a minimum of
25 THF and added to aﬁslurry of manganese dioxide (11.14 g,
128.1 mmol, 9.7 eq) in THF (100 mL) at room temperature.
After 24 h, the contents were filtered through Celite™,
the cake washed with THF, and the solvent of the
filtrate removed in vacuo. The residue was flash
30 chromatographed in 1:1 hexane/ethyl acetate to 100%
ethyl acetate over silica gel to yield the dialdehyde
 which eluted first; 1.25 g (15%) of a tan glass. NMR
(DMSO-dg) & 10.27 (s; 1H); 10.17 (s, 1H):; 7.81 (d, 1H,
. J= 7Hz); 7.68 (m, 2H); 7.50-7.23 (m, 10H); 7.09 (d, 2H,
35 J=9 Hz); 6.96 (d, 2H, J=9 Hz); 6.86 (m, 6H); 5.59 (s,

_This Sheet Has Been Rep lace«..
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151 ° N2 overni ght. The manganese di oxide was filtered ~t hrough
Celite[err] and the cake washed w th nethyl ene chlorjde. The . filtrate
was evapor woeal/0028t t he resi-due fl ash chromat ogr aphed i PCIZUS%/03677 _
pentane/ ethyl acetate to 5 1:1 pentane/ethyl acetate to yield 3.78 g of an
or ange- glass. NWR (CDCl[err]) [err] 9487 (s, 1H); 8.04 (m 1H) 7.92
(d, 1H, J=8 Hz); 7.80 (m 1H); 7.72 (m 1H); 7.60-7.10 (m . 16H)

'7.10-6.70 (m 10 64y 5o ( =4

J=7 Hz); B (tb%l? 2- %i« f,_ 2#'7%13 H?—«i §0§éi)7 °f(§4 389k 3'?’g’ﬂ!rf

cal cd. for cpe??]lfer$§»{4ﬁ?]ﬂa)(H[éRr}nsqt*rq697o0168@cm21 }4Aﬂ§161 N,
10.78. Found: caléd.80o024C,H3,86Chk; U, 26.€8; H, 5.33; N, 13007.

Lerr] Found: C, 76.46; H, 5.54; N, 12.94.

5 Continued elution yielded the 4-—hydrcxy-methyi—
imidazole-5-carboxaldehyde product as a light yellow.
solid: 'mp 164.5-166.0°C. NMR (DMSO-dg) & 9.86 (s, 1H);
7.80 (d, 1H, J=9 Hz); 7.63 (t, 1H, J=9 Hz); 7.53 (t, 1H,
J=7 Hz); 7.50-7.25 (m, 10H), 7.07 (d, 2H, J=9 Hz);

10 . 6.97-6.80 (m, BH); 5.47 (t, 1H, J=7 Hz); 5.29 (s, 2H);
4.63 (d, 2H, J=7 Hz); 2.37 (t, 2H, J=7 Hz); 1.49 (t of.
q, 2H, J=1,7 Hz); 0.73 (t, 3H, J=7 Hz). IR (Nujol) 1688
cm~l. Anal. calecd. for C43HagNgO2®(H0)g.1: C, 76.16; H,
5.64; N, 12.84. Found: C, 76.02; H, 5.36; N, 12.84.

ThlS Sheet Has Been Replaced




4
4- [c

tri phenyl met hyl -
met hyl ] i m dazol e- 5- car boxal dehyde (3. 50 g)
water (12 nmL), and THF (40 ,
roomtenperature. After 2 h, the m xture
the organi c sol vent evapor at ed.

m),

m.) were m xed and stirred at

was basified with 10N NaOH to pH 12 3 _
r (100-m.) was then added ang ummy solid precipitated. Ethyl

ether (50 5 nl) was added and the yds"

separated and t he aqueous | ayer ext

The ;aqueous Payer was acidified with

sol i ds precipitated. Et hyl acetate

Wt e

10

to 2

Preparation of 4-[cis-(naphth-1- yI)ethenyI]

n-propyl-1-[(2'-(1Htetrazol - 5-yl)) bi phenyl -

1) met hyld, | e- 5-¢ar boxal dehyde 30 p(_"r/ijsgo/oz,sw
Apaaer

I s- (Nap

solids and the |ayers were ggpa%%y@ y
extracted with ethyl acetate (2% 1
were collected, dried (MgSdJ err]), and |
t he residue dissol ved i n met hanol

10

15

" 20

. 25

30

35

)ethenyl]-2-n-propyl-1-[(2"-(N
(1F+tetrazo| 5-yl) bi phenyd94-yl)-

Ni ssol ved. The | ayers were

The aqueous | ayer was

(Ph) ¢ NN

PART G: Preperation of 5-hydroxymethyl-4-[cis-
' (naphth-1-yl)ethenyl]~-2-n-propyl-1-[(2'-(N-
triphenylmethyl-(IH—tetrazol-S—yl))biphenyl—d—
yl)methyl]imidazole

35 trifluoroacetic acid (12

1-Naphthylmethyltriphenylphosphonium chloride (6.82
g, 0.0155 mol, 2 eq) was euspended in THF (50 mL) and
potassium bis(trimethylsilyl)amide (0.75 M in toluene,

20.68 mL, 0.0155 mol, 2 eq) was added dropwise thereto

at room temperature. The resultant red solution was
heated at 45°C for 0.5 hours. Afterwards, S5-hydroxy-
methyl-2-n-propyl-1-[(2'-(N-triphenylmethyl- (1H-
tetrazol-s-yl))biphenyl-4-y1)methyl]imidazole—4—

' carboxaldehyde (5.00 g, 7.75 mmol, 1 eq) dissolved in a

minimum of THF was added at room temperature and allowed
to stir overnight. The reaction was worked up by adding
300 mL of ethyl acetate and 200 mL of water. The 1ayers

vere separated and the organic layer washed with water
(2 x 200 mL). The organic layer was dried (MgSO4) and

T,l‘.llS Shest Has Been Rep
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ith ethyl. ether (2 x 50 n).
onc. HO to pH=2. Again gumny

a ethyl acetate |ayers
the solvent renobved in vacuo and
was added and the pH adjusted



15 With conc. HO. The solvent was renoved in vacuo and t he residue
partitioned between ethyl acetate (100 nl) and water; (100 nL). The

| ayers wer WQEYAPMed and the © = aqueous |ayers extracted M?W"Zﬁ’ﬂ@‘”
acetate (2 x 100 m.). The ethyl acetigﬁ | ayers were collected, dried
20 (MgSq err]), and the solvent renoved™n vacuo and the resi due
crystallized fromethyl acetate to yield 1.48 g of a white solid: np
192. 5-193. 5[ er r | the S@ivemtvzemgredr in Y%ﬁ?? to yield39¢29 q9f & yeIlPW30 (m
'éH;G Zd832%d 1ﬁFbﬁﬂs§F£?ﬁlash chtoht raphy ih-hilkf%ntghéwe§ﬁbi.2H €t8 Hz) ;
of q, 2H, J=7,7 &b ta‘tféff’it"%q’ ggﬁ“‘% gat"Ar?éF‘ ééf‘?:‘aa ‘gef 50?]1"3‘*"

Clerr]H err] N er 7129 (HQf ,a] é)ipéf:ryeltowmlw HNMB 4BMSQ-dgl5 §30 Found:
C 74.48; H &. 3§20k M0 &, 20m); 7 oibeﬁd 04,;10 HSJ.CQWU(@S 2d);Table 5
can be prepared 30 by t he procedure n 153 -
Hz); 0.62 (t, 3H, J=7 Hz). Anal. calcd. for

CgoHy4NgO® (triphenylphosphineoxide); g (H;0): C, 78.76;

H, 5.73; N, 6.82. Found: C, 78.69; H. 5.67; N, 6.90.

10 . . .

15

20

(Ph) 4C

- 25 PART H: -Prepatétion of 4-{[cis-(naphth-1-yl)ethenyl]-
2-n-§topy1-1 [(2'-(N-triphenylmethyl-(ln-
tetrazol-s-yl))biphenyl-d—yl)methyl]imidazol—
5-carboxaldehyde

30
| S-—Hydtoxymethyl-4- [cis- (naphth-1-yl)ethenyl]-2-n-
propyl-l-[(2'-(N-triphenylmethyl-lln-tetrazol-s-
yl))bipheny1-4—y1)methy1]imidazole (7.86 g, 10.2 mmol, 1
ﬁ'eq}, manganese dioxide (4.44 g, ‘51.1 mmol, 5 eq), -and
35 nmthylene chloride (25 mL) were mixed and refluxed under

ThlS Been Replaced
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-[err]

155 ferr]

WO 91/00281 - | g PCT/US90/03677

10

15 -

20

25

30

35

151

N, overnight. The manganese dioxide was filtered
through Celite™ and the cake washed with methylene

¢hloride. The filtrate was evaporated, and the residue

flash chromatographed in 75:25 pentane/ethyl acetate to

1:1 pentane/ethyl acetate to yield 3.78 g of an orange
glass. NMR (CDClz) & 9.37 (s, 1H); B.04 (m, 1H); 7.92
(4, 1H, J=8 Hz); 7.80 (m, 1H); 7.72 (m, 1H); 7.60-7.10
(m, 16H); 7.10-6.70 (m, 10H); 6.53 (d, 28, J=8 Hz); 5. 30
(s, 2H); 2.38 (t, 2H, J=7 Hz); 1.56 (t of q, 2H, J= 7,7
Hz); 0.77 (t, 3H, J=7 Hz). Anal. calcd. for
CsoHgoNgO® (H20) g,7: €, 80.12; H, 5.61; N, 10.78. Found:
C, 80.24; H, 5.91; N, 10.46.

PART I: Preparation of'4F[cis-(nabhth-l—yl)ethenyl]-

2-n-propyl-1-[(2'-(1H-tetrazol-5-yl) ) biphenyl-
4-yl)methyl) imidazole-5-carboxaldehyde

4-[cis-(Naphth-1-yl)ethenyl]}-2-n-propyl-1-[(2'-(N-
triphenylmethyl=~(1H~-tetrazol-5-yl))biphenyl-4-yl)-
methyl] imidazole-5-carboxaldehyde (3.50 g),
trifluoroacetic acid. (12 mL), water (12 mL), and THF (40

. This Sheet Has Been Replaced

O i




104 n-propyl . CHO  C\4H 156 [err]

157

10

15

20

25

30

wooweo28t - . i PCI/US90/03677

152
mL) were mixed and stirred at room temperafuré. After 2
h, the mixture was basified with 10N NaOH to pH=12 and
the organic solvent evaporated. Water (100 mL) was then

added and a gummy ‘solid precipitated. ‘Ethyl ether (50
mL) was added and the solids dissolved. The layers were

‘separated and the agqueous layer extracted with ethyl

ether (2 x 50 mL). The aqueous layer was acidified with
conc. HC1l to pH=2. Again gummy solids precipitated.
Ethyl acetate (100 mL) was added to dissolve these
solids and the layers were separated. The aqueous layer
was extracted with ethyl acetate (2 x 100 mL) and the
ethyl acetate layers were-collected, dried (MgSOy4)., and

the solvent removed in vacuo and the'residpe dissolved

* in methanol. Water was added and the pR adjusted to 2

with conc. HCl. The solvent was removed in vacuo and
the residue partitioned between ethyl acetate (100 mlL)
and water (100 mL). The layers were separated and the
agueous layers extracted with ethyl acetate (2 x 100
ml) . The ethyl acetate layers were collected, dried
(MgSO4) ; and the solvent removed in vacuo and the
residue crystallized f:bm ethyl acetate to yield 1.48 g
of a white solid: mp 192.5-193.5°C. NMR (DMSO-dg) &
9.53 (s, 1H); 8.10-7.30 (m, 1H); 7.83 (d, 1H, J=7 Hz);
7.10 (d, 1H, J=11 Hz); 7.01 (d, 2H, J=8 Hz); 6.76 (d,
1H, J=8 Hz); 5.46 (s, 2H); 2.42 (t, 2H, J=7 Hz); 1.34 (t
of q, 2H, J=7,7 Hz):-O.G? (t, 3H, J=7 Hz). Anal. calcd.
for C33HogNgO®(H20)g 4t C. 74.53; H, 5.46; N, 15.80.
Found: C, 74.48; H, 5.35; N, 15.65.

- The following compounds in Table 5 ‘can be prepared
by the procedure in example 95:
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[err] " J=8Hz); 8.10-6.90 (m 13H); 7.80 (d, 1H, J=15Hz);
6.87 (d 1H, J=8Hz); 5.67 (s, 2H); 2.77 (t, 2H, J= 7H%) 1.65 (t_of q, 2H,
J=7.THz) ; 0 QSJPE 3H, J=¢Hz). [err]Nl\/R (DVBO-d[ err]) -'a: 10. 1pcrsussordaerd. 13
ts, 1H); gf'o (m 12~I:I) .20-6.90 (m 2H); 5.63 (s, 2H); 2.66 (t, 2H,
J=7Hz) ; 1 64 (t of q, 2H, J=7, 7Hz) 0. 9046 ? 3H, J=7Hz). [err]NWR
(DVMsO-d[err]) [err]. (major Isorrer only) 3 3 (s, 1H; 8.22 (s, 1H);
8.05-7.40 (m 10H); 7.20-6.80 (m 6H); 337%2 2H); 2.63 (t, 2H, J7Hz)
1.60 (t of q, 2H, J=7,7Hz): 0.85 (t, 3#‘1’ ).

Ex.No. Rs R = Rs A mp (°C)
06 . n-propyl .m: . CHO CNH a
' irans : ' |
97 n-propyl cls'}-,_' CHO CNgH
08 npropyl 5 CHO CNgH ¢
8:3--trans:cis ' _
is Sheet Has Been Replaced
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.
158 - Exanpl es -111- 123 in Table 6 can be prepared by
nucleophlllc aronmati c substitution of a sulfur or nitr n..nucl eophil e
i,n place @pdrreo2Bf. or | onto the i mdazole 4 or 5- posﬂ%réHng#g?he_re
is an el ectron 5 withdraw ng group al so present on the .i m dazol e ring.
For -exanpl e, a sulfur nucl eophile may dlsglace the 4- chl.oro group on
2-n-butyl-4-chloro-1-[(2'-N- .
tri phenyl met hyl (1Htetrazol - 5-yl h@ny hyl ] - _
i m dazol e- 5- car boxal dehyde (synt g%zg £°65¥§%$?%ed in 10 European Patent
Application No. 89100144.8, published - 7.19.89) foll owed by appropriate
deprotection or el aboration famli Bb one skilled in the art.to yield
exanples 113, 115, 116, 117 and 122. her exanpl es are made fromthe
appropriate starting nmaterial . nucl eophi | i ¢ di spl acenent reaction
may ‘be done in an alcohollc nt such as nethanol or a nonhydroxylic
sol vent such as DVSO or DMF or A thout the presence of a base such
as sodi um net hoxi de, dependiﬁg he Rg nucleoph|I|C|ty of the
nucl eophi | e. 159 Table 6

«

ExNo. Rs  R7 R A mp (°C)

g9  n-propyl OO CH'zOH CNgH

100 . n-propyl

COL
101 n-propyl. N’

CHO  -NHSOCFs3

COOH - CN4H

102 'n-proﬁyl' CHd COOH

et Has Been Replaced
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—————

[err] 111 n-butyl | | CHO
- -160 [err] _ _ OO0
s i US90/03677
WO 91/00381 . PCT/US90/0
155

Table 5 (continued)

ExNo. Rg R7  Rg A mp(eC)
. .' .. o | ! | . | X
103 . npropyl CHO CN4H
o .
104  n-propyl N " CHO  CN4H
e
_1 05 'n-prop-yl @ o’ - CH20H COOH
e

as Been Replaced -
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116 *n: but yl ' CHO CNAH' . 161 [err]
162 The hornone angiotensin |1 (All) produce‘:s NUer ous

bt ol ogi calwﬁeﬁ ?§|es (e.g. vasoconstriction) through =~ . stipgayesooreseof its -
receptors once menbr anes.~For the 5 purpose of identifying conpounds
such as All antagonists whi ch are capable of interacting with the All
receptor, _ ' 156 :

_ Table 5 ('continued)'

ExNo. Rs Ry " R A mp(oC)

106 | n-propyl | CHO CNgH
107 n-butyl N CH20H  CN4H

108 n-butyl SCOOH CN4H

109 nbutyl  n OC CHO  ONgH

S
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a Ilgand receptor binding assay was utilized for the I ni ti-al screen.
The assay ‘was carrled out according to the nmet hod descri bed by

[ @ ossnmann_et &LSI . Bigol. 10 Chem, 249, 825 (197M)] byicTrisY0/830Te

modi fi cat WhA/00281 The daction n1xture1gqnta|ned r at adrenal cortical

m crosones (source of All receptor) in Tris buffer and 2 nM of 3H Al

or 0.05.nMJ[err]l-All with or w t tential All antagonist. This

m xture was incubated 15 for 1 %ﬁﬁﬁleﬁ 9?%%% Zraturé and the reaction
was = subsequently term nated by rapid |Itrat|on and rinsing t hr augh
glass mcro-fibre filter. Receptor-bo Trr] H Al or [err]l-Al
trapped in filter was quantitated by scintillation counting. The
inhibitory concentration 20 (ICerr of potential All antagoni st which

gi ves 50% di spl acement of thg'teal specifically bound [err]H Al or
[err]I-All is a neasure of the fi of such conpound for the All
receéptor. Conpounds of this fkvenﬂion ‘hlch were tested in this binding
assay exhibited I1CJerr] of 25 10[-rr]N|or | ess (Table 7). The
potential antihypertensive effects™s R conpounds of this invention
may be denonstrated by =~ admniste he conpounds to awake rats nmade
hypertensive by ligation of the left 2 dgly 30 (Cangi ano et al., J.
Phar macol . Exp Ther., 208, 310 (18

5 procedure increases bl ood
pressure by |ncrea3|ng renin product|01 consequent el evation of
Al'l levels. Conpounds are administered orATly~Ngt 30 ngy/ kg and/ or
intravenously via a cannula in the Jugular 35 wvein at 3 ng/kg. Arterial
bl ood préeNe. i s Rg R7 _ Rg A 163 mp-(°C)

110 “n-butyl COOH  CNgH

aNMR (OMSO-dg) 9 10.14 (s, 1H); 8.39 (d, 1H, J=15Hz); 8.27 (d, 1H,
J=8Hz); 8.10-6.90 (m, 13H); 7.80 (d, 1H, J=15Hz); 6.87 (d, 1H,
J=8Hz): 5.67 (s, 2H); 2.77 (t.2H, J=7Hz); 1.65 (tof q, 2H, J=7 7Hz).
0.93 (t, 3H, J=7Hz). "

- BNMR (DMSO-ds) 9 10.15 (s, 1H); 8.13 (s, 1H); 8.08-7.40 (m, 12H);
7.20-6.90 (m, 2H); 6.63 (s, 2H); 2.66 (t, 2H, J=7Hz); 1.64 (tof q, 2H,
- J=7,7Hz); 0.90 (t, 3H, J=7Hz).

SNMR (DMSO-dg)  (major isomer only) 9.73 (s, 1H); 8.22 (s, TH);
8.05-7.40 (m, 10H); 7.20-6.80 (m, 6H); 5.60 (s, 2H); 2.63 (t, 2H,
J=7Hz); 1.60 (tof q, 2H, J=7,7 z), 0.85 {t, 3H, J=7Hz)

his Shieet Has. Been Replaced
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‘cont |—'nuousl y' measured directly through a carotid artery cannul a and

recorded using a pressure transducer and a pol ygraphy Bl ood pressure
| evel s af twip diysagent are ~ conpared to pretreatnment {evelPCIVUSHZO36ITI ne
the 5 antihypertensive effetts of the compounds which were tested. Sone
conpounds of this invention exhibited iggg avenous activity at 3 ng/ kg
and sone exhi bited oral activity at 30 ng/kg (Table 7).
164 ' - I i otensin
] Antlhypertenstngles 111 i5§3£% %able 6 $?n be 8reparedA99Effects in
Renal nucleophilic aomAtis substitutiqqymg‘.r peﬁgp.ﬂgrm{:s 5
| Cferr] hﬂt&ayeﬁqu@cléaﬁﬂile inFplrabl.of C1, Br, oE[Qrbhtantﬁﬁ)
Activity[err] i hV|t¥Le£(A I%i h { E : +
+ v midazo 52‘9’905 on w enl\were s anl\ﬁa ectrong
0.17 - 5 -wislAdrawing gtﬁhpuilso present on the imidaBolé ring.
NA - NT 1 NA

F 1 -
11 or 8x3%p e, a sulfur. nﬁﬁlggghile w&g displE%b the 4
0.17 chloro group on 2yn-butylsré-chloro-1-[{(2'-N-- 0 11
;6 + 15 tt&ﬁhenylmethyl(1H—tett@zgi35-yl)h%ipenyl-d- 1)methyl]-+
0 54 imiQazo?e-S-c*aboxaldqggde (synthesized as 3e§§ribed in
+ NT10 European Patent Application No. 89100144.8, published

7.19.89) followed by appropriate deprotection or -
elaboration familiar to one skilled in the a:t to yield
examples 113, 115, 116, 117 and 122. Other examples are
made from the appropriate starting material. The

15 nucleophilic displacement reaction may be done in an
alcoholic solvent such as methanol or a nonhydroxylic
solvent such as DMSO or DMF with'o: without the presence
of a base such as sodium methoxide, depending on the
nucleophilicity of the nucleoéhile.

= ThlS Sheet Has Been Replaced

TR ||I i




20 "1 Significant decrease in blood pressure at 3.0 ng/kg or |ess

2 .Significant decrease in blood pressure at 30 ng/ kg or | ess
NA-Not act VE@?IS my/ kg.or 30 ng/ kg dosage tested. 25 PCRIUSI(A36 s one
of the co¥P tested were not -activgsg - orally, they were active

i ntravenously NT Not tested : _ 165
Dosage Forns The conpounds qf .this invention can be adninistered
for the treatnent of hypertension ac $F to the i nvention by any
means that effects contact of the 5 active ingredient conmpound with the
site of action in t he body of " Bt bl ooded ani mal . For exanpl e,

adm ni stration can be parentera ., Subcut aneous,’ i ntravenous,

i ntramuscul ar, or intra peri tonﬁgna '.AI ternatively, or concurrently, in
sonme cases 10 admi nistration can bejby the oral route. The
-conmpounds can be adm nistered by an Xy conventional nmeans available for

use' in conjunction with phar maceu
t her apeuti.c agents or in a conbinad

: s, either as individual

yherapeutic agents. They can

be 15 admi nistered al one, but are generall W inistered with a
pharmaceutical carrier selected on the bge g1 the . chosen route of -
adm ni stration and standard phar maceuti cal practice. . For the
pur pose oy Ng diﬁél osure, an/sfar m bl ooded Rg A mp (oC)

111 - n-butyl - OO CHO  COOH
112 nbutyl CHO COOH

113 n-butyl CHO CNgH

114 n-butyl COOH

115 n-butyl CNgH
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/ .
20 animal is a nmenber of the animl ki ngdom possessed of a honeost ati c
mechani sm and i ncl udes manmal s and bi rds. The!dospgq, 18590/03671 er ed
will be dwpﬂndmnSIOn the . age,. healéE and wei ght of the reC|p|ent t he
ext ent - of ~di sease, kind of concurr _? treatnent, if any, frequency 25
of treatnment and the nature of the effect desired. Usual ly, a daily
dosage of active ingredient comRable 6, centingedfrom about 1-500
mlligranms per day. Odinarily, from10 to 100 mlligrans per day in
one or nore applications is eff ive to obtain desired 30 results.
These dosages are the effectiv?déﬁ?§§?s both for treatnent of
hypertensi on and for treatnent N pcongestive heart failure, i.e., for
| oweri ng bl ood pressure and fqr cotrecting the henodynanic burden on
the heart to relieve the congesti ON ,

166 The active ingredi ent

| be adnlnlstered orally in solid

dosage forns, such as capsules, tabl™® powders, or in liquid
dosage forns, such as elixirs syrups suspensions. It can al so be
adm nistered 5 parenterally, in steril #d dosage forns
CGel atin capsules contain the active ingredient and powdered carriers,
such as g@ se, arch, celgqyl ose deripggtives gnesi um
stearic %g'lqge and he I|‘E Sl m | ar dlﬁ‘ ents carr{nbe used to
conpr esses = ' - ametos . =R ~are -t~ e
as sustai ned release products to prOV|de for contlnuous rel ease of
medi cation over a period of hag[s,

116 n-butyl - CNeH

117 n-propyl CNgH

118 n-propyl NHSO2CF3 CNaH

119 n-propyl COOH .

COOH COOH

120 n-propyl
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Cbnpressed tabl ets can be sugar coated or filmcoated to ~ nmask any
unpl easant taste and protect the tablet from 15 the pt nosp 1E$§’g€ﬁerlc
coated f owae1/608281ve <«disintegration in the gastr0|ntest I 9

Liquid dosage forms for oral adm nistrajépn can - contain col oring and
flavoring to increase patient acceptance. 20 In general, water, a
suitable oil, saline, aqueous dextrose | ucose), and rel ated sugar '
sol utions and gl ycol s such aga?4 FﬁMeﬁR? nwedd or pol yet hyl ene glycol s
are suitable carriers for parenteral solutions. Sol utions for .
parenteral adm nistration preferably 5 contain a water soluble salt of
the active ingredient, suita stabilizing agents, and if necessary,
buf f er subst ances. Anti oxigi-® ents such as .sodi um bisulfite,
sodiumsulfite, or ascorbic acit, |tﬁ al one or conbined, are

suitabl e stabilizing agents. 30 ysed are citric acid and its salts

and sodi um EDTA.. I n addition, eral solutions can contain
preservatives, such as benzal koni umsQFON @ methyl - or propyl par aben,
and chl or obut anol . 167

Sui t abl e pharmaceutical carriers are dege 0 in Rem ngton's

"Pharmacetical Sciences, A Osol, a standard reference text in this.
field. ful pharnggeutical dosagg-forms fog 5 adm nist {on of
t he corrpgﬁhﬁlg'of Lé is_ inventldn can be gﬁBI ustrat as foll m wé’

CHoOH COOH

121 n-propyl

122 n-propyl | CH20H CN4H
O

123 n-propyl : N CHO COOH

EH,
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- A large nunber of unit capsules are prepared by 10 filling standard

t wq- pi ece hg@? ﬂﬁ*ﬂﬁmn capsul es each- with 100- mIligranms of powdered
active ingr g mlligrams of |actose, 50 m |l graPET/(USDl)lo3677
cellul ose, and 6 “mlligrans magnesiu tearate. 15

Soft Gelatin Capsul es A m xture active ingredient in a

di gestible oil such as soybean oil, cottonseed oil or olive oil is

. prepared and |ﬁ#@éﬂé§-by means of a positive di spl acenent punp into

gel atin to form sof trigehdirnBneOangEise3h qqngﬁm NSrddifted Inhini@rdl® Of the
active I ngr.edi.ent he ca$sules are washe

| arge nunber ofP ?ﬂﬂQQﬁg aFESRPRSES (£ 48, 2§S°ESH§EE&?Ri9£S Ehgeughr es so that
the dosage uni tstijsnulatidBOofii its greveptoirsaohi vell nysntiamels,. OF3rnthei gr ans

275 i || Lor oo Kybase o Sugke PAry EompodhdE®adin T0NTY Wikagon3bed! 3 O
and 98.8 mil|i grigh @xel &em%e of inkerassingt eielaanhm@glmcbptapm ied to

: ncreasgI pa& emlzg@dd-ucemt;dﬁlmhab@ow{swnwas utilized for the
nj ect abl e arentergl conposition su
adni ni strat i on FAIR%E FSﬁni’ s %Pee WSSEFF#TQ W%%"cm:dmg to

“the method described by ([Glossmann et al., J. Biol,:
10 . Chem., 249, 825 (1974)], but with some modifications..
The reaction mixture contained rat adrenal cortical
microsomes (source of AII receptor) in Tris buffer and 2
'nM of 3H-AII or 0.05 nM 125I-AII with or without
potential AII antagonist. This mixture was incubated
15 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~AII
or 1251-aAI1 trapped in filter was quantitated by
scintillation countirig. The inhibitory concentration
20 (Icso)'of potential AII entagonist'which gives 50%
displacement of the total speoifically bound 3H-AII or
1251-2A11 is a measure of the affinity of such compound
for the AII receptor. Compounds of this invention which
were tested in this binding assay exhibited ICgqo of
25 1075M or less (Table 7).

The potential antihypertensive effects of the
compounds of this invention may be demonstrated by
administering the compounds to awake rats made
hypertensive by ligation of the left renal artery

30 [Cangiano et al., J. Pharmacol. Exp. Ther., 208, 310
(1979)]. This procedure increases blood pressure by
increasing renin production with consequent elevation of
AII levels. Compounds are administered orally at 30
mg/kg and/or inttavenously via a cannula in the jugular

35 wvein at 3 mg/kg.. Arterial blood-pressure is
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168 by wei ght of active ingredient in 10% by vol une pr opyl ene

glygol. The solution is made to volume with wat er for injection and
steeril i zedwo 91700281 Suspensi on ' PONUSSHIARSYS
suspenS| on is prepared for- or al -adm nistration so that each 5
mlliliters contain 100 milligrams of1$3nely divided active ingredient,
100 mlligranms of 'sodium carboxymethyl cellulose, 5 10 mlligranms of

sodi um benzoat e cdht(ingloalsiyoheasubéd adirectlyothtrough d)car®tidancdtérP25
mililiters of vagdjah nd reco % ﬁg“i g%@gﬁré z%s%%e%eﬁﬁﬁals' y be
oun sTOFPTRTS Thvent

used when t he conp n-are a ered stepw se
in conjunction vl?ctllygffﬁ@bherBiﬁ@ﬁa@@tﬂ-’?‘t’-‘ﬁad@ﬁrﬁls1SfWiér1'-lt%é-“\$Pé’rg_§rare

admi'ni stered in d&war@al teoﬁbeeaémﬁbnt levells €6Saeeinmina ane
adm ni stratign rQu! sho s? eec&fegfor cor?cilbllilkly wi.th both
drugs. SuitaBle® 385555? B ahteTh R§ SOTMPRTRYS WIS ¥§GPes are
illustrated in t4estied.| ofPmg campound9®f this invention exhibited -
intravenous activity at 3 mg/kg and some exhibited oral

activity at 30 mg/kg (Table 7).

—_—
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169 ° Exanpl es of NSAI D's that can be conbi ned

wth Altl bIock of this invention: 5gﬁ§"
() %ﬁﬁs For nuation Route IndonethaC|n sﬁumun7 :
Tabl et Oral (2/ 316t mes daily) 10 Mecl of enanmate
50- 100 Tabl et - Ooal © (2/3 tines
daily) | bupr of en ~ "300-400 Tabl et O al
(3/4 times daily) 15 Pi r oxi cam Iahblegl Tabl et
O al (1/2 nhoescéhdin/ 11 &Hﬂi’l‘@@értensive 150- 200
Tabl et Oral 20 R t(2 tinmes da'l:l.-élf) ts in ﬁz %[opazone
200- 500 . Tabl et repto reec Pt times
dai | y) —Bind: J
5 - ICsp ' Intravenous Oral
1 . 0.021 ' + +.
7 0.029 ' - NA NT
8 0.17 NA NT
10 9 | 0.49 | 7. NT
10 | 0.099 NA - NA
11 T 0.16 : NA NT
24 0.17 + ‘NA
41 _ 0.11 + + -
15 95 0.013 + +
96 0.56 + NT
97 - ~ 0.54 + NT
+ NT

98 0.12 -

20 1 significant decrease in blood pressure at 3.0 mg/kg

or less

2 significant decrease in blood pressure at 30 mg/kg or
less _ ,

NA Not active at 3 mg/kg or 30 mg/kg dosage tested.

25 "~ Although some of the compounds tested were not active
' - orally, they were active intravenously '
NT Not tested '
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170 Exanpl es of di uretics that can be conblned
wi th Al bl ockers of thIS I nventi on:

Dose 5 (ng) Fornulatlon .
cenzothi SNOPHEST K 100 (daily) Tablet O PEtSa0r0367

hydr ochl orot hi azide) - 10 Loop dluret|05165 50- 80 (dally) Tabl et
O al (e.g. furosem de) - When used with an NSAI D, the dosage

of All Dbl ockers wi || generally be the sane as when the All blocker is
15 wused al one, ‘F”ﬁ““foﬁ%@-n1lllgrans per day, ordinarily from10 to

100 milligrams per ckmhertdmpbuﬁﬂsnafethis iﬁﬁﬂnﬂd&hlaaﬁ bé/\Veimirdad ewletdn
diuretics, the ififidle ¢ ealBfyOhe Alodiiatlidon AcBEL 67 S0 a1 100

nllllgrans per a an e ac Ve co oun
mlligrams per okwention by any msawpdmtectftﬂmﬂ nenmqaaﬁwd:@eof this

:c ”YF”t ion 5 Widt®es Qn‘ﬁ-eﬁi@fmt" compddifa Wikd TRR! sPte OF WtdonS1al
ai l'ure.
the body of a warm-blooded animal. For example,
administration can be parenteral, i.e., subcutaneous,

intravenous, intramuscular, or intra peritoneal.
Alternatively, or conéurrently, in some cases
10 administration can be by the oral route.

' The compounds can be administered by any
conventional means available for use in conjunction with
pharmaceuticals, -either as individual therapeutic agents
or in a combination of therapeutic agents. They can be

15 administered alone, but are generally administered with
a pharmaceutical carrier selected on the basis of the
chosen route of administration and standard |
pharmaceutical practice. o )

For the purpose of this-disclosure, a warm-blooded

20 animal is a member of the animal kingdom possessed of a
homeostatic mechanism and includes mammals and birds.

.The dosage administered will be dependent on the
age, health and weight of the recipient, the extent of
~ disease, kind of concﬁrrent treatment, if any, frequency

25 of treatment and the nature of the effect desired.
Usually, a daily dosage of active ingredient 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

30 reésults.' These dosages are the effective amounts both
for treatment of hypertension and - for treatment of
congestive heart féilure, i.e., for lowering blood

R pressure and for correcting the hemodynamic'burden on

_the.héart to relieve the congestion.
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171 .* CLAI MVB: 1. An antihypertensive conpound of the formul a:
[err] wherein j - 172 [err]
: 'WO 91/00281 ' - ) PCT/US90/03677

166

The active ingredient can be administered~orally in
s80lid dosage forms, such as capsules, tablets, and
.powders,:or.iﬂ liguid dosage forms, such as el;xirs
syrups,,and:suspensions._ It can also be administered

5 parenterally, in sterile liquid dosage forms. '

Gelatin capsules contain the active ingredient and
powdered carriers, such as lactose, starch, cellulose
derivatives, magnesium stearate, stearic acid, and the
like. Similar diluents can be used to make compressed

10 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 prbtect the tablet from

15 the atmosphere; or enteric coated for selective
disintegration in the gastrointestinal tract.

Liquid dosage forms for oral administratioh can
contain coloring and flavoring to increase patient
acceptance. '

20 . In general, water, a suitable oil, saline, agueous
dextrose (glucose), and related sugar solutions and
glycols such as propylene glycol or polyethylene glycols
are suitable carriers for parenteral solutions.
Solutions for parenteral administratioh preferably

.25 contain a water soluble salt of the active ingredient,

~suitable stabilizing agents, and if necessary, buffer
substances. Antioxidizing agents such-as sbdium
bisulfite, sodium sulfite, or ascorbic acid, either
alone or combined, are suitable stabilizing agents.

30 Also used are citric acid and its salts and’ sodium EDTA.
In addition, parenteral solutions can contain
preservatives, such as benzalkonium chlori¢e, methyl- or
propylparaben, and chlorobutanol.

e —
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WO 91/00281 -'\_' ' o © ¢ PCT/US90/03677 .

10

15

167

Suitable pharmaceutical carriers are described in

Remington'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 be
illustrated 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
milligrams of lactose, 50 milligrams of cellulose, and 6
milligrams magnesium stearate.

L _ .
A mixture of active ingredient in a dlgestible oil -

-such as soybean oil, cottonseed o0il or olive oil is

. prepared and injected by means of a positive

20

25

30

35

displacement pump into'geletin to form soft gelatin
eapsules containing 100 milligrams of the active
ingredient. The capsules are washed and dried.

A large number of tablets are prepared by
converitional procedures so that the dosage unit is
100 milligrams of aetivegingredient, 0.2 milligrams of
colloidal silicon dioxide, 5 milligrams of magnesium
stearate, 275 milligrams of microcrystalline celluloee,
11 milligrams of starch and 98.8 mill{grams of lactose.
Appropriate coatings may be applied to increase
palatability or delay abeorption;

A parenteral compos;tion suitable for
administration by injection is prepared by stirring 1. 5%
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Rlerr] is H d; Br; I;-F, NJerr]; CN. alkyl of 1 to 4 carbon at ons;

acyloxy of 1 to 4 carbon atois; al koxy of 1 15 to 4 chrbon-atons;
Cderr]lH Gvb®irdod¥ierr]; NHSH err] CH err] NHSO er r] CF[ ert] ; PCT/US90/03677
173  [err] Rlerr] is"H d, Br, or F; alkyl of 1 to 4 carbon
atons or al koxy of 1 to 4 carbon QF gms; S Rlerr] is CN, NJerr] or
Cderr]Rerr]; Rlerr] is H alkyl of 1 o 6 carbon atons, cycl oal kyl of
3 to 6 carbon atoms, al kenyl_ or al kynyl of car bon at ons;
Rlerr] is alkyl oY ®eightyafacsive; 6%’3%%@ aP% PR yYRIUme of 3

. to 10 carbon at onprepyldie s:ﬁryeogrouwﬁe solution dsbahdéutedvolune with
Cerr]Rerr]; cygloal kyl qf j%ﬁ%q %?%aﬁﬁﬁﬁ #ﬁ%ggpn atons; cycl oal kyl al kyl

of 4 to 10 carbon enyl or cycloalkylalkynyl of
5 to 10 carbon atons; (CHerr])[err]Z(CHerr])[err]Rerr]
optionally 155 substi t ut ed mnth F SﬁsﬁEﬁﬁiﬂdFﬁerr] benzyl or benzyl

substituted on the phenyl ring with or 2
P Axraqueéhs suspension is prepared for oral

administration so that each 5 milliliters contain
100 milligrams of finely divided active ingredient, 100
milligrams of sodium carboxymethyl cellulose, 5

10 milligrams of sodium benzoate, 1.0 grams of sorbitol
solution, U.S.P., and 0.025 milliliters of vanillin.

' The same dosage forms can generally be used when
the compounds of this invention are.administered
stepwise in conjunction with another therapeutic agent.

15 When the drugs are administered in physical 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._
20
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. hal oéens, al koxy of 1 to 4 car bon atons, al kyl of 1 . to-4 carbon
atons or nitro; Rlerr] is 1- or 2-naphthyl; 5- 6- napht hoqui nonyl ,

3-, 4- 20 5-acenagphthyl; 3-, 4- or 5-acenaphthenylpefrus

or 9-ant h?‘ggg}(wﬂll or 2~ant hr aqui nonyl ; "1-, 2-, ' % 4-958,“8?77

9- phenant hrenyl 2-, 3-, 4-,.5-, 6-, 7- 9 or 8-quinolinyl; 1-, 3-,
4-, 5-, 6-, 7- or 8- , i soqui noIiny 2-, 3-, 4-, 5-, 6- or

7-i ndol yl 25 whi ch tan be substituted on ring nltrogen W th

| ower alkyl of 1 to 5 cé‘-‘r’!?@\?lsﬁoﬁﬁ ¥$AIRf phat can be combined 5.
7-indenyl; 2-, 3-, 4-, 5- wikh AIIblockers of thdszdhvénytionr, 3- , 4-, 5-,
6- or 7- benzot hi enyl ; 1-, 2-, 3- or 4-di benzofuryl 1-, 2-, 3-
or 4- 30 di benzot hi enyl ; 1-, 2-, 3- or 4- fluorenyl; any of

t he foregoing polycyclic aryl @oseps substituted with 1 or 2

subgti t uent s_r,sel d from hal , ’F“‘i‘“‘?‘“"“g Route
174 oxy of 1-5 car on atons, alkyl o car.bon
at ons, -qurr] CN, -CF[err], -COR[err], -CHerr]OR[err],

“NHCOR[ err], - COWdicaiethiican |, 28(O) [err]Rlerr], a%ﬁliﬁrr]NR[waﬂJR[e”]

t he anhydr i de of 4 r box 2- napht hyl; or 5
substituted al kyl, al kenyl, éllgyﬁ&ne%f‘yﬁi{gg carbon atons
substituted with a substitut ed or unsubstl tuted polycyclic aryl

group as deflioneq'xecl'ofenamate 50-100 Tablet . Oral
{2/3 times daily) ' '

Ibuprofen 300-400 : Tablet Oral

. (3/4 times daily)
15 S
Piroxicam = 10-20 Tablet Oral
- (1/2 times daily)
Sulindac 150-200 '. Tablet  Oral
20 , : (2 times daily) '
Azapropazone  200-500 ' © " Tablet ‘Oral

(3/4 times daily)
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above; -S(Oferr]-heteroaryl, -NRerr]- heteroaryl and : '
-NH-SJerr]-heteroaryl, 10 - err

]
175 [err] WOSL/O§28ir] is -CH OCRerr]; Rlerr] is al kyI oqul‘/lJ§9_ 37 bon
atons or perfluoroal kyl of 5 1.to 6 carbon atons, 1-adamantyl,
1- napht hyl, 1-(1- - naphthyl)ethyl, 1o (CH[err])[err]C[err]H[err];
Rlerr] is-H ‘alkyl of 1 to 6 carbon atons, cycloalkyl of 3 to 6

b t h I 10
s -G err] H pc&r‘érrfr Ergﬁfﬂsa{ﬂ‘?”gf ehpe Merr}iR[err]R[e”]
0 .

Reh}] blockers of this nvention*

. _ Dose
5 Drug | ' dmg)
' Benzothiadizides ~ 25-100 (daily) Tablet  Oral.
(e.g. hydrochlorothiazide) - '
‘10 - Loop diuretics - ~ 50-80 (daily) Tablet Oral

(e.g.'furosemide)

When used with an NSAID, the dosage of RAII blockers
will generally be the same as when the AII blocker is
15 used alone, i.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 AII blocker can be less, e.g., 1-100 milligrams
‘per day and for the more active compounds 1-10 '
20 milligrams per day. -
it is expected that the compounds of this invention
will also be useful in the treatment of chronic renal
failure. | ' ' -
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176 " Rlerr] is—H—atkyt—orperfiuoroal kyl- of 1 to 8 carbon

at ons, cycl oal kyl of ons, phenyl benzyl ;

Rl err] i swid 91260231 ”“llﬁm“kmuim toms cycl oal k>)| + of SPS?WUS“};“W"G
carbon atons, phenyl, *benzyt, *acyt carbon atons,
phenacyl ; Rlerr] is H, aI kyl of 1 tolalcarbon atons, cycl oal kyl of 3
t06ca-rbon atons, (CHerr])[err]Cferr]Herr], ORferr], or NR[err]R[err]
Rl.err] is H aléyiINg: 1 to 6 carbon atons, cycl oal kyl of 3 10 to
carbon atons,. phenyl por ; I Lel p y are H
al kyl of 1. to 4 car boirjl %P@ﬂtihgper&ﬁ&%enfﬁmu eg‘?y%)f Ffejgr - et hyI benzyl,
or taken together with the nitrogen for,’ma ring of the

formula 15 [err] Qis NR[err], Oor ?{&err] Rlerr] is H alkyl
of 1-4 carbon atons, or phenyl; 20 R[er r)’ of 1 to 6 carbon atons,
-NR[err]Rlerr], [err] 25 Re ] aerr] i ndependently are H,
alkyl of 1 to 6 carbon at ons, Nzyy/ or are taken together as
(CHerr])[err] where u is 3-16;, NR[err] is H CHerr] or
-Cerr]Herr]; Rlerr] is NR[err]R[err],lO?[err], NHCONH[ err ],

NHCSNH[ err], 30 [err] '

'|
SN
RZ . R3

Z

RI
(I)

wherein

)
_ E
10 R! is -4-coza; -4-CO2RY; ~0-5-OH; -SO3H,

_ . | : 0
15 - ll - -
~C(CF3) 20H; -0-P-OH; -PO3H,; -NH-P-OH;
. | I
OH " OB
20 4-NHSO2CH3; 4-NHSO2CF3; -CONHOR1Z;
oH O | N—I‘{\
| 1 I\ .
—SO;NH; ; =-C—p-OH; 3 N’ ;
R P
R?" OH H

This Sheet Has Been Replaced

N e




177 Rlerr] is hydrogen, alkyl wth from1 to 6 carbon ‘atons,

P SN ES 2 S"s  n

i ndependently al kyl of I-4°cafbolh atonk - or taken together are
-(CHerr])[err]-;. Rlerr] is H alkyl of jhto 4 carbon atons, -CH2CH=-CH2
or - CH2C6H4AR32; Rlerr] is H NJerr], NHerr], OHor OCHerr];
10 X is a carbon- carhl}e-qasmgle bond Rri3-CHerr]-F -O g -S-, [err]
15 _ /A \\ «x A _ '
) . 4 N N, ’ “NA" . /> H 4 .x F,
H I R3
R r1S F
\ R13
. N—N
/B oM
N ¢ 4‘C°NHNHSOzCF3. 4-conn—cncazcsns,
s#0ONH™ 7 | -4
5 H somer)
H C
02 N—N .
CO-N (C-isomer). ' 4_( »
N
H
nl13
N=N
\ /
M 4-x Z :ﬂ_np
4 \ l ’
10

or

2
R4 is H; Cl, Br; I; F; Noz, CN; alkyl of 1 to 4 carbon

atoms, acyloxy of 1 to 4 carbon atoms

alkoxy of 1
to 4 carbon atoms; COzH. : :

15
CO2RY; NHSOzCH3. NHSO,CF3;
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Yis Oor S5 25 Zis O NRlerr], mis 1 to 5; nis 1lto 10;
pis O to 3 q t+s—2—+te—-3—30 r is 0 to 2; t is 0 or 1;

178 pharnac ble salt t her eof ; rovi ded
t hat : W091"\°Z§1 th Mﬂﬁﬂﬂm not in the ortho posPCTEISI0/03677

[err] (2) Xis a S|ng[e bond,
[err] 5

(AJ*

s
CONHORn: SO;NH,; N/N ¢ -aryl; or furyl;
H -

R3 is H, C1, Br, I or F:'alkyl of 1 to 4 carbon atoms or
alkoxy of 1 to 4 carbon atoms;
5 R4 is CN, NOp or COyR11;
RS is B, alkyl of 1 to 6 carbon atoms, cycloalkyl of
3 to 6 carbon atoms, alkenyl or alkynyl of 2 to 4
carbon atoms;
RS is alkyl of 2 to 10 carbon atoms, alkenyl or alkynyl
10 of 3 to 10 carbon atoms or the same groups
o substituted with F or CO>R14; cycloalkyl of 3 to 8°
carbon atoms; cycloalkylalkyl of 4 to 10 carbon
-atoms; cycloalkylalkenyl or cycloalkylalkynyl of 5
to 10 carbon atoms; (CH3)gZ(CH2)pRS optionally
15 substituted with F or COzR14; benzyl or benzyl
substitﬁted-on the phenyl ring with 1 or 2
halogens, alkoxy of 1 to 4 cﬁrbon atoms, alkyl of 1
to 4 carbon atoms or nitro;
_ "R7 is 1- or 2-naphthyl; 5- or 6-naphthoquinonyl; 3-, 4-
20 . or 5-aéenaphthy1: 3-, 4- or 5-acenaphthenyl; 1-, 2-
or 9-anthracenyl; 1- or 2-anthraquinonyl; 1-, 2-,
3-, 4-, or Y9-phenanthrenyl; 2-, 3-, 4-, 5-, 6-, 7-
or B-quinolinyl; 1-, 3-, 4-, 5-, 6-, 7- or B-
isoquineclinyl; 2-, 3-, 4-, 5=, 6- or 7-indolyl
25 . which can be substituted on ring nitrogen with
lower alkyl of 1 to 5 carbon atoms or benzyl; 4-,
5-, 6- or 7-indenyl; 2—, 3=, 4-, S-, 6- or 7-.
benzofuryl, 2-, 3- ¢ 4= 5—, 6- or 7- benzothienyl;
. ' 1-, 2-, 3= or 4-dibenzofuryl; 1-, 2-, 3- or 4-
' 30 dibenzothienyl; 1-, 2-, 3- or 4-fluoreny1, any of
: the foregoing polycyclic aryl groups substituted
with 1 or 2 substituents selected from halogen,
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,———//—— .
., and Rlerr] is CJerr]H or [e'rr] then Rlerr] must g
- lerr] or nmeta position; or when Rierr] 10

_EzngXe?:]eaiﬁéé?fm @ mmmmwmwl CFlerr] or  PCT/USS0/0367T.

| e bond, then R13 nust be ortho

except when X = NR[err]CO and™err] is NHSO err] CF[err] or
NHSO err]CH err], then R err] nust be ortho or neta; (4) when
Rlerr] is 4-Cq err] H orabkeey toft leiSeebrbbheatémsaralkyl of 1-5 carbon be
S-al kyl; 20 (5) atbies), R[_%rd bﬁ 4., @g%er.r.&dim acagbk1?her eof, the
substituent on the 4-posjiti onnof |1§| ga 17, fgnﬂ) '
CH err] OH CH[err]crxx}{ﬁﬁq? §r RCOy B fPh4R" ', and SONRICR:Z; the

anhydr:.de of 4, 5—dicarboxy1-1- or 2- naphthyl. or .
-5 ‘substituted alkyl, alkenyl, or alkynyl of 1 to 10
' carbon atoms substituted with a substituted or

unsubstituted polycyclic aryl group as defined’
above; -5(0) ~heteroaryl, -NR18-heterocaryl, and
-NH-SO,-heterocaryl,

10
- II .
RS is -:cnz)n-lcn—nll- - (CH2) 4 OCR14; - (CH2) nSR1S;
|
15 oR17
R14 o o
~CH=CH (CH3) gCHOR15; -CH=CH (CHy) gCR16; -CR16;
20 = | .
0
| n o
-CH=CH (CH) OCR11; - (CHp)p-tetrazolyl;
25 o -0 , Y
I il
(CH2) g~CH-COR16; —(CH2)4,CR1S; - (CHp)OCNHR1O;
{
CH3
30
. o)
II
—(cnz)nnal1c031°- -(caz)nnnllcuaalo- -(cuz)nuallsoznl°-
-~ 35 Y
| L}
~(CHp) nNR11CR10;

I

-_‘_.__f__’_—-——ﬂ——"’—f—‘
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1--79 ‘[err-] oup i S not CI-lCI-l[err]Cl—l[err]Cl—l[err]
,CHerr]OH 5 i,! ]ﬂﬁmmnm [eqr]
corrpound odvo@mmnl hav - Jerr]. PCI‘IUS90/03677_

Rr24 o
oy
R? is -CH-OCR21;
R10 js 'aikyl of 1 to 6 carbon atoms or perfluoroalkyl of
5 1 to 6 carbon atoms, 1l-adamantyl, 1-naphthy.1, 1-(1-
naphthyl)ethyl, or (CH3) pcslis.
R11 is H, alkyl of 1 to 6 carbon atoms, cycloalkyl of 3 .
~to 6 carbon atoms, phenyl or benzyl;
: R12 is H, methyl or benzyl;
10 R13 is -COoH; -COoRY; -CHCO2H, -CHoCORY;

o) - R20
. i | |
or = C-NHSO,~— (CH;)g H
o . 0 0
15 1 1 1
-0-S-OH; =-0-P-OH; -SO3H; -NHP-OH
S T |
o] - OH OH
20 -PO3H2, -C(CF3) 20H; -NHSOzCH3: -NHSO2CF3; -m;cocr3.
- OH '
—CONHOR™"; —SO:;NHz; '('3— :IP- OH : N/
| ' R?7 OH |
R31
N—N
/’( \ /& \ '
—en N(N P _CONE . N i CONHNHSO,CF3 /
' : N—N l . N==N
‘ | /( & = AN )
. r :
: 25 B R!
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or '_ 180 Rlerr] is alkyl of 3 to 10

co 5 o™ AL 5720 o7 LRl

substituted on the phéenyl® r|ng with up to tw 5 groups sel ected from
al koxy of 1 to 4 carbon atons, - : halifen, alkyl of 1 to 4 carbon
atons, and nitro; [err] ~ 15

'RY is H, alkyl or perfluoroalkyl of 1 to 8 carbon
atoms, cycloalkyl of 3 to 6 carbon atqmsﬁ_phenyl or

. benzyl; :
R15 is H, alkyl of 1 to 6 carbon atems, cycloalkyl of 3
5 to 6 carbon atoms, phenyl, benzyl, acyl of 1 to 4

carbon atoms, phenacyl; _

R16 is H, alkyl of 1 to 6 carbon atoms, cycloalkyl of 3
to 6 carbon atoms, (CH2)pCeHs, OR17, or NR1BRr13;-

R17 is H, alkyl of 1 to 6 carbon atoms, cycloalkyl of 3

- 10 to 6 carbon atoms, phenyl or benzyl.

R18 and R19 independently are K, alkyl of 1 to 4 carbon
atoms, phenyl, benzyl, armethylbenzyl, or taken
together with the nitrogen form a ring of the
formula

15

(CHy)
/r—-‘\zh
-—N - Q
Q is NR20, O-or CBz;

R20 is H, alkyl of 1-4 carbon atoms, or phenyl;
20 R21 is alkyl of 1 to 6 carbon atoms, -NR22R23,

N

or ~CHCH2CO2CH3:

|
‘NHp

25 R22 apgd R23 independently are H, alkyl of 1 to 6 carbon
atoms, benzyl, or are taken together as (CHz)y
] where u is 3-6;
R24 is B, CH3 or -CgHs:
‘R25 is NR27R28, OR28, NHCONH,, NHCSNH3,

- - This Sheet Has Been Replaced
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181 . 3

A conpound of Clain12 mherein

R err]

of 1 to 4 carbon atons,

hal oge

is H alkyl

*

f 1 to 4 carbon atons;

oxy P
2 vopn VO HIY BRI o 7 corvon o rermssums o

1-, 2-, or 3- |ndonI 177 [err]
0 ' Rlerr] is CFlerr], alkyl of -1 to 6 carbon atons or
gg[egglr]; " [erR[ ]erﬂz’lﬁ 43 Hyd®bg@h)Vandf1 Lith #r6A" %o % Whrboflatbhe] 1] 1S

benzyl, or allyl;

R27 ‘and R28 -are independently hydrogen, alkyl with from

1 to 5 carbon atoms, or phenyl;

5 R29 and R30 are independently alkyl of 1-4 carbon atoms

or taken together are - (CH2) g

R3! is H, alkyl of 1 to 4 carbon atoms, -CHaCH=CH or

—CH,CgHgqR32;

R32 is H, NOy, NHy, OH or OCH3;

10 X is a carbon-carbon single bohd.--qo—, ~CH2-, -0-, -S-,
-NH-, -N- , -CON- , -NCO-, -OCHp-, -CH0-,
1 { |
Rr26 R23 r23
15 - _ ' -
~SCH2-, -CH25-, -NHC(R27) (R28), -NR23s503-,
-SO2NR23-, -c(R27) (R2B)NH-, -CH=CH-, -CF=CF-,
20 -CH=CF-, —CF=CH-, -CH2CH2-, —CF2CF2- ,/ N\,
or'* ocor*’ NR2® 299 op®
I : | i \/
-CH- , -CH- P -C- or -C-
Y is 0. or S;
25 2 is 0, NR1l, or s;
m is 1 to 5;
n is 1 to 10;
p is 0 to 3;
qg is 2 to 3;
30 r is 0 to 2;
s is 0 to §5;
t is 0 or 1;
This Sheet Has Been Replaced.
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R[er'r]‘ s H, 'or al kyI t ons; Rlerr] is H alkyl of 1

4 carbon at onp; Rlerr] is
to 4 car bon am 30 mis 1p,
H, al kyl 19}/09 Mwwm or a phartr;g,ceut | carf<
single bond - ’ 8

acceptabl e salt thereof 5 vx)r1ere| orr RI3 [err] 5

ghar ﬁagggp ?ggldl sf sa ?aﬁ’%"@%ﬁ?"tt% a<=<=eptat>1e sdit Ahekapgpceuti cal

arrier and a
conposition corrprl si ngprovidedhRfagceuti cal | y -sui tabl e c
conpound of any .. (1) the Rl group is not in the ortho position;

X is a single bond,

. then R? must

H

. -be in the ortho or meta position; or when R1
10 and X are as above and R13 ig NHSO,CF3 or

NHSO2CH3, R13 must be ortho;

. R?
e 1 - :
{3) when R is X - and X is other than
R’ |
R2
15 ' a single bond, then R13 must be ortho e:icept

when X = NR23¢O and R13 ig RHSO,CF3 or
NHSO2CH3, then R13 must be ortho or meta;
(4) when R1 igs 4-CO2B or a salt thereof, R® cannot
be S-alkyl; :
20 (5) when Rl is 4-CO.H or a salt thereof, the

substituent on the 4-position of the imidazole
. cannot be’ CHZOH, CHp0COCH3, or CHZCOZH.
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one of aims 1 thraugh 4_ 10 6. Pharnaceutical - conposition of Caim

5 which - addi ti onal uretic or a non' st eroi daI

antiinfla ug i i ilﬁ'li [i.A phar maceuti ca CONPGspnt

preventi ngw%ﬁ,g%ﬂgli I mj l ﬁ I bl ooded ani mal resulting’ PSS%B%"
adm nstration of a non-steroidal anti-inflggmatory drug (NSAI D)
conprising an effective amount of a conpound of any of clains 1 through
4 use in stepw se or in physCEs80,HENNbi nation with the NSAID. 20

8. A pharmaceutical conposition for tregting ‘hypertension in a warm

bl ooded ani mal conprising an - effec xnount of a co'rrpound of any of

claims 1 . throgyghhehOr? I bl ogel ure

9. A pharmaceuti cal coﬁpom ?’Y%n“?grs tryati Rcolﬁggg‘?t i vgtﬂgﬂk’e’?’é'll'ure
in a warm bl ooded ani nmal ~conpri si ng\em=£ffective anount of a conpound
of any one of «clainms 1 through 4 to correct the. henodynam c 30 burden

on the heart to relieyn tttq,ecgrsg§§5hﬁnis n%e cucﬂzcnégaiﬁbv\ﬁir%e@g for the

preparation of a conpound claim1 rern npri ses
contacting 5 an inidazole derivative of Fogmula 1 with a benzyl o
183 :

2. A compound of Claim 1 having the formula:

R?
/}éi \
CH,
Rl | (I1)
10 - I
wherein
| n13 Rz
N—N
L " / \\ =X
R" is -CO,H; -NHSOzCFa. ;
N .
H
' or i
15
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derivative of Formula 2 in a solvent i the presence of a base for
about 1 to about 10 hours at a ten‘ierature I n the range of about 20C to

}:QanLle]al gmgatmmat urillmm"m“l“ “I mutnt to form a benzyl i MCT4ESYU03677

rein each of Rlerr], Rerr], Rerr],’

Rlerr], Rerr] and R8 i's St abl " under 118ge reaction conditions and s a
group as defined 10 in Clalml or an'intermedi ate or protected form -

t her eof whi'chec f ro rr]

i s hal ogen, p- to#ue%s ony o?y%or %ﬂ? rlaP-’o%’r'fgl' gekgﬁl9'1V\@fdf/‘ttfq’er [eogfter

as necessary ‘'transf or F¥RPR AkPms, a#kverie@ﬁaietq)rlopucerbepeaww:ws of the R
groups to R 15 QFOUpéy@:EoéiﬁiﬁnQ:dE 3Nl Bi Baﬁbon atoms, béhzykrocess of Claim

10 wherei.n conpounds 1 and ar con act n t pres nce of a base
.sel ected from t he ‘Q‘P%%’pt‘&ﬁ%. ?‘H fre’i@ I\'ggh ®a netal
al koxi de (MO, sodi ugrmambcsealea:tqm't_faem abkaxy efhat ¢o ZOcatbontM;:bm ne

and pyridine, in a dlﬂgigé ‘.F r%ﬁé&yeﬁﬁ 4c on \#Q%hébtgﬁ §&65 MOR,

t he sol vent can be an | ere m so I um or
pot assi um and Ris nmethyl, ethyl or t-butyl. 12. Process of
Claim 10 wherein a two-phase 25 solvent system one an orgar@c phase such
as net hyl ene ghl oride and the other an aqueousl phase, Is used in the
. 10 R® is -(CH2)p-tetrazolyl, =-(CH2)nOR11; -(CH2),0CRT4;
.0 " rl4
Tl |
~CH=CH (CHp) gCR16, —CH=CH(CH,) gCHOR15;
15 , '
-0
I II ' .
- (CHp) ncnlﬁ ; - (CHy) ntmconlﬂ ; - (CHp) nNHSOZRlo ;
20 0
|
or -CR16;
| /( \\
R is -co,n, -CO.R?, NHSO;CF;, SO;H; or N’ ;
H
R16 is H, alkyl of 1 to 5 carbon atoms, OR17, or
25 ' NR18R19; :
X is carbon-carbon single bond, -CO-, -CON-,.
|
Rr23
30 - : .
-CHzCHg-, -'NCO-, -0CH2-, "CH20-, -0-' -SCHZ"'
l .
R23
35 ~CH,S-, -NHCHp-, -CHoNH- or ~CH=CH-;

or a pharmaceuticaliy acceptable salt thereof.
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184 presence of a phase transfer cat al yst such as
tricapryl met hyl am"mni um chl ori de 13. Process of Caiml1l

\é\‘lih.ﬁ(i:jleienio(jﬁpe” ”“}I“IM!' ”lmmf er;]nd Rl err] ar?e( Ieaich |n9epenﬁsw

H d, B, 1, F, Nerr], alkyl of 1 to 4 carbon
at ons, aI koxy of 1 to 4 carbon 1&(10ms aryl or furyl; R err]
~and Rlerr] are as defined in daim-1; ' R[err] S

-(CHerr])[err]ORerr]; (CH[err])[err]SR[err] or -(CHerr])[err]CN,
Rlerr] is as defined 5” Ckaégi’np}oun]dso ?EH‘% g_rr]R[err] CN, NJerr],
tri ef r'i7o

trialkyltin tetrgzol e; e, and R err] and
Rlerr] are as d& i h8dHi ralkyd mfll f-° 4 carbon BLoms, obaieger, @i m 13 .

wherein R er r] Is - Cﬂgbi Rbery ]t@qdcarbontga&,ﬁg.oduct of Formula 3 is
contacted w Icoh | i oI vent or. with
CF['err] Cq er$ Hﬁati‘ kyi eé&fr"HS'UP Y é aﬁ%{??"’?(ﬁté?"fs]'c to the
reflux term rasule of 2-hfamhye|at2-f-pr3-athmt4-1;uzﬂombuys. 1-, 3<oll owed
by adjustnent_of the_BH Oisé&ﬁ&ﬂgfﬁﬂgﬁ? Eg_fh, 2-, or 3-indolyl;

| 0 R14
10 . | i
R® is -(CH2)mOR11; -(CH2)nOCR14; -CH=CH-CHOR1S;

o) 0

15 - (CH2) mCR16; —CHoNHCOR1O;

-(CHZ)_mNHSOZRJ-O; or -COR16;
R10 is CF3, alkyl of 1 to 6 carbon atoms orsphenyl;

R!1 is H, or alkyl of 1 to 4 carbon atoms;
20 R13 is COpH; CO2CH0COC(CH3)3; NHSO2CF3

A
A
or 7 N ooi
H .
R14 is H, or alkyl of 1 to 4 carbon atoms;
R15 is H, alkyl of 1 to.4 carbon atoms, or acyl of 1 to
- 25 4 carbon atoms;

R16 is H, -alkyl of 1 to 5 carbon atoms; OR17; or

| ——N/_\O

30 mis 1 to §; . . .
: X = single bond, -O-; -CO-; -NHCO-; or -OCHp-; or a
pharmaceutically acceptable salt thereof.
-
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value in the range_of 3 to 7, to convert the product to 25 t he

correspondi ng product V\/nerer Is' -CJerr]H 15. Process
of O ai MW 91/a828s N H i Rlerr], R[err] or PEFEJS90/03677

Formula 1 is qurr nverted to -CJerr]H
16. Process of Claim 14 wherer n R.err] igge-butyl and 30 the reaction is
conducted in CFlerr]CJerr]H - : 17. Process of Claim1l3 wherein

Rlerr] is -CN and the4 A éy“&%%%h §E Eﬂm‘rl? ‘ﬂ‘er% ?lo?iaﬁed with (i) a

~strong acid enperature o he™sol vent for about
2- 96 hours or (rr) a strong alkali in an al cohol solvent at a .
tenperature in th&lange of about 20[err]C and the refl ux t enper at ure
of the solvent for ' R¥6 hours fol | owed 5 by adjustnent of the pHto
about 3-7, or (iik i C angi st {94 el M"’“"%ﬁ* &l kali, to
convert the product. the correspondi ng conpound erein R[err] S
CCIerr] H. rocess of Caiml17 wherein at | east one of R2,

R3 or R13 is -@?ﬁﬂ%@rﬂﬁaléﬂds%f—%m&ﬂéd theregf.. cerr] H.
19. Pr ?C§Sf f Clgl mg7 vl m&etabaar:st:mﬁ #iiloh) Egﬁtbrisiﬁcjl(hls Cod 1
. converte o - err an nver e o]
( CH2) nOH when F&q; %‘I;a%"dlﬁ(;%léa FBigfﬁ%r 5E a °QEP°"W‘§ B Caim
13 wherein R13 ose-&R Glainishd tbropgbddict of Formula 3 is contact ed wth a
m xture of equi no ar m qu c§9db ‘dﬁ:h Q,qf emﬂrgr@)?mlﬁrr de
an

in a'polar aprotic. solvent at rat
30[err]Cto theaﬁéﬂiﬁnﬁ%(ﬁ%‘ﬂ:&ﬁésoﬁ’ %'eretaq/m a non—steroidal

10 ant;inf lammatory drug.

7. A method of preventing renal failure in a warm
blooded animal fesulting from administration of a non-
steroidal anfi-inflammatory drug (NSAID) which comprises
administering, stepwise or in physical combination with

15 the NSAID, a compound of any of Claims 1 through 4 in an
amount effective to prevent renal failure.
8. A method of treating hypertension in a warm
blooded animal comprising administering to the animal in
~an amount effective to lower the animal‘'s blood pressure
20 a compound of any of Claims 1 through 4. .

' ‘9. Method of Claim 8 wherein a diuretic is
administered to the animal prior to or simultaneously
with the imidazcle compound. '

_ 10. A method of treating congestive heart failure

25 in a warm-blooded animal comp;ising administering to the
animal a compound bf'any one of c1aims 1 through 4 in an
amount effective to correct the hemodynamic burden on
the heart to relieve the congestion.

11. A process for the preparation of a compound of

30 Claim 1 wherein r is 1 which comprises contacting an
imidazole derivative]of Formula 1 with a benzyl

.+ This Sheet Has Been- Replaced
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for about 1 hour to 10 days, to convert the product to 20 the
correspondi ng conpotfe—wherei-A—RE3—+s—5-tetrazol yl . Process

-°E ooy or e SURbEG, Rfmmllﬁﬂﬂ@ﬂm Converted to Lstéﬂ‘éﬁ%f ’“"’3‘”
ser I*

Process of Claiml erer m |s -CN and the 25 product of Fornul a
3|sreacted with trial kyltin azide : trlaryltln azi de foll owed by
acidic or basic hydrol ysis to convert the product to the correspondi ng
conpound wher ei rdeRfizativesol-Fexmulel2/|lin a solvent :izethlér presencé @fai m 13
wherein Rerr] i yaE %BQ Lﬂé’uéoxf R Htseha Ofm':ﬁ&ml. %3 ol @95@5:&"‘ i

trialkyltin azide trraryltin a2| to produce a co oun For mul a
3 wherei n fbe |r§“f3P| Slfkﬂ"’lb\" 20°Cate t§?a¥#§;’r“’t dempesptyre of the e

| atf er conpound sclvenactedforhha themphriylidatbyée of Foxtdular3de to pr oduce a
compound of Eornmula 3 \/\herel n R13 35 is triphenylnethyltetrazol-5-yl, and

the latter cdnpound : 6 S
hydrol yzed to produce a conpound of Formula 3 wherein - R[el fﬁi S
5-tetrazol yl. gt 24. Process of Claim22 wherein Rerr & 0 o
-(CH err])[err]CN | nd S converR 0 sa-|2)[err] tetrazayl »hen R13
Is 5 -converted to gzol rocess of" da 13 wherein
Rl err] |s-qurr nd?— t he pr@du@) FormJIa3|s contactefl with a
reduci ng géht taF.orma secondgs rmedi ate of Fo n whi ch

Rerr] is NHerr], art the latter |s contacted with ag, 1B a 'ydrlde
(CHerr]SOerr])[err]Oor (CFlerr]Serr])[err]Oor a chils i

CHerr]SOerr]d or CE[err]SCIerr]Cl oE sul fonic acid ig ol vent to

a

wherein each of R1 R2 R3, RS, R7 and R8 is stable
under the reaction conditions and is a group &s defined
1D in Claim 1 or an intermediate or protected form thereof
which can be transformed to .such a group and wherein x1
is halogen,.p-toluenesulfonyloxy or methylsulfonyloxy:
and thereafter as'necessary transforming said
intermediate or protected forms of the R groups to R
15 groups as defined in Claim 1.
' 12. Process of Claim 11 wherein -compounds 1 and 2
are contacted in the pPresence of a base selected from
“the group consisting of a metal hydride (MH), a metal
“alkoxide (MOR), sodium carbonate, potassium carbonate,
20.'triethy1amine and pyridine, in a dipolar aprotic solvent
or, where the baSe is MOR, the solvent can be an
" alcohol, ROH, where M is’ lithium, sodium or potassium
and R is methyl, ethyl or t—butyl
A ' : . 13. Process of Claim 11 wherein a two-phase
25 . solvent system, one an organic phase such as methylene
Jphloride and the otner an aqueous phase,is used in the

e ———
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produce a conpound in which Rlerr]
-NHSO err] CF[err

of thionyl

i.s—-NHSO err]CH err] or
ss of daim?25 mhpreln at

i 25 it | RRGRIEe) 5 =coe e

14 or 17 wherein the conpound
(a) is contacted with about 1-4 equivalents 20

27.

| east one

77

% Process of Claim
of For 1a 3wth Rerr]=CJerr]H either
chloride in

excess thionyl ®sesepge of a PhaﬁﬁuﬁHHQstcl¢eh¥1!§ta§uﬂ@wp§rature in the

range of about tricap@iemetlylomhdifneichay-iaaperature of the solvent for a

peri.od. of about 5 nrg tes to about _2 hours .to forgra
ﬁrrks

Formula 3 wherein R[
about 2-10 equivalents of
excess hydroxyl am ne
tenmperature in

(b) is cont act ed4TRE rpxyl am ne de¢
di cycl ohexyl car bodi i mi & ﬁnd 1- hyped
a tenperaturg in the range

provi de a
187

10

15

20

25

30

;&Y i vative H err
Qnge ;0iq 2o

t

2R

PEogess of fiaim 125 wheze
hydroxylanrne derivative Herr]NOR[err] in
NOR[err] or other solvent

conmpound in which Rlerr] is CONHOR[ err].

28. Process of Claim 10 wherein

Rl is

of . about 0 30C for about

i nt er medi at e of
I%Hntacted with

- 24R%our s;

X is a carbon-carbon single bond, -CO-, -O-, -S-, or

-NH~-;

R2 and R3 are .each independently H, Cl1, Br, I,
Co2R14, F, NO3, alkyl of 1 to 4 carbon atoms,
alkoxy of 1 to 4 carbon atoms, aryl or furyl;

RS and R7 are as defined in Claim 1;

R8 is -(CH2),OR11;. - (CHp)SR1S; or -(CHZ),CN;

R11 is as defined in Claim 1;

R13 is coorl4, cN, wO3, trialkyltin tetrazole,

or trityltetrazole, and.

R14 and R15 are as defined in Claim 1. |

15. Process of Claim 14 ‘wherein R13 is -c02314 and
the product of Formula 3 is contacted with an alkali in
an aqueous alcoholic solvent or with CF3CO2H -at a

temperature in the range of about 20°C to the reflux
témperature of the solvent for about'l?zl”hpurs,
_ 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 prodpét'wherein R13 is ~COzH.

16. Process of CIaim 15 wherein at least one of

R2, R3 or R13 in Formula 11is -c02R14 and is converted

to -COzH.

at a
OI’

i Nfa solvent at

to

[err]

17. Process of Claim 15 wherein R14 is t-butyl and

the reaction is conducted in CF3COZH.

B

18. Process of Claim 14 wherein R13 is -CN and the
product of Formula 3is contacted with (i) a strong acid
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6
‘Rlerr], Rerr], R[err] and Rerr areﬁs deflned |n}CIa|m1 and’ Rlerr]

i S CHCngBb %i{ err err (CH[err])[er ]-CH( OHPE&rAUS9P/03677
(CH2) n er r{ 2) n “ﬁ“m 29. Process of Caim 28
wherein Rerr] is ( m the product of Formula 3 is
contacted-wi th an al cohol® IQ[err] oH i W8 he anhydrous-state in the
presence of a strong ~acid or a Lewis acid, followed by saponification .

of any Cq @t prEfduyr bepsemmﬂctfambbysmmu for mboysne-PhH 15
i nternedi ate 3 ndugsf %m(ORE Q%Eﬁ?%dkagicﬂﬁpaﬂr@léﬁhol soteefit! &t 3a wherein
an

err] is (CHerr err err Rlerr].is.n 30. Process
51E a Ll m 26(3 vaéF@H? theyangq 9feabp ] gbrﬁ and thg geflpX | g not.

H and the pr Odlﬂs‘mp@fraEﬁlf:EUbﬂ She ssolventcufbtaabedtvsz-t% divvagu€ollowed di C

medi um at acte [ e b X

t enper at uresof I&e %L'M gmggf’vent‘%13 #I?Q' “%8@ ?u?ibzéﬁc @rlg) gsﬁgg%gto form
the corr espondlam}dcémﬂégnadoby FRagid lor Slﬂsﬁéﬁ-el toRpenvegrt £he product
(CH2)[err]OH.  to the corraépoﬁhﬂwfdon@‘ouﬁhawﬁeiﬁ@m\m@ﬂ% ReesRl is (CH2)nOH
and 25 the product of Formula 3 is Ib‘rth‘acte d wt (a) a
carboxylic acid anhydi d&TOReEs PE 1’8 aherein ghi paske %P co0 in a
solvent in presﬁg} oraRdds sa‘H:QQR14 ande dpecanvexted tiche range of. about

X I s a carbon-carbon si ngl e bond - - -S-, or - NH-;
.
(

Oferr] C anggt heggfd ux temperature of the sol vent for about 0.5-24
hours or 30 (b) a carbox %*I ¢ acid ]CCIer H under
anhydrous condi49-on®Hosesscetnciain 1B shezed a§ A3~ (HA) e i d at

and is converted to -(CH)COzH, or is -(CH)OR11 and
is converted to (CHp)pnOH when R13 is converted to —COoH.
21. Process of Claim 14 wherein_R13 is -CN and the
15 product of.Formuia 3 is contacted with a mixture of
' ‘equimolar amounts of sodium azide and ammonium chlo;ide '
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
20 the corresponding compound wherein R13 is 5-tetrazolyl.

' 22. Process of Claim 21 wherein R8 is -(CHp)nCN
and is converted td--(CHz)m-tetiazolyl when R13 is
converted to 5-tetrazolyl. |

23. Process of Claim 14 wherein R13 is '—CN and the
25 product of Formula 3 is reacted with triglkyltin azide
or triaryltin azide followed by acidic or basic
" hydrolysis to'convert the product to the corresponding
compound wherein R13 is S-tetrazolyl. |
24. Process of Claim 14 wherein R13 is -CN and the
30 product of Formula 3 is reacted'with_t#ialkyltih azide
‘or triaryltin azide to-produce a compouﬁd'of'Formnla K3
wherein R13 is trialkyl or triaryl stannyl tetrazol-5-
’ ' yl, the latter compound is reacted with triphenylmethyl
chloride to produce a compound of Formula 3 wherein R13
35 is triphenylmethyltetrazol-5-yl, and the latter compound
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188 about 0-100[err]C for about 0.5 to 24 hours, to formthe
correspondi ng conpound in which Rlerr] is (CH2).[err] CCOR err].

32. Procewwo®i700281i m 28 wherein Rerr] is (CH err]) [ err] OCORCEAIS90/0367aNnd
‘the product of Forrmula 3 is tontacted with aqueous 5 acid or alkali to
formthe correspondi ng conpound wherel®6R err] is (CHerr])[err]OH
33. Process of Caim28 wherein Rlerr] is (CHerr])[err]OH and t he

product of For milsal@dlralijﬁéﬂaﬁé kodude an c@iﬁ?dhi&f& Forndd8"8 @hefein
t enper ature of bout 1-200 10 hours to produce a

45C for
correspondi ng c%rpoﬂ't‘?dgﬂ‘e E5R R in which Rlerr] is
(CH err])[err] COR er @5 anGrREQS$SOf-| Claim 23 whegeinR® s s GH LS 28

wherein Rierr] ighd is cobvbetéd e ( e%eleaﬂoﬂfuﬂed |18 ggd the
product of Fornula 3 is cont act ed an organonetal li ¢ conpound R16P

in which 15 5p jcpnyemted: to; Stietraznlpdnt at a tenperature in the ° range
of about -78[err]C t @6L00@rbeessbofitClafm 24 Mhereinorl3 id oA awapound of

Forrmula 3 in whi er,r 2) ( R16|s ot H.

35. Process of (ﬁﬁ':ﬂ ﬁ‘?gu%fﬁe?g %‘”ﬁé"&_‘;} 9? %aéf%ﬁq’% Rlerr]
and Rlerr] is nagestite tbmpaosknnnd)fintemeaﬁauulaf:!‘cmud.mﬂad.hed wi th an
oxi di zi ng agent Jyich r13 1§0kxfntaﬂa)twtmteprieswmu&wmauaﬂ of

Formula 3 in \TA& %’ é NnCORL6 and R16 i.s naqt
36. Process8f G‘H}Ytﬁréﬂe ERaPP2 )2 ay ﬁ@ﬁ@ﬁlﬁ?ﬁ(ﬁﬁ[’eﬁlﬂl%deand Rlerr] is
H and the conpohsStiCIobrUCE3S03Cl afisnliferiic acidiih ssolvenitzitby agent

:?Fe?r]sm o _t O(‘Iﬂéearc% f[ er r?%er rilﬂ{g% a[qer rfml sé%?%yg%l i nS;mi o

Process of "C ai mR#S0g&EGei n R[err] is (CH[err])[err]CO?[err] 30, and Rlerr]
is OH and the corrpourg, of Ak éfaﬁ?néf%%‘ieip at X%t%]mn%“ﬂf chl ori de

i excess or nQtsher so%gef e range of
about O[err]létd‘ & rePFuR s T‘Qﬂ)é"‘ﬂ eCBP"FﬁEe%cHQ/é"mHSPBFHQbBEt 5

mnutes to about-NHSO, c_rﬁ hours to forma correspondl ng conpound of Fornul a
335 inwhich Rierrly S Qert begf] R ' "5 it S M Longlony
of Formula 3 with 313-(202!{ either .
' (a)  is contacted with about 1-4 equivalents
20 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 is COCl, and the
25 latter is contacted with about 2-10 equivalents of
hydroxylamine derivative HZNORu_ in excess hydroxylamine
" derivative H2N0R12 or other soivent,- at a temperature in
' the range of about 25-80°C for about 2-18 hours, or .
" (b} 4is contacted the hydroxylamine derivative
30 BEHyNOR12Z, dicyclohexylcarbodiimide and 1-hydroxy-
" benzotriazole 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 R!3 {s CONHOR}2, ——

A
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189+ latter with an am ne NHRL8R[ err] in excess or in a solvent -at
tenperatures in the range of about O[err]C and reflu t enperat ure of,
t he sol ve ohﬁhm&ﬂQUt 5% nutes to. about 24 hour's ito fopczrugmyuyn7
correspondi ng conmpound of “Formul a 3 5 in mhlch Rlerr] is
(CH2)[err]CONR[err|Rerr]. Locess of d aim 28 wherein
Rlerr] is (CH)[err]OR[err] and R[errf I's H and the'product of Formul a
3 is contacted with thionyl chloride in excess or ipa solvent at a
tenperature in the rante Frodsss: ofoblaimikh wheredn: 1R (4Fperature of the
sol vent for about 0.5-24 hours to forman internedi ate conpound of
Formula 3 in which Rlerr] »3 is (CH2)[err]G ' 39. _Process of
Ga|m38vmme|n}he und ; afg —x ' 3 d ychyy g5 RCH2) [err]
is contacted with p@ um or pot ag alt of a apl § A5SH in a
sol yent at a tenperatyg€pi n the rhfe™d #fout 25-100" 1 C for about
1-24 hours to forma conpound of Formula 3 in’ mhlch‘${e¥r] S
(CH2)nSR[err] 40. Process of Claim 28 wherein the conpound of 20
Formula 3 in which Rerr] is Lerr] [err]d is contacted with an
alkali metal TyaXitke & rFadfb?él‘Féﬁ ont sngkanhongdy ureOtn ~0-, =Ste ©Fnge of .
about 20- 100[err+ﬁkipr about 1-24 hours to form - a conpound of Formul a
3 in which R[err err and th l, at
hydr ol yzed to the 'c gE § 287 ¢ P d &Br%?gm gﬁl ch Rerr]
(CH err])[err] o} ?]( p](CHz)nQGP <CﬁzinCH(°H) °+Pr ocess of
?IaigEZS rgfreln(¢ Wﬁﬁ@ﬁnCI. (£§5 !a %an whi ch R[err] |sf
CH2)[err S cont sodl u ot.@s

di al kyl mal dffate in @ °§t%gfl8n€%'§{ hgti &%’ ‘?)‘?aé’%‘out
-20-100[err] C the product of Formula 3 is contacted with an alcohol

- Rl10H in the anhydrous state in the presence of a strong

acid or a Lewis acid, followed by saponification of any
co,Rr14 groups concomitantly formed or present in.

15 intermediate 3, to form the corresponding compound of
Formula 3 wherein R is (CHz)nORll and R11 is not H.
31. Process of Claim 29 wherein R® is (CH2)pnOR1Y
- and R11 is not H and the product of Formula 3 is
contacted with an aqueous acidic medium at a temperature
20 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 R® is
(CHp) nOH. . | : '
32. Process of Claim 29 wherein R8 is (CHj),OH and
25 the product of Formula 3is contacted with
' (a) a carboxylic acid anhydride (R14CO)20 or
chloride Rl4cocl in a solvent .in presence of a base at a
temperature in the range of about OPCIand the reflux
4 'temperature of the solvent for about 0.5-24 hours or
30 (b) a carboxylic acid R14CO2H ‘under anhydrous

conditions in presence of a strong acid or Lewis acid at

O

This Sheet Has Been Replaced -

R A




for about 0.5-24 hours To Torma. ‘conpound of Formula 3 in which Rerr]

acter w oworyistt ol Il mlltﬂlllmlﬂ ermperature in the  ansS TSR oo

to the reflux 35 - tenpératur'e df tthe*sol v@88 fol | owed by acidification

190 with m neral amdtoforma conpound of Fornula 3 in whi ch
Rlerr] is (CH2) [elsdst}ﬂ-dé@(ﬂoe?c]fbf edbidut @. |50W6d2byhheﬁ§J ngo tfrm thel atter to
about 120[err] C gbrids x{d&d’g rp_uq,?;,ah afﬁch?fch RB lg_g %f? H ure to form

a product of Forrrula I n err] Ls r errdl S
OH. 42. Protess %¥°‘E99a'~’f R %@r%?n" ”érir“] S Sd@a}mp

conpound of For nah@ @né fdaiic%cmdr&hma :{rmslwo%acted wPhw ithsdcue
(err]Herr] [errg err])[err er err] '
(derr]Herr]9[ e??]l F}"%{ & rqsﬂ%déﬂﬁvﬁ?ﬂ“’%'f“% t enper at ur e

in 10 the range !!heatbtmtk iaarﬁq!ﬁ)holit.he reflux tenperature of the

solvent for about 1-244ho 8 or, I |ch
Rlerr] is -CH=CH(CH e?r )l[Jpe’r??j gR[Q.ref!rn g??%gin RS 1 (EH&)"" 6! dhd"

- CH=CH(CH[ er r]) [ Ehe] gt o é‘mtlavﬁ 2 chgen whthrporexidizing
and optionally tg anﬁoat. o ¢ éifhd fHt T TBEUAHORE THUAEL ALy lanoht) 1Y)

- th d
coivent  at éﬁicﬁ{a e”%..)s& A, Gpe e%“pwf fng empoRtgyE Formulg X 5,
hours to forma [bnodhltchdi ﬁcsnm&z)&-uﬁonh cRpérsr]is H.

I s- CH=CH(CH err] )[eEH%Q:H fferr £ c&"fﬁ' ?ﬁeérge of Caim28 '

r
wherein R err] is err or?pound of_Fornul a 3 S

contacted with aﬁc 2)nC‘P% é«s Bopnd| thexmroduqEorf nFareuld chiisit a

‘tenperature in tesnfaeeedqtmb%ﬂ o%'ahﬂbﬁ.ké‘awié honpdundXr16p ik apPEARiUre

of the SO' Ve:['tt; 18 Belgzl:ogr Olf.i ai a so.5lvent 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 RB is
(caz)ncn(omnlﬁ and R16 is not H.
- 36. Process of Claim 29 wherein R8 is
20 (CH2) ,CH(OH)R16 and R16 is not ‘H and the product of
Formula '3 is contacted with an oxidizing agexit in a
) solvent ‘to form a cerrespeﬁding compound of Formula 3 in
which RB is (CH2)nCOR1® and R16 is not H.
37. Process of Claim 29 wherein RE is (CHz)nCOR15
25 and R16 is H and the compound of Formula 3 is contacted
with an 'oxidizing' agent in a solvent to form a
corresponding compound of Formula 3 in which RB is
{CH2) nCOR16 and R16 is oH. .
38. Process of Claim 29 wherein RS is (CHp) n(:ORl6
30 and R16 is OH and the compound of Formula 3 is contacted
wit'h 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 corresponding compound of Formula 3
35 in which RB is (CH2)pCOCl followed by contact of the
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M ndtes to about 24 hours to forma cgrrpound of Formula 25 3 in which
Rerr] is (CHZ) OCO\I Process pf Caim2.8 wherein

t he conp Im“{“h illl “ CH[e'rr])[err]CI i s Cogrpossplosy h an
amne Rerr err] ne or another solvent for a period of

about 1-24 hours “at ‘a errperature i agphe range of about OC to 30 . the
reflux tenperature of the soI vent to forman I ntermedi ate of Formula 3
in which Rlerr], Iﬂ?glg 4 a"s8 of Claim
28 in which R[erér ﬁ"? H19 in NG CRe cor §'(gv'undrsoﬁ E{i)tr"rrul a3

is contacted wiadh t‘emnperatlmelsaﬁ.p ﬁb?atam d?Ef ialpou Qpﬁ cﬁﬂ"c reflpEnt at a 35
tenperature in Eé@éﬁﬂﬁeowabaat seboéil For avbat stmﬁutﬂes%o about

191 h
(cierr)) o €T B RERE e r el ol hd b a2 agon:
to form an int efmedhiate RS iFoKﬁsﬂth:;@NR?m oh Rl err] i s

(Cr)[errINerr]. S, prodibs off esgss 24 »@1@&4&801345@4; n.oMiich Rlerr]
i's (CH[errA%& ﬂlgcst err] or (CHerr])[err]NH err] he cqnmpound of
Fornul a 3 apd; khe RredncH Af EesmBia drif centestefocon or

a sul folnyl ?er W:tﬂ%]!h \&Qxiﬁnﬁombiiﬁ%eiﬁ]égﬁsr bel 1n0? éﬂ%ﬂt—] adl QLV] ylerr] Of
in a solvent in_the preseén a base ur e e range o
about O[err]C tbe® %"p é"[ g&?ﬁefﬁ?ﬁ? %fﬁ?n"“etng%géo?‘?/ Fout 5

m nut es t o boutelpetatiure of thenselvent foanpbont 0f 5+2% rhcha:sston whi ch
Rlerr] is -(CH gbfh )Ar?rfdé%%a&w@[ E&mpdind 'df Formui’£ 3 in which RS

(CH[err])[err]}IR[?é rr]Rerr] 7. Process of- Caim44 or
45 in which the*d n%}(md of Formula 3 with R[err] equal to

-(CHerr])[err] NHR[ e40] OProcess oeHegaih) 3o rdHVdIe thel Eofpdimeiox Wi th an
| socyanat e orl_ Formi£213 9F X1 3her& fﬁrltyp\f il 3sSQbNENde M ‘ﬁttherrperat ure

I n

15 sodium or potassium salt of a mercaptan R15SH in a
solvent at a temperature in the range of about 25-100°C
 for about 1-24 hours to form a compound of Formula 3 in
which RE is (cnz)nsRIS

" 41. Process of Claim 29 wherein the compound of
20 Formula 3 in which Rg is (CH3),Cl is contacted with an
alkali 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 in which R8 is (CH2),CN &nd the
. latter compound is hydrolyzed to the corresponding
25 compound of Formula 3 in which R8 is (CI-Iz)nCOR16 and R16
is OH. .
- 42. Process of (:1aim 29 wherein the compound of |
Formula 3 in which R8 is (caz) n-1C1 is contacted with
the sodium or potassium salt of & dialkyl malonateé in a
30 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
Y - ~in which R8 is (CH2) n-1CH(COpalkyl)y followed by
: ' saponification of the latter with aqueous alkali at a
temperature in the range of about 25°C to the reflux
35 temperature_'.of the solvent followed by acidification
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't he "range of about __5_LE_LL]_.C—I--G——t—he*—Fe‘f| ux tenperature of the sol vent
for about 5 mnutes to to forma 20 conpound of the Fornul a
3"in whi CWOR[1¢80281 i S ali\ {‘mm [ err] NR[ err] CYNHR[ er r PCT/US90/03677 483,
Process of C1a|m10 <l rs] " ®s N err] and Rerr], Rerr],
Rlerr], Rerr], and Rerr] are as defined%n Caim33 in which =~ the
compound of Formula 3 wherein Rerr] is N err] is reduced 25 by means of

iron and aceti cwitth deirflraln@didctb OofoER a omp oundhuﬂrmeihwh @ g ladiumto
a conpound of F a8 ere ;;d p%tt e latter is
reacted with an‘%ﬂ%L Ehapa'rsop‘FP B'& ﬂ&‘%ﬁiﬁ r#oé'% J}'il? jﬁ’g % %anhydrl de
or a substlattes tuhtaboitc 1207 dd din ldimmointnatabrac/ﬁd fatan 30
R orPae™ n f e ehboeependtllegons Robh i sibauce o WARANA L8010
appropri atelsy ‘l'fgg'?‘? t%tjtgxf ‘C% pﬁ?ﬂ f %"‘Br" antjﬁr Qﬁrl ic acid in the presence
of di cycl ohexyl £3y baeiiddisée ofNCRathl 29 Vihdre il RBUES 2CHE axm)rmfémd of
| ?LSS For m[“e?r]s '@oﬁ@o\fx{h %rfe E’rglrrngiﬁl_%ds contacted with a methylene '
phosphorane (CgHg)3P=CH (caz) sCHR“ORls or
(CgHg) 3P=CH (CH3) gCOR1® in a solvent at a temperature in
10 the range of about 25°C to the reflux temperature of the _

solvent for abou_t 1-24 hours to form a compound of
Formula 3 in which R8 is —CH=CH(CHj) gCHR140R15 or
~CH=CH(CH2) sCOR16, except where R15 is H and R16 is oOH,
'and optionally then contacting the compound of Formula 3
15 4in which R8 is -CH=CHKCH2)SCOR15 with a reducing agent

'in a solvent at a temperature of about 0°-25°C for about
'0.5-24 hours to form a product of Formula 3 in which RS
is. -CH=CH (CHy) sCHR140H.

44. Process of Claim 29 wherein RB is (CH2) OB and

20 the compound of Formula 3 is contacted with an
' isocyanate of Formula R1°Nc0 in 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 Formnla '
25 3 'in which R8 is (CHp),OCONRR1O.

45. Process of Claim 29 wherein the compound in
which RS is (CHz)nCI is contacted with an amine R11NH,
in excess amine or another solvent for a period of about
1-24 hours at a temperature in the range of about 0°C to

30 the reflux temperature of the solvent to form an
intérmediate of Formula 3 in which R8 is (CHp)NHR1L,

46. Process of c.laim 29 in which R8 is (CH3)pCY
and the compound of Formula 3 :ls contacted with an
alkali metal azide in an aprotic solvent at a

35 temperature in the range of about 25-80°C for about 1-24

_;;___y_;____—~—d-————
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R err] and R err] Rlerr], and Rlerr] are as defined
in Cai m wo9iAozsnd tj‘ilﬂj‘ﬁﬂ mm y‘“)ound of Formula 3 wi tBCRAUSHY/P3&Tual

to OCH[err]C[err]H[er rifluoroacetic acid at 10 .
reflux tenperature for a period of about "0.2-1 hour or wi th hydrogen

and palladiumtg formt correspondi ng - conpo of . For 3 in which
Rlerr] is OH ang"l’ﬁ% tofgm a c °Bﬁatﬁﬁtmlﬁhgagﬁa§’éf%’3m’?b' 25C and a’
sui tabl e bel€Hp) ji¥d iatel dhhet Hatternis acoritacted with a requniﬂg

Lorr] ote the Séélé@iﬁm%%sf‘ TARURedlatd S0 ehpupe 3 URTBMRATHT ) )1 ° 20

whekein R[err] 2 a2 - wher eby the benzyl” derlvatlve of Formula 2
attaches to g _the P daﬂ@é&&@rdf/@tra&ﬁ. 19f oF O 6P whiRheREr ggtial ly at
1 (CHo) nNHR11 or (CH5),NH, and the compound of Formula 3
is contacted with a.chloroformate of Formula R100cOC1 or
'a sulfonyl derivative of Formula R10S0,C1, or (R10505)20
in a solvent in:the présence of a base at a temperature
10 . in the range of about 0°C to the reflux temperature of a
solvent for about 5 minutes to about'24 hours to form a
~ compound of Formula 3 in which R8 is -(CH2) ,NR11CO,R10
or - (CHy),NR11S0,R10,
48. Process of Claim 45 or 46 in which the
15 compound of Formula 3 with R8 equal to - (CHp)oNHR1! or
(CH2)nNHy is contacted with an isocyanate or
isothiocyanate RIONCY 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 apout 24 hours to form a
20 compound of the Formula 3 in which Rs is.
- (CH2) nNR11CYNHR1O,
o 49. Process of Claim 11 wherein Rl is NO, and. RZ,
R3, R6, R7, and R8 are as defined in Claim 34 in which
the compound of Formula 3 wherein_Rl is ‘NOy is reduced
25 by means of iron and acetic acid, stannous chloride, or
hydrogen and palladium to a compound of Formula 3
wherein Rl is NH; and the latter is reacted with an
apprbpriate-acid anhydride such as phthalic anhydride or
a substituted phthalic anhydride in a solvent or with an
30 - appropriate acid chloride such as substituted
anthranilic acid chloride in the presence of aqueous
_'{ o alkali or a base or with an appropriately substituted
' phthalic or anthranilic acid in the presénce of
dicyclohexylcarbodiimide in a solvent to produce a
35 compound of the Formula 3 in which Rl is
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' carbon atom of the | i m dazol e

193 the nitro ' _

ring.to which r] i ~ 51. A procepss fqQr -

pr epar at i il (?ﬂ@%onpbmﬂlmge 1 wherein r is 0 whi gﬁ'@@%ﬁ%@s
contacting an 5 imd I’In\/aIV@ of mula 1 or its netallic salt
with 4-fluoro-1-nitrobenzene in a solvent; In the presence of a base if
.the free imdazole is used, for 1- 10 days at a tenperature of
25-150[err]C to form an N- phenyli m dazol e fol | owed by el aboration to
conpounds 10 wherein by the procegs describedit -, 48.

52. A process afy- wherdi-x-R¥r§ x CH® ard XN__#1s % ;

car bon-carbon singl e” 7 and th RQJS Of Foh ont act ed
with an organonetal | i ®*rsagent ® such aS Rlerr]MyBr orxRi[hsr]i in the
presence of an anhydrous 15 nonhydroxylic solvent such as et her, THF or

di met hoxyet hane at -78 to 25[err] C fol |l owed by aqueous. wor k- up -
fol l owed by aci da iy d¢ Qlgy Wmeo0f any CCIerr]R[err] groups - where Rl err] is
t-butyl or }n‘grol ysis of any trityl-" protected tetrazole groups to form
t he correspo

i ng 20 conmpound of Forunula 3 wherein R&err] S
(CH[err])[err] -CH RS0 | Pnovess BfcClaimerY whdrein R is OCHpCgHs; R2 [err]

25 A ss f ratl of the c un f claim
"1 where R err] 'gci%? g&’ip Fg tﬁq‘ﬁ?‘gd‘re aﬁr‘gﬁgpﬁlﬁéjsjﬁb&lf’g
het eroaryl char akl eﬂmdzédlel wresnét:ing cm:mmi &%z Bormaly lwiﬁumleﬁqmﬁh an

aryl net al deto \GUH OpHY Ws vbBat&cdéd WAth H&Bmabﬁ&::&(ﬁ*)daw bt etc..in
the 30 pre@ce of . a transition netal catalyst such pal | adi um

pl ati-num nitdkel Tefhux temperaspre of o5 anpaFiod °§r9PP¥r$ (ﬁz%'rje hopy or
: with hydrogen and palladium to form the corresponding

compound of Formula 3 in which Rl is OH and the latter
is contacted with a base at about 25°C and a suitable
benzyl halide of the formula:

15 |

L)

‘to produce the corresponding compound of Formula 3
wherein R1 is

Rl! | | . . '
-4-x—-<—§ : 4 =X : or '
- =\/ 237 '
R’ ' R . ' R R x\ 313

20

Rz

- and X is ~OCH2-. :
.51. Précess of Claim 11 wherein r8-is -cHO,
25 . whereby the benzyl derivative of Formula 2 attaches to
the imidazole derivative of Formula 1 preferentially at
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947  [err] ' where Rerr], Rerr], 'R[err] R[err], Rl err]
and r have t he meani ngs - gi-ven in Caimi1l, | S Br or I, Mis ZnBr

Me3Sn, [errh; etc., and Ar is aryl, het roarylimnvusm"nun7
SUbStItUtgﬁp Vﬁqgk%r substi t ut ed het er oaryl . 54. A process for the

preparation of the conpounds of Clalmibymere Rlerr] = arylnmethyl,;
het er oar yl net hyl , substituted aryl nmethyl, or substituted

het er oar yl net hyhh?éont{gjfﬁgégﬁtae{é%eagj F&gﬁ'hg él%?%n "Qgi:“gs'g? @1;37 - coupl -ed |

wi th an aryl net erivatlv ence of a
transition netaﬁmédﬁaP¥§tt¥@9fﬁnwﬂhanh RS aty|antdohedyi dazol e 240: [err]

52. A process for the preparation of a compound of
Claim 1 wherein r is 0 which comprises contacting an
« 5 imidazole derivative of Formula Al or its metallic salt
-with.4-f1uoro-1—nitrobenzene in a solvent, in the
presence of a base if the free imidazole is used, for 1-
10 days at a tempefature'Of 25-150°C to form an N-
phenylimidazole followed by elaboration to compounds
10 wherein X=NHCO by the process described in Claim 49.
|  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 R11MgBr or R11Li in the presence of an anhydrous
15 nonhydroxylic solvent such as ether, THF or
dimethoxyethane at -78 to 25°C followed by aqueous work-
up followed by acid hydrolysis of any CO2R14 groups
where R1l4 is t-butyl or hydrolysis of any trityl-
protected tetrazoie'groups to form the corresponding

20 compound of Forumula 3 wherein R8 is
-(CH2) n—1-CH-R11, where Rl & H.
| .

OR17

25 54. - A process for the preparation of the compounds
of claim 1 where R’ = aryl, heteroaryl, substituted
aryl, or substituted heteroaryl characterized in that
haloimidazole 237 is coupled with an arylmetal :
derivative ArM, where M=2nBr, Me3Sn, B(OH),, etc. in the

30 presence of a transition metal catalyst such as
palladiﬁm, platinum, nickel, or zirconium, to form an
arylimidazole 238. | '
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195 I's aryl Inethyl substltuted

mhefe Rlerr], R[err] R err] and r have the meanings given
in C al m on§1 )nauﬁr "" | wet c., and Ar PCTIUS9o103677
. i

arylnethyl or substituted heteroarylnethy 55. A process for the
preparation of the conpounds of Claim mhere Rerr] = substituted
al-kynyl or substituted 5 eqyl characterized . in that haI dazol e 237
is  coupled with an 1- ylnetal or an 1-al kynyl et derlvatlve
(AM), or an 1-al kene, or/@‘ atR¥ne (AH) in t he pr en%—eka
transition netal catauﬁs forma (1-al kenyl) -
(1- alkynyl)lntdazole 241: 1D
’ (CHZ)I ._.A_r’.‘_... (CHZ’!‘
ﬁ\ L pd’ f\
sz Y . [
o /@/\.Rz | 5 o /V\_Rz
231 , ' 238

where kl{ R2, R3, RG, R8 and r have the meanings

given in Claim 1, X is Br or I, M is ZnBr, Me3Sn,

5 B(OH), etc., and Ar is aryl, heteroaryl,
substituted_aryl, or substituted heteroaryl.

55. A pfocess for the preparation of the compounds
of Claim 1 where R? = arylmethyl, heteroarylmethyl, |
substituted arylmethyl, or substituted heteroarylmethyl

10 characterized in that a haloimidazole 231 is coupled
 with an ary;methylmetal derivative ArCHoM' in the
presence of a ttansitioh metel catalyst to form an
arylmethylimidazole Zﬁn; |

N‘—\/ |  N— CH,Ar
: \ , .
‘/éi N g / [ 2_gs
RS N'/. R ' . RS N’/
o : i e
CHy, - _ATCHM' ()
' pa® :
..._.Rl o _ | o —::‘—Rl
/v\ N g3 /V\R2
15 237 o - 240

where R1, R2, R3, R6, R® and r have the meanings given
in c;aim 1, X is Br or I, M' is ZnBr, etc., and Ar

. —-—(’&/”____
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[ rdﬁ ' where Rlerr], Rerr], Rerr], R[err], R[errj énd r

have the nmeani ngs given g in-Caiml, X is Brs I, Mis a netal, A
I s CH=CH(CH err])[err&r, or C=C(CH err])[err]Ar, r S :
sUbstitut NP ¥ heterodryl or substituted - heteroarIPS“'%?><is 0
to 8: 56 A process for the preparation of the conpounds : of
claiml where R err] = substituted al kenygscharacterized 20 i-n that

i m dazol e al dehyde 251 is reacted with a substituted

nethylenetrlphenylphggpﬂg)f%é%hfa fgegkroar¥£ﬂég§¥f tghggtfééggyllnldazole

252 arylmethyl, or substituted heteroarylmethyl.
56. A:process for the preparation of the compounds
of Claim 1 where R7 = substituted alkynyl or substituted
5 alkenyl characterized in that a haloimidazole 237 is
coupled with an l-alkenylmetal ot an l-alkynylmetal
derivative (AM), or an 1l-alkene, or an l-alkyne (2H) in
the presence of a transition metal catalyst to form a.
_ (1-alkenyl)~- or (l-alkynyi)imidazo;e 241:
10

N— X N—p A
/ }-\——Ra ) / /\l_Rs
R® 7 RS

| Y

(CH,), oz M (CHy)
Pd
¥ | . fé}ﬂ—n‘
3/4s>\ , 7N
R R _R3 RZ
2317 241

where R1, R2, R3, R6, RE and r have the meanings given
in Claim 1, X is Br or I, M is a metal, A is
15 CH=CH(CHp)xAr, oOF C=C (CHp) yAr, Ar is aryl,
substituted aryl, heteroaryl or substituted
heteroaryl, and x is 0 to 8.
57. A process for the preparation of the compounds
of .claim 1 where R! = substituted alkenyl characterized
20 in that imidazole ‘aldehyde 251 is reacted with a
substituted methylenetriphenylphosphorane to form a
substituted alkenylimidazole 252:

c _ A
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[er,r] where Rlerr], Rerr], Rerr], Rerr], Rerr] and r have the '
meani ngs S\IQY in CQaiml, Ar is aryl, heteroaryl substituted 5
aryl or si P1400281 heteroafyl and u +v =0 to 8. PCE/U Woafycess ~
for the preparation of the conpounds Ofggll @i m 1 wher e Rlerr] is -
-S(O[err]-heteroaryl, -NRerr]- het eroaryl, and '

-NH-Sg err] -_hete,'roag,y.l_a cd:!qu,gnnberl zed in t hat J_mygckugl eg.qmrqt I,m,ng
conmpound 255 substifg d th-10 an electron w g group are

reacted with ea‘pﬁ es in a suitable soI oomterrperature
to the reflux te ereﬁure of the- solven {; Nln an aromatic
substitution reacti@s,mhere-the Iea)ﬂ.@r dbup X {ca)LS substituted by a

nucl eophil e Nu such sul f ur Ao(CRyby trogen resufting in conpounds of
structure 256. 1 - : : : Nu
[err] /v\ | \’ .

_ R?

where R1, R2, R3, RS, R and r have the meanings given
in Claim 1, Ar is aryl, heteroaryl, substituted
5 . aryl .or substituted heteroaryl, and u + v = 0 to 8.

- 58. A process for the ‘preparation of the compounds
of Claim 1 where R7 is -S(0) r~heteroaryl, ~NR18-

heterocaryl, and -NH-soz—heteroaryl, characterized in
_ that imidazole containing compound 255 substituted with

10 an electron withdrawing group E #re reacted with
nucleophiles in a suitable solvent at room temperature
to the reflux temperature of the solvent to result in an’
aromatic substitution reaction where the leaving group X
is substituted by a nucleophile Nu such as sulfur or

15 nitrogen resulting in compounds of structure 256:

v Nu
e Nucleophile "Nu" /L J
RGAN/-. Sc;l —————— RS N‘/
_ vent
]
RI—¢ ,
2
R2 R®
236 °
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