WD 96/ 07646

PCT/ US95/ Wod7646 PCT/USI5/11366
ANTI VI RAL NUCLEGCSI DE ANALOGUES CONTAI NI NG A SUBSTI TUTED '
BENZI M DAZOLE BASE ATTACHED TO A CARBOCYCLI C RI NG The present

invention relates to certain purine nucl epsi de anal ogues containing a

carbocyclic ring in place of the sugar residue, pharmaceutically acceptable
derivatives thereof, and their use in nedical therapy, particularly for the
treat ment of CeftC‘!NTIVIR.W NUCLEOSIDE> ANALOGUES CONTAININGoA iSUBSTBUYERus (HBV) is
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or avi Fhe preséns invention refatesto cenaid paring naclebsidecandlogiies containing a
- Worldwide, HBV is a viral pathogen of major consequence. It is nost conmmon

in Asi an count g4rBSoyche fing if gx%@wméwﬁsﬁ%e%w@heﬂxy%@meus s

etiologically assom at ed wth pr| mary hepat ocel lular carci noma and is

t hought to % e wor | the United
States nore t hg?{“{ag&@s%&egp sué?ﬁép ’&Sgi&ad‘ Ey W@g&%‘y tl?g for HBV
I 11 ness each year, an average of 250 die with ful mnant di seasé€.
The United Stafredmentq foertaip virsghinfectionsn esti mat ed pool of 500,000-1 million
i nfectious carriers. Chronic active hepatitis w | | devel op in over 25% of
carriers, WD 96/ 07646
PCT/ US95/ 11366

Hepatitis B virus (HBV) is a small DNA containing virus which infects humans.

It is a member of the class of closely related viruses known as the

hepadnaviruses, each member of which selectively infects either mammalian or

avian hosts, such as the woodchuck and the duck.

Worldwide, HBV is a v1ral pathogen of major consequence. It is most common
in Asian countries, and prevalent in sub-Saharan Africa. The virus is
etiologically associated with primary hepatocellular carcinoma and is thought to
cause 80% of the world’s liver cancer. In the United States more than ten
thousand people are hospitalized for HBV illness each year, an average of 250

die with fulminant disease.

“The United States currently contains anestimated pool of 500,000-1 million

infectious carriers. Chronic active hepatitis will develop in over 25% of can"ieljs,



2 and often progresses to cirrhosis. It is estimated that 5000
people die _fra HBV-reI ated cirrhosis each year and

t hat per hawg die fro HBV-rel ated liver cancerﬁ'tl@\‘l'g?%'A

uni versal HBY vaccine is i n pl ace, the need for effective ant | - HBV '
compounds wi Il continue. The |arge reservoir, of persistently
infected carriers, estimated at 220 milliéh wor | dwi de, wll receive

no benefit fromvaccination and will continue at high risk for HBV-induced
liver dandbofien pragresses tor ¢ifrhosis dp id estimatedshat\ 5900 peopleidiefoamce of .
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individuals perpetuating the instance of disease particularly in endemic areas or {
high risk groups such as IV drug abusers and homosexuals. Thus, there isa
great need for effective antiviral agents, both to control the chronic infection and

reduce progression to hepatocellular carcinoma.

Clinical effects of infection with HBV range from headache, fever, Wse,
nauseéa, Qomiting, anorexia and abdominal pains. Replication of the virus is
usually controlled by the immune response, with a course of recovery lasting
weeks or months in humans, but infection may be more severe leading to

persistent chronic liver disease as outlined above.

In “Viral Infections (_)f Humans” (second edition, Ed., Evans, A.S. (1982)
Plenum Publishing Corporation, New York), Chapter 12 describes in detail the

etiology of viral hepatitis infections.



3 O the DNA viruses, the herpes group is the source of many conmmon

vi ral WO %6/07k46nesses in man. The group includes cytonmegPornsossizesVV) ,
Epstein-Barr virus (EBV), varicella zoster virus (VZV), herpes
sinpl ex virus (HSV) and ' human herpes virus 6 (HHV6). In

common with other herpes viruses, infectign with CW leads to a |life-long
associ ation of virus and host and, following a primary infection, virus my
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Chi cken pox is the primary disease produced in a host w thout
imunity. In young children, it is usually a mld I 1l ness

characteri zed Bycemmeniwith etherhespes vimusdseinfectioniwithyT MY legds toea lifedomg ent
WO 96/ 07646

PCT/ US95/ 11366 association of virus and host and, following a primary infection, virus may be
shed for a number of years. Clinical effects range from death and gross disease
(microcephaly, hepatosplenemegaly, jaundice, mental retardation) through
failure to thrive, susceptibility td chest and ear infections to a lack of any
obvious ill effect. CMYV infection in AIDS patients is a predominant cause of
morbidity as, in 40 to 80% of the adult population, it is present in a latent form

and can be reactivated in immunocompromised patients.

EBYV causes infectious mononucleosis and is also suggested as the causative
agent of nasopharyngeal cancer, immunoblastic lymphoma, Burkitt's iymphoma
and hairy leukoplakia.

VZV causes chicken pox and shingles. Chicken pox is the primary disease
produced in a host without immunity. In young children, it is usually a mild

illness characterized by a vesicular rash and fever. Shingles is the recurrent



4 formof the disease which occurs in adults who were previ ously

i nfected varicella. The clinical manifestatio | es
i ncl ude n&bgﬁa?‘é‘and vesi cul ar skin rash that is nﬁﬁﬁi’?%é% and

dermatomal in dlstrlbutlon. Spread of inflammation may lead to
paral ysis or convul sions and coma can occur if the meni nges becones
affected. In imunodeficient patients, VZﬁ'nay di ssem nat e causi ng
serious or even fatal illness. HSV 1 and HSV 2 are sone of the

nost conmon |nf@mm@ise@mwhmhmmadmwwhmwwbs@fm are
able to persist in the host's neural cells. Once infected,

i ndi vi dual s ar evaticella. Skhedflinical tahiféstativns of sidhgleninchie aida nfection
whi ch can be both phyS|caIIy and psychol ogically |streSS|ng HSV
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al though they tend to be nore severe than fectlons I n.i.ndi vi dual s
previ ousl y expo’é‘glamﬂ? @p@fﬂ%ﬁmﬁ?f‘w‘f’%? macanoccur,_‘ggl can | ead
to keratitis or ca-taracts. Infectlon in the newborn, in _

i Munoconpr oni smenipges henomesaffastede dn immunodsficient patientsy VZV mayhe centr al
nervous system can prove fatal. HHV6 is the causative agent of roseol a

i nf ant um (exant disenfinkdté taudingi seriGul dr@vem fatdliilikess,s characterized by fever and

t he appear ance of a rash after the fever has declined. HHV6 has
al so been I nplicated in syndrones of fever and/or rash and
pneunoni a or hapatitis in I mmunoconpron sed patients. WO
96/ 07646

PCT/ US95/ 11366 HSV 1 and HSV 2 are some of the most common infectious agents of man.
Most of these viruses are able to persist in the host's neural cells. Once infected,
individuals are at risk of recurrent clinical manifestation of infection which can
be both physically and psycholqgical_ly distressing. HSV infection is often
characterized by extensive lesions of the skin, mouth and/or genitals. Primary
infections may be subclinical although they tend to be more severe than
infections in individuals previously exposed to the virus. Ocular infections by
HSV can lead to keratitis or cataracts. Infection in the newborn, in
immunocompromised patients or penetration of infection into the central
nervous system can prove fatal. HHV6 is the causative agent of roseola |
infantum (exanthum subitum) in children which is characterized by fever and the
appearance of a rash after the fever has declined. HHVG has also been
impﬁca;ed in syndromes of fever and/or rash and pneumonia or hapatitis in

immunocompromised patients.



It has now been discovered that certain substituted benzi m dazol e conpounds

as wobGéRlk¢ €d to below, are useful for the treat nentpEfrusysapdss! axi s
of certain viral i nfections. According to a first aspect of the
present invention, novel conpounds of the-forrmulas (1) and (1-1)
are provided [err] wher ei Rlerr] is H CHerr] or
CHierr]OH, Rerr] is Hor.OH R3 is Hor ; or R2 and

Rl err] together forma bond; Rlerr] is am no,

cycl opropyl am no, cycl obutyl am no, : :
tert-butylamno or -NRlerr]Rerr] where Rerr] and R err]
taget her with tHdagnew {swesituted benzimidiazele compoynds as

4, 5 or 6-nenbered heterocyclic ring; Rerr] is Hand Rerr] and Rerr] are

G, excluding t Referredtp belowv, aje dséfdl fordhe tredifint SrProplyldds 6f certain viral
Di chl or o- 2- (cycl opr opyl am no) - 1H benzi m dazol -1 -yl] - 3-
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wherein  R!is H, CH, or CH,OH; R? is H or OH: R? is H or OH; or R? and
R’ together form a bond; |
R* is amino, cyclopropylamino, cyclobutylamino,
isopropylamino, rert-butylamino or -NR®R® where R® and R’
together w'ith. the nﬁrogen atom to which they are attached form a
4, 5 or 6-membered heterocyclic ring; RS is H and R® and R’ are
Cl, excluding the compound (ﬂ(l-k’*, 25*, 3S*, 58%)-5-[5,6-
Dichloro-2-(¢ycl_opro§ylamino)- 1H-benzimidazol-1-yl]-3-

- (hyroxyomethyl)-1,2-cyclopentanediol and provided that at least

one of R!, R? and R? is or contains OH;

Preferred compounds of formula (I) and (I-1) are those wherein Rtis

cyclopropylamino, isopropylamino or ferr-butylamino and especially



6 - isopropylam no or tert-butylam no. Preferred conpounds of
Formula (1) and (1-1) are t-hose of Fornmula (1A or (IA-

N WO 96/07646 - N [err] PCVHW@)##‘R[ err]

is Hor OF Rerr] is amno, cyclopropylamnno, isopropylanino, tert-

butyl am no, especially isopropyl or tert -butylamno, or

-NR[err]Rerr] where Rlerr] and R err] together wwth the nitrogen atomto

whi ch they are attached forma 4, 5 or 6 nmenbered heterocyclic '
ring, Rerr] i f&* 6F felt-Witglamliry, 1] are Cl, and excluding the .
conmpound. ([err])=( 28* 3S*, 5S*)-5-[5, 6-Di chl oro- 2-

Cyel opont %LS%%%‘%?@@%@%%%WM&@%W%% PEgmBlA o0,

Particularly preferred compounds of fornula (IA) and (I A-1) are those

wherein )R[ err] is cyclopropylam no, isopropylam no or
tert-butylamno; Rerr] is H and R err] and R err] are both d;
and the pharnaceutically acceptabl e derivatives thereof. It isto
be understood that the present invention enconpasses the particul ar WO
96/ 07646 R "
PCT/ US95/ 11366 R¢ R 7
N
R R
R'I
(I1A) OH
HO R (IA-1) (

wherein R? is H or OH; R* is amino, cyclopropylamino, isopropylamino, fers-
butylamino, especially isopropyl or fert -butylamino, or

-NR®R® where R® and R’ together with the nitrogen atom to which they are
attached form a 4, 5 or 6 membered heterocyclic ring; R is H; and R® and R” are
Cl, and excluding the compound (+)-(1R*, 2S*, 3S*, 58*)—5-[5,6-Dichloro-2-
(cyclopropylamino)—lH-benzimidazol-l-yl]-3-(hyroxyomethyl)-l 22

cyclopentanediol and pharmaceutically acceptable derivatives thereof.

Particularly preferred compounds of formula aa) and (JA-1) are those wherein
R* is cyclopropylamino, isopropylamino or fert-butylamino; R*is H; and R® and
R’ are both Cl; and the pharmaceut_icaliy acceptable derivatives thereof.

It is to be understood that the present invention encompasses the particular



enantionmers depicted in formula (1) and (I-1), including tautomers of the -
purine, wo960764¢! one and in conbination with their mrrorpdEs8/11366

enantiomers. Enantioners depicted by formula (1) are preferred and
preferably are provided substantially free of the correspondi ng
enantiomer to the extent that it is genera7lly in adm xture with
| ess than 10% w w, preferably |ess than 5% w w, nore preferably

| ess than 2% w w apd nost pref.erab SS n_ 1%,/ e .
correspondi ng e?f?ﬂﬁ?’&ﬁ'\?r&ﬂlgégdn gq{m%hfﬂda(ﬁ-w&%@%o)f tﬂff‘r pinne,

Enanti oners depicted by formula (1-1) are nost preferred and preferably are
provi ded subst afleneand incembingtion Withdbeir minsermimagg casntiomessydinantiomers ext ent

that it is generally in adm xture with |l ess than 10% w w, preferably |ess

t han Sdépicted by formul (B ¢ prefarrddemd préferabRPareprovided substantjaligt er abl y

| ess than 1% w w of the correspondi ng enanti onmer based on the

total weight of ' : . ' # exanpl es
AL (f{%@t‘ztg% é%z‘rslfsﬁondmg enantiomer Batﬁé_b%ﬁﬁ#tﬁt 'geh&alif th

5S)-5-[5, 6-Di chl pr.o- 2- | opr 0 m,no) - 1H-benzi i d | - 1-vyl]-

3- (hydr oxymet hy‘f‘ﬁ’“f‘“fe %’ﬁﬁﬁﬁ@?ﬁﬁ?@%‘?’é‘f'zl}"‘é’a"% ess %@3‘/‘]))""(&“‘]" 25+, 3¢,
55*)-5-[5, 6-Di chl oro-2-(isopropyl am no) - 1H benzi m dazol -

1-yl ] - 3- ( hydr oxgreferably less thap 2%, wiw pachmostcpreferably less than 1% w/w ofthe3s,
5S)-5-[5, 6-Di chl oro-2- (i sopropyl am no) - 1H benzi m dazol - 1-yl ] - 3-

(hydr oxynet hyl ) ectresporgijity cnantidrércdsed on the total weightldt the mixtafe.
55)-5-[2-(tert-Butyl am no)-5, 6-di chl oro- 1H benzi m dazol - 1-yl ] - 3-

(hydr oxynet hyl) < | LQta (B
bl Leob) 11356 Erlanfioméfs RBRMd b (BT are most YfRretfld b Peferably are
provided substantially free of the corresponding enantiomer to the extent
that it is generally in admixture with less than 10% w/w, preferably less than
- 5% w/w, more preferably less than 2% w/w and most preferably less than 1%

w/w of the corresponding enantiomer based on the total weight of the mixture.

- Particularly preferred examples are:

(1R, 28, 38, 5S)-S-[S,6-Dichloro-2-(cyclopropylamino)— 1H-benzimidazol-1-yl}-

, 3-(hydrqumethyl)—l,2-cyclopentanediol;

(#)-(IR*, 28*, 38*, 58*)-5-[5,6-Dichloro-2-(isopropylamino)-1H-benzimidazol-
1-yl]-3-(hydroxymethyl)-1,2-cyclopentanediol

(IR, 28, 38, 58)-5-[5,6-Dichloro-2-(isopropylamino)-1H-benzimidazol-1-yl]-3-
(hydroxymethyl)-1,2-cyclopentanediol;

(1R, 28, 38, SS)-S-[2-(tert-Butylamino)-5,6—dichloro-lH-benzimidazol-l-yl]-S-

(hydroxymethyl)-1,2-cyclopentanediol; and



8 ([err])- (1R, 2S*, 3S*,

58*)-5-[2 e tyl am no) 5, 6- di chI oro-1H ben2| m dazol -
1-y ]-3- (h&’&’r%@%t hyl ) -1, 2- cycl opent anedi ol ; PCT/US95/11366

(1S, 2R, 3R, 5R) - 5- [5 6- Di chl oro- 2- (i sopr opyl am' no) - 1H benzi m dazol - 1-yl ] - 3-
(hydroxynet hyl ) -1, 2- cycl opent anedi ol ;

(1S, 2R, 3R, 5R) - 5- [2 tert- butyl am no) - 5 6- di 8nl or o- 1H benzi ni dazol - 1- yl]-3-
(hydr oxynet hyl) ent anedi ol , 2S*, 3S*,

SS ) o 5 b b Lk DR I8 85 b8 B {2 rerriBusylaming) s Sichipro- 1 beazimidazol-
yl]-3-(hydroxynethyl)-1 ,2-cycl opentanediol; - (1R, 2S, 3S,

5S)-5-[5, 6-Di chlloylps%fdrométhylmyz-éycldlbehﬁnédm dazol - 1-yl]-3-
(hydroxynet hyl ) -1, 2- cycl opent anedi ol ; and (1S, 2R, 3R

?R/d?owrrgt thyf;ﬂ gﬁg&%‘%?k D Eﬁ ggjegmwﬁﬂsﬁabmm E%ar macIauE |lEa¥lI]-3-

acceptable saltg, t ereof The npounds of formulas (I) and (1-1)
above and their meethyl)-1:2-¢v¢ lopentanediol; acceptabl e derivatives are herein
referred to as the conpounds accord| ng to the i nventi on.

In a further asgt%2RSR,IR)e5-{2rteetbutylamine16-dicklorodH-benzimidazalohpldinds

accordi ng to the invention for use in nedical therapy particularly

for the treat mehydeéxymethyl)- 2-@@@9%&@11@1 of viral infections such as
herpes viral infections. To conmpounds of the invention have -

been Uggg/wq1;36b%_)@ﬁ&a*yss%%@hpﬁ*)rsefs%-ﬂ.aﬁo.ﬁ.z-a.a_zevan%/ /4 84fimidazol-1-
-yl]-3-(hydroxymethyl)-1,2-cyclopentanediol;
(IR, 25, 35, 58)-5-[5,6-Dichloro-2-(1-azetidinyl)-1H-benzimidazol-1-yl]}-3- |
(hydroxymethyl)-1,2-cyclopentanediol; and
(1S,2R, 3R, 5R)—5-[5,6-Dichlor6-2-(l-azetidinyl-lH-benzimidazol-l—yl]]-3-
(hydroxymethyl)-1,2-cyclopentanediol,

and pharmaceutically acceptable saits thereof.

The compounds of formulas (I) and (I-1) above and their pharmaceutically
acceptable derivatives are herein referred to as the compounds according to the

invention.

Ina ﬁﬁher aspect of the invention there are provided the compounds according
to the invention fpr use in medical therapy particularly for the treatment or
prophylaxis of viral infections such as herpes viral infections. To date

compounds of the invention have been shown to be active against hepatitis B



9 ' virus (HBV) and cytomegal ovi rué (CW) infections, although early
results woosnr646suUggest that the invention could al so be petgos/hges nst

ot her herpes virus i nfections such as EBV, VZV, HSVI and Il and
HHV6. The conpunds of the present. i nvention are particularly
useful for the treatnment or prophylaxis o CW infections. Al so

di sclosed is the use of the conpounds of the invention in t he
preparation of _a Lcanment for he tr an. f viral infections.

Other viral col§™ g%ﬂf@ﬁ r(g: 8“8%‘*@5’“&7 “p‘ﬁe

I nvention have been dlscussed i n the |ntroduct|on her ei nbef ore.

In yet a furthéagmvbe&m@tnwnmqw@%ﬂsobﬁmlasmw@@megm ded:

a) A nethod for the treatnment or prophylaxis of a hepadnaviral infection

such as hepat i tinfectfons such asEBVSVIV| HSVI ahé tand'HHV6h The céidpundsi oftthe
conprises treating the subject with a therapeutically effective anount of

a conpound accﬁféibxﬂ%%?mbﬂ fire wmfﬁﬂ for the u-Pthent St5ropilylakis gfPound

accordi ng to the 1 nvention i acture o

medi cament for eat ment o hyl.axi s of an bove- .

ment i oned i nf emdgfeﬁ'm?o%?‘{m sed Xthe“se"g?’ecax'ﬁﬂﬁ?‘{?é% in¥eqtiqn in
accept abl e derivative" is neant any pharnmaceutically or

phar macol ogi ca wpram@tmnenﬂaenghcmnemfmheucamntofoﬂraémfectwer of a
conpound according to the invention, or any conpound which, upon
adm nistration to the reci pient, is capable of providing (di rectly
or indirectly) a conpound according WO 96/ 07646

PCT/ US95/ 11366 oher viral conditions which may be treated in accordance with the invention

have been discussed in the introduction hereinbefore..

In yet a further aspect of the present invention there is provided:

a) A method for the treatment or prophylaxis of a hepadna§kal infection
such as hepatitis B or a herpes viral infection such as CMV which
comprises treating the subjeét with a therapeutically effective amount of
a compound according to the invention.

b)  Use of a compound according to the invention in the manufacture of a
medicament for the treatment or prophylaxis of any of the above-
mentioned infections or conditions.

By "a pharmaceutically acceptable derivative” is meant any pha:macéutically or

pharmacologically acceptable salt, ester or salt of such ester of a compound

according to the invention, or any compound which, upon administration to the

recipient, is capable of providing (directly or indirectly) a compound according



10 to the invention, or an.antivirally active netabolite or

resi due tlggé 646 The term heterocyclic ring neans‘,d.m{ﬁked,
unsaturated Or partially saturated ring containing one of nore
het er oat ons i ndependently sel ected from nitrogen _ oxygen and

sul fur. Exanples of such groups include aigtidinyl, pyrrolidinyl and

pi peri di nyl . Preferred esters t he conpounds of the invention
i ncl ude car-boxylic acid ester ch t he pon-carbonyl noiety of
t he ester groupFH@eﬂ§m§%WbGF@HmﬂP@WH¥?¢@F@H lite or resi ﬂEP%%bhed chai n ‘
al kyl, e.g. n-propyl, t-butyl, n-butyl, al koxyal kyl (e.g.

nmet hoxynet hyl ), aralkyr (e.g. benzyl), aryloxyal kyl (e.g. phenoxynethyl),.

aryl - (e.g. phenyl optionally substituted by hal ogen, Cerr] alkyl
or Jerr] al koxn(,&fm ch@ﬁwﬂkans%ahﬁaea,emﬁmt&m Afy sahifited O
ar al kyl sul f onyl : nes onyl) amno acid ésters (e.g.

L-valyl or L-isgleucyl. and nono hos hat ers.
The phosphate e%?@éﬂﬁy’gt?@e%m#‘%w l%g%%mtrggﬁ err]
al cohol or reactive derlvatlve t hereof, or by a ' 3-di (%err])acyl

gl ycerol . oxygen and slfur Epeamplesofisueh mvemsbxsie ergtidiny spysrolidinyl pad s
ot herwi se specified, any alkyl ' noi ety present advantageously
contains 1 to 1ﬁpeﬁd1hpm atons, particularly 3 to 6 : carbon atons
such as the pentanoate. Any aryl nmoi ety present in such esters

advant ageously conprises a phenyl group. WO 96/ 07646

PCT/ US95/ 11366

Preferred esters of the compounds of the invention include carboxylic acid esters
in which the non-carbonyl moiety of the ester grouping is selected from straight
or branched chaix_l alkyl, e.g. n-propyl, t-butyl, n-brltyl, alkoxyalkyl (e.g.

- methoxymethyl), aralkyl (e.g. benzyl), aryloxyalkyl (e.g. phenoxymethyl), aryl |
(e.g. phenyl optionally substituted by halogen, Cj-4 alkyl or C1_4 alkoxy or
amino)i sulfonete esters such as alkyl- or aralkylsulfonyl (e.g. methanesuifonyl);
amino acid esters (e.g. L-valyl or L-isoleucyl); and mono-, di- or triphosphate
esters. The phosphate esters may be further esterified by, for example, a Cj.2¢

alcohol or reactive derivative thereof, or by a 2,3-di(Cg.24)acyl glycerol.

With regard to the above-described esters, unless otherwise specified, any alkyl
moiety. ﬁresent advantageously contains 1 to 18 carbon 'atoms,. particularly 3 to 6
carbon atoms such as the pentanoate. Any aryl moiety present in such esters

advantageously comprises a phenyl group.



11 Any reference to any of the above conpounds al so includes a
reference WG??Q ' pharmaceutical |y acceptabl e salt tha@G6§es/11366
Physi ol ogi cal 'y acceptable salts include salts of organic carboxylic acids
such as acetic, lactic, tartaric, malic, isethionic, |actobionic,
p- am nobenzoi ¢ and succinic acidi' organi ¢ sul fonic acids such as
nmet hanesul f oni c, et hanesul fonic, Benzenesulfonic and

p- t ol uenesul foni ¢ acjds and i nQrgani ¢ aci ds suc rochloric,
sdl furic, phospﬁ& ‘%fleﬁﬁe &%1‘@53’8 f Sompoun unds aﬂ‘”““‘%?é%fﬁf%‘ %g‘h’bounds
according to the invention and their pharmaceutically accept abl e
derivatives nnyplm'mqqutmylhdaqcnptaﬂnisalndtermf with other therapeutic

agents for the treatnment of the above infections or conditions. Exanples of
such further ‘therapeutic.agents include agents that are effective
for the treatnent of . viral infections or dssociated conditions

agent & such as. PRYSREPRANScefalle sisipstude s 6T il catl RRCARRE M"Y, |

as 2-acetyl pyridine 5-[(2-
chl or oani ?/I %)tﬂ‘?%a‘r%‘%%’?ﬂﬁq‘&é‘&‘r issthiesisylastebignic, praminohepzoic ad h as [err]-

interferon, 1l-[err]-D- arabinofuranosyl-5-(1-propynyl)uracil, 3" -azido-3'-
deoxyt hym di ne, sudchuwacids) osgadlcpdulfeﬁbmmdssuchasmethahesﬂllﬁmc,@ﬂmnﬂdfomc,
conmpounds of such conbination therapy nay be adm nistered sinultaneously,

in either separ éfyefdsulfBRiE aR@ p-tbIAERBsLENiE ASids Bhd ﬂabrgihfcfa%mrshcﬁ k€S, e.g
sequentially such that a conbined effect is achieved WO 96/ 07646

PCT/ US95/ 11366 hydrochloric, sulfuric, phosphoric and sulfamic acids.

The above compounds according to the invention and their pharmaceutically
acceptable derivatives may be emp]oyed in combination with other therapeutic
agents for the treatment of the above infections or conditions. Examples of such
further therapeutic agents include agents that are effective for the treatment of
viral infections or associated conditions such as acyclic nucleosides (e.g.
acyclovir), immunomodulatory agents such as thymosin, ribonucleotide
reductase inhibitors such as 2-acetylpyridine 5-[(2-

 chloroanilino)thiocarbonyl)thiocarbonohydrazone, interferons such as a-
interferon, 1-8-D-arabinofuranosyl-5-(1-propynyl)uracil, 3'-azido-3'-
deoxythymidine, ribavirin and phosphoﬂoformic acid. The component
compounds of such combination therapy may be administered simultaneously,
in either separate or combined formulations, or at different times, e.g.

sequentially such that a combined effect is achieved.



12 The conpounds according to the invention, also referred to
herei n as wé9¢07ié Ve I ngredi ent, may be adni ni st ermerrbsys/i3ser apy
by any suitable route including oral, rectal, nasal, topica

(i ncluding transdermal, buccal and sublingual), vaglnal and

parenteral (including subcutaneous I ntranyscul ar, intravenous and

I ntradermal ). It will be appreciafed that the preferred route wll

vary with the cqyditi ' i aldlee Of
the infection aﬁﬁgf{@%mg\% ﬁg&eggg%ﬁﬁk%atgw%%gner gl a
sui tabl e dose for each of {he_ above- rrentloned condi tl ons wi ||

%@wgﬁ (e.g.

the range of 0. ingredientgmaybe pdmingstered, fox thesapy by, nygTwtable
human) per day, preferably in the range of 0. 1 to 100 ng per

k| | ogram body rectal, nasaly\mp@ht(xnnindtdguamddnnalsbuqnal&ﬁldrsaﬂhggml) vdaginalandie 1.0

to 20 ng per kil ogram body wei ght per day.? (Unl ess ot herw se
indicated, all ypheafdfal (iREudin s&ﬁ‘cdtﬂﬁbﬁsﬂ iirtfHmAt&lar, intravenous @t Gtradefiflals t he
par ent corrpound of formula (I for salts or estérs thereof, the

wei ghts- woul d b r eased. r The,desir dose s preferably
presented as t thilﬁqg {9&!“% “;?\édg’ tﬁﬂ\agvgﬂ'b gt?s gﬂmoﬁlagﬁered at
appropriate intervals throughout the day. These sub-doses may_ be

admi ni stered  ageofthe mlnmt,tthqgg@geeofﬂbq» infection and sheahiosen acgne ingsediept10 t o
1000 ng, preferably 20 to 500 ng, and nost preferably 100 to 400
ng of active ingredient per unit dosage . form | deal |y,
the active ingredient should be adm ni stered to achieve peak pl asna

[C gpf]e “Mt rations gf odiagy aShitabfe GRENGHAEH OF te'2BRVERRHiofkd Wnditions Rl be H00 (

the range of 0.01 to 250 mg per kilogram body wéight of the recipiént (eg.a
human) per day, preferably in the range of 0.1 to 100 mg per kilogram body
weight per day and most preferably in the range 1.0 to 20 mg per kilogram body
| weight per day. (Unless otherwise indicated, all weights of active ingredient are
calculated as the parent compound of formula (I); for salts or esters thereof, the
 weights would be increased proportionally.) The desired dose is preferably
presented as two, three, four, five, six or more sub-doses administered at
_appropriate intervals throughout the day. These sub-doses may be administered
in unit dosage forms, for example, containing 10 to 1000 mg, preferably 20 to
500 mg, and most preferably 100 to 400 mg of active ingredient per unit dosage

form.

Ideally, the active ingredient should be administered to aghieve peak plasma

concentrations of the active compound of from about 0.025 to about _'100 uM,
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preferably about 0.1 to 70 [err]M nost preferably about 0.25 to 50 [err]M |
Thi s may be achi eved, for exanple, by the intravenous injection of
a 0.1to 5%solution of _ t he acti\igingredient, optionally in
saline, or orally admnistered as a bol us containing about 0.1 to

about 250 ny/ kg _of. the active ipgr.edient. b r abl b evel s
may be nai nt ai ngﬁfmﬁ& @B?E%ﬁ%ﬂ’gﬂﬁmﬁ Rfﬁgfe%’h%m?ggségggt“%@%%y

to about 5.0 ng/kg/hour or by intermttent infusions containing apout 0.4
to abohe achieved/ fog examplpcby-the inteavenqus dnieetion of a 0.1 to 5% solupgniof it | s
possi ble for the active ingredient to be adm nistered alone it is

preferabl e to puewuetive ingredient, apkionallycia salime br brallyaiministered B @ bolusnul at i ons
of the present invention conprise at |east’ one active ingredient,

as defined abov s 'fn%fl%'lﬁ" adiRe rriers
t her eof and opt ?%I}lal i §ag?wedr.?%e£ﬂbﬁﬁbt e apetflgétl C ag%%ts.sﬂtEg%lﬁﬁ%greri er nust
be "acceptable" jn.the sense of, bei . copgpatible wi,th th t her
i ngredi ents of P‘?&dﬁﬁ'ﬁlﬁ}r@t m%%ymrmnﬂ%%'". 1qn{g provide Q"’mﬁ i ent .

Formul ati ons include those suitable for oral, rectal, nasal, topical

(i ncl udi ng t r antiahouti$.Omg/kgrhounat byibtermigtent infusicngicontaining ghout0dde al

(i ncl uding subcut aneous, intramuscul ar, intravenous and

I nt rader mal ) adﬁbd’iitﬂSWk%’BfthIﬁ@tive ingredient.f or mul ati ons may conveniently be
presented in unit dosage formand nay be prepared by any net hods
wel |l known in the art. of pharmacy. Such net hods i nclude the step

of bringing into association the active ingredient with the carrier

For ml ati ons. ar SYIECHisRORIB TAhr BFMe, PRSI0 SBTR oT font 0

assoctation preferable to present it as a pharmaceuﬁcal formulation. The formulations of the
present invention comprise at least one active ingredient, as defined above,
together with one or more acceptable carriers thereof and optionally other
therapeutic agents. Eacﬁ carrier must be "acceptable” in the sense of being
compatible with the other ingredients of the formulation and not injurious to the
patienﬁ Formulations include those suitable for oral, réctal, nasal, topical
(includiné transdermal buccal and sublingual), vaginal or parenteral (including
‘subcutaneous, intramuscular, intravenous and intradermal) administration. The
formulations may coﬁveniex_:tly be presented in unit dosage form and may be
: prepared by any methods well known in the art of pharmacy. Such methods
include the step of bringing into association the active ingredient with the carrier
which constitutes one or more accessory ingredients. In general, the

formulations are prepared by uniformly and intimately bringing into association
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the active ingredient with liquid carriers or finely divided solid carriers
or both, and then if necessary shaping the product.

Conpositions suitable for transdernmal adnf'4ni stration may be presented as
di screte patches adapted to remain in intimate contact with the epiderms

of the eci pient f.or a.ptol.onged perd o f.dhme., Su es
. suitably cont ai#?ﬁ&em@e&emvgﬂ%‘?ﬁ%ﬂﬁﬁﬂﬁnfg ‘ﬁX‘dS?‘.g%‘b‘%?‘&ﬁ%r"P’g"‘g fered,
aqueous sol ution or 2) dissolved and/ or di spersed in an adhesive or
3) dispersed i rand theplifnecessayy shapmgiheproduct. - concentration of the active
conpound i s about 1%to 25% preferably about 3% to 15% As one
particular possibility, the active conpound may be delivered _ from
the patch by el ectrotransport or iontophoresis as generally described in

Phar maceuti cal m{ ; ﬁ'ﬁrsﬁlizﬁ)admini ; lqoRs of the
present invention sw'{ogf)?.g‘aﬁ)erfogra adm ni strwgﬁwﬁwd% pr esent ed
as discrete units such .as capsyles, cachets or tablets each containing a

pr edet er ni ned %ﬁﬂ?pﬁ?heFﬁé“M?WWMﬂF@%w‘ﬂb%&PlWSPi es; as
a solution or a suspension in an aqueous or non-aqueous |iquid; or
as an oil -in- recipient fonaprlorged periodof time.oSuddy patches suitablyhcantain thegui d

enul sion. The active ingredient may al so be presented as a bol us,

el ectuary or pagtive compound 1) in & dptiohally bEfferbd; agisbas BolufionBr 2)dissolved"

nol ding, optionally with one or nore accessory ingredients.

Conpr essed t ablgh/3, FRYerlS) iR 'aRRARGEeDE 35 ATBERSF I WpdiPmr. A suitable (

concentration of _the active compound is about 1% to 25%, preferably about 3%
to 15%. Asone 'particular possibility, the active compound may be delivered
from the patch by electrotransport or iontophoresis as generally described in

Phbarmaceutical Research, 3 (6), 318 (1986).

Formulations of the pre#ent invention suitable for oral administration may be
presented as discrete units such as capsules, cachets or tablets each containing a
predetermined amount of the active ingredient; as a powder or .granules; asa
 solution ora suspension in an aqueous or non-aqueous liquid; or as an oil-in-
water liquid emulsion or a water-in-oil liquid emulsion. The active ingredient

may also be presented as a bolus, electuary or paste.

A tablet may be made by compression or molding, optionally with one or more

accessory ingredients. Compressed tablets may be prepared by cbmpressing' ina
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sui tabl e machine the active ingredient in a free-flowing formsuch as a
powder or granules; optionally mixed with a binder (e.g. povidone,
gel atin, hydr oxypr opyl net hyl celhglose), | ubricant, inert diluent,
preservative, di sintegrant (e.g. "sodium starch glycollate,
cross-|inked povi.done ross-linked .. . . sodiumcarboxyneth

et ul ose) - sut Bk adineThe apSisahamedisntina fee-pyiRe omn ok 55 8 RO < ray
be made by nolding in a suitable machine a m xture of the powder ed

conmpound ni st epegraniles; optionatlymixed witha hinderde g. povidonegalatins may
optionally be coated or scored and may be fornulated so as to provide slow

or conhydro pyinethyEclfuldsBy; hitfiical€ ineRGdiRhE Presérvativd, N usi ng, for

k
exanpl e, hydr oxypr opyl net hyl cel lul ose in‘varying proportions to

provide the desj el Ld.e _ﬁh&%? L QI be
provi ded with aysgﬁ?%ﬂtée.g.osgg %ﬁﬁﬁg éi))';c%ilhée, cro%_sf‘ow émgg#bggfg‘%b élgrrllﬁ%égét s of
the gut other th t he stomach, . Forrmul ati ons suitahble for

t opi cal admi ni s#¢ W&WWHWFF@YMPWS?WF@%@WE&E ersing agent. Meldgd si ng
the active ingredient in a flavored basis, usually sucrose and acaci a

or tragacanth; abiets inhybe madpby siolding irea sudtablecmaciomesalinixtureiof then i nert basi s

such as gelatin and glycerin, or sucr OSe_ and acacia; and o
mout hwashes CO”’@éWéérE&céxﬂ?ound moistened®With ¥ irleRQiqid 8ilient. "THe Bbictshy | 1 qui d
carrier. Fornmul ati ons for rectal adm nistration nay be presented

gﬁ ¢ ?e? u g P 0 Z' ; glr I)‘%t‘)%n%!ig %e coated or scofed and tr)xllaey bbeaisognﬁlgga 'S0 35 poqprfo%rde esi(o%wngrl e tocoa
controlled release of the active ingredient therein using, for example,
hydroxypropylmethyl cellulose in varying proportions to provide the desired
release profile. Tablets may optionally be provided with an enteric coating, to

provide release in parts of the gut other than the stomach.

Formulations suitable for topical administration in the mouth include lozenges
comprising the active ingredient in a flavored baéis, usually sucrose and acacia
or tragacanth; pastilles comprising the active ingredient in an inert basis such as
gelatin and glycerin, or sucrose and acacia; and mouthwashes comprising the

active ingredient in a suitable liquid carrier.

Formulations for rectal administration may be presented as a suppository with a

suitable base comprising for example cocoa butter or a salicylate.



WD 96/ 07646

PCT/ US95/

For mul ations suﬂ‘abl e for vaginal adm nistration may be pré’s?'é'ﬁtséé a3g6
pessari es, : tanpons, creans, gels, pastes, foans or spray

formul ati ons containing in addi tign to the active ingredient such
carriers as are known in the art to be appropriate.

Fornmul ati ons suitable for parenteral adm n| st rat i on incl ude aqueoys and
non- diprawlations sniwhlefor vaginal admini ted 98 Pessaries,
contain ant | - oxi dant s, buffers bacterl ostats and sol utes:- which
render the forrmﬁprﬁs;arehms,tgdn',pas&s;ﬁ)alﬁs&rspmyfonmﬂhﬁabomhinixllgaini nt ended
reci pi ent; and aqueous and non-agueous sterile suspensions whi ch
may | ncl ude sUSPRRG dRIRAYS indRekidt s i ihowh i the

fornmul ati ons may presented I'n unit-dose or rrultldose sea cont ai ners,
for ex | e, ., anpul es and vials, and nay be stored |na
freeze-dried(l ﬁ?ﬁfﬂ ?ed) ' condi ti on requiring only the addition of
the sterile liquid carrier, for exanple wat er for injections,

I mmedi ately prior to use. Extenporaneous injection sol utions and

suspensi ons may be prepared fromsterile powders, granules and

tabl ets of the Formlationy suitableyforsaertefabadministration includPagiicdus and Hon-t dos age
formul ations are those containing a daily dose or unit, daily

SUb dose, as he{ﬁé&h 390y c%ﬁletﬁﬂm&{s&&n&? {th dﬁ%xgtﬁxgn tiUkiddagy, €of . of

act| e I ngre erst oo that in
add|t|ontoth redi ents art| t| n
ebufngs gacter?o d so utes w“éh renr&ert?l e1;01'mulat1on isotonic with the

blood of the intended recipient; and aqueous and non-aqueous stenle
suspensions which may include suspending agents and thickening agents. The
formulations may be presented in unit-dose or multidose sealed containers, for
example, ampules and vials, and may be stored in a freeze-dried (lyophilized)
condition requiring only the addition of the sterile liquid carrier, for example
water for injections, immediately prior to use. Extemporaneous. injectidn
solutions and suspensions may be prepared from sterile powders, granules and

tablets of the kind previously described.
Preferred unit dosage formulations are those containing a daily dose or unit,
daily sub-dose, as herein above recited, or an appropriate fraction thereof, of an

active ingredient.

It should be understood that in addition to the ingredients particularly mentioned
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17 Moveorchse formul ations of this invention may incl usier@édsfizegoent s
conventi onal in the art having regard to the type of formulation in
guestion, for exanple, "~ those suitable for oral adm nistration may

I ncl ude such further agents as sweet eners, ‘thickeners and fl avoring
agents. The present invention furlhher includes the follow ng
process, depicted schematically, for the preparation of conpounds of

t hi s inventi onabove[tae formulations of this inyéMienenay incluse atliee agentsoconventiorgl oup,
e.g., halogen, in [err] 1) Rlerr] CJerr]H heat

(for R err]=H, & ts¥ st having re udtd)@é%é(ﬁ’mmhﬁ : 3 r'%?:gﬁlb ucci ni m de
(for R err]=hal ogen) ving reg 3) cyanogen brom doenmquestlon?}'o( or e

REerr] =NH err]ihose suitable for oral administration may include such further agents as

sweeteners, thickeners and flavoring agents.

The present invention further includes the following process, depicted

schematically, for the preparation of compounds of this invention

RS NO, R! ~ NH,

2 . Base. e.q., KgCOs
+ or triethylamino
R? L _

R2 R3 Solvent such as t-butanol,
dioxane, dimethyiformamide

(Wherein L is a leaving
group, e.g., halogen, in
particutar Chioro)
RS - RS
O,N

) Re HzN R‘
© . : Reduction. :
NH

R, : R? e.g., Raney NiH, R NH R7
R? - : R2 )

1) R*CO.H, heat
© (o R=H, alkyl,

o pertiucroalkyl) 0

2) N-halosuccinimide
(for R‘dla__logen)

3) cyanogen bromide
for R*=NH,)
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Thus, accWQ®6M§6460 a further feature of the present i nvent Pﬁ'ﬁ%’ﬂr’fﬁn de a

process for the preparation of conpounds of formulae (1) and (I1-1) alone or

I n conbi nation with their mrror L ge enantioners, and their

phar maceutical |y acceptabl e derivalives which conprises (A
reacting [err] or the nirror image enantioner thereon, wth
a) either a compound of formula R err]COerr]H where Rlerr] is H (err]-
al kyl or Cerr] [err] perfluoroal kyl preferably at an

el evat ed t enperFiusy sccording wanfartherdfeatire of the present inventibm weipravide a
Rlerr]C(OR)[err] wherein Rerr] is H, C[err] al kyl or C[err] per f 1 uor oal kyI

and Ris (err] ﬁ’ hldse Giinaci di ¢
medi um tofor rgééé%i;%ﬁ] éc))r(r’rua(l 6f ;frn whrch R[err] Is H’ or
b) cyanogen br e ta forma co und of for or -1 )i n which
Rlerr] is NH er® %“Eﬁ% n Wi tht?lexr %%%Wmnd of

formula (1) or (1-1) in which err] IS hydrogen into a further
conpound of f orasceptalle Herivatives which comprises (A) eeactings a | eavi ng group

RS
H,N : R®
R NH R7
a

- R? R3
or the mirror image enantiomer thereos, wiu.

a)  either a compound of formula R‘CO,H where R4isH, Ci-4 akylorCy-
4 perﬂuoroalkyl preferably at an elevated temperature or a compound of
formula R*C(OR), wherein R4 is H, C1.4 alkyl or C1-4 perfluoroalkyl
and R is C1.4 alkyl, preferably at ambient temperature and in an acidic

medium, to form a compound of formula (T) or (@-1) in which R4 is H, or

b)  cyanogen bromide to form a compound of formula (I) or (I-1) in which
| R4 is NH?2; or

®) |

a) converting a compound of formula (I) or (I-1) in which R4 is hydrogen

into a further compound of formula (1) or (I-1) in which R# is a leaving group
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for exanpl?‘gy f“e‘atmant with an N-(d, Br or 1) succmlmdeto?orma
conmpound in which Rerr] is d, or Br and b) converting a

conpound of formula (1) or (I1-1) in which R%rr] is d, or Br
into a further conmpound of fornmula (I) or (l1-1) in which RA is an am no or
substitut ed am nforgxample byRfentmért[with dn Ne(ClcBr ord) sudcinimideltp fomeat nent with

a Cerr] alkylamne or di-Cerr] alkylamne or Rerr]R err] NH
where Rl err] andcgﬁ,séﬁd,ﬁrvﬂumqgagl @,fB,and above or (O
reacting a conpound of formnul

[err] (wherein Rerr], Rerr], Rerr] and R err]
are as herebefore defined) or a functional equi val ent thereof wth
a conmpound of formula WO 96/ 07646

PCT/ US95/ 11366 b) converting a compound of formula () or (I-1) in which R4 is Cl, or Br
into a further compound of formula (T) or (I-1) in which R4 is an amino or
substituted amino group -NR®R?® as defined above, by treatment with a C1-4

alkylamine or di-C, , alkylamine or R®R?NH where R®and R? are defined as

above or

(C)  reacting a compound of formula

(wherein R4, RS, R6 and R7 are as herebefore deﬁned) or a functional

equivalent thereof thh a compound of formula



20 [err] : wherein R err], Rerr] and R err] are as

defi ned d L is a leaving group, for exanp
organosuméﬁw@xy (e.g. p-toluenesul phonyl oxy or peTfos/11366

met hanesul phonyl oxy), haI ogen or triflate (OSqerr]CF[err]) group), for
exanple in t he presence of a bas20such as sodi um carbonate or

sodi um hydride in a sol vent such as di net hyl f or mam de,

advant ageously at an el evated tenperature e.g. 80- 100C, to forma

conmpound of formula (1) or (1-1) in which Rerr] is hydrogen,

hal ogen or NR[err]R err]; and optionally converting a conpound of formula
(1) or (I-1) : into a pha,ma tically acceptable derivative thereof.
Alternatively in process (C a conpoFgﬂnof formula (1V) may be
replaced with a conpound in which L+ and groups are replaced with a
cyclic sul phate group. t he struct‘ures shown above are
intended to. represent the enant i o depicted as well as their

rs

mrror image isonmers, as well as m xtures thereof Thus, the present
i nvention is intended to enconpass both the racemates and the pure
enantionmers, substantially free of their mrror-inage i somers. WO

96/ 07646

PCT/ US95/ 11366 wherein R1, R2 and R3 are as defined above and L is a leaving group,
for example an Organosulphoﬁyloiq (e.g. p-toluenesulphonyloxy or
methanesulphonyloxy), halogen or triflate (OSOzCF3) group), for example in (
the presence of a base such as sodium carbonate or sodium hydride in a solvent
such as dimethylformamide, advantageously at an elevated temperature e.g. 80-
100°C, to form a compound of formula (I) or (I-1) in which R4 is hydrogen,
halogen or NR®R?®; and optionally converting a compound of formula (I) or.(I-l)

into a pharmaceutically acceptable derivative thereof.

Alternatively in process (C) above the compound of formula (IV) may be
replaced with a compound in which the L and R3 groups are replaced witha

cyclic sulphate group.

All of the structures shown above are intended to represent the enantiomers
depicted as well as their mirror image isomers, as well as mixtures thereof.
Thus, the present invention is intended to encompass both the racemates and the

pure enantiomers, substantially free of their mirror-image isomers.



21 A conpound of fornmula (1) or (I-1) may be converted into a
phar maceuigralohss acceptabl e ester by reaction withpapgakeei@esi ate
esterifying agent, e.g. an acid hal i de or anhydri de. The conpound
of formula (I) or (I-1) including esters t hereof, may be converted

I nto pharmaceutically acceptable salts t?ireof I n conventi onal
manner, e.g. by treatnent wth an appropfiate acid. An ester or salt

of an ester of ,formula or, (1-1 be converted into the parent
Compound, - A oy bt orta (Dl Tihay Be ESiVerle Bl s BOBHAESEAITD| 5 ar o

intended for illustration only and are not intended, to limt the
scope of the i ascepiablgestenbyreaction witlfan appropriate estesifyingagenti e an agid
used in the exanpl es nmeans a conpound of formula (1) or (1-1) or a

phar maceut i cal halide@s aphivizide. The bu:a?outﬁl dfffernada (I) or (I-1) including B¥terpl e A

Tabl et Fornul ati ons The Tollowing fornulations A and B were

prepared by m&eﬁgﬁ@#@(ﬁﬁﬁv&&e& i??o n%hannaceuﬁj:ﬂ@'&géﬁﬂ%l? siltstterBofifg! Ut 1 ON Of

povi done, followe on o gnesi um earate an

conpr essi on. 6/ 07646
PC_rI_r}) USSE} 1 1366convent\1/c\>91a? manner, e.g. by treatment with an appropriate acid. An ester or salt

of an ester of formula (I) or (I-1) may be converted into the parent compound,

e.g. by hydrolysis.

The following Examples are intended for illustration only and are not intended
to limit the scope of the invention in any way. The term ‘'active ingredient' as
used in the examples means a compound of formula (I) or (I-1) ora

pharmaceutically acceptable derivative thereof.

Tablet Formulations

The following formulations A and B were prepared by wet granulation of the
ingredients with a solution of povidone, followed by addition of magnesium -

stearate and compression.
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ng/ t abl et
250

210

15

20

5

500

ng/ t abl et
250

150

26

9

12

3

300

100

Formul ation A

ng/ t abl et (a) Act i VRet/osssadsant
WO 96/07646 250 (b) Lact ose B.P.
26 (c) Povi done B.P.
9 (d) Sodi um Starch Q@ ycoll ate
12 (e) 22I\/tagnesi um St earate
3 .
FormulatioreA0 Fornul ation B
ng/ t abl et (a) Active ingredi ent
_ 250° . (b) Lact mgéablet
(c) Avi ceI PH 101 ' o 60
Q) 8; 250 26
(e) Sodi um Starch Glycollate J 20 -
(f v VeeRespum St ear at e 210 26
o 500
(© FosviddnaBipon C Activa5ingredi ent 9
Lact ose 200
d Sodium Starch Glycollate 20 12
@ Magnesium Stearate _ —3
500 300
@ Active ingredient 250 250
®) Lactose 150 :
© Avicel PH 101 60 26
(d Povidoné B.P. 15 9
© Sodium Starch Glycollate 20 12
® Magnesium Stearate 5 —3
500 300
Eormulation C.
mg/tablet
Active ingredient 100
Lactose 200
Starch 50



Starch : 50 WD 96/ 07646

PCT/ US95/ WO 86307646 PCT/0Sb5/11366
Povi done 5 Magnesi um
Stearate ' 4

359 The follow ng formulations,op and E, were prepared by direct
conpressi on of the adm xed ingredients. The | actose used in
fornul ati on E wWag;defe t he direct conpressiony type (Dairy Crest -

" Zepar ox"). Formul ati on- D

ng/ t abl et Magn&fuld Y&rateN9r edi ent 4 250
Pr-egel ati ni sed Starch NF15 '
400 - Active | ngredi ent : 359 " 250
Lact ose 150 Avi cel 100
500 ‘

The following formulationé, D and E, were prepared by direct compression of
the admixed ingredients. The lactose used in formulation E was of the direct

- compression type (Dairy Crest - "Zeparox").

Formulation D
| mg/tablet
Active Ingredient ' 250
Pregelatinised Starch NF15 : 150
400
Eormulation E
mg/tablet
Active Ingredient 250
Lactose 150
Avicel l, _ | 100
500

The formulation was prepared by wet granulation of the ingredients (below)



Fornul ati on F(Control |l ed Rel ease Formul ati on) The formul ati on was

prepared by wet granul ation-of the i ngredl ents (bel ow) WD..96/ 07646
- PCT/ US95/ WQ86/07646 PCT/US95/11366
with a solution of povidone followed by the addition of magnesium stearate -
and conpr essi on. _
ng/ t abl et (a) Active | ngredient24 500
(b) ~ Hydroxypropyl met hyl cel | ul ose 112 (Met hocel
K4M Prem um) thhasolhﬁbn of pevidéifeSolfoWed by the addmon of magnesium stearate and 53
(d) Povi done B. P. (e) Magnesi um
St ear at e _ 7
700 : E%’Msgmgf Capsul e Fornul ati ons
Formul ati on A '
(@) Active Ingredient _ ' 500
- (b) Hyd.roxyprobylmethylcelhﬂoée | 112
(Methocel K4M Premium)
© Lactose B.P. 53
(@ Povidone B.P.C. : 28
O] Magnesium Stearate Z
700
Example B:
Capsule Formulations
Formulation A

A ca'psi:le formulation was prepared by admixing the ingredients of Formulation
D in Example 1 above and filling into a two-part hard gelatin capsule.

Formulation B (infra) was prepared in a similar manner.



A capsul e formul ati on was prepared by adm xi ng the ingredients of
For mul at i W 96/07646 Din Exanple 1 above and filling into pctAysesaBés hard

gel atin capsul e. Forrmul ation B (infra) was prepared in a simlar
manner . WO 96/ 07646 _
PCT/ US95/ 11366 25 25
(a) Active ingredient 250 (b)
Lact ose B. P. _ 14 (c) Sodi um
Starch dycollate - 25 Magnesi um St ear at e
420 Or MLk i BRdG 250
ng/ capsul e (a’: l("a) Aét I ve i1 ngredi ent 250
(b) Macr Ogokbégoogac%g)e B.P. 143
600 psul es were prepared by nelting the macrogol 4000 BP,
di spersing the(pct i Sslium Starch Glycdllgr edient in the eIt and filling the nmelt
into a two-part hard gelatin capsul e. Fornmul ation D
d Magnesium Stearate —2
' | 420
Formulation C
mg/capsule
(@) Active ingredient 250
® Macrogol 4000 BP 350
| 600

Capsules were prepared by melting the macrogol 4000 BP, dispersing the active

ingredient in the melt and filling the melt into a two-part hard gelatin capsule.

Formulation D
mg/capsule
Active ingredient 250
Lecthin =~ . 100
ArachisO1 - 100
450

Capsules were prepared by dispersing the active ingredient in the lecithin and

arachis oil and filling the dispersion into soft, elastic gelatin capsules.



Active ingredient ' 250 Lecithin
100 . Arachis Gl

450 WO 967646 | es were prepared by di spersing the act PEEUSASHBE6 cnt
in the lecithin and ~ arachis oil and filling the dispersion into
soft, elastic gelatin capsules. - WD 96/ 07646

PCT/ US95/ 11366 26 ' 26

For nul ati on E(Controll ed Rel ease Capsul e) The foll ow ng

controll ed rel eFopnalatic aioliddRelease Gapsulg)epar ed by extrudi ng -
ingredients a, b and c u5|ng an extruder fol |l omed by spheronisation of the
extrudate and drying. The dried pellets were then coated with rel ease-
controlling nmenbrane (d) and filled into a two-piece, hard gel atin capsul e.
ny/ capsul e . Acti redi e .. 250

(B PN or ocr y Ths 9 ing ghititisd soleake Sabsile forpulgtion was prepped by exirudipgoe o
125 (d) Ethyl Cel | ul ose

513 Eingredientsa, band ¢ using an extruder, followed by spheromsatlon of the

extrudate and drying. The dried pellets were then coated with release-

controlling membrane (d) and filled into a two-piece, hard gelatin capsule.

@ Active Ingredient 250
®)  Microcrystalline Cellulose | 125
©  Lactose BP | : ' 125
@ Ethyl Cellulose _ 13

| 513

Active ingfedient 0200 g
Hydrochloric acid soiution, 0.IM qs.topH4.0t07.0
Sodium hydroxide solution, 0.1IM  q.s. to pH 4.0t0 7.0

Sterile water g.s. to 10ml



I nj ectabl e Formul ati on . Formul ati on A Active ingredient
0.200 g WO960764dr ochloric acid solution, 0.1M (q.s. to PETASES/118667. 0

Sodi um hydroxi de solution, O 1Mqg.s. to pH4.0to 7.0 Sterile water .
g.s. to 10mn WD 96/ 07646 . : '
PCT/ US95/ 11366 27 27

The active ingredient was dissolved in nost. of the wat er (35[err]-40[err] C
and the pH adjusted to between 4.0 and 7.0 with the hydrochloric
acid or the sodium hydr oxi de as appropriate. The batch was then

made up to vol h. ter tered er.
m-cropore fil t:ﬁ? %}‘dtn& éﬁ%-%g |‘%°Sf'b%§?“’§‘r‘d}b?‘°gﬁ°f dﬁw@ﬁaﬂ@’ﬁé’%) and
sealed with sterjle closures and overseals. For mul ati on B.

Active ingredi edfiustedio bz!aw}n“and70&lﬂtﬁ1¢bydnpyhlegenclduoéﬂle sodium phosphat e
buffer, qg.s. to 25 n
hydroxide as appropriate. The batch was then made up to volume with the water

and filtered through a sterile micropore filter into a sterile 10ml amber glass vial

(type 1) and sealed with sterile closures and overseals.

Active ingredient 0.125 g

Sterile, pyrogen-free, PH 7 phosphate buffer, g.s. to 25 ml
Example D:

I lar injecti

Active Ingredient 020 g

Benzyl Alcohol 010g

Glycofurol 145¢g

Water for Injection  q.s. to 3.00 ml

. The active ingredient was dissolved in the glycofurol. The Benzyl alcohol was



I ntranuscul ar injection Active | ngredient 0.20 ¢ Benzyl

Al cohol  0.10 g G ycof urol 1.45 ¢ Water for Injection
g.s. to 3.0 9617646 The active ingredient was di ssol REE/PSPSIRIS6

gl ycofurol. The benzyl al cohol was WD 96/ 07646

PCT/ US95/ 11366 : 28

t hen added and di ssol ved, and water added28o 3 nml. The m xture was then
filtered through a sterile mcropore filter and sealed in sterile 3 m

anber gl ass  then addéd@hd disso19&d, khd water added to 3miRMPheemixture was then

Active ingredient 0. 2500 g
.Sor bi tol Sol uti .
d ycer ol filtered through a sterile mlcropore filter and sealed m%wggeg%nﬁ amber glass .
Benzoat e . : 0. 0050 9 -
| vials (type 1). .
~ Example E:

Syrup

Active ingredient 0.2500 g

Sorbitol Solution | _ 1.5000 g

Glycerol _ o 2.0000g

Sodium Benzoate 0.0050 g

Flavour, Peach 17.42.3169 ' : 070125 ml

Purified Water q.s. to 5.0000 ml

The active ingredient was dissolved in a mixture of the gly¢e’rol and most of the
purified water. An aqueous solution of the sodium benzoate was then added to
‘the solution, followed by addition of the sorbitol solution and finally the flavour.

The volume was made up with purified water and mixed well.



FIl avour, Peach 17.42.3169 0.0125 m

Purified g.s. toperRisd1136s

The actlv{e%llt ngr“gl ent was dissolved in a mxture of the gl ycero?gand nost
of the purified water. An aqueous solution of the sodi um benzoate
was then added to t he sol uti on, QI | owed by. addition of the
sorbitol solution and finally the flavour2 The vol une was made up
with purified water and m xed wel | . Exampl e F: WO 96/ 07646
PCT/ US95/ 11366 mg/sippository 29

ng/ suppository, . . Active | ngredient (631m* 250

Hard Fat, BP (M"éﬁ%‘!"“ﬁh@@ Dynani t Nobel ) 1770 |

2020 * | k@0 N used a powder wherein at

| east 90% of tﬁ{e"dmeﬁ%h%%éﬁl?c S vver\éga)(s)f 631 #‘%i aneter or |ess.
One-fifth of the Wtepsol H15 was nelted in a stgg)acketed pan at
45[err] C maxi mum The active ingredient was sifted through a 2001
m si eve and added to the nolten base with mi xing, using a
silverson fitted with a cutting head, until a snoot h di spersi on

was achi eved. Vih0LAYG kS ihesbl S £ howakSin ol st 90% of the

particles were of 631 m diameter or less.

One-fifth of the Witepsol H15 was melted in a steam-jacketed pan at 45°C
maximum. The active ingredient was sifted through a 2001 m sieve and added to
the molten base with mixing, using a silverson fitted with a cutting head, until a
smooth dispersion was achieved. Maintaining the mixture at 45°C, the
remaining Witepsol H15 was added to the suspension and stirred to ensure a
hoﬁogenmm miXx. The entire suspension was passed through a 2501 m stainless
steel screen and, with continuous stirring, was allowed to cool to 40°C. Ata
temperature of 38°C to 40°C, 2.02 g of the mixture was filled into suitable, 2 ml

_plastic moulds. The suppositories were allowed to cool to room temperature;
Example G:
Pessaries

Active ingredient (63lm) 250



remai ning Wtepsol H15 was added to the suspension and stirred to ensure a
honmogeneoygodki7e4d NE €Ntire suspension was passed through apeftidesiuses

stai nl ess _ steel screen and, with continuous stirring, was allowed

to cool to 40[err]C. At a tenmperature of 38C to 40[err]C, 2.02 g

of the m xture was filled into suitable, ?r? pl astic moul ds. The -

supp05| tories were allowed to cool to roomtenperature. Exanpl e
Actl e_ingredient (631m 250

96/ 07646 e Defirdel %0

PCT/ US95/ 11366 30

Anhydr at e Dext r%omosm 3%68 Potato Starch

363 Qﬁf‘gﬁ&t&m.ﬁ&ﬁ&r ate Z 7

1000 The above 1 ngredients were mxed directly and pessaries

prepared by direct conpression of the regudoti ng m xture.

Antiviral Testing

The above ingredients were mixed directly and pessaries prepared by direct

compression of the resulting mixture.

1. Anti-HCMV

Human cytomegalovirus (HCMYV) is assayed in monolayers of MRCS5
cells (humaﬁ embryonic lung) in multiwell trays. Activity of compounds

| is determined in the plaque reduction éssay, in which a cell monolayer is
infected with a suspension of HCMV. A range of concentrations of the
compound to be tested (of known molarity) is then incorporated into the
carboxymethy! cellulose overlay. Plaque numbers of each concentration
are expressed as percentage of the control and a dose-response curve is
drawn. From this curve thg 50% inhibitory concentration (IC5q) is

estitnated.



1. Ant i - HCW , Human cyt omegal ovirus (HCW) is assayed in

nonol ayer wose/ohé¥65 ' cells (human enbryoni c | PCTjoSesnIzes t i wel |
trays. Activity of conpounds is determned in the plaque
reducti on assay, in which a cell nonolayer is infected with

a suspension of HCW. A range of concentrgtions of the
conpound to be tested (of known nolarity) is then incorporated into the

car boxynmethyl cellul ose overl ay. PWf each concentration
are expressed as percentage of the dose-response curve is
drawn. Fromthis curve the 50%inhibitory concentrati ( rr]) is
esti mat ed. VIO 96/ 07646 Compound Y&i@k&ﬁ

PCT/ US95/ 11366 31

Anti-HCW Activity Ex.4 - Conpouh8
Ex. 4 1.9 2. Ant i - HBV
a. Overvi ew. o Anti-HBV activity of

conmpounds of formula (1) and (I-1) was det erm ned
w th a high-capacity,.as for assessing efficacy.

Super nat ant s flrégm gmﬂv- producing cells (Hep& 2.2.15,

P5A cell line) in 96-well_plates are applied to mcrotiter plate

wel | s whi ch have be@n coiNSBUSW: h a specific nonocl onal

 Anti-HBV activity of compounds of formula (I) and (I-1)
was determined with a high-capacity assay for assessing efficacy.
Supernatants from growing HBV-producing cells (HepG2 2.2.15,
P5SA cell line) in 96-well plates are applied to microtiter plate

| wells which have been coated with a specific monoclonal
antibody to HBV surface antigen (HBsAg). Virus particles
present in the supernatants bind to the antibody and remain

- immobilized while other debris is removed by washing. These
virus particles are then denatured to release HBV DNA strands
which are subsequently amplified by the polyxixerasé chain

|  reaction and detected with a colorimetric hybrid—capﬁ:re assay.

Quantitation is achieved through fitting of a standard curve to
dilutions of a cell supernatant with known HBV DNA content.
By pomparin_g HBYV DNA levels Qf untreated control cell

supernatants with supernatants containing a compound of formula

(D) or (I-1), a measure of anti-HBV effectiveness is obtained.



anti body to HBV surface antigen (HBsAg). Virus particles

pr esent inyb\%ﬁmfmernat ants bind to the anti body and remai NnpcT/US9S/11366
i rmobilize I''e other debris is renoved by washing. These -

virus particles are then denatured to rel ease HBV DNA strands

whi ch are subsequently anplified by the pggynerase chain _
reaction and detected with a colorinetric~fiybrid-capture assay.
Quantitation is achieved throug i tt) a -i'l"ﬁ curve to

di l'utions of a cell Eupernatan AOQQLILILY, et PApd A
By conparing HBV DNA | evels of untreated control cell . )
supernatants with super nat ant sHB3hpredneengells, 250Q eallsiwell, wess sagded in 96-
(I') or (1-1), a neasure of anti-HBV effectiveness is obtained. WO

96/ 07646 well culture dishes in RPMI/10% fetal bovine serum/2mM
PCT/ US95/ 11366 o 32

b. | mrunoaf finj A Aedi ished on days 1, 3, 5,
HBV producer cells, 2500 kfé’ﬁ"gﬁm Web/rzgg\sﬁélg(lj%g Inreglé:}us cc on days

well culture dishes in RPM/10%fetal bovine ser nivl .
‘glutanine (RPM/10/2:). h@%ﬂﬁ%r@“ﬂ@ﬁ%ﬁ\{ﬁm“aagﬁé’?“hab?r(&l)m
and 7 with dilutions of a conmpound of fornmula (I) or ‘I-%&‘in
RPM/10/2 to a final vol uRPMIf1015® afinal Molume of.1 By uL of mouse
nonocl onal anti-HBSAG anti body (10ug/nL in PBS) were added

to each well of a round- bgishgdondl ahGIHBEAG Bhifbly (PighhLiif PBS) wepdladded
overnight at 4[err]C, the solutions were aspirated and replaced with

100 uL of 0.1% BSA in PBS, Sanples were i . . .
2 hours at 37l err] C and wisHeh ol ofd i BT hERRRE Pt A peubaron

overnight at 4°C, the solutions were aspirated and replaced with

B
-
-
-
-
>
-
-
-
ol
”»

v

100 uL of 0.1% BSA in PBS. Samples were incubatéd for
2 hours at 37°C and washed three times with PBS/0/01% Tweeq-
' 20 (PBS/T) using a Nunc Washer. Ten uL of 0.035% Tween 20
in PBS were then added to all wglls by Pro/Pette. Cell
supernatants (25 uL) containing extracellular virion DNA were
transferred into wells by Pro/Pette; the final Tween concentration
-is 0.01%. Twenty-five ul HBV standard media dilutions in
RPMLI/10/2 were added to 2 rows of wells to serve as an internal
| standard curve for quantitation, and the plates were sealed and
incubated at 4°C overnight. Samples were washed 5 times with
PBS/T and 2 times with PBS, aspirating the last wash. Next,
25 uL of 0.09N NaOH/0.01% NP40 were added to each well by

Pro/Pette, and the sample wells were sealed and incubated at



20 (PBS/T) using a Nunc Washer. Ten uL of 0.035% Tween 20 :

i n PBS wergobfgiegdded to all wells by Pro/Pette. Cell PCT/US95/11366
supernatants (25 uL) containing extracellular virion DNA were
transferred into wells by Pro/Pette; the final Tween concentration

Is 0.01% Twenty-five uL HBV standard nedi 3 dilutions in

RPM /10/2 were added to 2 rows of wells tOo serve as an internal

neubat ed at afer 1] G over i ghior SCHRpied” SBnilef Sl B zeg i 25

PBS/T and 2 tinmes with PBS aeﬁlratlngthel ét wash. Next

25 uL of 0.09N NaOH 0. 019®KR8 & vel |
Pro/ Pette, and the sanple wells were seal ed and i ncubat ed at WO
96/ 07646

PCT/ US9/ 11366 _ " 33
37[err] C for 60 mnuges. Sanpl pgieheeiciath ReittioR (PCRY vm'th 25 uL
of 0.09N HO /100 mMtris (pH 8.73).
Pol ynerase Chain Reaction (P y. ase
chain reaction (Saiki, RK et )Pabme’aé&%ﬂ%m??ﬂ(smk‘ RK. gtal, Scifite 3%
(4839) 487-91 (1988)) was carried out on 5uL sanples, using a

Perkin El mer PCR kit. PCR(489)487-81 (1288))wasgagni onSyb.pamples, using a
in a final volume of 25 uL. Priners were chosen from conserved

regions in the HBV genome Pefkin ERAGPORRN. PCRAs ipgrfomned infMicroAmp tubes”
several sequences. One primer is biotinylated at the 5-prinme end

in a final volume of 25 uL. Primers were chosen from conserved

regions in the HBV genome, as determined by alignment of
several séquences..- One primer is biotinylaﬁ at the 5-prime end
to facilitate hybrid-capture detection of the PCR products. All
primers were purchased from Synthecell Corp., Rockville, MD
20850.
- d Hybrid-Capture Detection of PCR Products:
| PCR products wére detected with horse radish peroxidase-
labeled oligonuclebtide probes (Synthecell Corp., Rockville, MD
20850), which hybridize to biohyﬁted strands of denatured PCR
products directly in streptavidin-coated microtiter plate wells,
using essentially the method of Holodiniy, M. et al.,
Bm_'[gghmgm 12 (1) 37-39 (1992). Modifications included the
use of 251 PCR reaction volumes and sodium hydroxide

denaturation instead of heat. Simultaneous binding of the biotin



to facilitate hybrid-capture detection of fhe PCR products. All
primers hased from Synt hecell Corp., Rockville,
0 Sebiees d. Hybri d- Capture Detectio SW

20850.
Pr oduct s: PCR products were detected with
horse radi sh peroxi dase- | abel ed ol i gonucl eoti de

probes (Synthecell Corp., Rockville, N 34 20850) ,
whi ch hybridize to biotinylated strands of denatured PCR .
products directly in st rmoietytothe platerbound sirgplavidireduringthe hyjenidization
using essentially the method of Holodiniy, M et al.,

Bi oTechni ques, 12 (1) 37sedfes(td YCapureMiginlybeias. i Unbound dabeliekprobes were
use of 251 PCR reaction vol unmes and sodi um hydr oxi de ,

denat ur ati on instead of Regied oRafWbhodd ltiimBhil HeldbaribBe ool VO
PCT/ US95/ 11366 . e - . .

moi ety to the plate- boun@brdizedhorss radish perayidase. QWPPE?Q%HP% NA
serves to "capture" the hybrids. Unbound | abel ed probes were
washed away before cal or pressnt incthe eriginal sampleswere caleulated hyccomparison
(hybridi zed) horse radi sh peroxi dase. Quantities of HBV DNA

present in the original GfikiaAgards Fheddvalbsvert thoh éomipiaéd BQhose from
Wi th standards. These val ues were then conpared to those from

untreated cell cultures i 1 ent ]~
activity. ﬁﬁr&?etdec'éﬁ]cﬂﬁurtep% %‘ ' ﬁ%fg%hh% I }a{ﬁHlBXhi bitory

concentration) is the anount ‘
activity.

(Do D

IC50 (the median inhibitofy concentration) is the amount
of compound which produces a 50 percent decrease in HBV
- DNA. The approximate IC5¢ of the compounds of Examples 4,

13 and 69 are tabulated.

Compound IC50.(uM)

Ex. 4 - 0.74,2.5

Ex. 32 13,079

Ex. 33 0.44, 0.50

Ex40 20,14

Ex. 41 _. 0.4, 0.40

ganciclovir (control) 1.1 (average of 10 vﬁlues)



of conpound whi ch produces a 50 percen-t decrease in HBV

DNA. The iverséqgate | Cferr] of the conpounds of Exarrpl es $CT/USIS/N1366

13 and 69 are tabul at ed.

Activity Conpound
IC[err]([err]M Ex. éls
0.74, 2. Ex. 32

Ex. 33 0.44,0.50
2:0,1.4 : Ex. 41

ganci cl ovir (control)
PCT/ US95/ 11366 (XX

([err])-(1R*. 2S*. 3S*.
5S*) - 3- (Acet oxy[Rk

. 1. 1 aver age of 10 val ues).

Ant i - HCW

1.3,0.79
Ex.. 40
0.4, 0. 40
WD 96/ 07646

1, 2- cycl opent anedi yI di acetat " o ([err])-(1rR*, 2S*, 3R,

4R*)-tert-Butyl N-[2,3-di hydroxy-4-(hydroxynet hyl)
carbamate (6.27 g, 25.1 mmvol) and 1N hydrochloric acid

-1-cycl opentyl ]
(50 nli)

were stirred overni ght cI ear tj.on was ngentr in
\éaguo ﬁlnd d(rji ed]c ?{ éﬂ;ﬁ)ﬂ)%f%ess gﬁ i#‘rgzﬁ SR*l;hi?gt iy (’E%?‘ﬁgxﬁ%ﬂy
ydrochloride o err * * -3-am no r oxXy-

met hyl ) -1, 2- cyo-lleqyelwamtyﬂucatbam@todGé.’alg,aSﬂoamOzandal\bl)ydrqtthlmos@%/dd f oam was

(50 mL) were stirred overnight. The resulting clear solution was concentrated in

vacuo and dried by evaporation of methanol and ethanol to give the

hydrochloride of (x)-(1S*, 2R*, 3S*, 5R*)-3-amino-5-(hydroxy-

methyl)-1,2-cyclopentanediol as a solid foam (4.73 g). This solid foam was

refluxed vigorously with triethylamine (7.5 g, 75 mmol), 1,2,4-trichloro-5-nitro-

' benzene (5.84 g, 25.0 mmol as 97%, Aldrich), and 2-methoxyethanol (75 mL)

for 24 hours. The resulting black mixture was evaporated to dryness and the

residue chromatographed on silica gel and product eluted with

methanol:chloroform / 1:10 as a dark orange glass (6.9 g). Crystallization from

ethanol-water gave orange powder (3.00 g) which was stirred in acetic anhydride

(3.0 mL) - pyridine (20 mL) at ambient temperature overnight. Evaporation of

volatilgs, followed by crystallization from ethyl acetate-hexanes gave title

compound as orange needles (2.82 g, 24%), m.p. 153-156°C; IH-NMR

(DMSO-dg)3: 8.25 and 7.51 (both s, 1 each, C6H2), 8.07 (d, J=7.8 Hz, 1, NH),
5.23 and 5.09 (both m, 2, 2 CHO), 4.3 (m, 1, CHN), 4.2-4.0 (m, 2, CH20),

2.5-2.35 (m, 2, 2CH), 2.04, 2.03, 2.02 (all s, 9, 3CH3CO), 1.5-1.4 (m, 1, CH)



refluxed vigorously with triethylamne (7.5 g, 75 nmol),

1,2,4-trichloro-5-nitro- benzene (5.84 g, 25.0 mmol as 97%
Al drich), WonesAT64et hoxyet hanol (75 ml) for 24 houPST/OEIISES | ¢ | ng
bl ack m xture was evaporated to dryness and the resi due

chr omat ogr aphed on silica gel and product eluted with
met hanol : chloroform/ 1:10 as a dark oralde glass (6.9 g). Crystallization
from et hanol -wat er gave orange powder (3.00 g) which was stirred

in acetic anhydri deppal. Caled. for(CysBI20NpOsQhy:r Crl46:67;(E234.35;N,6.05 1€ E531.

t enperat ure overni ght. Evaporation of vol atiles, followed by
or ange need! es TPBM IO, R AN SR B T e im o
(DVMSO-d[err])[err]:8.25 and 7.51 (both s, 1 each, CJerr]JHerr]), 8.07 (d,

J=7.8 Hz, 1, NH), 523and509(bothm 2,2 CHO, 4.3 (m 1,
CHN) , 4.2-4.0(m 2, CHerr]O, 2.5-2.35 (m 2, 2CH), 2.04, 2.03,
2.02 (all s, 9Example@), 1.5-1.4 (m 1, CH). WD 96/ 07646
PCT/ US95/ 11366 - 36
Anal . Calcd. for [err]: C 46.67; H 4.35; N, 6.05; d, 15.31.
Found: C, 46.66; H 4.37; N, 6.02; d, 15.38. Exarrpl e 2

% . .

([err]) (1IR*. 32
5S*) - 3- (Acet 0x}y o 8 )= ITF T ac o
-1-yl-)-1, 2-cyc] opent anedi yI diacetate ()-(1r*, 2S*, 3S*,
5S*) - 3- (Acetox HORCANCGIY s HlaEaRIc i i _

© (@)-(1R*, 2%, 38*,

5S*)-3-(Acetoxymethyl)-5-(4,5-dichloro-2-nitroanilino)
-1,2-cyclopentanediyl diacetate (2.75 g, 5.93 mmol) and Raney nickel (aqueous
slurry, Aldrich, 300 mg wet) in isopropanol (250 mL) was shaken under
hydiogen (40 psi) in a Parr shaker for 2.25 hours. Catalyst was filtered off with
Celite and the filtrate acidified with 98% formic acid (5 mL) and concentrated to
an orange oil. The oil was diluiegl with additional 98% formic acid (45 mL) and
the resulting orange solution refluxed for 40 minutes. Volatiles were removed
and the remaining dark oil dissolved in chloroform (100 mL). The chloroform
solution was washed with saturated aqueous sodium bicarbonate (3 x 10 mL),
dried (sodium sulfate), and evaporated to a foam which was chromatographed on
silica gel. Title compound eluted with methanol:chloroform / 3:97 as a white

* foam from ethyl acetate (2.26 g, 86%); lH-NMR (DMSO-d¢)8: 8.57, 8.17, 7.97

(all s, 1 each, 3 benzimidazole CH), 5.6 (m, 1, CHO), 5.3-5.1 (m, 2, CHO and



-1, 2-cycl opent anedi yl diacetate (2.75 g, 5.93 mmvl) and Raney ni ckel
(aqueous W096/07646s| urry, Aldrich, 300 ng wet) in isopropan®CT(GSy1136§¢ was
shaken under hydrogen (40 psi) in a Parr shaker for 2.25 hours.
Catal yst was filtered off with Celite and the filtrate acidified
with 98% formc acid (5 nL) and concentrgted to an orange oil. The
oil was diluted with additional 98%formc acid (45 nL) and t he
resul ting orangygNsal 18k 95  hes, Cred), -2 44 vihfiping Yolvait 2 CH)yENG, © enOVed

and the remaining dark oil disso vefc?f In chloroform (100 nli). The chl or of orm

a1 od. (o am L0 AL Sy i By e WoCEDRRATI oot ogr apne

on silica gg;l. Titl e conpound el uted with nethanol;chl oroform/
397 as a white . Anal Calpdfor C1aMa0N296CIa: &) 51491 H, 455N, 633Gl 1600] 11 NVR
(DMsO-d[err])[err]: 8.57, 8.17, 7.97 (all &, 1 each, 3

benzi m dazol e Fadhd: €, 51.899 H,4.58;10)6.2%.C); £6.07.(m 2, CHO and WD 96/ 07646
PCT/ US95/ 11366 - 37

CHN), 4.35-4. M CHerr]O, 2.6-2.4 (moverlapping solvent, 2 CH,

2. 10, .Jb, I.92 (all s) overlapped by 2.0 (m total 10, 3CH err]
and CH). Anal . Calcd. for [err]: C, 51.49; H 4.55; N, 6.32;
c, 16.00. Found: C, 51.39; H 4.58; N, 6.22; d, 16.07.

Exampl e 3 ([err])-(1rR*. 2S*. 3S*.
5S*) - 3- (Acet o&ﬂ.&&&ﬁ_}%ﬂ&? - br ono- 5, 6-di chl or o- 1H benzi mi dazol -
1-yl)-1,2-cycl opent anedi yl diacetate

* Ao

(£)-(1R*, 28*, 38*,
55%)-3-(Acetoxymethyl)-5-(5,6-dichloro-1H-benzimidazol-
1-yl)-1,2-cyclopentanediyl diacetate (1.32 g, 2.98 mmol) in dry N,
N-dimethylformamide (6 mL) was heated to 60°C. Portions (ca. 1 mmol each)
of N-bromosuccinimide (1.59 g, 8.93 mmol) were added over 5 hours, Heating
was continued for an additional 4 hours. Volatiles were removed in vacuo and
the re31due chromatographed on silica gel. Title compound eluted with 1:1

 hexane-ethylacetate as a tan powder (1.1 g, 69%), IH-NMR identical with
recrystallized sample. Sucﬁ a sample was recrystallized from ethanol-water to a
white powder, m.p. 156-159°C; 'H-NMR (DMS0-dg)5: 8.34, 7.97 (both s,
1 each, 2 benzimidazole CH), 5.6 (m, 1, OCH), 5.3 (m, 1, OCH), 5.2-5.0 (m, 1,

'NCH), 4.4-4.2 (m, 2, OCH2), 2.7-2.5 (m, 1, CH), 2.4-2.0 (m) overlapping 2.1



r (lR* 2S*, 3S,
3-

(Lerr])

55%) - to t hyl)-5-(5, 6-di chl oro- 1H benzi m dazol -

1-yl)- 1 27 M%ntanediyl di acetate (1.32 g, .2.98 mmol) in IUs 1366

N-di met hyl formam de (6 nL) was heated to 60[err]C. Portions (ca 1 nmol
each) of N-bronosuccinimde (1.59 g, 8.93 nmmol) were added over 5
hours. Heati ng - was continued for additional 4 hours. Volatiles
were renmoved in vacuo and t he residue chrorrat yed on silica gel.
Title conpoundand2.@%(othi s, total 8 CH2 and 2GH36AM 1 &ﬁ%\é& 48858 tan powder
(1.1 g, 69%, [err]H-NVR identical with recrystalllzed sanpl e. Such

a sanpl e was repeétnsh @) 527 (6. 6)2829(4&9@&01&0)9521 652 M+1), 257 (ABj MeBpowder , .
m p. 156-159C, [err]H NVR (DMSO-d[err])[err]: 8.34, 7.97 (both s, 1

each, 2 benzim daz é@f&: H136@CN%535 ﬁtﬁ 0 (m 1,
NCH), 4.4-4.2 (m Mer rT?lég\%O 2 E_Ca‘(%l-l)‘m' (m overl appi ng
2.1 WD 96/ 07646

PCT/ US95/ 1136chalogen as Br, 45.91. Found: C, 43.64; H, 3.63; N, 5.30; total halogenaos@r,

and 2.07 (both s, total 8, CH2 and 2CH3CO), 1.92 (s, 3, CH3CO; nmss
spectrum(CI):455"27Z (6.6), 525 (45), 523 (100), 521 (65, Mrl1l), 257 (48,

M B) . Anal . Calcd. for [err] BrdJ[err]: C 43.71, H 3.67; N,
5.37; total mﬁal ogen as Br, 45.91. Found: C, 43.64; H, 3.63; N,
5.30; total halogen as Br, 45. 77. Exanpl e 4

([err]) (1R*. 2S*. 3S*.
5S8*) - 5- (2- Bronp- 5, 6-di chl oro- 1H-ben2|mdazol-lyl) 3-
(hydr oxynet hyl , )

@)-(IR*, 25%, 38%,

_ 5S*)-3-(Acetoxyxﬂethyl)-5—(2-bfomo—5,6-dichloro- 1H-
benzimidazol-1-yl)-1,2-cyclopentanediyl diacetate (600 mg, 1.15 mmol) was
added to a stirred mixture of sodium carbonate (122 mg) in water -

(2 mL)-ethanol (10 mL)-methanol (10 mL). After 2.5 hours at ambient
temperature, the pH was adjusted to 7 with glacial acetic acid. Volatiles were
removed in vacuo and the residue triturated with water (5 mL) and filtered to
give white solid. Recr'ystallization of the solid from 1:1 ethanol-methanol gave
title compound as a white powder (282 mg, 62%), m.p. 208-211°C; IH-NMR
(DMSO-dg)8: 8.23, (s, 1, benzimidazole H7), 7.95 (s, benzimidazole H4), 5.13
(t, J=4.1 Hz, 1, CH20H), 5.03 (d, J=6.2 Hz, 1, OH), 5.0-4.85 (m, 1, H5), 4.71

(d, J=3.5 Hz, 1, OH), 4.55-4.45 (m, 1, H1), 3.85-3.80 (m, 1, H2), 3.7-3.6 and



([err])-(1R*, 2S*, 3S*,

55%) - 3- (Aevd ssrreast hyl ) - 5- (2- brono- 5, 6-di chl oro- 1H PCT/US95/11366
benzi m dazol - 1-yl)-1, 2-cycl opent anedi yl di acetate (600 ng, 1.15 mmol) was
added to a stirred m xture of sodium carbonate (122 ng) in water (2

m.) - et hanol (10 ni)-net hanol (10 ni). Aft%“ 2.5 hours at anbient.
tenperature, the pH was adjusted to 7 with glacial acetic acid. Volatiles

and 111 tered 1 oo ss Bo A B R 2RI 88 o 4 LY S0l WSl P, T

from 1:1 ethanaol-nethah gave title corrpound as a white powder
(282 ny, 62%, (ﬂ)p39§dhf*z*i [err] H NVR - (DvBO-d[err])[err]: 8.23,
(s, 1, benzim dazole H7), 7. 95 (s, benzim dazole H4), 5.13 (t
J=4.1 Hz, 1, CHer rAnHl)CalﬁdG&CDBHMQsGlzBr1C,I9#3,I£3)3141~857Q7mtot41 H5) |
4.71 (d, J35HzlG—|),455445(m1H|)385380(m1

H2), 3. 7-3.6 adlogen as BE 69520 Hohfid: C, 39.50; H, 3.33; N, 7.02; totalhalogenasBr,
PCT/ US95/ 11366

355345(bottk0rglleach OCH[err]) 2.2-1.95 (m 3, H3 and 2H4) mass

spect rum (Cl): 395 (MH1). Anal . Calcd. for
Cerr]Herr]Nerr]Qerr]CJerr]Br: C 39.43; H 3.31;N, 7.07; total
hal ogen as Br, Found: C, 39.50; H, 3.33; N, 7.02; total hal ogen as
Br, 60. 61. Exanpl e 5 : (1[err], 3[err],

4[err]) (3, 4-Di hydr oxy- 1- cycl opentyl) nethyl benzoate

48)-(3.4-Di

- To a stirred, cooled (0°C) solution of 4-hydroxymethylcy¢lopentene
(J.-P. Depres and A. E. Green, ], Org. Chem. 1984, 49, 928-931, aﬁd references
therein) (37.0 g, 276 mmol) in pyridine (450 mL) was added benzoylchloride
(32.1 mL, 276 mmol) over 30 minutes. The resulting mixture was stirred at
room temperature for 1.25 hours. Water (50 mL) was added and the volatiles
removed in vacuo. The residual oil was dissolved in chloroform and the
solution extracted with water and then dried over sodium sulfate. Evaporation
of m]veﬁt gave (3-cyclopenten-1-yl)methylbenzoate as a yellow oil (53.94 g,
91%), sufficiently pure for use; 1H-NMR (DMSO-dg)d: 7.98, 7.67, 7.56 (m, 5,
Ce6Hs), 5.72 (s, 2, CH=CH), 4.19 (m, 2, 6CH2), 2.71 (m, 1, CH), 2.56-2.77 (m,
overlapping solvent, 2CH), 2.21-2.14 (m, 2, 2CH).

(3-Cyclopenten-1-yDmethyl benzoate (37.6 g, 0.161 mol) in acetone

(200 mL) was added dropwise over 2 hours to a stirred solution of



To a stirred, cooled (O[err]C) solution of 4-hydroxynethyl cycl opentene
(J.-P. Depres and A. E. Geen, J.Og. Chem 1984, 49, 928-

r ef er enceNOI607646 | 1o g n) (37.0 g, 276 mmol) in pyridi n%%was
added benzoyl chl ori de (32.1 nL, 276 mmol) over 30 m nutes. The
resulting mxture was stirred at roomtenperature for 1.25 hours.

Water (50 nL) was added and the vol atil e40 renmoved i n vacuo. The

residual oil was dissolved in chloroformand the sol ution
extract ed wi t hNvmethylnzorpholinesN-oxided3HV g; 6% dh watez.0.162 mo)Eosmignht i on
of solvent gave (3-cycl openten-1-yl)nethyl benzoate as a yellow oil (53.94

g, 91f4roxide (3.5% ift MibukanBL Addrich, 31056L), [a0d atdtond\200 BNE)Gt dinblent ) [err] : .
7.98, 7.67,7.56 (m b5, C:[err]H[err]g, 5.72 (s, 2, CH=CH), 4.19 (m

2, CCHerr]), 7. . -2 1l .t e sol vent,
2CH), 2.21-2. 1‘%’"@#{“‘% éﬂﬁﬁ@“"&ﬁﬁ“&d fz’w?‘&ﬂ:ﬁ%‘é%éne% et hyl
benzoate (37.6 0.161 nmol ) -in acetone,. (200 nlL) was added

dr opwi se over @%ﬂ&msm@d”aéefsﬂwMWWQn@F'Ormc'IWQ@SGW&

PCT/ US95/ 11366 40

N- et hy| nor phowashed MithvGolte 1 g drochlorié @eidi (2 xvkS0anL) ditben with saturated um
tetroxide (2.5%in t-butanol, Al drich, 3.0 nL), and acetone (200 nlL) at

anbi ent aduBBREdoaiul Bicarbohate (10D mymf@m&dxgcgswr Vajlatilehvereonal 16
hours. Chl orof ot m (500 nL) "and water (150 nmL) were added. The

organi c | ayer was _ sepafated . ed, w | d \ laric acid
(2% 150 ) ARHOVREAEE Fesidua) polid ey %3@@%? @olial g e © 2 (100
m.) and dried (MgSOH4). Vol atiles were renoved f;md t he residual 'solid
crystallized feasapousd gswhite srystaly (2698, d3%3, mip: P2-94°C; "H-NMBpound as white
crystals (26.9 g, 73%, mp. 92-94[err]C, [err]H NWR
(DMSO-dg)6: 7.96, 7.65, 7.56 (m, 5, CgHs), 4.38 (d, J=4.1 Hz, 2, 20H), 4.14 .
(d, J=6.6 Hz, 2, CH20), 3.90 (m, 2, 2 OCH), 2.58 (m oveflépping solvent, CH),
1.75 (m, 2, 2CH), 1.55 (m, 2, 2CH).
-Anal. Caled. for C13H1604: C, 66.09; H, 6.83. Found: C, 66.19; H,
6.86.
Conce‘ntratioh of mother liquors yielded 10.33 g of white solid which
contained additional title compound contaminated by (£)-(1_, 3_,

4_)~(3,4-dihydroxy-1-cyclopentyl)methyl benzoate, ratio approximately 2:3 by

IH-NMR.




(DMsO-d[err])[err]: 7.96, 7.65, 7.56 (m 5, (err]Herr]), 4.38 (d, J=4.1

Hz, 2, 20HWO 96/47646 (d J=6.6 Hz, 2, CHerr]O, 3.90 (mpcarésositidsés 2. 58
(moverlapplng solvent, CH), 175(m 2, 2CH), 1.55 (m 2, 2CH).
Anal . Cal cd. for C[err]H[err]GQerr] C, 66.09; H 6.83. Found: C, 66.19;
H, 6. 86. Concentratigp of nmother liquors yielded 10.33
g of white solid which contai ned additional title conpound

cont am nat ed by side s 3, ' o -

4 )-(3,4-di hydr%%%entyl ) met hyl benzoate, ratio approximately 2:3
by [err] H NVMR Exanpl e 6 (3a-[err], 5[err],
6a-[err])-(Tetrahydro-4H cycl opent a- 1, 3- 2- di oxat hi ol - 5-yl ) net hyl WO

96/ 07646

PCT/ US95/ 11366 ~ - Thionyl chloride (6.04 g, 50.8 mmol) was added to a solution of (18, 3a,
benzoate S-oxide Thi onyl chloride (6.04 g, 50.8 muol) was

added to a sol udd)qB,4adihydebgy-11cycidBentyl)methyl benzoate (10.0 g, 42.3 1) in
4a) - ( 3, 4- di hydr oxy- 1- cy% oﬁyentg ﬁrr‘tet ) bgnzoate { 6 mn.m)mml) in

Solvent " Oebdetdiodily s ‘33? §E@ﬁﬁ?@%ﬁﬁ%ﬁ%Foisfﬁ"ﬁwf-cﬁ&?ﬁts

sufficiently pure for .. (see followin Ie) Such a sanpl e
crystallized asW"& ng?rageatp&pawgﬂ; compound ﬂsélth’é‘f%é“l engly_pyy¢ for UpC;
[err]H-NVR (DMSO-d[err])[err]: 7.96, 7.66, 7.52 (m 5, C[err]H[err])

(see following example). Such a sample crystallized as a waxy solid from

toluene, m.p. 48-57°C; IH-NMR (DMSO-dg)8: 7.96, 7.66, 7.52 (m, 5, C6Hs),
5.46 and 5.32 (both m, 1, 2 OCH, due to ca 1:1 mixture of isomeric_.S-oxides),
4.28 (m, 2, OCH2), 2.90 and 2.43 (both m, 1, CH of two isomeric S-oxides),
2.10 and 1.74 (both m, 4, 4CH).

Anal, Calcd. for C13H14058S: C, 55.31; H, 5.00; S, 11.36. Found: C,

55.41; H, 5.04; S, 11.30.

benzoate S-oxide (previous example, 42.3 mmol) was stirred in carbén

tetrachloride (40 mL)-acetonitrile (40 mL)-water (60 mL) while sodium

metaperiodate (8.98 g, 42.3 meq) and ruthenium trichloride (44 mg; 0.21 meq)



5.46 and 5.32 (both m 1, 2 OCH, due to ca 1:1 mixture of isoneric

S- oxi des 4.28 (m 2, OCHerr]), 2.90 and 2.43 ( % CH of
t wo isong‘?%‘%i des), 2.10 and 1.74 (both m 4,% -sgbu%“

Anal. Calcd. for [err]: C, 55.31; H 5.00; S, 11.36. Found: C,

55.41; H, 5.04; S, 11.30. Exanmpl e 7 (3a-[err], 5[err],
6a-[err])-(Tetrahydro-4H cycl openta-1, #A2_ di oxat hi ol - 5- yl ) met hyl
benzoate S, S-di oxide . (3a-][ errk 5[err],

6a-[ er r] - ( Tetwerbpdded. Additjanabsasinm metaperiodate (E19me) was added et ny |

. benzoate S-oxide (previous exanple, 42.3 mml) was stirred in carbon

tetrachl ori deflef30 HinuteCdbeingithé teactioitocbinpletionas fudgedby TRIQ (slicaodi um
nmet aperi odate (8.98 g, 42.3 neq) and rutheniumtrichloride (44 ng, 0.21

nmeq) WO 06/ OLR40)- 1/ 1:19, visualized in iodine). After a total of 1.0 hour,
PCT/ US95/ 113%55,1:9 %l.chloroform/l.l9,v1suallzedmlodme) A a o. 420ur wer e

added. Additional, sodi.u per.i odat _ _was added fter 30
m nutes to brip ymgﬂ%%n&bﬁ@m}ﬁ%%&w@%@s i ca

gel, nethanol:chl.oroform/ 1:19, visualized in iodine). After a total of
1.0 hour, the aquesitlayerextratted mithadditivoalmsthylene ehladde (30Ranle): gEhsi ¢ | ayer
was separated and t he aqueous | ayer extracted with additional

met hyl ene chl @hitited(ct@shi¢'layers Wee washed witthsiiraed aucpas saditvayer s wer e washed

wi th saturated aqueous sodi um bi carbonate (100 nL), then saturated
aqueous sodi ym.chl otd (80 w3 et Sarufliddifiueous sodium chloride (100 mL), dried
| (MgS0g4) and concentrated in vacuo to give title compound as white powder ‘
(12.37 g, 98%), r'n.p; 114-119°C; IH-NMR (DMSO-dg)8: 8.02, 7.70, 7.55 (all
m, 5, CgH5), 5.62 (m, 2, OCH), 4.34 (d, J=5.8 Hz, 2, OCH2), 2.79-2.64 (m, 1,

CH), 2.32-2.21 and 1.97-1.79 (m, 4, 2 CH2).

Anal. Calcd. fdr C13H1480¢: C, 52.35; H,4.73; S, 10.75. Found: C,

52.32: H, 4.73; S, 10.69.

Sodium hydride (416 mg, 10.4 meq as 60% oil dispersion) was added to a

solution of 5,6-dichlorobenzimidazole (L B. Townsend and G. R. Revankar,

thkmlm, 70, 389, and references therein) (1.50 g, 8.00 mmol) in dry



(MgSO err]) and concentrated in vacuo to give title conpound as white
powder WO 960264637 g, 98%, mp. 114-119[err]C 1H NVR  pCT/US95/11366

(Dl\/BOd[err])[err]: 8.02, 7.70, 7.55 (all m 5, Clerr]Herr]), 5.62
(m 2, OCH), 4.34 (d, J=5.8 Hz, 2, OCHerr]), 2.79-2.64 (m 1, CH),
2.32-2 21 and 1. 97-1.79 (m 4, 2 CHZ) 43 Anal . Calcd. for [err]:
C, 52.35; H 4.73; S. 10.75. Found_ C 52.32; H 4.73; S, 10.69.

Exanpl e 8 - rn &R, . o, .

4S*) - 1H benzi m%’azoﬁeﬁ’{/fo}mmﬁsggS)h@ﬁW was Wcﬁh&ﬁgmw at

Sodi um hydri deé&g& meq as 60%oil dis er5| on) was added to a
solution of 5 cﬁ%@oﬁﬁr@'%(ﬁmdéoﬁﬁ'% opeatanbaradigxathiol-SeyDmeth¥lnk ar |
Chem Rev. 1970, 70, 389, and references therein) (1 50 g, 8.00 mol) in dry
WD 96/ 07646 benzoate S, S-dioxide (3.05 g, 10.2 mmol) (prepared in Examples 7,8a@d $595/ 11136

43 N, N- di rrethylforrrarri de (35 nmL). The mxture was stirred for 45

mi nutes_at 2dd8] B olions e § Rbuk SEkHy s 4 t at ambient
6a-[err] - (tetrahydro 4H cycl ngpenta , 3- 2 (%(at hcloan%e crverm alam en
benzoate S, S- 10. 2 d.in es and 9)
was -added in po ""'3%@'%3%&%’%8’8@”@?’?4%%“9\5@ﬁ’ﬁﬁ?ﬁ‘ BH%PWFGFH at
anbi ent enperature. Volatiles were renoved in vacuo and the
residual oil duls‘kéwe'?fGlﬁOmL)-WaterGOmIehaixdlwmeMmylﬁmmxd(@ﬁcmhi) at
reflux with 4Msulfuric acid (2.3 ). After 10 m nutes at reflux,

the sol ution wasftdrdfininewds ul reflukthe solitioh WicbLifiedavith SN sodium hydroxide,
heated for an additional hour at 50°C, and then neutralized with additional acid.
Evaporation of volatiles in vacuo gave residual solids which were extracted with
chloroform to remove unreacted 5 ,6-dichlorobenzimidazole and then crystallized
from ethanol-water to give title compound as white powder (2.09 g, 87%).
Recryétallization of such a sample from ethanol-water gave title compound as
white granules, m.p. 244-245°C; 1H-NMR (DMSO-dg)d: 8.47, 8.05, 7.93 (all s,
3, aryl CH), 5.19 (d, J=5.3 Hz, 1, CHOH), 4.71 (t, J=5.3 Hz, 1, CH2OH), 4.6-4.5
(m, 1, NCH), 4.37-4.25 (m, 1, OCH), 3.41 (m, 2, OCH?), 2.4-2.2 and 1.95-1.62
(m, 5, 5CH).

Anal. Calcd. for C13H]14N202C12-0.02 C2H50H: C, 51.85; H, 4.71; N,

9.27; C1, 23.47. Found: C, 51.87; H, 4.74; N, 9.28; Cl, 23.60.




heated for an additional hour at 50[err]C, and then neutralized with

addi t i onalyw@eébhess Evaporation of volatiles in vacuo weygsessiesua!
solids which were extracted with chloroformto renove unreacted _
5, 6-di chl orobenzi m dazol e and then crystallized from et hanol - wat er

to give title compound as white powder (%409 g, 87%. _
Recrystal lization of such a sanple from ethanol -water gave title conpound
as white granyles, mp. 244-245[err]C, [err] H NWR

(DVMsO-d[err]) [ 2%, 05, 7.93 (all s, '3, aryl CH), 5.19 (d,

J=5.3 Hz, 1, CHOH), 4.71 (t, J=5.3 Hz, 1, CHerr]OH), 4.6-4.5 (m
1, NCH), 4.37-4.25 (m 1, OCH), 3.41 (m 2, OCHerr]), 2.4-2.2 and
1.95-1.62 (m 5, 5CH). . Anal . Calcd. for

Clerr]Herr] 4|\g L1 R ZR* ASHE2(S,6-DicHlgro H-beiinidazb IOyl )CA-(hydrGRymethyls . 71; N,
9.27; A, 23.47. Found: C, 51.87; H 4.74; N, 9.28; C, 23.60.

Exanple 9 g . . . g et

4S*) - 4- (Acet ox yI')y-2-("5, 62di'chl or 6- enzi m agazol - 1-y WO
%%? R&F‘%&g ](?gé é?l;j8 ol?)wja_ﬂdlossolved in (Pgndf.ne (50 IHSL) acetic

|93?;{|-/0 ngg / 1136anhydride (50 mL) and the solution stirred overnight. Volatiles were remgved in

cycl opentyl acetate ([err])- (1R, :

2R*, 4S*) - 2- ( 5, Gadboahd thearesidiudl ofl partitbhmed bettvegh Jnethyl¢ne\chiasider@ihml) and

- cycl o-pentanol (7.80 g, 25.8 nmol) was dissolved in pyridine (50 nmL)-acetic
anhydri de (50 gdnlratd@qittisSeditiin icarbriald @00 WIS 'The brganiOlagér wasdriedr €

renmoved in vacuo and the residual oil partitioned between nethyl ene

chi orf de (150 (Ui Ggye) ana cododidd £ AANTEST IS0\ THRAMR RBRRSG.061 0 ™) - (

The organic |a

8: 8.58, 8.08, 7.96 (s, 3, aryl CH), 5.39-5.32 (m, 1, OCH), 5.09-5.04 (m, 1,

- NCH), 4.11 (d, J=6.6 Hz, 2, OCH2), 2.59-2.50 (m overlapping solvent, CH),
2.41-2.35 (m, 1, CH), 2.17-1.86 (m overlapping 2.06 and 1.94, both s, total 9,
3CH and 2CH3CO).

Anal. Calcd. for C17H1 8N202Ch-0.1 CH2Cl2: C, 52.96; H, 4.70; N,

~ 7.26; Cl, 18.55. Found: C, 52.86; H, 4.74; N, 7.25; Cl, 18.50.

N-Bromosuccinimide (4.54 g, 25.5 mmol) was added to a solution of
(£)-(1R*, 2R*,4S*)-4-(acetoxymethyl)-2-(5,6-dichloro-1H-benzimidazol-1-yl)

cyclopentyl acetate (8.95 g, 23.2 mmol) in dry N,N-dimethylformamide



(sodi um sul.f ate)- and evaporated to a glass (9.91 g, 99%; [err]H NMWR
( DVMSO- d[ ewblos7646 8: 8.58, 8.08, 7.96 (s, 3, aryl CH, pchososnides(m 1,

OCH), 5.09-5.04 (m 1, NCH), 4.11 (d, J=6.6 Hz, 2, OCH2), 2.59-2.50.
(m overl-appi ng sol vent, CH), 2.41-2.35 (m 1, CH), 2.17-1.86 (m
overlapping 2.06 and 1.94, both s, tot a)l 9, 3CH and 2CH3CO).

Anal . Cal cd. for C[err]H[err]8N[err]CIer5r]CI[err] 0.1 CH[err]CI[err]: C

2,961 H 4. Tge Thmm@g,gﬁpg@mm Rt B Sout 474 N

2R*4S*) - 4- (Acet oxI\érret hyl ) - brono- 5, 6-di chl oro-

1H benzi ni daz¥® QWWWU W%M@Péeﬂdﬂal orange syrup  N\- Br onsucci ni mi de
(4.54 g, 25.5 mol) was added to a sol ution of ([err])- (1R,

2R, 4S*) - 4- ( xheomatggraphed on silidagel.- Titletdonipouiidiwas eluted witl chlerbiyry as a

cycl opentyl acetate (8.95 g, 23.2 nmol) in dry N, N-di net hyl f or mam de

WO 96/ 07646 pgle yellow solid (5.14 g, 48% -125°C; IH-NMR (DMSO-d6)d; :8.16
PCT/ Dsos/ 1 1chele yellow solid (5.14 g, 48%), m.p. 122-1 (DMSO0-d6)8 (46

Vol at i 65 ver® b ORORIAHR D0 O3 %4&%%94&,?§a¢%g%§3m°6cﬁ)hw s

chromat ographed on silica gel. Title conpound was el uted wth chl orof orm as

a pal 65-426103ms &) NGH)51. 151(dy =613 Hiz, 2nOFH2).266:260&ms 1 CCHCHD)] H- NMVR
(DVMsO-d[err])[err]: 8.16 (s, 1, benzim dazole H7), 7.95 (s, 1,

benzi mi dazol €2.20L2,14%m693; GHR2.46s, i,cmt))), 1.93 (s oveﬁaggad 5y@n§ 4( G)H3CO NCH) ,
415(d J=6.3 Hz, 2, OCHerr]), 2.66-2.60 (m CH err])
+ CH); mass spectrum (CI) 469 (5.8), 467 (37.5), 465 (95), 463 (54, M+l), 199
(100, M-B).
Anal. Caled. for C17H1 TN2CIoBrO4: C, 43.99; H, 3.69; N, 6.04; total

halogen as Br, 51.65. Found: C, 44.06; H, 3.70; N, 5.97; total halogen as Br,.

51.74,

Samples of the title compounds were characterized by the method of Briickner,
H., Wittner, R., and Godel, H., "Automated Enantioseparation of Amino Acids
by Derivatization with o-Phthaldialdehyde and N-Acylated Cysteines", J.

Chrom., 476 (1989) 73-82. Using o-phthaldialdehyde and N-acetyl-L-cysteine



2.29-2.14 (m 3, CH) 2.06 (s, 3, CHerr]CO, 1.93 (s overl apped by m 4,
CHerr]CO _ + CH); mass spectrum (Cl): 469 (5 8), 467 241'7 5) .. 465
(95), 463WGAEOTREL) 199 (100, M B). 1365 £ or
C[err]H[err]?N[err]CI[err]'BrQerr]: C, 43.99; H 3.69; N, 6 04; total

_hal ogen as Br, 51.65. Found: C ,44.06; H, 3.70; N, 5.97; total hal ogen as

Br, . 51. 74. Exanple 11 46 Anal ysis of (-)-(1S.
4R) - 4- Am no- 2- cycopent ene- 1- net hanol and its ~ enactioner, (+)-(1R
4S) - 4- am no- 2-58 et vetiitigeespehtshe *hrdmatograj phxcsepmﬁohmsedaanopﬁmaiule

conpounds were characterized by the nethod of Bruckner H, Wttner,

R 1 o, Sode ol g SR 3o T AN T AR O Tl it - 0

Gorom . 470 (1980 820l kg ol il Sl sl S, LYot ei
PCT/ US95/ 11366 as
derivati zi ng m@mammpMﬂwmmmb@whimmmaawbw% |
ODS 100 x 4.5 mm 3 [err]mcolum (IIl Supplies Co., Meriden, CT) and

gr adi ent hol@étqtsw&eaimm&ms Hiflutés| Détettiori wad 46338 AR96 Semblesn acet at e
buffer, 40 MM .5, with a linear rarrp to 18% acetonitrile over

15 minutes and a b t Lp mnutes.
Det ecti on was vé?e @X%%?amoémbora@tﬂﬁ\%b‘r’éq 1'Sso Jk L@éﬁ%l ar borate
buffer, pH 10.4. The identit d t f

y P the satnplesI was esltabi/xsl?ercli bypc%gr{pa}/lsgn with authentic standards (see

)

EP 434450 (June 26, 1991)). The retention time of the (1S, RS) isomer was
about 21 minutes. The retention time of the (1R, 48)- isomer was about

22 minutes.

Example 12
+)-cis-4-Amino-2- =

A dry, 2L, three-neck flask was equipped with a mechanical stirrer, thermometer
with gas inlet adapter connected to the nitrogen supply, and septum. The flask
was purged with nitrogen, immersed in an ice-acetone bath, and lithium
aluminum hydride solution in tetrahydrofuran (1.0 molar, 800 mL, 0.80 mol,
Aldrich) was added via cannula. Dry tetrahydrofuran (2x15 mL) was used to

rinse in the lithium aluminum hydride solution. When the solution had cooled to
0°C, the slurry of ()-cis-4-amino-2-cyclopentene-1-carboxylic acid

- 4-toluenesulfonste salt in tetrahydrofuran was cannulated in with good stirring,



the sanpl es was established by conparison with authentic standards (see
EP 434450 wboem7é8, 1991)). The retention time of the (1S, REXI/USISEEIE6Was
about 21 minutes. The retention tine of the (1R 4S) i somer was about

22 m nut es. Exanpl e 12

()-cis-4-Am no-2-cycl opent ene- 1- net hanol 47 A dry, 2L, three-neck
fl ask was equi pped with a mechanical stirrer, ther m)rret er w th gas
i nl et adapter I ﬂd@rﬂ fl ask

was purged wt h ni o%%nésqongrﬁ’r se an |§§e}' acetone l'ithium

al um num hydri esolutl etrah f 1.0 nol m., 0.80 nol,
Al.drich) was a éﬁ"gﬂ’& a&o %@&%MWHH@X High was used to
rinse in the lithium al um num hydri de sol ution. Wen the solution had
cooled to - tetralfydrofiuan (2415 mfv-hranéﬂwfsepnnnwasreplacedwithareﬂux .
([err])-cis-4-am no-2-cycl opent ene- 1- carboxylic acid

4-t ol uenesul f ondhderser. tmerreéxﬂﬁﬂgaélm‘mgmraﬁfbemﬂuw bW wanéd!tb agood
stirring, WO 96/ 07646

PCT/ US95/ 11366 at
such a rate as% léegf)lxt Ne gr??)% tl‘,ltly\g, es§a”1va°hf8 érltr %ﬁerate t he
hydr ogen evol u bqut one, houyr) 395' as th dry

t et r ahydr of uran‘&’g%é&“’ﬁﬂ ov t(16'ho hﬁémggﬁ’a‘ﬁﬁfﬁ' %Pdr"éml ux
condenser. The resulting cI ear, Ilght anber sol ution was sI oWy warned to a

gentl e reflux dueride (B6chgrFs25 mbl ,reagehiograde pmvden)‘lwashaqded,rmdlthe bemdgnser
cloudy

reset for downward distillation. The mixture was distilled to a thin slurry

(700 mL of distillate collected), then cooled in an ice bath. Diethyl ether (dry,
500 mL) was added, and the condenser was replaced by an addition funnel
containing water (43 mL, 2.4 mol). The water was added very slole |

(two hours), with care taken to control the rate of hydrogen evblution and
maintain the temperature at 10+5°C. Meanwhile, water (54 mL) was added to
tﬁe above recovered distillate, and sufficient additional tetrahydrofuran was
added to bring the total volume to 900 mL (6% H20). The reaction mixture was
filtered by suction, and the cake displace-washed with tetrahydrofuran (100 mL).
Part of the 6% water-tetrahydrofuran solution (300 mL) was used to slurry-wash
the cake, which was then returned to the reaction flask. The cake was triturated
(25 minutes) in 6% water-tetrahydrofuran (400 mL), filtered, and
displace-washed with 6% water-tetrahydrofuran (200 mL). The combined
filtrates were concentrated to a pale yellow oil under vacuum (44.07 g, 67.8% by

HPLC, see Example 3). This oil, containing pure title compound, water, and a



After refluxing overnight (16 hours), the heating bath was dropped, sodium
fluoride (&6%137&5 3.25 nol, reagent grade powder) was add 13
condenser reset for downward distillation. The m xture was distilled
to athin slurry (700 nL of distillate collected), then cooled in an’
ice bath. Diethyl ether (dry, _ 5004§L) was added, and-the condenser
was replaced by an addition funnel - containing water (43 nL, 2.4

nol ). The water was, added very sl ow two. hoyrs), wWth care taken
to control thetReReftasylate sl eB?/@P@YW%ﬁH‘%‘mtcond{“%‘ksn%Wthe
tenperature at 10[err]5[err]C. Meanwhile, water (54 nL) was added to

t he above r ecoimmediattlysreatted toformithe NetBOCdetimativeslal stablenerystaline sbldir of ur an
was added to bring the total volume to 900 nmL (6% H err]O . The

reaction m xt u(sRe WitSfollowing Exahiplé)! THe filteBtlike vwaid retaiftiéd td theCfsk and
di spl ace-washed with tetrahydrofuran (100 niL). ‘ Part of the 6%

wat er -t et rahydrqf i u I - t he
“cake, which vvaé'ﬂ- ée?rhrlﬁ%@g(ﬁog%eﬂrr)e‘%ﬁ@%nﬁ?%&%%&%a%@é?d :
triturated (25 mnutes) in 6% water-tetrahydrofuran (400 ni),
filtered, and mdﬂamkhesmmgﬁ@@wwsmewga @00amb). uFhen” (200
m.). The conbined filtrates were concentrated to a pale yell ow oil
under vacuum ( filtrabrwas cdiiéertstdal under vacuuiiRo@ yellow sblid (§6.80 8)20. %%k iyieldi | ,
containing pure title conpound, water, and a WO 96/ 07646

PCT/ US95/ 11366py HPLC; total overall yield 88,7%). - o . .48
trace of tosylate salt, darkens rapidl’y under anbient conditions. It was

i mredi ately reacted to formthe N-BOC derivative, a stable, crystalline ‘
solid, (see the followi ng Exanple). The filter cake was returned to
the flask and triturated in methanol (800 nlL) for 48 hours. The
resulting slurry was filtered under a rubber dam and the cake was

washed wi th met hanol (200 m.). The

*)-cis-4-Amino-2- =

By thé method of Example 12 but on about twice the scale (97.40 g, 0.8924 mol
of (x)-2-azabicyclo[2.2.1] hept-5-en-3-one) the title compound was obtained as
extracts containing the title compound (0.7926 mol, 88.8% of theoretical,
allowing for aliquots removed, as determined by the ‘method of Example 11).
Example 14

(2)-cis-tert-Butyl N-(4-[hydroxymethyl)-2-cyclopenten-1-yl] carbamate -

The combined tetrahydrofuran extracts from the preceding Example were



filtrate was concentrated under vacuumto a yellow solid (56.80 g, 20.9%

yield wo9%i7daLC, total overall yield 88.7%. PC 86613
([err])-cis-4-Am no- 2-cycl opent ene- 1- et hanol By the method of
Exanpl e 12 but on about twi ce the scale (97.40 g, 0.8924 nol of

()-2-azabicyclo[2.2.1] hept-5-en-3-o0ne) gge title conpound was obtained as
extracts containing the title conpound (077926 nol, 88.8% of theoretical,

al.lowing. or 2Lkl GHIY Sehon 5o BT LTSk S wAEE b, Bla FiARLS 11

Exanpl e 14

N- (4-[ hydroxynet hyl ) - 2-cycl opent en- 1- X!@] car banmat e The caonbi ned
t et r ahydr of ur aff @diym bicarbonate,(9746 g b 1@ mohkinwater{He0 mly) was added\This/ 07646
PCT/ US95/ 11366 49

concentrat ed uwdsfollomedby di-tert-baty] dicarbondte 2045 g)) 019501 wril)e I THeahixturand a
m xture of sodi um bi carbonate (97.46 g, 1.16 nol) in water (500 ni)

dded. Thi i ' ethaR61 | &3t 204.5 @),
was adde | vas stirred at\58€ foAWoRlgS Phe glta(g‘ﬁlg)rsr %%Ppﬁo ( 9)

0.9501 nol). The m xture was stirre ays. The

methanol  ext r agl Smble Weré B¥apBlafsitd i Bily solid (136.64 g), which was added to the

mixture. After warming to room temperature, the organic solvents were
evaporated under vacuum, and the resulting slurry was extracted with hexanes,
three portions of methylene chloride, then hexanes again (200 mL each). The
organic extracts were evapofated to an oil, which was crystallized from hexanes
(about 300 mL), giving the title compound (154.15 g, 0.7229 mol). Additional
product was obtained by chromatography of the mother liquors (10.5 g,

0.0491 mol, 86.6% of theoretical from the starting lactam, allowing for aliquots

. removed).

~ (£)-cis-tert-Butyl N-[4-(hydroxymethyl)-2-cyclopenten-1-yljcarbamate
(50.0 g, 0.230 mole) was stirred in 25% trifluoroacetic acid in methylené
chloride (1.5 L) at 0° C for 1.0 hour. Evaporation of volatiles left the
trifluroacetic acid salt of the amine described in Example 27 as a dark oil. To

this oil were added t-butanol (350 mL), potassium carbonate (65 g), and 1,2,4-



Exanpl e were evaporated to an oily solid (136.64 g), which was added to the
m xture. After warmng to roomtenperature, the organic solyvents were
evapor at cWOP46y acuum and the resulting slurry was extr BETVEEINHI46
hexanes, three portions of nethylene chloride, then hexanes again
(200 nL each). The organi c extracts were evaporated to an oil, which
was crystallized from hexanes (ab®t 300 L), giving the title
conmpound (154.15 g, 0.7229 nol). Additional product was obtai ned by
chr omat ogr aphytrichlotd+§-nitedbenzenei(Aldrich, $4.9 g50.330 mole as 97%)0Tbe resulting86. 6% of
theoretical fromthe starting lactam allowing for aliquots

removed) . mixtdré WiB réfluked with vigorous stirring for 3 days. Volatiles were removed
()cis-[4-(4,5-D chloro-2-nitroaniTno)-2-cycl openten-1-yl]nethanol

([err])cis-tert-Butyl N draoxvnet hyl,) - 2- ] - - : mat e
(50.0 g, O. 230“‘1?‘87%%9&%@#@@“? thebiedwith fcfBE The Rietiahtt felibie’ hyl ene
chloride (1.5 L) at  OC for 1.0 hour. Evaporation of volatiles I_eféothe
trifluroaceti cnaterial was chromategraphed; ancsibivasgel. Gaideiproduct yas eluted with 20645,
oil. To this oil were added t-butanol (350 nlL), potassium carbonate
(65 g), and 1,miethanol-chlorofor6d Give éfange solid (38.0 g). Crystallization from ethyl

PCT/ US95/ 11366 - 50

trichloro-5-nifeohensans gfledite pﬁgﬁaaﬁomﬂ%@%’ﬁm (54.08, 999, m.p1%%6-

resul ting m xture-was re W th Vigorous stirring for 3 days.

Vol atil es wer e,J.eqr der, vacuum an he residue triturated with

net hanol , The t@ﬁ%@%@ﬂﬁ@"% and mﬁﬁ?‘éﬁ'ﬁ\%%&"%ﬁ?‘b‘%‘& d on

silica gel. Crude product was eluted with 2% . - ‘
and identical with samples of chiral enantiomers described in Examples 18 and

- 26.
- Anal. Calcd. for C12H12N2C1203: C,47.55; H,3.99: N, 9.24 Cl, 23.39.
Found: C, 47.75; H, 4.10; N, 9.20; Cl, 23.52. | |
Continued elution of the column gave further fractions containing title
compound with minor low Rf impurities. These fractions were combined with
the mother liquor from the above crystallization and recrystallized from ethyl

acetate-hexanes to give ad&itional orange solid (16.7 g) having identical 1H-

NMR spectrum and bringing the total yield to 73% .




met hanol -chl oroformto give orange solid (38.0 g). Crystallization from

et hyl . WO 96/¢#s%¢ at e- hexanes gave title conpound as orangepe@fgsssahses( 34. O
g, 49%, mp. 96- 98 C;, [err]H NVR(DVMSO-d[err]) and mass
spectrunm(Cl) consistent with structure and identical with sanples
of chiral enantionmers described in Exarrplﬁﬁs 18 and 26.

Anal . Calcd. for err]Herr]2Nerr]d[err]Jerr]: C, -47.55; H 3.99: N,

. 9.24°C, 23.39 . Eound: T {5 4. 10:. N, ., 9. 20:; 23. 52.
Conti nued el ut 18 ﬂ“ﬁ%@f@mﬂ%ﬁé'é‘@??#éwwﬁw%%@%mf'ng title
conpound with minor low Rf inpurities. These fractions were combined with

t.he not her | i qitimethanol @A& 266.Panmel)and N-methylmerphaling Neoxjde GAldsichsd f r om

et hyl acet at e-hexanes to give additional orange solid (16.7 Q)
havi ng i denti c 80% ®Rfuegus-solution, 12.0 MYIR 69 paabdl) inacetshe (280 ML) Svasladdédt al yi el d
to 73% Exanpl e 16 ([err])-(1RrR*, '2S", 3S*,

55*) - 3- (Acet ox =D o0k Gl BA; i hi ..
1. 2-cycl opent aéﬂ@%"g’(‘%g?éﬂ%ﬁg Hl%}r I(WHZZ’QQ% fki’ge&g?rgg_gat
hyl ) - 5: (4. 5-di chl i -1.2- I iyl
é?gﬁtef Q’ge thy )av%ieg%yegngS dzp@mel * (rwrol oqllré, rv%?art]iiesl\arr]e% removeﬁ){r? vO u%natna edI y
PCT/ US95/ 11366 51
To a sol ution ofsidue stirred with pyridine (200 mL)-acetic anhydride ( 40 mL) for an
([err])-cis-[4-(4,5-dichloro-2-nitroanilino)-2-cycl openten-1-

yl ] met hanol (2@d&tignal 48 heuRN"Phe solittbrNvaRdonkentiitédea thRk MedPoil dhidhAvay | ch,
60% aqueous solution, 12.0 nL, 69 nmol) in acetone (280 nL) was added

osm ;’{T‘h;eg[ Oxi deritidnal BdiRedn Btindled BhER0E Soditn Fattolate hnd EniSlaforh T1fe

chloroform layer was dried (sodium sulfate) and then concentrated to an oil in

- vacuo. A mixture of the isomeric title compounds was eluted from a silica gel
column with 2% methanol-chloroform and crystallized from ethyl acetate-
“hexanes (with seeding by crystals of the (1R*,2S*)-isomer prepared by the |
method of Example 1) to give (£)-(1R*, 2S*, 3S*, 58*)-3-(acetoxymethyl)-5-
(4,5-dichloro-2-nitroanilino)-1,2-cyclopentanediyl diacetate as orange crystals
(17.4 g, 57%), m.p. 154-156° C; 1H-NMR(DMSO-dg) ideﬁtical to that of the
sample described in Example 1.

Continued crystallization of the mother liquor conténts from ethyl acetate-
hexanes gave (Z)(1R*, ZS*, 3R*, 5R"‘)—3-(acetoxymethyl)-s-(4,5-dichloro-2-
nitroanilino)-l ,2;cyclopentanediyl diacetate as orange crystals (8.82 g, 29%),
m.p. 105-107° C; IH-NMR(DMSO-d6). |

Anal. Caled. for C18H20N2C1208: C, 46.67; H, 4.35; N, 6.05; Cl, 15.31.

Found: C, 46.50; H, 4.33; N, 5.96; Cl, 15.23.



anbi ent -tenperature for 18 hours, volatiles were renoved in vacuo and the
residue stjirr th pyridine (200 mL) - aceti ¢ anhydri de
add|t|oné§kﬁﬁﬁﬂ%%¢ The solution was concentrated to a thlgﬂﬂkﬁyl
was partltloned bet ween sat urated aqueous sodi um car bonat e and
chl oroform The chl oroform | ayer_was dried (sodium sulfate) and
then concentrated to an oil in cuo. A m xture of the isoneric
title conpounds was eluted froma silica gel colum with 2%

met hanol - chl oizampla bhd crystallized fromethyl acetate- ~ hexanes
(with seeding by crystals of the (1R*,2S*)-isomer prepared by the

nmet hod of Exanple 1) to give ([err])-(1R*, 2S¢, 3S*,

55*%) - 3- (acetoxynethyl) 5-

(4, 5-dichloro2 hh
crystals
identical to th
Conti nued crys™ ‘oy A ke ooy
hexanes gave ([err])(lFF 2S*, 3R,

5R*) - 3- (acet oxynet hyl ) - 5- (4, 5- dlchloro 2-
nitroanilino)-1, 2-cycl opent anedi yl di acetate as orange crystals (8 82 ¢

- biy- - Or ange
: H-NNR(DIVBOd[err])

[l ed I n Exanple 1.

=*contents from ethyl acetate-

29% (DR* 1153 3R¥, SR*)[3(Adetoxyie{Hl)EH (4|5 alichlgro-2-nitroanilingh2-  Cal cd.
for Jerr]Herr|]ONerr]C[err]derr]: C 46.67; H 4.35; N 6.05 d,
T cybi8ilanetiiy] ﬁﬁ{cétgie (5100%, 368 Minof) v stifrkd inld@nAdnia/ VO

EXC-Ia_/rrlnggS/l%:LsG?neﬂxanol (et N )l?q pl) a&gnbiegﬁ,emperature for 18 hours. Evaporgtgon of
5R*) - 3- (Acet oxynet hyl ) - 5- ( 2- br ono- 5, 6-di chl oro- 1 .
benzi mi dazol - wolatﬂgmmodpﬁmmmmmﬁscmdsﬁm* ZS* 3R*, 5R*)-5-(4,5-

dichloro-2-nitroanilino)-3-(hydroxyt_nethyl)—1 ,2-cyclopentanediol having an
iidentical Rf on silica gel TLC plates to that of the chiral sample described in
Example 19. This solid was reduced with Raney nickel/ hydrogen(45 psi) in
isopropanol (200 mL). Catalyst was filtered off with Celite. The filtrate-wash
‘was evaporated to dryness in vacuo. The residue was refluxed in formic acid

~ (96%, 50 mL) for one hour, as described in Example 2. The oil remaining on
evaporation of the fqrmic acid was dissolved in methanol. The pH was adjusted
to 13 with aqueous 5 N sodium hydroxide and the solution was stm'ed at
anﬂﬁmﬂtanqnnnw@ibmomehmmru)hwhobmcﬁmnmﬂeeﬂnu;Thc;ﬁiwms
adjusted to 7 with 1 N hydrochloric acid and volatiles removed by evaporation
in vacuo. Pyridine (100 mL) and acetic anhydride (4 mL) were added to the
residue and the mixture stirred at ambient temperature overnight. Evaporation of

volatiles in vacuo followed by chromatography on silica gel with 1% methanol-

ol | Whl ch

(



([err]) (1R, 2S*, 3R+,

5R*) - 3- (%mmt hyI) 5-(4,5-dichloro-2-nitroanilino)-1, 2pcrnsesnises
cycl opent anedi yl diacetate (5.00 g, 10.8 mmol) was stirred in anmonia /

net hanol (ca. 2 N, 100 mL) at anbient tenperature for 18 hours. Evaporation

of volatiles in vacuo |left resi duﬁ orange solid ()-(1R*, 2S*, 3R*,
5R*)-5-(4,5-

di chloro-2-nitpy I I NO As| cl avi ng an
i dentical Rf Sﬁf—@% 255 I, 3% 31-’{;‘#“6?%1“??’3&@5}%‘?@ O‘FFBF"
described in anpl e 19. Th| s solid was reduced with Raney ni ckel /
hydr ogen( 45 pslﬁ-bpmmdml-l-yadp?-gm@mnmw diayetateas white crystals fromt er ed of f
with Celite. The filtrate-wash was evaporated to.dryness in vacuo.
The resi due waghanef-watee .6 8, 53%)ilH-NMR{DMSO-dg) cOfiststert Gvith stricture.one hour ,
as described in Exanple 2. The oil I’EITB.I ni ng on : evapor ati on of the
formc acid $ aN *| Bi. Okl ‘%enmgndazof-o 13
wi t h aqueous § Eyd?% Q e égpéma&g???. rre

anbi ent tenperatur for one h Lo h |y for te ester e pH was
adjusted to 7 Wﬁﬂ CX§19RFAt48 V@W’ﬁ%%gﬁnég Hha;ﬂf

evaporation I n vacuo. Pyridine (100 nL and acetlc anh dr| de (4 nl)
were added t o dioxane (15 mL) ard thesolutinn refhuxediwhile freshlyireerystallizediNbi ent
t enperature overni ght. Evaporation of vol atiles in vacuo fol |l owed by

chr omat ogr aphybrémosuctinédide¢2.104g! 1.3 HariY) has alided all at orée. Aited Sadinutes of
PCT/ US95/ 11366 53

chl or of or m gavgg
5RY) - 3- (acet oxyrre hy{@%}&ng&@x evaporatedmvacuotoaredoﬂ A

1Hb d t diyl d t at t s f
et hanol -t o1 QSrefog sslyipt of eﬁwmmmma”e ool el st DR AGEA ot

structure.
sulfate). The chloroform solution was concentrated to an oil which was

chromatographed on silica gel. Product-containing fractions were eluted with' 2-
4% methanol-chloroform. Crystallization from ethyl acetate-hexanes gave as
off-white solid (1.5 g, 50%); lH-NMR(DM_SO-dﬁ)consistent with structure of
title compound. Such a sample was rechromatographed on silica gel with
elution by chloroform to give (£)(1R*, 25*, 3R*, R*)-3-(acetoxymeﬂ1yl)—5—(2—
bromo-5,6-dichloro-1H-benzimidazol-1-y1)-1,2-cyclopentanediyl diacetate as
white crystals, after cl;ystallization from ethyl acetate-hexanes, m.p. 166-167° C;
TH-NMR(DMS0-d¢)8: 8.14 and 7.96 (both s, 1 each, 2 aromatic CH), 5.6-5.35
(m, 3, 2 OCH and NCH), 4.4-4.1 (m, 2, OCH?), 2.8-2.4 (m overlapping solvent,
2 CH), 2.4-2.1 (m overlapping s at 2.25, total 4, CH and CH3), 2.04 (s, 3, CH3),'
1.37 (s, 1, CH3); mass spectram(CI): 525(53), 523(100), 521(54, M+1).

Anal. Calcd for C19H19N2BrClx0¢: C, 43.70; H, 3.67; N, 5.37; total halogen



([er]r)(1R*, 2S*, 3R+,

5R*) - 3- (Acet ox thyI) 5- (5, 6-di chl or o- 1H benzi m dazol -

1-yl) -1, 2-WQEf tanediyl diacetate (2.5 g, 5.7 mol) was BEEHUBISHLIE n dry
di oxane (15 nL) and the solution refluxed while freshly recrystallized N -
bronosuccinimde (2.10 g, 11.5 mmol) was added all at once. After 5 m nutes’
of = reflux, the red-brown sol utiod4was evaporated in vacuo to a red
oil. A chl orof orm sol ution of this oil was washed with water and
then dried (sodsGin20.37. Founds @, 43.68)H, 3168; N,/5.35; adtal kalogenuasiGly 2032
concentrated to an oil which was chr omat ogr aphed on silica gel.
Product -containing fractions were eluted with 2-. 4%

met hanol -chl oroform Crystallization fromethyl acetate-hexanes gave as
off-white soli% gl'élﬁ’ 509 ; [err] H NVR(DVSO-d[err])consistent with
structure of itl e conpound. Such a sanpl e was rechronat ographed on
silica gel with elution by chloroformto give ([err])(1R*, 2S*,

3R*, 5R*)-3-(acetoxynethyl)-5-(2- '

brorm 5, 6-di chl oro- 1H ben2| m dazol 1-yl)-1, 2 cycl opent anedlyl di acetate as

~white crystalsﬂ_@&gﬂg_ fuanilino R ivoloper Rat m p.
166-167C, [err] H-NI\/R(DIVISOd[err])[err] 8 14 and 7 96 (both s, 1
each, 2 aromatic CH), 5.6-5.35 (m 3,2 OCH and.- NCH), 4441(m 2,
G:H[err]) 2824(mover|apping sol vent, - ZCH), 2.4-2.1 (m

overl apping s at 2. 1.37
(s, 1, CHerr]): Eg(ééve@ F%PGF!)‘ AN ngﬂ}g%ym ‘°P52‘ECI§4Y‘1 ML) .

Anal . Calcd for CJerr]Herr]9Nerr]Brd[err] err C, 43. 70 H 3.67; N,
5.37; total haktarbamate (15.00\g) 7053 o )bwas conve bythemethodofExamplelto ‘
PCT/ US95/ 11366 54 as

Sx amz) P g 3 I o Fou(is, 4R)-[4-84,8-dichibro2-fittoarilind)-Beycléminin- §l]#@ tanels istlated?0. 32.
as a yellow powder after elution from a silica gel column with 1:1 hexanes-
chloroform and resolidification from ethyl acetate-hexanes (9.97 g, 47%), m.p.
' 94.5-96.5° C; 1H-NMR(DMSO-dg)3: 8.24 (5, 1, benzimidazole CH), 8.09 (d, J
=8.1 Hz, 1, NH), 7.51 (s, 1, benzimidazole CH), 5.95 and 5.85 (both m, 2,
CH=CH), 4.9-4.7 (m overlapping t at 4.78, J = 5.1 Hz, total 2, CHN and OH),
3.4 (m, 2, CH20), 2.80 (m, 1, CH), 2.6-2.4 (m overlapping solvent, CH), 1.5-
1.4 (m, 1, CH); mass spectrum(CI): 303 (M+1); [2]20589 +199° , [a}20578
+222°, [a]20546 +333° (c =0.267, methanol).
Anal, Caled. for C12H}2N2C1203-0.18 _'C6H1 4:C,49.30; H, 4.59; N,

8.79; Cl, 22.25. Found: C, 49.64; H, 4.64; N, 8.68; Cl, 22.10.



(1S. 4R)-[4-(4,5-Dichloro-2-nitroanilino)-2- cyclopenten 1-yl ] met hanol
(-)-(1R, 4 bmaﬁutyl N-[ 4- hydr oxynet hyl ) - 2- cycl opent en- 1-

car banat e (S)i% 00 g, 70.3 mmol) was converted by the nethod o#lé@swﬁls“
(1S, 4R)-[4-(4,5-dichloro-2-nitroanilino)-2-cycl openten-1-yl]net hanol

| sol ated - as a yell ow powder after gutlon froma silica gel coI um
with 1:1 hexanes- chl oroformand r olldlflcatlon from et hyl

acet at e- hexanes
[e‘rr]H—NI\/R(DI\/S R S ST Ra Raior L § .

8.1 Hz, 1, NH), 7. 51 (s 1, ben2|mdazole CH) 5 95 and 5 85 (both m 2,
CH:CH) 4. 9- 4. 7eyclopenta andg 28. 3R, BR)-53(4:5-Hichl o tioahilifio)-BHN and OH)
3.4 (m 2, CH[err]O) 2. 80 (m 1 CH) 2.6-2.4 (moverlappl ng solvent, CH),
1.5- .4 ofHU)-1. 0RSSlop@Rstedibl( Cl ) - 303 (M+l); [a][err]589
+199[err], [a][err 5 aJ[ err]546+333/(c=0. 267, net hanol ).

Anal . Calcd for C[err]H[err]ZN[err]CI[err]CIerr] 0.18 C[err]H[err]4 C

. 49.30; H 4.59; N, 8. 79 CI 22.25. Found: C, 49.64; H, 4.64; N,
8.68; d, 22.10. VD 96/
PCT/ US95/ 11366 - Toa solutlon of (lS 4R)-[4-(4,5-dichloro-2-nitroanilino)-2-cyclgpenten-

(1S, 2R, 3R, 5R)-5-(4.5- Dichloro-2-nitroanilino)3-(hydroxynethyl)-1.2-
cycl opent anedi ol-yijneti{ahbl (830, g, 2R.6 hpl)=nd Nomethytibipholife N-éxida(AldtieR) - 3-

(hydroynet hyl ) -1, 2-cycl opent anedi ol To a solution of (1S,
4R)-[4- (4, 5-di ChORaucbnd sblufdHls 07 L ; 20 6 %EhaN Eicéibne (90 mL) was added
osmium tetroxide (Aldrich, 2.5% in t-butyl alcohol, 0.51 mL). After Stin’ing at
ambient temperature for 18 hours, an additional 0.25 mL of 60% aqueous N-
methylmorpholfne N-oxide was added and the solution stirred for an additional 5
hours. Volatiles were evaporated in vacuo and the residue recrystallized twice
from 95% ethanol to give (1S, 2R, 3R, 5R)-5-(4,5- dichloro-2-nitroanilino)-3-
(hydroxymethyl)-1,2-cyclopentanediol as yellow powder (1.78 g, 19%), m.p.
197-199° C; IH-NMR(DMSO-dg)8: 8.23 (s, 1, benzimidazole CH),8.1(d,J=
7.0 Hz, 1,NH), 7.50 (s; 1, benzimidazole CH), 5.02 (d, J = 4.9 Hz, 1, OH), 4.74
(t, J=5.1 Hz, 1, CH20H), 4.58 d,J=51 HL 1, OH), 4.0-3.8 (m, 1, NCH), 3.8-
3.7(m, 2,2 OCH); 3.5-3.4 (m, 2, CH20), 2.45-2.25 (m, 1, CH), 2.1-1.9 (m, 1,
CH), 1.4-12 (m, 1, CH); mass spectrum(CI): 337 (M+1); [«]20589 -106° ,
[«]20578 -118°, [2]20546 -182° (c = 0.273, methanol).
- Anal. Calcd. for C12H14N2C1205: C, 42.75; H, 4.19; N, 8.31; Cl, 21.03.
Found: C, 42.84; H, 4.21; N, 8.24; Cl, 21.09.

Chromatography of the mother liquor contents on silica gel gave the (IR,



1-yl ] methanol (8.60 g, 27.6 nmmol) and N-nethyl norpholine N-oxide (A dri ch,
60% aqueous solution, 5.02 nL, 29.0 mml ) in acetone (90

osm um t.etW‘bWé“(Al drich, 2.5%in t-butyl alcohol, 0.51 W

stirring at anbi ent tenperature for 18 hours, an additional 0.25 nlL
of 60% aqueous N- met hyl nor phol i ne N-oxi de was added and t he
solution stirred for an additional 5 56 hours. Vol atiles were
evaporated in vacuo and the residue recrystallized tw ce from 95%

~ ethanol to gi v2SK isSme? bn eltion With 78%methantilchloseform; tywa reselidifications 3-

(hydroxynet hyl ) -1, 2-cycl opent anedi ol as yell ow powder (1.78 g, 19%, mp.

197-199[err] G r m@w} r L3-{4,8- dichlor-2-hitrdaailinoyBdazol e ,
.1 (d,[ ] &Bﬁgop lﬁ,QS SR,[SK) 55-( 1, begtgrm dazol e gél) 5. 020_?1

1 aszl cﬂ&‘_ﬁ%}'ﬁ‘ §-§'é) ](2-cy<ilopm&m§ aga]yeh%w pjowdg"gleﬁ n% qg)’/%) éé{? (d, J
;21 (m 1 1 err"]o) M%?h(’l@ gi’ﬁwﬁhi ]fﬁl {%&?%532106®’

[err]578 - 118[err] [err][err]546 -182 (¢ = 0. 273 met hanol ) .
| . Cal cd. f@oﬂq,draa;:hﬂ[zdmmﬂﬂmqmp,e&m(q&smﬂz,1,42H)3977Hd k=19: N,
8.31; d, 21.03. Found: C, 42.84; H 4.21; N, 8.24; d, 21.009.

Chr onmat ogr aphy e,y 139 (18,38, gqbcaaneNch,(lR
chromat ogr 2 3.9'HZ hOHR S (¢, 1M HL O NEHIOE) N1 319 )

PCT/ US95/ 11366

2S)- isoner on38T%J§| ﬂ%ﬂs %3%5@9‘%%{%9"8#?@1%81?8 thHz SZO‘lISISgZ]SI cations

from 90% et hanol aveg 3R 5R) -5-(4,5- dichloro-2-nitroanilino)-3- ‘

(hydr oxynet hyl §m.l, £y 41o3p%(mah bil.38sl- wl&Gﬁ)ﬂaméPemwj, 17%, mp.

179-181 C; [err]H NVR(DMSO-d[err])[err]: 8.70 (d, J = 7.1 Hz, 1, NH), 8.22

zind 074) 324 . (337(gbﬂo,h[ts]20§398a6}6° , 2 PO578 ABRLZ0[023446,-49028(c(10.250,= 5.6 Hz,
methanol).

>R Wl G

Anal. Calcd. for.C]2H14N2ClgOs: C,42.75; H, 4.19; N, 8.31; Cl, 21.03.
Found: C, 42.87; H, 4.15; N, 8.30; Cl, 21.14.

Elutiﬁn with 8-10% methanol-chloroform gave white solid (2.9 g) which
1H-NMR showed to be an approximately 1:1 mixture of the two isomers.

Coﬁtinued elution of the column with 10-20% methanol-chloroform gave
fractions containing additional (1S, 2R, 3R, 5R)-5-(4,5- dichloro-2-nitroanilino)-
3-(hydroxymethyl)-1,2-cyclopentanediol which solidified from 90% ethanol to

white powder (2.23 g) bringing the total yield of this isomer to 43%.

Example 20



3.9 Hz, 1 OH), 4.45 (t, J = 4.9 Hz, 1, CHerr]OH), 4.1-3.9 (m 3, 2 OCH and
NCH) , WO096/076d46 3. 5 and 3.45-3.35 (both mpartially overl pepusskiisé 2.
CHerr]O, 2.45-2.25 (m 1, CcH, 2.1-3.9 (m 1, CH, 1.35-1.25
(m1l, CH); mass spectrum(Cl): 337(MH1) ; [err][err]589 15.6
,[[err]][err]578 -13.2, [err][err]546 4.@9[err] (c = 0.250,

nmet hanol ). Anal Cal cd. for

Clerr] H err] 4Ni¢ e wrl: C 42,75, H 4.19; N, 8.31; d, 21.03.
Found: C, 42.8 ‘ . 30; O, 21.14. - Elution with
8- 10% net hanol - chI oroformgave white sol i d (2.9 g) which [err] H NWR
showed to be an approximately 1:1 m xture of the two isoners.

Conti nued elution of the colum w th 10-20% net hanol - chl or of or m gave
fractions contai ni nglSadB)<{4-GhSDi¢hiGro-2Ritroafilinb)RP-cyeloperien-1-ylJmethanol (

di chl oro-2-ni troanilino)- 3- (hydroxynet hyl )- 1, 2- cycl opent anedi ol

whi ch sol i difie.dsgrpmmw mae&yla@dmpyndme-%udc e ZRE@&@L bringi ng

the total yield of this isomer to 43%

R gsgg\lcgtlgggi@tm'am%( todtict Wil Ligted éon%tsfh%sge dolithi Wifh 2% methagel- 0 O 04°
cycl opent anedi é’ﬂ l.acet at e
4R) - [ 4- (4, 5- Di BHPER soHdified rfﬂonbsthzlwy@m)tp@we(dsﬁm IReBzirol (
3.75 g, 11.1 mol) was acetylated in pyridine-acetic anhydride as in
Exanpl e (acetoxymethyl)-5-(4,5-dichloro-2-nitroanilino)-1,2-cyclopentanediyl diacetate

as yellow powder (5.13 g, 100%), NMR identical to that of Example 1. Such a
sample was crystallized from éthyl acetate-hexanes to give title compound as
yellow powder , m.p. 128-130° C; 1H-NMR(DMSO-dg) and mass spectrum
(CI) identical to those of Example 1.; [¢]20589 -95.8° , [«]20578 -107°,
[€]20546 -165° (c = 0.259, methanol).

Anal. Calcd. for C18H20N2Cl0g: C,.46.67; H, 4.35; N, 6.05; Cl, 15.31.

Found: C, 46.74; H, 4.36; N, 5.96; Cl, 15.38.

Example 21

12-cyd] fiv] di

(1S, 2R, 3R, 5R)-3-(Acetoxymethyl)-S-(4,5-dichloro-2—nitroanilino)-l,2-

cyclopentanediyl diacetate (4.42 g, 9.97 mmol) was converted to title compound



16. The crude product was eluted froma silica gel colum wth 2% net hanol -
chl or of or Ry@9glerseg | di fied fromethyl acetate to give (1S, Fernodssnpigs- 3-
(acet oxynet hyl ) -5-(4, 5-di chl oro-2-nitroanilino)-1, 2-cycl opent anedi yl

di acetate as yell ow powder (5.13 g, 100%, NWVR identical to that of
Exanple 1. Such a - ~ sanple was crysig | 1'ized fromethyl acetate-hexanes
to give title conmpound as yel | ow ovvder mp. 128-130[err]C
[err]I-I-NNR(DNBOdheEléJr; and JrBs tru é ? | to those of
Exanmple 1 l%"ég%'g"["'[ nh‘%rfl?]fg'/g‘c gpétwa% :
[[err]][err]546 -165 (c = 0 259 met hano Anal Cal cd. for
err] H[err]ommmet@qaphqqcm[%hcra]ge mth@bltmnbni%m%@mlqchlerqs’ma 15. 31.
Found: C, 46.74; H 4.36; N, 5.96; d, 15.38. Exanpl e 21
(1S, 2R 3R Sid)vents(etapdrated eegivy ()S, B swsn)-mwmmm)as-(smmma yI)
1, 2-cycl opent anedi yl di acetate 1S’ 2R, 3R
5R) 3- (Acet oxy, gﬂixﬂni P @@5
- cycl opent anedll;rﬁ, | ace Mﬁ ?lzqﬁb%:%@m n#oi ; vvasgg%j%égr%?hel stO(l)ldt itle
i conpound 6/ 07646
| BeT) LS9/ 1136 m ethanol (4.0 g, 90%); 1H-NMR(DMS0-d¢) and mass spectrugy(CI) as

with the racemc sarrpl e described in Exanple 2. Crudg product was
chr omat ogr aphddensicaktolthese of icematerdes¢rihed im Eisgmpleo2;fe 0589 +2%5%r of or m and
sol vents evaporated to give (1S, 2R 3R

5R) - 3- (acet OX&[&?WSVP)FZE 765, [61209525430.6° (¢ = 0.255, methanol).

1H benzi m dazol -1 -yl')-1, 2-cycl opent anedi yl di acetate as an off-white solid
Anal. Calcd. for C19H20N2C120¢: C, 51.49; H, 4.55; N, 6.32; Cl, 16.00.

Found: C, 51.33; H, 4.58; N, 16.27; Cl,.15.90.

Q S, 2R, 3R, 5R)-3-(Acetoxymethyl)-5-(5,6—&ich10ro-lH-benzimidazol-
1-yD-1,2-cyclopentanediyl diacetate (0.96 g, 2.17 mmol) and sodium carbonate
(0.230 g, 2.17 mmol) were stirred in water (3 mL)-ethanol(15 mL)-methanol(15
mL) at ambient femperature for 24 hours. The pH was adjusted to 7 with acetic
acid and the volatiles removed in vacuo. The residual solid was slurried in water

(25 mL) and filtered. Resolidification from 2:1 ethanol-methanol gave (1S, 2R,



foam fromethanol (4.0 g, 90%; [err]H NVR(DVBSO-d[err]) and nass
spect r un( o 96/07646 I dentical to those of racemate descri b®dTIUSIE 1| e 2;

[[err]][err]589 +25.5[err], : [[err]][err]578 +26.7, [err][err] 546
+30.6[err] (c = 0.255, nethanol). Anal . Cal cd. for :
~derr]Herr]ONerr]A[err]Jerr]: C 5159, H 4.55; N, 6. 32 c, 16.00.
Found: C, 51.33; H, 4.58; N, 16.27; d, 15.90. Ie 22

(1S 2R 3R 38 shy63s %—&ﬁ%ﬁﬁ-b@ﬁﬁ?ﬁb@%ﬁzﬁgﬁéﬂyh&ﬁﬁﬂtOXym?t hy! ) -

I. 2-cycl openta

1-31): 1.2 cyckeabed) s Wil i el g Bk n??zr%%szwf;od. um

car bonat e 2 17 mmol) were stirred in water
m.) - et hanol (1M t §.49, 8.09, and7rﬁ§)(alits, hmhehbmmmabtﬁm,for 24
hours. The pH was adjusted to 7 with acetic “acid and the vol atiles

removed in VaGLM(dTJBﬂIH&z,Ql,J@H)S@BVQt,M P Hy/ 1, G2 OH),%8-416 (m (25 ni)
and filtered. Resolidification from 2:1 ethanol -net hanol gave (1S, 2R

‘Q@T?S/Sgg?‘l‘? 26 éwerlappmg d at 4.76, J = 4.3 Hz, 2, NCH and OH), 4.25-4.10 (m, 1, OCH), 3.9-

o e o S L, ST B AR i) 3o I B e )

NVR(DMSO-d[err])[err]: 8.49, 8.09, and 7.96 (all s, 1 each 3 benzi ni dazol e
CH), CH), 1.85-1.65 (m, 1, CH); mass spectrum(CI) 317 (M+1); [u] 0589 -12.2°,

3R

(2120578 -12.9°, [«]20546 -14.1° (c = 0.255, methanol).

Anal. Caled. for C13H14N2C1203: C, 49.23; H, 4.45; N, 8.83; Cl, 22.36.

Found: C, 49.25; H, 4.47; N, 8.83; Cl, 22.46.

(1S, 2R, 3R, SR)-3-(Acetoxymethyl)-5-(5,6-dichloro-1H-benzimidazol-
1-y1)-1,2-¢yclopentanediyl_ diacetate (2.00 g, 4.51 mmol) was dissolved in dry
N,N-dimethylformamide (9 mL) and heated to 90°C. N-bromosuccinimide (1.62
g, 9.02 mmol) was added in four portions ov& 5 hours. . Volatiles were

evaporated in vacuo. The residue was chromatographed on silica gel and product



5.04 (d, J =7.0 Hz, 1, OH), 4.87 (t, J =5.1 Hz, 1, CHerr]OH), 4.8-4.6 (m
over | appi d.at 4.76, J = 4.3 Hz, 2, NCH and OH), 4254 ?ﬁ%n—!)

3. 0- Wo3 267646, 1, OCH), 3.6-3.45 (m 2, CHerr]O), W?

CH), 2.2-2.0 (m 1, CH), 1.85-1.65 (m 1, CH); rrass spectrum(Cl):

317 (M+l); [err][err]589 -12. 2, [Lerr]][err]578 -12.9, [err][err]546
-14. 1[err](c = 0. 255, net hanol) 0 Anal . Cal cd. for

CerrJHerr]4Nerr]CJ[err]Jerr]: C, 49.23; H 4.45; N, 8.83; d,b 22.36.
Found: C, 49. 2¥as ¢luted vviﬂ:30\§0%eﬂwia®tate-h§xm$asayellow glass (EMI@%)B
(1S, 2R, 3% 5R)-5-(2- Brorm 5. 6-di chl or o- 1H benzi m dazol -

yl) - 3- (hydr oxylmNMRID EWith s@cture, This samy ?lewasdeBIbSkedZRth3R
5R) - 3- (Acet oxynet hyI) 5 (5 -di chl or o- 1H benzi m dazo

1 A IO et e s v

"N br onosucci ni m 02 | n f.our .poLtions

over 5 hours. m'gﬁ‘l‘q(iéls )mm%tempﬂwg;}g éf‘@\‘fﬁ g‘% due was
i chromat ographed on silica gel and product WO 96/ 07_646

PCT/ US95/ 11366with acetic acid. The solution was evaporated to dryness in vacuo and th€0 was

eluted with 30-50% et hyl acetate-hexanes as a yellow glass (1.00 g, 43%;
[err] H NVR( DNS%:Q&@GV&J htﬁﬁfé&'vﬁﬂ?ﬁ&teﬂ&éiv@ﬁhﬁébé%&er whitiFwasnpl e was

debl ocked with sodi um carbonate (203 ng, 1.9 mml) in water (3
) - et hanol ( 15ch%‘t)1atographed. Elution of a silica gel column with 10-12% methanol-
| chloroform gave (18, 2R, 3R, 5R)-5-(2-bromo-5,6-dichloro- 1H- | ‘
benzimidazol-l-yl)-3-(hydfoxymethyl)-’l,2-cyclbpen‘tanediol as white powder
after solidification from 1:1 ethanol-methanol (410 mg, 54%), m.p. 212-215°C;
1H-NMR(DMSO-dg) and mass spectrum identical with those of racemate
described in Example 4; [«]20589 -31.2° , [«¢]20578 -32.3°, [«]20546 -37.3°
(c = 0.260, methanol).
- Anal. Caicd. for C) 3H13N2BrCl203: C, 39.43; H, 3.31; N, 7.07; total
halogen as Cl, 26.86. Found: C, 39.62; H, 3.37; N, 7.02; total halogen as Cl,

26.75.

Example 24

(1S, 2R, 3R, SR)-S-[5,_6-Dichloro-2-(cyclopropylathino)-1H-b'enzimidazol-l'-yl]-

3-(hydroxymethyl)-1,2-cyclopentanediol

(18, 2R, 3R, 5R)-3-Acetoxymethyl)-5-(2-bromo-5,6-dichloro-1-H-



met hanol (15 nL) at anbient tenperature for 5 hours. The pH was adjusted to

7 WWOwW6HTed6i c aci d. The sol ution was evaporated to dPOTAISYSAIB6E acuO
and the residue was triturated with water to give white powder which .
was - chromat ographed. Elution of a silica gel colum with 10-12%

met hanol - chl orof orm gave (1S, 2R gpR

5R) - 5- (2- brono- 5, 6-di chl oro- 1H

arter sob 1 di 11 CAPEHURE N T bRt inda e PR R0 T O3] e
wih those of rraﬂmﬁweﬁmﬁwgﬁ”r@aﬂw@"ﬁ%@@]ﬁ@ﬂégggt G2,

[[err]][err]578 -32.3, [err][err]546 -37.3 260, nethanol).
Anal . Cal cd. f onmoje)ungegnitrogesiprts hawo TLE (SIlk{aesel,]lo'aneeemlathonpfmm N,
7.07; total hal ogen as C, 26.86. Found: C, 39.62; H 3.37; N, 7.02;

total hal ogen aho@ed complete &ﬁv&&ontoasmg Wﬁh?wweerthanstériiﬁg 2R, 3R
5R)-5-[5, 6-Di chl oro-2- (cycl opr opyl am no) - benzi m dazol -1-yl]-

3- (hydr oxynet hy, 'hélmﬁ e

5R) - 3- Acet oxynet 31 g??g&o %’aﬂﬁg‘lgﬁocq %wfsﬁd%daﬁﬁewgngG

PCT/ US95/ 11366

benzi ni dazol - 1-§yporated. The resisius waschroppategraphed ana -‘(‘B‘Eﬂﬂ%“@‘ ?Ri!&‘nﬁiml e) was
refluxed in water:ethanol/2:1 (7.5 nmL) with cycl opropylam ne (0.66 nlL, 9.6
nmol e) under niTitle gempéund v diated withTI0% MmethanclachieroforftDgsa colorless glass

met hanol - chl or of orm

which solidified from water:ethanol/ 2:1 (5 mL) to give off-white powder (207

o)

mg, 59%, m.p. 116-118°C dec.; ‘H-NMR(DMSO-dG)ﬁ and mass spectrum:
identical with those of enantiomer described in Example 74; []% -12.2°,

[u 578 -12.5°, [a 20545‘13.5 e (c_= 0.312, methanOI)..

Anal.Caled. For C;¢H;sN;C,,05: C, 51.63; H, 5.15: N, 11.29; C, 19.05.

Found: C, 51.37; H, 5.10; N, 11.16; Cl, 19.25.

A mixture of (-)-(1S, 4R)-4-amino-2-cyclopentene-1-carboxylic acid (

Chiroscience Ltd., Cambridge, England; 40.00 g, 0.315 mole) in dry



showed conpl ete conversion to a single spot with |lower R err] than starting
material._1 N sodi um hydroxide (0.96 nlL) was added and VOl?&)ng}ﬁ

evapor at WO M4 csi due was chromat ographed on a silica ge um
Title conpound was eluted with 10% net hanol -chl oroform as a col orl ess gl ass
which solidified fromwater:ethanol/ 2:1 (5 nL) to give off-white powder
(207 nmy, 59% mp. 116-118[err]C6lec.; [err]H NVR(DMBO-d[err])[err]
and mass spectrum - i dentical with those of enantionmer described in
Exanpl e 74; [ ¢etrdhlydvofiran (300 mL) was stirfedrin pf igerbath wihile I Mylithium r ] - 13. 5[ err]
(c = 0.312, nethanol). Anal . Cal cd. For

Cl er r] H er r ] Niafifnhihfsngfydtaé B tetrahydrofiranQAldrith, 85.Mml) MWas dddédovefl.5 19. 05.
Found: C, 51.37; H, 5.710; N, 11.16; C1, 19.25. Exanpl e 25

(1R, 4S)-4- Am,no-.2 e-1- mtg ' + allav i st ure of
(-)-(1s, 4R %ﬁ%?@%”g’g%(@%gﬁcar gxw%otglé?Mmawﬁéﬁ i rosci ence
Ltd., Canbridge, England;_  40.00 g, . 0.315 nole) |2 dry WD 96/ 07646
PCT/ US95/ 1136dhe mi was brought to ambient temperature and then'to reflux over ons

tetrahydrofuran (300 nL) was stirred i'n an ice bath while 1 MIlithium
al um num hydr ihder and maintairieddt reflux for 2.8hduisc The atistund Waselboweddogoohter 1.5

ambient temperature and sodium fluoride (89.6 g) was added and stirring
continued for an additionél_O.S hour. The mixture was cooled (ice bath) and
water (23 mL) added slowly. Stii'ring was continued for an additional 0.5 hour. ‘
The precipitate was filtered and extracted with 40% methanol-tetrahydrofuran (
2x300 mL). The filtrate-wash was concentrated in vacuo to a colorless oil which
darkened rapidly in air and light and was used inime.diately (Example 16). Such
a sample was dried at ambient temperature / 0.2 mm Hg to a pale yellow oil;
1H-NMR(DMSO-dg) identical to that of the enantiomer described in Example
22, d: 5.67 (m, 2, CH=CH), 3.8-3.7 (m, 1, CHN), 3.32(d, J=6.0Hz,
overlapped by broad D20-exchangeable peak centered at 3.18, CH20, OH,
NH2 and H20 in solvent), 2.68-2.56 (m, 1, H-1), 2.28-2.18 (m, 1, 1/2 CH2),
1.08-0.98 (m, 1, 1/2 CH2); mass spectrum(CI): 114(M+1); [¢] 20589 +55.0°,
[2]20578 +58.3°, [@]20546 +67.4°, [¢]20436+119° (c = 0.242, methanol).
Anal. Caled. for C6H11NO-0.31 H20: C, 60.69; H; 9.86; N, 11.80.

Found: 61.12; H, 9.79; N, 11.38.



hours. The tenperature during this addition was not allowed to exceed
Olerr]C. wo9osmré46c M xture was brought to anbi ent tenperat pceusesiifzben to

reflux over one hour and rmai ntained at reflux for 2.5 hours. The

m xture was allowed to cool to anbi ent tenperature and sodi um
fluoride (89.6 g) was added and stirring continued for an additional
0.5 hour. The m xture was cool ed (ice bat?‘% and wat er (23 nl) added
slowy. Stirri wa ntinued for an additional 0.5 hour. " The
precipitate wa d and extracted with 40% et hanol -t et rahydr of uran (
2x300 nL). The filtrate-wash was concentrated in vacuo to a colorless oil
whi ch darkened rapidly in air and |ight and was used i mredi atel y
(Exanpl e 16). Such a sanpl e was dr| ed at anbi ent terrperature / 0.2
mm Hg to a pal ]1Re4SpM-@i3 itroanilinho WIvEY dibfemta ethia ' to
that of the enantlorrer descrl bed in Exarrple 22, d: 5. 67 (m 2,
CH=CH), 3.8-3.7 (m 1, CHN), 3.32 (d, J 6.0 Hz, over | apped by broad
D err] O exchangeabl e peak centered at 3.18, CHerr]QO OH, NH[ err]
and Herr]Oin solv 2.2 18 CH2) ,
1.08-0.98 (m 1, [er féiﬁﬁsrwasf é"%@’%’é@g ‘ﬁ‘%ﬂ‘@f‘?en%fgefz?(‘f&fl%‘““f’%apﬁ
[err]589 +55. O[err [err][err]578 +58. 3[err] err][err] 546 +67. 4,
[err][err] 436+imb) wes added te-thg residual oilt Fissolption was used for the congamsationca cd.

for Jerr]Herr]INO-0.31 Herr]O C 60.69; H, 9.86; N, 11.80.

Found: 61.12; Hwit®1,2H-trishiotd-53itrobenzene\{@RIGHN) 763G, 0.315 moleas97%) by the
PCT/ US95/ 11366

Exanmpl e 26

4S)-[4-(4,5-Di ¢ mpthod of ERepple 10, Th The resction mixfure, after evaporgtion of volatijes in

vacuo, was chromatpgraphed on a silica gel column eluted with 1:1 hexanes-

_ ethyl acetate and ethyl acetate. Rechromatography of the crude product on silica
gel was carried out with elution of by 4-6% methanol-chloroform. Combined
product-containing fractions yielded 58 grams of reddish solid on evaporation
of §olvents._ This solid was resolidified from ethyl acetate-hexanes to give (IR,
4S)-[4-(4,5-dichloro-2-nitroanilino)-2-cyclopenten-1-ylJmethanol as yellow
powder (34.5 g, 36% from (-)-(18S, 4R)-4-amino-2-cyclopentene-1-carboxylic

“acid); m.p. 95-97° C; |H-NMR(DMSO-d) and mass sm(CI) identical
with those of the enantiomer described in Example 18; [¢]20589 -195° ,-
[2]20578 -217° , []20546 -326° (c = 0.350, methanol).

Anal. Calcd. for C12H12N2Cl1203: C, 47.55; H, 3.99; N, 9.24; Cl, 23.39.
Found: C, 47.56; H, 4.01; N, 9.25; Cl, 23.30.
Continued elution of the column (above) gave additional yellow powder

(18.0 g, 19%) which 1-NMR showed to be additional title compound



The filtrate-wash from Exanple 25 was concentrated and t-butanol (400

m.) was added to the residual oil. This solution was used for the

condens atW@$6/07646 with 1,2, 4-trichloro-5-nitrobenzene (PEHPSWA13661 3 g,
0.315 nole as 97% by the met hod of Exanple 10. The reaction -
m xture, after evaporation of volatiles in vacuo, was

chromat ographed on a silica gel colum é4uted with 1:1 hexanes-
et hyl acetate and ethyl acetate. Rechromatography of the crude product on

silica corgathinatd byasr 15% of (IR, WSH4-2 Sidichilorot4-higronifitio)-2-

met hanol - chl or of orm Conbi ned product -contai ning fractions yiel ded

58 grans of gﬁgﬁ ﬁmﬁﬂ’a& aporatlon of solvents. This solid
was resolidifl 1?éﬂom ey acet at e- hexanes to give (1R

4S) - [ 4- (4, 5-di chl oro-2-ni toanilino)-2-cycl openten-1-yl]nethanol as yellow
powder (34.5 g, 36%from(-)-(1S, 4R)-4-am no-2-cycl opent ene-1-carboxylic
acid); mp. 95-97 C J[err]H NVR(DMSO-d[err]) and nmass spectrun(Cl)

i denti cal with those of the enantionmer described in Exanple 18;
[err][err]589 -195[err], [err][err]578 217[err], [err][err]546
-326 (¢ = 0. 3Bgampietzanol ). ~ Anal . Cal cd. for
Cerr]Herr]2Nerr]d[err](err]: C, 47.55; H 3.99; N, 9.24; d, 23.39.
Found: C, 47.56; H 4.01; N, 9.25; d, 23.30. : Cont i nued
elution of the colum (above) gave addltlonal yel | ow powder (18.0
g, 19% which d title conpound WO '
96/ 07646 ! —&= ~hake" '

PCT/ US95/ 11366 o . 64
cont am nat ed ¢clopentafiedivididceiate 4 S42R23% 56 aCs fnethy 4iSk i

cycl openten-1-yl] met hanol .

lichloro-2-nitroaniling)-1.2-cvel fiv] dia |

(IR, 4S)-[4-(4,5-Dichloro-z-niuaanﬂino)-z-cyclopenten-l-y-l]methanol
(1.7’00 g, 56.1 mmol) was hydroxylated and the mixture of triols was acetylated
as in Example 16. The crude red oil isolated after acetylation was
chromatographed on silica gel and a mlxture of title compounds eluted with 2%
methanol-chloroform. Fractional crystallization from ethyl acetate-hexanes gave
(1R, 28, 38, 58)-3-(acetoxymethyl)-5-(4,5-dichloro-2-nitroanilino)-1,2-
cyclépentanediyl diacetate as yellow needles in two crops (12.78 g, 49%), m.p.
127-128° C; 1H-NMR(DMSO-dg) and mass spectrum (CI) identical to those of
the racemic sample described in Example .1 and the enantiomer described in
Example 55; [6]20589 +106° , []20578 +119° , [w]20546 +184° (c =0.275,
methanol).

Anal. Caled. for C18H20N2C1208: C, 46.67; H, 4.35; N, 6.05; Cl, 15.31.



Exanmpl e 27 (1R, 2§, 3S,

59) - 3- (Acipodiaredeny! ) - 5(4, 5-di chl or o- 2- n|troan| lTino)-1.2- Pcrmsss/usss
cycl opent anedi yl diacetate and(1S, 2R 3S, 5S)-3-(acetoxymnethyl)-5-(4,5-
di chl oro-2-nitroanilino)-1,2-cycl opentanediyl diacetate

(1R, 4S)-[4-(4,5-Dichloro- 2-nitroanil i nogs 2- cycl opent en- 1-yl ] met hanol
(17.00 g, 56.1 mmol) was hydroxylated and the m xture of triols was
acetyl at ed as j - > nol P& &r44de red oil isolated after
acetyl ation wa§°““"?é’)‘él‘§?§:£‘{“e5i§&?e§? lrc? ‘lica gel and a mxture of title
conmpounds eluted with 2% met hanol - chl orof orm _Fracti onal
crystallization frdrontinged M@g@m@é@gmﬂhﬂ liquerigentents from;

5S) - 3- (acet oxymet hyl ) - 5- (4, 5-di chl oro- 2-ni troani-l i no)-1, 2-

cycl opent anedi gthyldicetatetlmexanes gaye{ 150 2R 138, JIS)S-(acetoxymethyl)S-(@ Sadicklop- 49%)
m p. 127- 128 C [err]H-NVR(DMSO-d[err]) and mass spectrum(CI)

identical tot -1.2- 1 and
!thgneln;ﬁt | o(r)reril escrl o) 1’2 cycfoB@nﬁEﬁég?}mﬁ%cgﬁ% [err] [err] {589 %%Ig’@) ©o A
[err][err] 578 +11%fl§l C;[A P}Még’)@ﬁ 84[err] (c = 0.275,

N

met hanol ) . CerrJHerr]ONerr]CJ[err]Jerr]:
C, 46.67; H 4.35 N, 6.05; , 15.31. WO 96/ 07646

PCT/ US95/ 11366 Evaporation of combined mother liquors gave an additional 9.50 g(40%)

Found: C, 46.74; H 4.40; N, 6.09; d, 15.22. Cont i nued

fractional crysftadppradmaelyot:] (H}elmNMRu :ﬂxmmfthoﬁtlemmpd\nﬂm - et hyl
acet at e- hexanes gave (1S, 2R, 3S, 5S)-3-(acetoxynethyl)-5-(4,5-dichloro-

(IR, 28, 38, 58)-3-(Acetoxymethyl)-5-(4,5-dichloro-2-nitroanilino)-1,2- |

cyclopentapedi_yl diacetate was converted to title compound as in Example 2.
The crude producf after formic acid treatment was chromatographed on silica gel
with elution by 10% ethyl acetate-hexanes. Evaporation of product-containing
fractions left (IR, 25, 35, 55)-3-(acetoxymethyl)-5-(5,6-dichloro-1H-
benzimidazol-1-yl)-1,2-cyclopentanediyl diacetate as a white solid foam from |
ethyl acetate (1.85 g, 95%); 1H-NMR(DMSO-dg) and mass spectrum(CI)

identical to those of racemate described in Example 2 and enantiomer described



2-nitroanilino)-1, 2-cycl opentanediyl diacetate as orange crystals (2.45 g,
109 , . L 122-124]err]] C [err]H NVR(DVMSO-d[err]).

Evapor at i Jre %8 bi ned nother | i guors gave an additi onal d"é’é"s&”e&ﬁ%

of an approximately 1:1 (by [err]HNVR) m xture of the title conpounds. -
‘Exanpl e 28 (1R, 2S, 3S,

5S) - 3- (Acet oxynet hyl ) - 5- (5, 6-di chl or o- 1H66enzi ni dazol - | -yl)-1.2-

cycl opent anedi yl di acetate 1R, 2S,..3S,

5S) - 3- ( Acet oxyindExample 56;([2]29589 26.5% dc@z%m-é‘éﬂf L i[w#P546 81.2 (€=0.333,

cycl opent anedi yl di acetate was converted to title conpound as in Exanple 2.
The crude prodgethapélyer formc acid treatnent was chromat ographed on silica -
gel with elution by 10% et hyl acet at e- hexanes. Evaporation of

5575 (acet oxynet nyAgelsCplst B L AABNFIR0E0T EGACTE 51.54: H, 464 N,
b i md | -1- -1, 2- | o diyl di whi lid f
from o oyt bl SR 4 % BABdles ol orr) and mass

spectrum(Cl) ' i dentical to those of racemate described in Exanple 2
and enanti omer descri bed WD 96/ 07646
PCT/ US95/ 11366 ' _ 66
i nExanpl e56; [err][err]589-25.5[err],[err][err]578-27;0[err],
[err][err]546-31.2 (c=0. 333, met hanol ) .

Exampie 29

An ca. 1:1 mixture of (1R, 28, 38, 58)-3-(acetoxymethyl)-5-(4,5-

dichlor¢-2-nin'oanilino)-l,2—cyclopentanediyl diacetate and (18, 2R, 38, 58)-3-
(acetoxymethyl)-‘S-(4,5-dichloro-2-iniu'oanilino)-l,2-éyclopentanediyl diacetate
(4.30 g, 9.28 mmol) was deace'tylated with sodium carbonate (97 mg) in 1:1:1
water-ethanol-methanol (100 mL) at ambient temperature for 24 hours. The pH
was adjusted to 7 with acetic acid and the volatiles removed in vacuo. The
residual solid was extracted with methanol. The methanol filtrate was
evaporated to dryness in vacuo. The residual solid was dissolved in ethanol (55
mL)-water (20 mL), adjusted to pH 5-6 with sulfuric #cid, and refluxed with iron

powder (325 mesh, 99.9%, Aldrich, 5.18 g, 93 mequiv) and iron(II) sulfate



Anal . Calcd. for C[err]H[err]ON[err]CI[err]qerr] 0.1 EtQAc: C, 51.54; H,
4.64; N, WO%MI620. O, 15.68. Found: C, 51.29; H 4.69; RCTESIYHIE
15. 91. Exanpl e 29 (1S, 2R, 3S,

5S) - 5- (-5, 6- Di chl or o- 1H- benzi mi dazol - 1-yl ) - 3- (hydroxyrret hyl ) -

1, 2-cycl opent anedi ol and (1R, 2S. 3S. 67

58) 5-(5-6-Di chl oro- 1H benzi m dazol - 1-

yl.) - 3- (hydr oxy imeptalyydraté (Rldeich) 98306, 153084l 4258 mequiv) for4hours Solidwere. 1:1
m xture of (1R, 2S, 3S, 5S)-3-(acetoxynethyl)-5-(4,5-

di chl or o- 2- mtmeﬁu'mtﬁeahmlmewﬁw&nmg%mland (IS, 2R 35,

5S) - 3-

(et o o 1 i o o e B s 04 B85 Bl ot

(97 ng) in 1:1: ' wat er - et hanol - met hanol (100 nL) at anbi ent
t enper at ur e foFOmoﬂ@aﬂﬁherﬁﬂdhm-solunonstumdsatambmtmnem@e\tbtmhnms| c acid
and the volatiles renpved in vacuo. The resi dual solid was extracted

wi th met hanol . Coheenmatibieinotactio 1eft 2% ¢il WHich was redls&}%ﬁ% Qtl‘@ﬂydr@cﬂbgi@ess in
vacuo. The residual solid was dissolved in ethanol wat er (20

powior (325 moahd Rl RS ey 25 ol ﬂgﬁflugﬁﬂﬂ%gﬁf‘?‘?ﬂsﬂlfate

WO 96/ 07646
PCT/ US95/ 11366S0dium hydroxide and the volatiles evaporated in vacuo. The residual soligls

hept ahydrate (Al drich, 98+% 1.30 g, 4.58 mequiv) for 4 hours. Solids were
filtered of f ameredhzomathgraphedion silicet gel VElatior with 0t 1284 attianokehloioform
gave fractions containing (1S, 2R, 38, 5S)-5-(5,6-dichloro-1H-benzimidazol-1-
y1)-3-(hydroxymethyl)-1,2-cyclopentanediol, which was isolated as White
crystals (540 mg, 18%) after crystallization from ethyl acetate-hexanes, m.p.
201-202° C; IH-NMR(DMSO-dg)d: 8.42, 8.07, and 7.92'(all s, l each, 3 |
benzimidazole CH), 5.1-4.8 (m overlapping d at 5.02, J = 5.7 Hz, and d at 4.93, ]
= 3.9 Hz, total 3, NCH and 20H),4.54(t,J=4.8Hz, 1,0H), 4.2-4.0 (m, 2,2
QCH), 3.75-3.45 (m, 2, OCH2), 2.4-1.9 (m, 3, CHj and CH); mass
spectrum(CI): 317 (M+1); [«]20589 -61.4°, [a]20578 -63.1°, [¢]20546 -72.9°
(c = 0.350, methanol). | |
Anal. Calcd. for Cl 3H14N2Ch03: C, 49.23; H, 4.45; N, 8.83; Cl, 22.36.
Found: C, 49.20; H, 4.45; N, 8.78; Cl, 22.37. |
| Continued elution of the column with 15-20% methanol-chloroform gave

fractlons contammg a mixture of the title compounds followed by fractions

containing only (IR, 28, 38, 58)-5-(5, 6-d1chloro-lH-benzxm1dazol— 1-y1)-3-



Triethylorthoformate (55 nL) and net hanesul fonic acid (0.05 nL) were added
to the oil and the resulting solution stirred at anbient tenperature for 18
hours. WO 96/ ent rati on i n vacuo left an oil which was PETIUSSaN36GSd i n 1
N hydrochloric acid (50 nL)-di oxane(5 nL). After 2.5 hours, the pH
was adjusted to 7 wwth 1 N sodi um hydroxi de and the volatiles
evaporated in vacuo. The residual solidsgg wer e chromat ogr aphed on
silica gel. Elution with 10-12% net hanol - chl or of orm gave fractions

cont ai ni ng (1 )ﬁyé%&hyﬁycyop nt&i&eﬁk&l%ﬁcﬂ%a@%ﬁtéaﬂamke&y

yl)-3- (hydroxy tanediol, which was isolated as white

(r:nr%/stals (540 @@ 180 /c}fter gr!ﬁs'ial |§I zagé n fﬂ ml-e@xyg tate q?glnfass. L

each, 3. ben2|{ndazole , 48(mover|a |ngdat25 02, J =
o and d at 4289 ColH-NMROMS Gisyendimisa spesiromeeD S04 OaIH359 (1

no-
\‘

4.8 Hz, 1,OH),4240(m22- OCH), -3.75-3.45 (m 2, OCH err]),

2.4-1.9 (m 3, +BH8° p[u]2Gg +15e2%s, []20546 U6t (029D, methandl)i 1) ;
[err][err]589 -61. 4[err] [err][err]578 63.1[err], [err][err]546 -72.9[err]
(c = 0.350, met hano

Clerr]H err]4N err] ngr 3H&4N§gﬁ% éahéngAIgoiﬁf %’8%3 C(l:! 2. %% 36.

Found: C, 49.2 Cont d
e?ﬂ?i on of thelg‘&‘mquﬂ:n“%vi?’tﬁll%?@égbanﬁ Qﬁé 2Q%hl or of orm gave ! ngct i ons

containing a mxture of the title conpounds followed by fractions
containing only (1R 2S, 3S, 58) 5-(5, 6-di chl or o- 1H benzi m dazol -1 - yI)-3-
WD 96/ 07646

PCT/ US95/ 11366 _ o 68
(hydroxynet hyl ) -1, 2-cycl opent anedi ol , . whi ch was i isolated as whi te crystals
(605 ng, 21% Wal lization from 10% net hanol -et hyl acetate, mp. 221-

(1R, 28, 38, 5S)-3-(Acétoxymethyl)—5-(5,6-dichloro—lH-benzimidazol-l-
y1)-1,2-cyclopentanediyl diacetate (1.40 g, 2.94 mmol) was brominated as in
Example. 3. Volatiles were removed in vacuo and the residue chromﬁtographed
on silica gel. Crude product eluted with 20-30% hexane-ethyl acetate as a
colorless oil. A chloroform solution of the oil was washed with water in order to
remove contaminatihg succinimide. The chloroform solution was dried (sodium
sulfate) and evaporated to dryness in vacuo to give title compound as white solid
foam from etharol (760 mg, 50%); IH-NMR (DMS(_)-ds) and mass

spectrum(CI) identical to racemate described in Example 3; [«]20589 +43.8°,



222[err] G [er'r]H-NNR(DIVBOd[err]) and mass spectrum(Cl) 317(Mtl);
[ err] [ er rwod%n07646 +14.5, [err][err]578 +15.2, [err][err pORUsostiaés (c =

0. 290, nethanol). - Anal . Cal cd. for
Clerr]Herr]4Nerr]C[err]Jerr]: C 49.23; H 4.45; N, 8.83; d, 22.36.
Found: C, 49.29; H 4.46; N 8.87; O, 23.26. (1R, 2S. 3S.

59) - 3- (Acet oxynet hyl ) - 5- (2 br ono- 5. 6- di chl or o- 1H benzi m dazol

- -1-yl) 1, 2-'cycbglgg b (1R, 2S, 3S,

5S) - 3- (Acet ox W =B= ['g dg‘ﬁﬁﬁ%%o (‘il—l-ub34r?z r‘ﬁm&nog'l -1- '
yl)-1, 2-cycl opent aned| d| acet ate 2. 94 ol ) r.Q ted as in
Exarrpl e 3. Vol ati I&m I‘é %%EF% r%ﬁﬁ*ﬁﬁrﬁn&fographed
on silica gel. Crude product eI uted with 20-30% hexane-ethyl acetate as a
col orl ess oi | 5.34; toitdl halogen as GHR02Bo Fourid:t ©p43074; Hyc:69% 13c35; wotalh wat er in

order to renove contam nating succinimde. The chl orof orm sol ution
was dried (soﬁﬂggénasm V\ggylfat e) and evaporated to dryness in vacuo to
give title conpolnd i.te solid foam from et hanol (760 ng, 509% ;
[ err] H NVR (DI\/SOd[err]) and nass spectrum(Cl) identical to racemate
described in Exanple 3; [err][err] 589 +43. 8, WO 96/ 07646
PCT/ US95/ 11366 .69
[err][err]578 +45.2[err], [err][err]546 52.2 (¢ = 0.345, methanol).
Example 31

(1R, 28, 38, 55)-3-(Acetoxymethyl)-5-(5,6-dichloro-1H-benzimidazol-1-
yD-1,2-cyclopentanediyl diacetate (660 mg, 1.26 mmol) was deacetylated as in
Example 4 to give title éompound as white powder after solidification from 1:1
eﬂ1anol-methgnol (415 mg, 83%), m.p. 213-216° C; 1H-NMR(DMSO-ds) and
mass spectrum(CI) identical with those of racemate described in Example 4;
[2]20589 +35.9° , []20578 +36.8° , [a]20546 +42.1° (c = 0.340, methanol).

Anal. Calcd. for C13H13N2BrCl203: C, 39.43; H, 3.31; N, 7.07; total
halogen as

Cl, 26.86. Found: C, 39.48; H, 3.29; N, 7.00; total halogen as _Cl_, 26.90.



Anal . Calcd. for Cferr]Herr]9Nerr]BrC[err]Jerr].0.05 EtOH C, 43.74; H,

3.71; N, 34; total halogen as O, 20.28. Found: 3, 69;
N, 5.35; g 02607 hal ogen as C, 20.41. n%éam%mﬂs _

(1R, 2S, 3S, 5S)-5-(2-Brono-5, 6-dichl oro-1H benzi m'dazol 1-yl)-3-
(hydroxynet hyl ) - 1, 2- cycl opent anedi ol : (1R, 2S, 3S,

5S5) - 3- (Acet oxymet hyI) 5- (5, 6-di chl or o- 1H7Benzi ni dazol - 1-

yl)-1, 2-cycl opent anedi yl diacetate (660 ng, 1.26 mmol) was deacetyl ated as
in Exanfixamplet32 gi ve title compound as white powder after
solidification from1:1 et hanol - net hanol (415 ng, 83%, mp. 213-216
C [err]HHNVR(DMSO-d[err]) and- mass spectrun(Cl) identical with

t hose of racemate descrlbed in Exarrple 4, ' [err][err]589 +35. 9[err]
[err][err] 578 h3bRl 8&rdg). d Ry 240, '

Anal . Calcd. fd@

26. 86 Found: C. 39. 48 H 3. 29

7.07; total

N, 7.00; total # CARPLISLCOMND 96/ 07646

PCT/ US95/ 11366 : 70
Exarrpl e 32 (1R, 2S, 3S,

5S5)-5-[5.6-Di chl oro-2(cycl opropyl am no) - 1H benzi m dazol - 1-yl ] -
(1R, 28, 38, 58)-3-(Acetoxymethyl)-5-(2-bromo-5,6-dichloro-1H-

benzimidazol-1-yl)-1,2-cyclopentanediyl diacetate (500 mg. 0.958 mmole) was
. refluxed in water:ethanol/ 2:1 (7.5 mL) with cyclopropylamine (freshly opened

 ampoule from Aldrich, 0.6 mL, 9.6 mmole) under nitrogen for 18 hours. TLC
(silica gel, 10% methanol-chioroform) showed complete conversion to a single

~ spot with lower Rf than starting material. 1 N sodium hydroxide (0.96 mL) was
added and volatiles were evaporated. The residue was chromatographed on a
silica gel flash column. Title compound was eluted with 10% methanol-
chloroform as a colorless glass which solidified from water:ethanol/ 2:1 (5 mL)
to give white powder (170 mg, 48%), m.p. 219-220°C; 1H-NMR(DMSO-d¢)5:
7.64 and 7.46 (both s, 2, aromatic CH), 7.11 (m, 1, NH); 511(,3=43 Hz, 1,
OH), 4.77 (d, J = 7.0 Hz, 1, OH), 4.67 (d, J = 3.7 Hz, 1, OH), 4.65-4.30 (m, 2,
OCH and NCH), 3.85-3.75 (m, 1, OCH), 3.7-3.4 (m, 2, OCHp), 2.85-2.70 (m, 1,
NCH of cyclopropyl), 2.15-1.80 (m, 3, CH2 and CH of cyclopeptane), 0.80-0.50
(m, 4, 2 CH2 of cyclopropyl); mass spectrum (CI): 372(M+1); [2]20589
+13.4°, [0]20578 +15.5°, [€]20546 +16.9° (c = 0.277, methanol). [See

Examples 26-28 and 30]



3- (hydroxynet hyl ) - 1, 2- cycl opent anedi ol (1R, 2S, 3S,

59) - 3- (Acs@yg/oveadny! ) - 5- (2- brono- 5, 6-di chl oro- 1H PCT/US95/11366

benzi m dazol - 1-yl) -1, 2-cycl opent anedi yl di acetate (500 ng. 0.958 nmole) was.
refluxed in water:ethanol/ 2:1 (7.5 nL) with cycl opropyl am ne (freshly
opened anpoul e from Al drich, 0.6649L, 9.6 nmole) under nitrogen for
18 hours. TLC (silica gel, 10% net hanol -chl oroform) showed conpl ete.

conversion to a sin | A t\aLrtyi terial. 1
N sodi um hydr oxi de'%ﬁgg‘“ﬁ%f“mgzgﬁlwwzbgded Fey B 2 o
evaporated. The residu C 0 sili ca gel fl ash
colum. Title E%%@Hﬁg\@élééﬂg% &L?Eg f?riﬁol chloroformas a

colorless glass which solidified fromwater:ethanol/ 2:1 (5 nL) to
gi ve white powder (170 ng, 48%, mp. 219-220C; .

[err] H-NVR(DVSO-d[err])[err]: 7.64 and 7.46°(both s, 2, aromatic
CH, 7.11 (m- 1, NH), 5.11 (t, J = 4.3 Hz, 1, oH), 4.77 (d, J =7.0
Hz, 1, OH), 4.67 (d, J = 3.7 Hz, 1 OH), 4.65-4.30 (m 2, OCH and
NCH), 3.85-3.7 oCH), 3.7-3.4 (m 2, OCHerr]),2.85-2.70 (m 1,

NCH of cycl opr *=$.15-1.80 (m 3, CH[err] and CH of cycl opentane),

0. 80-0.50 _ (m 4, 2 CH2 of cyclopropyl); mass spetrum (Cl): 372(Mtl);
[err][err]589 +13.4, [err][err]578 +15.5, [err][err]546 +16.9[err]
(c = 0.277, nethanol). [See Exarrpl es 26 28 and 30] WO 96/ 07646

PCT/ US95/ 11366 . A azol-T-h
Anal . Cal cd. for C[err]H[err]9N[err]CI[err]CIerr] C 51. 63 "H, 5.15: N,
11.29) O gydrodielianFokoGoptmardiofS: H 5-06; N 11.25) O, 19.16

(IR, 28, 38,5 S)-3-(Acetoxyniethyl)-s-(2-bromo-_5,6-dichloro-IH-
bénzinﬁdazol-l-yl)-l,Z-cyclopentanediyl diacetate (1.00 g, 1.92 mmole) was ‘
refluxed in ethanol (10 mL) with isopropylamine (1.6 mL, Fluka) under nitrogen
for 24 hours. A_second portion of isopropylamine (0.80 mL) was added and
reflux continued for_an additional 4 hours. Volatiles were evaporated, the
residue was redissolved in .ethan_ol, 1 N sodium hydroxide (1.90 mL) was added,
and volatiles were reevaporated. The residue was chromatographed on a silica |
gel column. Title compound was eluted with 10% methanol-ethyl acetate as a
colorless glass. Concentration of an ethanol solution gave title compound as a
off-white solid foam (360 mg, 46%). Such a sample was solidified by trituration
with 95% water-5% methanol to give title compound as white powder (96%),
m.p. 137-138°C; IH-NMR(DMSO-dg)d 7.60 and 7.39 (both s, 2, aromatic

CH), 6.64(d,J=7.4Hz, 1,NH), 5.14 (, J=4.3 Hz,1,0H),4.81 (d, J=7.3 Hz,



Exanmpl e 33 (1R, 2S, 3S,

5S5)-5-[5. 6-Di chl oro-2- (i sopropyl am no) - 1H benzi m dazol - 1-yl

(hydr oxyn™a#§0y646 2. cycl opent anedi ol (1R, P s%’éum

5S) - 3- (Acet oxynet hyl ) - 5- (2- bronp- 5, 6-di chl oro- 1H :
benzi m dazol -1-yl ) -1, 2-cycl opent anedi yl diacetate (1.00 g, 1.92 mol e) was

refluxed in ethanol (10 nL) with isopropfd amine (1.6 ni, Fluka) under

ni t rogen for 24 hours. A second portion of isopropylamne (0.80 m)

was added and 1, OH), 4.70 ¢d,J3.5 81z 1) 0HY| 4.70-4.50 (gl 8l NCH),4.50r430u(ms 1, Vol ati | es

wer e evaporated, the resi due was redissolved in ethanol, 1 N sodium

hydroxi de (1. %t%h 102806 Hl°H NCH of oy cléﬁépminﬁid)|399-3w(m e@CHes0ad. The

resi due was chr tograp on a sil collum. 'Title conpound

Concent rat 1 on 300 &h 20 DRERr z@ﬁ[ﬁb'weééé ?ﬁ*@o&rﬁw&n@%ﬁﬁgﬁ pLass.

off-white solid foam (360 ny, 46% . Suchasarrpe s solidifi
trituration 6.6 Hz, G2(CHIs massspeetrand(6D: BIHM+1Dp [eh47589 13725, bod er as

white powder (969%, m p. 137-138C; [err]l—l—NI\/R(DI\/SOd[err])[err] 7.60
and 7.39 (bot .6, mZ%aenmzsf; [a]2°436 5B, [eq 20365(-61.79 (c="D.269 - imethamol\H) , 5. 14
(t, J =4.3 Hz, 1, 1 (d WD 96/ 07646 .
PCT/ U895/ 1136 72
1, OH), 4.70 ?%ee@m"péessl%saﬁdzoé—i) 4.70-4.50 (m 1, NCH), 4.50-4.30 (m
1, OCH), 4.10-4.00 (m 1, NCH of cyclopropylamno), 3.9-3.75 (m 1,
ocH), 3.70- | -

Anal. Calcd. for C16H21N3C1203-1.3 H20: C, 48.32; H, 5.98; N, 10.57; ‘

Cl, 17.83. Found: C, 48.08; H, 5.91; N, 10.41; Cl, 18.13.

()(IR*, 28*, 3S*, 5S*)-3-(Acetoxymethyl)-5-(2-bromo-5,6-dichloro-
1H-benzimidazol-1-yl)-1,2-cyclopentanediy! diacetate (750 mg, 1.44 mmol) was
dissolved in ethanol (10 mL). Hydrazine hydrate (55%, 0.41 mL, 7.2 mmol)
was added and the solution was refluxed for 2 hours. Volatilés were evaporated
and the residual 'white solid was resolidified from ethanol-water and stirred with_

Raney nickel (preequilibrated under hydrogen) in methoxyethanol (20 mL) for



3.50 (m 2, OCHerr]), 2.20-1.80 (m 3, CH[err} and CH of cycl opent ane),
1.24 (d, 3we9enr64¢ 6.6 Hz, 6,
[ er r
r

0
2 CH ; t 1
[err][err]589 -3.72, r] 578 !err]) miZSGgF:(r:r]rum[ gm&%ﬁ% )
[

[err]
.-2.23, [err][err]436 -9.67[err], [err][err]365 -51.7 (c 0.269, nethanol).
[ See Exanpl es 16-18 and 20] Anal . Calcd. for
C[err]H[err]lN[err]CI[err]CIerr] 1, 3 Herjo C 4s. 32 H 5.98: N, 10.57:

% arr11)I7 '682'4 FO mmuteﬂ gﬁa? Yq.pa OH“ agéxhe &lu'ate made sllghtly basic thh

5S*) 5- 5, 6- Di chl or 0- 2- ami no- 1H benzi m dazol - 1-yl)-

(ferr] (1R*, 2sque®ssod13@*1;yd&:njdu:totwmm tepigvabef| the acetate ghoups.dThél or o-
1H benzi m dazol - 1- yl)-1, 2-cycl opent anedi yl di acet ate (750 ng, 1 44 mmol )

was di selutive tas fe land ¥6latile evipor o 0.41 ni,
7.2 mmol ) was added and the sol utlon was ref uxe hours.

Vol atil es wer 1 si dual It sol i d
resolidified ?e&% e Han@%‘ ethfagol- tqﬁﬁé@e FRpPun \a/n Sleﬁéﬂ%?‘%lel
ree i brat ed er h n net ho et hanol (20 nlL) for WO
(precau |1 brat e b0 . 55'3-394 8 dec TR NMRIOMSOe)d. 5 91 and 730 (both s,
PCT/ US95/ 11366 73 30

m nut es. Cat aRyaromatic CH)| 6.65 ¢ut sp2 fNHp)) 5t(]‘7€(t,fJi-4. 4.3H= 1pOED, 480 ¢hl=y7.basi c
W th : '

Hz, 1, OH), 4.66 (d, J = 3.7 Hz, 1, OH), 4.65-4.50 (m, 1, NCH), 4.45-4.30 (m, 1,
OCH), 3.90-4.80 (m, 1, OCH), 3.70-3.40 (two m, 2, OCH3), 2.20-1.80 (m, 3,
CH2 and CH of cyclopentane); mass spectrum (CI): 332 (M+1). [See Examples

- 1-3]

Anal. Caled. for C13H15N3C1203: C, 47.01; H, 4.55; N, 12.65; CI,

21.35. Found: C 46.72; H, 4.60; N, 12.46; Cl, 21.08.

@)-(IR*, 2R*,



aqueous sodi um hydroxi de to conpl ete renoval of the acetate groups. The
sol ution \Wé alized, and vol atiles evaporated. The reg . d was
recrystall %gom et hanol -water to give title conpound a?‘%ﬁ%”’a? solid

(97 ng, 209, mp. 283-284[err]C dec.; [err]HNVR(DVBO-d[err])d:

7.61 and 7.30 (both s, 2, aromatic CH), 6.65 (br s, 2, NH2), 5.07
(t, J = 4.3 Hz, 1'O—|) 480(d J—7074 Hle—|),466(d J =
3.7 Hz, 1, C]—I) 50 (m 4.45-4 :

3.90-4.80 (m 48 %mmml)%(%mwﬁﬂmr -rbrl}zrmﬂdazell-y!?e (m 3,
CH2 and CH of cycl opentane); mass spectrum (Cl): 332 (M+l). [See Exanples

1-3] - cyclopentfhadetats X500 ang, 1150 hinol)wes[reactddwite cydiepropylainiecr r] . C,
47.01; H, 4.55; N, 12.65; d, 21.35. Found: C, 46.72; H 4.60; N,

12.46; A, 21. cﬁfl&ﬁ?
4S*)-2-(2- Q/cl(gpropy gr%h%gam@g%gﬁkﬁtpé?g%ﬁrggeng&% c}azol -l-y hed

4- (hydr oxynet h nol
PCgl'/ >L/189 5/ >1/136 n 3‘ fica e? bnd’ txt?e compound elut ey\oedg thB %ﬁﬁu methanol-ethyl acetate as g
4S*) - 4- (Acet oxyrret hyI - 2- (2-brono-5, 6-di chl or 0o- 1H benzi mdazolé”é/&&
T am ne

cycl opentyl ac®l high salidified:from)cthy] acetatadienanesite white pp

(0.73 mL) int he manner of Exanple 32. Crude product was chromat ographed
mg, 48%), m.p. 251-253°C; |H-NMR(DMSO-dg)5: 7.54 and 7.45 (both s, 2,
aromatic CH), 5.04 (d, J = 5.1 Hz, 1, OH), 4.97 (t, ] = 4.7 Hz, 1, OH), 4.60-4.50
and 4.50-4.30 (both m, 1 each, NCH and OCH), 3.50 (m, 2, OCH2), 2.80 (m, 1, (
CH), 2.35-2.10 (m, 1, CH), 2.05-1.80 (m, 3, CH2 and CH of cyclopentane),
1.80-1.60 (m, 1, CH), 0.80-0.50 (1 m, 4, 2CH? of cyclopropyl); mass spectrum

(CI): 356 (M+1). [See Examples 5-7]

Anal. Caled. for C16H19N3C1202: C, 53.97; H, 5.34; N, 11.80; Cl,

19.91. Found: C, 53.72; H, 5.42; N, 11.52; Cl, 19.64.

(£)(1R*, 2S*, 3S*, 58*)-3-(Acetoxymethyl)-5-(2-bromo-5,6-dichloro-

1H-benzimidazol-1-y1)-1,2-cyclopentanediyl diacetate (500 mg, 0.958 mmol)



on silica gel and title conpound eluted with 5% net hanol -et hyl acetate as a
col or | ess vy 6Ggereadni ch solidified fromethyl acetate-hexanepcrpussirizsspowder
(180 ng, 48%, mp. 251-253[err]C, [err]H NVR(DVMSO-d[err])[err]:
7.54 and 7.45 (boths, 2, aromatic CH), 5.04 (d, J =5.1 Hz, 1, OH),
4.97 (t, J 4.7 Hz, 1, OH), 4.60-4.50 and 4.504. 30(bothm 1 each,
NCHandOCH) 350(m 2, OCHerr]), 87(§(m 1, , 2.35-2.10 (m

LA S%g%#yﬁkﬁﬁe%iﬁ?sﬂﬂs@@%éﬁ%ﬁwﬁﬁéi@ 20

(a): 356 (NH) See Exanpl es 5-7] Anal . Cal cd. for

Q err] H er r ] 9npaeh was pdded; Thesolytionwassreflgxed yndes nitrogen for (18 hors. ¢ |

19.91. Found: C, 53.72; H 5.42; N, 11.52; d, 19.64. Exanpl e
36 ([ evolitiles Weie evaptrated afid the residue stu'red in methanol half-saturated with
55*)-5-[5, 6-D chl oro-2-(cycl obutyl am no) - 1H '

b d | -
(Forr]) (ir, SMmdggal CUCTTRLY IS hotrd NolalvaS ftnved ip vacup endte

LH-benzi m dazql &ueycr;'stg.lhzedc G %&agngEdtley to g%ea ﬁﬁé g&n%péun%%s%te so?éll:' 8 mol )

WO 96/ 07646 Tesl

- PCT/ US95/ 11366 *was

di ssol ved in anpolif°cC desalNMROMSQud6)BH/E) a5sli7.38 thating, wch,larmaum 8

mol ) was added. The sol ution was refluxed under. nitrogen for 18 hours.
CH), 7.07 (d, ] =7.4 Hz, 1, NH), 5.15 (t, ) = 3.9 Hz, 1, OH), 4.81 (d, ) = 7.3 Hz,

1, OH), 4.71-4.45 (m overlapping d at 4.71, J = 3.5 Hz, total 2, OH and NCH),
4.40-4.30 (m, 2. OCH and NCH), 3.82-3.80 (m, 1, OCH), 3.72-3.42 (both m, 1
each, OCH2), 2.32-1.67 (three m, 9, 4CH2 and CH); mass spectrum (CI): |
386QM+1). [See Examples 5-7]

Anal. Caled. for C17H21N3C1203-0.15 H20-0.05 C2H50H: C, 52.49;

H, 5.56; N, 10.74; Cl,. 18.12. Found: C, 52.34; H, 5.47; N, 10.52; Cl, 17.99.

()(1R*, 2S*, 3S*, 5S*)-3-(Acetbxymethyl)—S-(Z-bromo—S,6-dichloro—

1H-benzimidazol-1-yl)-1,2-cyclopentanediyl diacetate (500 mg, 0.958 mmol)



Vol atil es were evaporated and the residue stirred in nethanol

hal f-saturated with ammonia at O[err] C (20 nL) for 18 hours.
Vol at i | es WP pyved i n vacuo and the resi due cryﬁ‘é‘i’?ﬁ’f’é&?‘from
et hanol -water to give title conpound as white solid, mp. 250[err] C:

dec.; [err]H-NVR(DMSO-d[err])[err] 7.61 and 7.38 (both s, 1 each, aromatic
CH, 7.07.(d, J =7.4 H, 1, NH), 515 (76 J = 3.9 Hz, 1, OH), 4.81 (d, J =

7.3 Hz, 1, OH), 4.71-4.45 (moverlapping d at 4.71, J = 3.5 Hz,
total 2, OH anwas\ikdolved in ethanel.(7 this). FCetidine QAldrich] mgmmm 3.80 (m
1, OCH), 3.72-3.42 (both m 1 each, OCH2), 2.32-1.67 (three m 09,

HGer ] 400 Gy s O ) e S e g 1)
%6521 H|[4,er ;) 07_“ %‘"‘%@WOEF(thQatO"SE 26\'fn1,} aé;}g#a .é‘,]c 12.4 Found: C,

([err]) (1R* 2S*. 3S*.
5S*) - 5-[ 5, 6- Disohitionand this selution wasstiryed1for areadditionish i hours. Volatiles were :
yl ]-3-(hydroxynethyl)-1, 2- cycl opent anedi ol ([err])(1R*, 2S*, -

3S*, 58%)-3- (W&MBHSM@W@T&H:W@MKNMNM IN sodium
1H ben2| m dazol - 1-yl )-1, 2-cycl opent anedi yl diacetate (500 ng, 0.958 nmol)

‘F’}QT? g’sggfﬁ o hydroxide (0. 96 mL) was added. Volatiles were evaporated and the residpal

gggsougdaggegggg% i Eﬁl?”%e“dl ?GPII(')L%EﬁlCh, %%Pﬁggﬁ%‘ﬁmf‘{?r{ho‘?m hour s.

solid from acetonitrile-methanol gave title compound as white powder (146 mg, ‘

was

41%), m.p. 221-222 ° C; 1H-NMR(DMSO-dg)d 7.78 and 7.53 (both s, 1 each, 2
aromatic CH), 5.05 (t, = 4.3 Hz, 1, OH), 4.91 (d, ] = 5.3 Hz, 1, OH), 4.59 (d, J
=37 Hz, 1, OH), 4.45-4.40 (m, 2, OCH and NCH), 4.25-4.15 (m, 4, 2 CHN),
3.82-3.79 (in, 1, OCH), 3.66-3.43 (both m, 1 each, OCH2), 2.40-2.32 (m, 2,
CHp), 2.03-1.95 (m, 3, CH2 and NCH); mass spectrum (CI): 372(M+1). [See

Examples 8-10}

Anal. Calcd. for C16H19N3C1203: C, 51.63; H, 5:14; N, 11.29; Cl,

19.05. Found: C, 51.45; H, 5.10; N, 11.27; Cl, 18.96."




Met hanol i ¢ ammoni a (saturated at O[err] C, 20 nL) was added to the cool ed
sol uti on legidress sol ution was stirred for an additional 15dIAEE98/11366

Vol atil es were evapor at ed, the residue was redissolved in ethanol _
(10 nmL) and 1N sodium “hydroxide (0.96 nL) was added. Vol atiles were
evapor ated and the residual solids were triturated with water (3 ni)
and filtered. Resolidification of the solid from

acetonitrile- thanl ( pewder (146 nyg,

4199, mp. 22 - T RVREDVSO O e )T err] 7.78 and 7.53 (both s, 1
each, 2 arorratlcCH),SOS(tJ:43H21C]-|)491(d J:5.3
Hz, 1, OH), 4.59 (d, J . =.3.7 Hz, 1, OH), 4.45-4.40 (m 2, OCH and
NCH), 4.25-4.15 (m 4,2 CH2N), 382379(m1CJCH)366343 -
(both m | each, QEMIR*/1$*, 3R*SRD-BPAdewxyhethyl)-5-(2-bidthe:Si4-dichdr®3- 1. 95 (m
3, CHerr] and NCH) mass spectrum (Cl): 372(M+l). [ See Exanpl es

211(23]3 (H;, - 41H-bNe d%lﬁll dl%'zc&cléﬂaﬁrg%@r dﬁ’g%eﬁﬁ&é t@%gﬂé 1Lm g ﬁﬁ”}\li o
5} 5. [ 5. 6. CIERPRy szcéor(re%mmeiw D3yl 24 mmoﬁ)?q@]é?gqlgé iTm

PCT/ US95/ 11366
benzi m dazol - miy)yerg r¢fhyed angermitnggen for 48 hauss. oﬂmeactmmscooled andl

N sodium hydroxide (1.2 mL) was added. Volatiles were evaporated in vacuo

and the residual oily solid was chromatographed on silica gel. Elution with 5%
methanol - ethyl acetate gave fractions containing white powder (200 mg).
Recrystallization from l:lﬁater—ethanol gave (+/-)-(1R*, 25*, 3R*, 5R*)-5-
[5,6-dichloro-2-(cyclopropylamino)-1H-benzimidazol-1-yl}-3-(hydroxymethyl)-
1,2-cyclopentanediol as white crystals (180 mg, 40%); m.p. >250°C; 11
NMR(DMSO-dg)d 7.70 (m, 1, NH), 7.62 and 7.39 (both s, 1 each, 2
benzimidazole CH), 5.77 (brss, 1, OH), 5.13 (d, J = 5.3 Hz, 1, OH), 4.95 - 4.80
(m, 1, CHN), 4.48 (t, ] =4.7 Hz, 1, CH20H), 4.2 - 4.;0 (m, 2,2 OCH), 3.7- 4.0

. (m,2,0CH2), 2.9 - 2.65 (m, 1, OCH), 2.2 - 1.8 (m, 3, CH2 and CH); mass
spectrum (CI): 372(M+1). [See Examples 10-14]

| Anal. Caled. for C16H19N3C1203: C, 51.63; H, 5.14; N, 11.29; Cl, 19.05.

Found: C, 51.53; H, 5.18; N, 11.22; Cl, 18.97.



([err])(1R*, 2S*, 3R*, 5R*)-3-(Acetoxynethyl)-5-(2-brono-5, 6 di chl or o-

1H benzi m dazol -1-yl)-1, 2-cycl opent anedi yl di acetate (Exa 3?6{ J’ﬁ‘g ,
1.87 WO 9907646, cycl opropylamine (Aldrich, 1.7 niL, 24 505 136850l ut e
et hanol (10 m.) were refluxed under nitrogen for 48 hours. The
reaction was cool ed and 1 N sodi um hydroxide (1.2 nmL) was added.

Vol atiles were evaporated in vacuo . 78 and the residual oily solid was
chromat ogr aphed on silica gel = utlon W th 5% _ met hanol - et hyl
acetate gave feany s 15 .6 C
Recrystal lizat1on 2S*, 3R*, 5R*)-5-

[ 5, 6-di chl oro-2¢ ¢ cvel onr g a.no) y phedazndr- 1-yl ] - 3(hydroxyrrethy|) .
1, 2- cycl opent st : ' ' 409 ; mp. >250C, [err]H
NI\/R(DI\/SOd[err])[err] 770(m 1, NH) 7.62 and739(boths 1 each, 2
benzi m dazole CH), 5.77 (br s, 1, OH), 5.13 (d, J 5.3 Hz, 1, OH), 4.95 -

rom1:1 water et hanol gave (+/ ) (1R*

4. 80 (m 1, CHN), 4.48(t, J =4.7 Hz, 1, CH[err]O—|), 4.2-40(m
2, 2 OCH), 3.7 - 4.0 (m 2, OCHerr]), 2.9 - 2.65(m 1, CCH, 2.2 -
1.8 (m 3, CHerr] and CH); mass spectrum(CI)' 372(Mtl). [ See
Exanpl es 10- 14] _(£)-(1§ : imi
qerr]H[err]QN[err%r)] : C, 51.63; H 5. 14; N 11.29; d, 19.05.
Found: G, 1. 855 3y Godhedbnth-Giodthndflo®7 VIO 96107646

PCT/ US95/ 1136 78
([err])-(1rR*, 2S*, 3R*. 5S*)5- [5 6- Di chl oro- 2- (cycl opr opyl am no) - 1

H benzi m dazol - 1- yI ]-3-nmethyl -1, 2-cycl opent anedi ol
@)-(IR*, 25*, 35%, o R B |
5S*)-3-(Acetoxymethyl)-5-(5,6-dichloro-1H-benzimidazol
-1-y1)-1,2-cyclopentanediy] diacetate (Example 2, 3.00 g, 6.77 mmol) was
dissolved in methanol (100 ﬁlL). Methanol saturated with ammonia at 0°C (100
mL) .was added and the solution stirred at ambient temperature overnight.

Volatiles were evaporaied in vacuo and the residual solid slurried with water and

filtered to give title compound as tan powder (2.02 g, 94%).

()(15*, 2R, 3R¥, 5R*)-5-(5,6-Dichloro-1H-benzimidazol-1-yl)-3-
(hydroxymethyl)-1,2-cyclopentanediol (Part A, 2.00 g, 6.31 mmol) was

- dissolved in dry DMF (1'5 mL) under ni&ogen and cooled (ice bath) while a



Part A ([err])(1S*.2R*.3R*, 5R*)5-(5,6-D chloro-1H benzi m dazol -

yl)-3- (hydvossemidy! ) - 1, 2- cycl opent anedi ol (I)C(Illﬁml:ﬂiﬁ*

3S*, 5S5*) - 3- (Acet oxynet hyl ) - 5- (5, 6-di chl or o- 1H benzi m dazol .
-1-yl)-1,2-cycl opent anedi yl diacetate (Exanple 2,3.00 g, 6.77 mmol) was

di ssolved in methanol (100 ni). Methanol4gat urat ed wi th anmmonia at 0C (100
m.) was added and the solution stirred at” anbi ent tenperature overnight.

Vol ati | ' th
wtor and ﬁ%"%@%‘#@h%ﬁ#ﬂs&% o3 CHiich 3 20 g6 9 sty !
949 :

55+ 5- (5, 6- i sty PME (LS2hd rab wwsoger?ﬁaamet,ez. SRR anedi ol
([err])-(1s*, 2R*, 3R*, 5R*)-5-(5,6-Dichloro 1H benzi m dazol -1-yl)- 3-
(hydr oxynet hyl éonhnﬁed:yldh@qoebaﬂirfedamiddjﬁmai 30\mifutedangl, thén &lambient) was

di ssolved in dry DM (15 nlL) under nitrogen and codl ed (ice bath) while a

WO 96/ 07646  temperature for 18 hours. Volatiles were evaporated in vacuo and the res1due
PCT/ US95/ 11366

;S(rjll gﬁ IyorIII)IVI(gf(rlnat I}\at\%@ %ﬁ‘i‘ﬁgﬁ%% 250%\%1%% ﬁ‘?r‘m&le%}: %@?ng \/\/2594 rrm)l)

continued in the ice bath for an additional 30 mnutes and then at anbient
chloroform to give, after evaporation of solvents, a pale yellow powder (750

mg, 28%); 'H-NMR(DMSO-d¢d 8.51, 8.08, and 7.97 (all s, 1 each, 3
benzimidazole CH), 5.20 (d, ] = 6.7 Hz, 1, OH), 5.04 (d, ] = 4.9 Hz, 1, OH), 4.8-
4.6 (m, 1, NCH), 4.3-4.2 (m, 1, OCH), 3.8-3.7 (m, 1, OCH), 3.6-3.4 (m, 2,

CH21), 2.55-2.40 (m, CH overlapping solvent), 2.35-2.20 (m, 1, CH), 1.75-1.50

(m, 1, CH).

~ (£)-(1R*, 28*, 3R*, 58*)—5{5,6-Dichloro-lH—bmzimidaml-l-yl)-3-iod0
-1,2-cyclopentanediol (Part B, 0.73 g, 1.71 mmol) in ethanol (200 mL) was
shaken with 5% Pd on carbon (140 mg) with triethylamine (024 mL) under
hydrogen (50 psi) on a Parr shaker for 7.5 hours. The catalyst was filtered off

(Celite) and the ethanol filtrate evaporated to a white solid. To this solid was



térrperature for 18 hours. Vol atiles were evaporated in vacuo and the
resi due Wo%m.kggomat ographed on silica gel. Product was EIL(JrJlt %&g 2%

nmet hanol - chloroformto give, after evaporation of pal e
yel | ow powder (750 ng, 28%; [err]HNVR(DVSO-d[err] 8.51, 8.08, and
7.97 (all s, 1 each, 3 . benzi m dazqgl e CH), 5.20 (d, J = 6.7 Hz, 1,
_OH),5o4(dJ 49Hle—|)48- 80 6(m1NCH) 4.3-4.2 (m
1, oCH, 3.8-3. 1), 2.55-2.40
(m CH overlappddﬁgmmﬂerﬂ;mwaaéa@tmnbyﬂndf(lélm) 1Thest=§ul solution (m 1,
CH) . Part C. ([err])(1RrR*, 2S*, 3R*,

55%) - 5- (5, 6- D ofas stircedldtrainbivht tentpezature fory1§ hciiu-sre'l‘lmNoliulBs wgteopvaporateddi yl

di acetate ([err])(1R*, 2S*,

5S*)-5-(5,6-D gy s%dﬁap g;agwgg% o‘ﬁ]‘%o

-1, 2-cycl opent ane@1 QT Pa B Vedils ﬁ)dh??@l n ethech.‘or?fggn m.) was
shaken W th 5% Pd on carbon 4.nL) under '
hydr ogen (50 p¥ ?%’F‘eé W%‘F Hgm'h%‘ﬁ?'gx ‘gﬁé‘?ﬂéggmﬂias filtered
of f (Oellte) and the ethanol filtrate evaporated to a white solid.

To this solid swfate). Evapgmatigy of the ghloroform left title compound as a yellow glass
PCT/ US95/.11366 80

added pyri di ne(560mg1i85%)nd HANMR@MSO¥)6:08.60,18.85,7nd 7.9 @I11se 5 wdhi, BY

sol ution was stirred at anbient tenperature for 18 hours. The

volatiles ver epayanabahees s eo-s.4dh, 1'0CHSS Jbalostd, 2BtrbarReysd | "

chl orof orm (50
2.50-2.15 (m, 3, CH?2 and CH), 2.09 and 1.95 (both s, 3 each, 2 OAc), 1.20(d, J

=6.5 Hz, 3, CHCH3).

@)(IR*, 25*, 3R*, 58%)-5-(5,6-Dichloro-1H-benzimidazol-1-y1)-3-

methyl

-l,icyclopentanediyl diacetate (Part C, 550 mg, 1.43 mmol) was dissolved in
dry tetrahydrofuran (15 mL). N-bromosuccinimide (520 mg, 2.92 mmol) was
added and the resulting solutioﬁ refluxed vigorously for 10 minutes. An
additional portion of N-bromosuccinimide (100 mg) was added and reflux
continued an additional 5 minutes. At this point, TLC (silical gel plates

developed with 5% methanol-chloroform) showed starting material has been



solution was extracted with aqueous SOdI um bi carbonate and dried (sodium .
sul fate). vﬁymgﬁtlon of the chloroformleft title conpoun®CTRISSS/YIB6E OW

gl ass - (560 ng, 85%; [err]H-NVR(DMSO-d[err])[err]: 8.61, 8.15, and
7.97 (all s, 1 each, 3 benzi m dazole CH), 5.60-5.45 (m 1, OCH),
5.20-4.95 (m 2, OCH and NCH), 2.90-2.15 (m 3, CHerr] and CH),
209and195(boths 3 each, 2 QAc), 1.20 (d, J = 6.5 Hz, 3,

?g%_l [ gr E ]2) Bro rmnwsrted to a slightly hlgﬁer la' U{’Jagsc{ria&ag(sw Th%%eactl%ﬁ* mixture was

5, 6-di chl or o- 1H benzi m dazol - 1-yl ) - 3- net hyl 2-cycl opent ane di acetate
([erri) (1R*, qpsncheélhng@gﬁw{aﬂz)@nédelﬁwémﬂmhlwéw A%%?I)I&

met hyl -1, 2-cycl opentanedi yl diacetate (Part C, 550 ng, 1.43 nmol)
was di ssol ved solution was washed with vatey dnddtied(sodihim sdlt)ate).l\Ebamm:tinnieﬁnai m de
(520 ngy, 2.92 nnDI) was added and the resulting solution refluxed

vi gor ously for rg?loo %cm%aoggwdﬁ%mrmm pound was

N\ brom)sucm ni m de was a refl ux conti nued an

addi ti onal s P TLC | i c

devel oped wi t I¥ ml\gg):i ﬁ%t'\me ?lo‘?"& rgfomn @H((mx g}%ﬁﬂg&ﬁ%{ﬁﬁlg&p W peen
WD 96/ 07646

PCT/ US95/ 1136 @owder (460 mg, 68%), m.p. 235-236°C dec.; 1H-NMR(DMSO-dﬁ)bgf 38
converted to a slightly higher Rf UV-absorbing spot. The reaction m xture

‘“n’ﬁ)s h queand Ty (bithos) @ lehdty 2 Gefigimidizble GHY] 505-5168 ¢myd tOCHN S02-6100r m ( 50
. I'S - .

(m, 2, OCH and NCH), 2.11 (s) overlapped by 2.2-2.05 (m, total 6, OAc with
CH> and CH), 1.95 (s, 3, OAc), 1.22 (d, J = 6.3 Hz, 3, CHCH3); mass spectrum

(CI): 463 (M+1).

(&)-(1R*, 28*, 3R*, 55%)-5-(2-Bromo-

- §,6-dichloro-1H-benzimidazol-1-y1)
-3.-methyl-l .2-cyclopentanediyl diacetate (Part D, 350 mg, 0.75 mmole) and
cyclopropylamine (Aldrich, 0.53 mL) were refluxed in methoxyethanol (5 mL)
for 5 hours. 1 N sodium hydroxide (0.75 mL) was added to the cooled reaction
mixture and volatiles were evaporated in vacuo. The residue was

chromatographed on silica gel. . Product was eluted with 5% methanol-



solution was washed with water and dried (sodiumsulfate). Evaporation |eft
a | | id which was chronat ographed on silica '
conmpound ﬁé%ﬁ? el uted with 5% et hanol - chl or of orm and%’?é??ék%& in

ethyl acetate to give white powder (460 ng, 68%, mp. 235-236C
dec.; [err]H-NVR(DMSO-d[err])[err]: 8.38 and 7.97 (both s, 1 each, 2
benzi m dazole CH), 5.75-5.65 (m 1, OCH) 825 2.5 0 (m 2, OCH and
NCH), 2.11 (s) aqverlapped by 2.2-2.05 (m_total 6, OAc with CH2 and
CH), 1.95 (s, echloroferm. Recpystallization —from methanob-ethy) gmefate ggve: IR, 28&ct rum
(Cl): 463 (Mr1). Part E. ([err])(1R*. 2S*, 3R*,

55*) 5-[ 5, 6- Di cBRYrI$*}-5¢[6 vedichionpd4(eyelopeopylamino)- 1 Hibeneinridavolid 2yd]-3-1- y| ] - 3

- net hyl -1, 2- cycl opent anedi ol ([err])-(1R*, 2S*, 3R*,

5S*) - 5- ( 2- Br onp 1-1,2-cycﬁ)ggxlit§+édml% Wﬂt@‘cﬂ}?%% {rﬁgfiﬁ%'% Yinlp, 231-233°

-3-net hyl -1, 2-cyclopenta di acetate , 0.75 rrrm?’e) and

For 5 hours. 1R SRDMSR 400 748 g 38 ool s S Rt G ™

reaction m xture and volatiles were evaporated in vacuo. The residue
was chr 648 {wgh. ik 4.83(ds] + 59z dl, OH) 634 (d, Ims.1dizid cOH)I 454530
nmet hanol - WO 96/ 07646 '

PCT/ US95/ 11366(m, 2, NCH and OCH), 3.7-3.6 (m, 1, OCH), 2.85-2.7 (m, 1, CHNH), 2£-1.8
chloroform -Recrystallization from nmethanol -ethyl acetate gave ()-(1R*,

25*, 3 - 1 1= 0.8
55} 515, 6- i Ch% CH2RASH) 17:L3 6 by G 116 @] = 54 Hz, 3 CHOH), 03
0.5 (m, 4, 2 CH2 of cyclopropyl); mass spectrum (CI): 356 (M+1). [See

Examples 1 and 2]

Anal. Caled. for C16H19N3Cl202: C, 53.95; H, 5.38; N, 11.80; Cl,

19.90. Found: C, 53.75; H, 5.45; N, 11.71; Cl, 19.98.

A solution of (IR, 28, 38, 5S)-5-(2-bromo-5,6-dichloro-1H-

benzimidazol-1-yl)-3-(hydroxymethyl)-1,2-cyclopentanediol (500 mg, 1.26

mmole) was stirred in fert-butylamine (Aldrich, 98%, 20 mL) 1n a Parr bomb



met hyl - 1, 2- cycl opent anedi ol as whi t e crystals (170 ng, 649%; mp. 231-233

G wWO9hreVR(DMSO-d[ err] ) [err]: 7.48 and 7.39 (bot hpgrmkedii 2
ben2|mdazoIeCH) 7.10 (m 1, NH), 4.83 (d, J=5.9 Hz, 1, , 4.74
~(d, J =51 H, 1, OH), 4.5-4.3 - (m 2, NCH and OCH), 3.7-3. 6 (m 1,
OCH), 2.85-2.7 (m 1, CHNH) 2.1-1.8 (m 2, CHerr] and CH), 1.7-1.5
(m 1, cH), 1.16 (d, J = 5.4 Hz, 3. CHcHBRrr]), O 8- 0.5 (m 4.2 CH
of cycl opropyl Vi es 1 and
2] haintSi56 G190 (6 b toe oy i#]bbmﬁemcao{eaaﬁ?ﬁ (G
53.95; H, 5.38; N 11.80; d, 19.90. Found: C, 53.75; H 5.45; N,

11.71; O, 19. rsulting pale yellow sglutiop diluted with ethanol cqntainingd, N 3eddium
59)-5-[2- (tert But yl ani no- 5, 6- di chl or o- 1H benzi m dazol - 1-yl ] - 3-

A sol ution of ( BylroxiGe (RSmILISVdlat{les Were @ agorited ir£ VdcRb and the residue was
benzi m dazol - 1-yl) - 3- (hydr oxynet hyl ) - 1, 2-cycl opent anedi ol (500 ng, 1.26

mol &) was sti ghBthatdgrdphibd off Siikh Eép pﬁtlé @&rgﬂﬂlﬁxﬂ wa%%i@te@&xtﬂhblgﬁ:fﬁgg@r r bomb

WD 96/ 07646 /11366

83 rrant ned at 14 bath) for 48 hour bomb wa
cool ed and tlhe I ormasaco%r?essLﬁ: (1'1O1e011was ssolvedmabsoutesethan? >

concentrated to an oil, and triturated with water (3 mL) to give (1R, 28, 38, 58)-
5-[2-(tert-butylamino)-5,6—dichloro-lH-benzimidazol-‘l-yl]-3-(hydroxymethyl)—
.1,2-cyclopentanediol as white powder (303 mg, 61 %), m.p.: collapses to glass
at 116-150°C; 1H-NMR(DMSO0-dg)8: 7.63 and 7.43 (both s, 2, aromatic CH),
6.15 (s, 1, NH), 5.08 (t, J=4.3 Hz, 1, OH), 4.85 (d,.J =7.4Hz, 1, 0H), 4.71 (d,
J=3.8 Hz, 1, OH), 4.7-4.5 (m, 1, NCH), 4.45-4.3 (m, 1, OCH), 3.86 (m, 1,
OCH), 3.7-3.4 (m, 2, OCH?), 2.2-1.85 (m, 3, CH2 and CH of c;yclopentane),
1.47 (s, 9, 3 CH3); mass spectrum (CI): 388(M+1); [¢]20589 -4.0°, [¢]20578 -
4.3°, [2]20546 -6.0°, []20436 -22.6°, []20365 -82.1° (c = 0.420, methanol).

[See Examples 25-28, 30 and 31]

- Anal. Caled. for C17H23N3C1203-0.40 H20: C, 51.63; H, 6.07; N,

10.62; C1, 17.93. Found: C, 51.50; H, 5.99; N, 10.54; Cl, 17.96.



resulting pale yellow solution diluted with ethanol containing 1 N sodium
hydroxide (1.2 nl). Volatiles were evaporated in vacuo and the residue was
chr omat ogr QH@W silica gel. Title conpound was el uted wi RETIR{ 106 hanol -
chloroformas a colorless oil. The oil was dissolved in absolute ethanol, -
concentrated to an. oil, and triturated with water (3 nL) to give (1R 28
3S, 59)- 5- [2 (tert but yl ami no) - 588- di ch| or o-

1H benzi m dazol - 1- yI] 3 (hydroxynet hyI) 1 2 cycl opent anedl ol as
white powder (EGO1R3 & ) 'at-Bupdamin >dighl enzimidazs

116- 150[ err] G [err]l—l—NIVR(DIVBOd[err])[err] 7. 63 and 7.43 (both s, 2,
aromatic CH), g ] J =43 Hz, 1, OH), 4.85 (d,

J=7.4 Hz, 1, . . 1 C]—I) 474.5(m 1, NCH),
4.45-4.3 (m 1, OCH), 3.80(m 1, OCH), 3.7-3.4 (m 2, OCHerr]),
2.2-1.85 (m 3, CHerr] and CH of cyclopent ane) : 1.47 (s, 9,3

CH err]); mass spectrum (C ][err%589 4.0
[[err]][err]57651’1‘1"101101'(*)-"1l e?ﬁ s['e $"])f53(2' 3 "bchl?@rlr}f‘[ err] 436 -22.86,
[err][err]365 -82.1 (c = 0.420, nethanol) [ See Exanpl es 25-28, 30
and 31] benzimidazol- lAyla-B-(hSz‘ddoxylmeﬁ\gt)-l 2-cyclopentanedxol (750 mg, 1.44

Jerr]Herr]3Nerr]d[err]Jerr].0.40 Herr]Q C, 51.63; H 6.07; N,
10.62; d, 17.
o V\ég)@‘é‘f%%‘% i ferrbutylamine @dridh, 98%, 24 mIYin aParHomb

Exarrpl e 41

(P [Cl/r E]S ;9 52 i1R§66 i %dcat 90°C (oxl bath) for 6 days. Volatiles were evaporated in vagfllo
5S5*)-5-[2-(tert- Butyl am no) - 5. 6-di chl oro- 1H- benzi i dazol -

1-yl]-3- (hydr oydise mgsu;ualscmdg y‘tﬂwxgém ethaagl 630 mL) with aqueous dimethylamine
(Aldrich, 40%, 2 mL) for one hour. Volatiles were evaporated and the residual
solids chromatographed on silica gel. Elution with 10% methanol-ethy! acetate
gave title compound as colorless glass. Solidification from water gave (+)-(1R*,
2S*, 38*, 58*)-5-[2-(tert-butylamino)-5 ,6-dichloro-1fl-benzimidazol—l-yl]—3-
' (hydroxymethyl)-1,2-cyclopentanediol as a white powder (150 mg, 26%); m.p.
| 130-132°C; 1H-NMR(DMSO-de) identical with that of the enatiomer described

in Example 30. [See Examples 1-4]

Anal. Calcd. for C17H23N3C1203-0.65 H20-0.07 C2H50H: C,51.18:

H, 5.94; N, 10.47; Cl, 17.63. Found: C, 51.34; H, 6.06; N, 10.37; Cl, 17.58.



A solution of ([err])-(1R*, 2S*, 3S*, 5S*)-5-(2-brono-5, 6-dichloro- 1H—
benzimd | ) - 3- (hydr oxynet hyl ) -1, 2- cycl opent anedi ol

nmol e) wa aﬂw@féd in tert-butylamne (A drich, 98% 25 m}'&ﬁgggg‘ borrb
mai ntai ned at 90[err]C (oil bath) for 6 days. Volatiles were evaporated in °
vacuo and the residual solids refluxed in ethanol (30 nL) with
aqueous di net hyl am ne (Al drich, 09 2 m.) for one hour. Volatiles
wer e evapor ated and the reS| dual sol i ds chrorratoraphed on silica
gel . Elution eE-RlNT \[ =2 I (0LFA e AZUB108Z9
colorless glass. Soli dlflcatlon from water gave ([err]) (1R* 2S*, .
38*, 5S%)-5-] v/ inet 0 sntdhied 1H benzi m dazol -1 -yl ] - 3-
(hydroxynet hyl) -1, 2- cycl opent anedi ol as a white powder (150 ny, 26%; mp.
130-132[err]C, [err]HNVR(DVSO-d[err]) identical with that of the enatiomner

descri bed I n Exanpl e 30. [See Exanpl es 14] - Anal .
Cal cd. for C[er err er e 7

qerr]H err] O M J’?S&eﬁ 5§l)C£ t&%aet{' )- 1‘2%59&05&%%06%’.1&0und: C,
51. 34; H, 6. 06 N, 10.37; d, 17. 58 VD 96/ 07646 '

PCT/ US95/ 1 136G)enzimidazol-l-yl)-l,2-cyclopentanediyl diacetate (750 mg, 1.44 mmole}was
([err]) (1R*. 2S*, 3S*.

58¢)-5-[5, 6- Dxeﬂh:wdmt}{ahsl 0 21)|vitH 36propytakientZ(124AE OAldrich) under
1-yl]-3-(hydroxynet hyl) - 1q929{c]§?clope a%edl ol ([ e)rr]) (1R*, 2S*,

ggr:zi ﬁis’(;;zgl (?ﬁﬁ{’é% fggwyé"i‘og‘é%?“ﬁ‘é’%é‘h& g%@t’ﬁ%g] % mli) ‘Xﬁs n’m)ﬁi e) was

and reflux continued for an add_mpna.l 24 hours. Volatiles were evaporated, the
residue was redissolved in ethanol, 1 N sodium hydroxide (1.44 mL) was added,
and volatiles were reevaporated. The residue was chromatographed on a silica
gel column. Title compound was eluted with 10% methanol-chloroform asa
colorlgss glass. The glass was crystallized from ethyl acetate - hexanes to give
(#)-(1R*, 28*, 38*, SS"‘)-5-[5,6-d__ichloro-z_-(isopropylamino)-lH-benzimidazol-
l-yl]-3-(hydr§xymethyl)—'1 ,2-cyclopentanediol as white crystals (305 mg, 57%);
m.p. 213-214°C; 1H-NMR(DMSO-dg) identical with that of the enantiomer

described in Example 23 .[See Examples 1-4]

Anal. Calcd. for C16H2:1N3C1203: C,51.35; H, 5.66; N, 11.23; Cl,

18.95. Found: C, 51.27; H, 5.69; N, 11.17; C], 18.88.



refluxed in ethanol (10 nL) with isopropylamne (1.22 n, Al dri ch) under
nitrogen for 18 hours. A second portion of isopropylam ne ésﬁl

added WO 96746 of | ux continued for an additional 24 houts. I es
wer e evaporated, the resi due was redissolved in ethanol, 1 N sodium
hydroxi de (1.44 nlL) was added, and vol atiles were reevaporated. The
resi due was chromat ographed on a silica86 gel columm. Title conpound
was eluted with 10% net hanol -chl oroform as a colorless glass. The

gl ass was crystal | iClsighsf rom et hyl acetate - hexanes to give

([err]) (1R, 2S*, 3S*, '

55*)-5-[5, 6-di chl oo ?‘;0 f‘éﬁﬂd&%hﬁﬁh S]:ﬂjaenm m dazol -
1-yl]-3- (hydroxynet hyl) 2-cycl opgntane as whit scrystal s (305 ny,

579 ; mp. 213-214C [err] HFNMR(DMSO-d[err]) identical with that of
&mple 23 . [ Nes 1-4]
[err]CIerr] .32-RH, 5.66; N,

t he enanti oner descri bed_i

Anal . Calcd. for CJerr]H egs N e

11.23; d, 18. 95.R,Foun : hpd7; H 5.69% N7 1 18. 88.
WD 96/ 07646
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d ai ns 1. Ao Run(a of forrmula (1) or (I-&): R? [err]

R?

wherein R!is H, CH, or CH,OH; R? is H or OH; R® is H or OH; or R? and
R? together form a bond; R* is amino, cyclopropylamino,
cyclobutylamino, isopropylamino, fert-butylamino or -NR*R’®
where R® and R® together with the nitrogen atom to which they

~ are attached form a 4, 5 or 6-@embered heterocyclic ring; R® is

H; and R® and R” are Cl, excluding the compound (+)-(1R*,
2S*, 3S*, 55*%)-5-[5 ,6-Dichloro-2—(cyclopro;iyl_amino)—IH-
benzimidazol-1-yl]-3-(hyroxyomethyl)-1,2-cyclopentanediol
provided'that' at least one of R, R? and R? is or contains OH; and

pharmaceutically acceptable derivatives thereof.
2. A compound as claimed in claim 1 in which R2 is OH.

3. A compound according to claim 2 wherein R* is cyclopropylamino,

isopropylamino or fert-butylamino.

I :
? ' .
i *+ .¢ L M 5 =



wher ein Rlerr] is H, CH[err] or CH[err]O—l Rlerr] is Hor O4 Rerr] is
Hor OH wo&edd and R[err] t oget herpdmjsysmmnd
Rlerr] is am no, cyclopropylam no, ~ cycl obut yl am no,

i sopropylam no, tert-butylamno or -NR[err]Rerr]

where Rl err] and R err] together with t nitrogen atomto which they

are attached forma 4, 5 or 6-nenbered heterocyclic ring; Rerr] is

H, and R err] and e

2S*, 3S*, 5S*)-5-] GABLE‘H{’@@@ %‘%ﬁg‘p {}ﬁ#%gqg @pﬁ‘)pyiﬁ% or

benzi m dazol - 1-yl | - 3- hyr oxyonet hyl)-1 , 2-cycl opent anedi ol

provi ded that at | d@dt uglaminp Rerr], R[err] and Rlerr] is or contains OH
and phar maceut i cal | y acceptabl e derivatives thereof
2. A conpound as claimed in claiml in which Rlerr] is OH

3. A conpound according to claim2 wherein Rerr] is cyclopropylam no,

i sopropyl ami no or tgry or (IA-1

o WO 96/ 07646 £ W'Mdmgtoclaxm 1 of Formula (IA) or (IA-1)

PCT/ US95/ 11366 87 4. A
conpound according to claim3 wherein R err] is isopropylam no or
tert-butylam no - 5. A conpound according to claiml of Fornula

(1A or (I1A-1). - R
R N\/\/ . 3 R‘\_/.\*./N
; R [ R
HO % ; ] R’
R: \___‘.m (IA) ' \\_“,I' OH
HO R ([A'l)

wherein R? is H or OH; R* is amino, cyclopropylamino, isopropylamino, tert-
butylamino, or

-NR®R’® where R® and R® together with the nitrogen-atom to which they are

I



[err] : wherein Rlerr] is Hor OH R[err] is anmino,

cycl oprop | sopropyl am no, tert- but yl arg
-NR[err]R[erWere Rlerr] and Rl err] together with the niri}[(‘?‘g%segghésgmto
whi ch they are WD 96/ 07646

PCT/ US95/ 11366 88

attached forma 4, 5 or 6 nenbered heter§§ycllc ring; Rerr] is H and

Rl err] and Rlerr] are d, excluding, excl U(1I nﬁ the gonpound

()-(1R*, 2S*, 3s+, attached formad4, 5 or 6 membered heterocyclic ring; R
55*)-5-[5, 6-Di chl oro-2-(cycl opropyl am no) - 1H benzi m dazol - 1-yl ] 3-
(hyroxyonet hyl) - 1, 2amiR7 arp e}h,tmhﬂhtgl cmﬁiﬂ@ﬂrermmpouhd:&)l-()lR&pZS?'p'GSBJ e
der| vatives thereof.
58*)-5-{5,6-Dichloro-2-(cyclopropylamino)-1H-benzimidazol-1-yl}-3-
(hyroxyomethyl)-1,2-cyclopentanediol and pharmaceutically acceptable

derivatives thereof,

6. A compound of claim 5 wherein R* is cyclopropylamino,
isopropylamino or tert-butylamino; R*is H; and R® and R are both Cl;

and the pharmaceutically acceptable derivatives theréof.

7. A compound of claim 6 wherein R* is isopropylamino or ters-

butylamino.

8. A compound according to claim 1 which is selected from

(1R, 28, 38, 5S)-5~[5,6-Dichloro-2-(cyclopropylamino)—1H-ﬁenzimidézol-l-yl]—
3-(hydroxymethyl)-1,2-cyclopentanediol

(1R, 28, 3S, 58)-5-[5,6-Dichloro-2-(isopropylamino)- 1 H-benzimidazol- 1-yl}-3-
(hydroxymethyl)-1,2-cyclopentanediol

(£)-(1R*, 28*, 38*, 58*)-5-(5,6-Dichloro-2-amino-1H-benzimidazol-1-yl)-3-

- (hydroxymethyl)-1,2-cyclopentanediol
(£)-(IR¥, 2R*,

4S*)-2-(2-Cyclopropylamino-5,6-dichloro-1H-benzimidazol-1-yl)-

AR O A 0




6. A conmpound of claim5 wherein R err] is cyclopropylam no,

|sopropquﬂ,mtert butylam no; Rlerr] is H and R err] wdBsAides are

both O ; and the pharmaceutical ly acceptabl e derivatives

. thereof. 7. A corrpound of claim®6 wherein Rerr] is
| sopropyl am no or tert- _ g yl am no. 8. A
conpound according to clai ml which is s& ected from (1R, 2S, 3S,

59) - 5[56D|chloro - clo mno-IH-ben2|mdazoI-1-yI]-
gS§ h)édngyérrg[ h%:) 1 ?ﬁ*ﬂb@ﬁﬁ%&@? . (I Rd 2sI 3S, .
chl or o- i so hani no) - enzi m dazo - 3-
(‘hydr oxynet hyl §=l=)-:l(,lB*c38:‘1 aﬁg,rﬁ dﬁ;ﬂ-chhloro-z-(py@lpbqtylamm)-?/&s 38,
55*)-5-(5, 6-Di chl or o- 2- am no- 1H benzi m dazol - 1-yl ) - 3-
(hydroxynet hyl)- 1, Bexfiﬁﬁicﬁﬁﬂrlt g-gﬂw yz:lacthgl)(lL%y&Ibpénlﬁ*ed;oZR*
or o-

45*) - 2-(2-Cycl opropyl am no- H benzi m dazol - 1-yl) WO
96/ 07646 * IQk IQK SQHVE[S £ - 1HL 1
PCT/ USG5/ 11366@:) -(1R*, 28*, 38*, SS )-5-[5,6-Dichloro-2 »g azetidinyl)-1H-benzimidazol-1

4- (hydr oxynet hyl ) cy p nt,anol R, 2S*, 3S*,
5S*)-5-[5, 6-Di chi orxh% @Wm@w)aln%-ﬁwlo beaiol

benzi m dazol - 1-yl ] - 3- (hydroxynet hyl )- 1 , 2- cycl opent anedi ol
([er r] ) - (1R*, @9X(1R332§*, 3R*, 5R*)-5-[5, 6-D1chloro-2-(cyclopropylam1no)—1H-
_SS* -5-[5,6-Di chloro-2-1-azetidinyl)-1H benzi m dazol -
benzimidazol-1-yl]}-3-(hydroxymethyl)-1 ,2-cyclopentanediol
(:!:)-(lR*, 2S*, 3R*, 55*)-5-[5,6-Dichloro-2-(cyclopropylamino)-
1H-benzimidazol-1-yl]-3-methyl-1,2-cyclopentanediol
(IR, 28, 38, 58)-5-[2-(tert-Butylamino)-5,6-dichloro-1H-benzimidazol-1-yl]}-3-
(hydroxymethyl)—l,2-cyclopentanedlol
(Z)-(1R*, 28*, 3S*, 5S*)-5-[2-(tert-Butylamino)-5, 6-d1chloro—lH-benzxmxdazol-
1-y1}-3-(hydroxymethyl)-1,2-cyclopentanediol
®)-(1R*, 28*, 38*, 58*)-5-[5,6-Dichloro-2-(isopropylamino)- 1H-benzimidazol-
| l-yl]-3-(hydroxymethyl)-1,2-cyclopentanediol
(_lS,ZR,3R,5_R)-5-[,5,6-Dichloro-2-(isopropylamino)-lH-benzimidazol-l-yl]-é-
(hydroxymethyl)-1,2-cyclopentanediol; |
(18,2R,3R,5R)-5-[2-tert-butylamino)-5,6-dichloro-1H-benzimidazol- 1-y1}-3-
(hydroxymethyl)-1,2-cyclopentanediol;
| ()-(1R*, 28*, 38*, 58%)-5-[5,6-Dichloro-2-(1-azetidinyl)- 1 H-benzimidazol-1-
yl]-3-(hydroxymethyl)-1,2-cyclopentanediol;

(1R, 28, 3§, 58)-5-[5,6-Di¢hloro-2-(l-azetidinyl)-lH-benzimidazol'—l-yl]-3-

| I A 5



yl]-3-(hydroxynmethyl)-1 ,2-cycl opentanedi ol | ([err])-(1rR*, 2S*, 3R+,
5R*)-5-[ SQ&Wr 0- 2- (cycl opropyl am no) - 1H- | PCT/USOS/11366

benzi m da -3- (hydroxymet hyl )-1 , 2-cycl opent anedi o

([err])-(1rR*, 2S*, 3R*, 5S*)-5-[5, 6-Dichloro-2-(cycl opropyl am no) -

1H benzi m dazol - 1-yl]-3-nmethyl - 1, 2-cycl opent anedi ol (1R, 2S, 3S,
5S)-5-[ 2-(tert-Butyl ani no) - 5, 6-di chl or o- ¥4 benzi ni dazol - 1-yl ] - 3-
(hydroxynet hyl ) - 1, 2- cycl opent anedi ol , ([err])-(1R*, 2S*, 3S*,

5S*) - 5-[ 2- (t er t - But (hydroxpmuethyDel.2icy¢lopentanediobamdi mi dazol - -~ | 1
-yl ]-3-(hydroxynethyl)-1 ,2-cycl opent anedi ol ([err])-(1R*, 2S*,

3S*, 55%)-5-[518; & =52[5,6-Dichl6roy3- ﬂutﬁhm?' iny/H Hebenbimidgasoi1-yl]]-3-
1 -yl]- 32 ( hygf(ogyﬁn%?%%plszgié- cycl %E?n?anedi o] H ' yil

(1S, 2R 3R 5R) - 5-1, 5@9@?‘8%%%&9%%%&%@%%%?“@%@@ Slagsbhbit- V! 1 -3

(hydroxynet hyl ) -1, 2= |

(1S, 2R, 3R, 5R)-5-[ 2-tert - butyl anj no) -5, 6-di chl or o- 1H benzi m dazol - 1-yl ] - 3-
(hydroxynethyl )- 1, %Ywé?ﬁ edi ol ; - ()-(1R*, 25*, 3S*,
5S5*)-5-[5,6-Dichloro-2-(1-azetidinyl)-1H benzi m dazol - 1-
yl]-3-(hydroxymethyl)-1 , 2-cycl opent anedi ol ; (1R, 2S, 3S,

5S)-5-[5, 6-Di chloro-2-(1-azetidinyl)-1H benzi m dazol - 1-yl] - 3- WO

96/ 07646 9, A method for the treatment of a herpes viral infection in a subject which
PCT/ US95/ 11366 '

90
(hydroxynet hyl ) -1, 2- % nedi ol: an . .
5R) 5[ 5. 6- O chi o o5 ?ﬁﬁﬁ#ﬁa?ﬁ%ﬁ%ﬁ?@nﬁ%ﬁ%@ﬁ ﬁ%ﬁ@é’muﬂt_of
(hydroxynet hyl ) -1, 2- cycl opent anedi ol _and. phar naceuti cal Idy_ accept abl e
derivatives t her eofatléast one compound of formula (I) or (I-1) (as defined in claim 1) or a

pharmaceutically acceptable derivative thereof.

10. A method according to claim 9 wherein the herpes viral infection is a

cytomegalovirus infection.

-11. A method according to claims 9 or 10 wherein said compound is selected
from
(1R, 28, 38, 58)-5-[5,6-Dichloro-2-(cyclopropylamino)-1H-benzimidazol-1-yl]-
' 3-(hydroxymeﬂ1yl)-l ,2-cyclopentanediol
(IR, 28, 38, 58)-5-[5,6-Dichloro-2-(isopropylamino)-1H-benzimidazol-1-yl}-3-
(hydroxymethyl)-1,2-cyclopentanediol
®)-(1R*, 28*, 35*, 58*)-5-(5,6-Dichloro-2-amino-1H-benzimidazol-1-yl)-3-
(hydroxymethyl)-1,2-cyclopentanediol

(#)-(1R*, 2R*,

| -



9. A method for the treatment of a herpes viral infection in a subject
whi ch _ conprises treating the subject vmthatlJTar ally
effectlve%noun?“of at | east one conpound of i jﬁ) or

(I-1) (as defined in claiml) or a pharmaceutical ly
accept abl e derivative thereof. &P. A met hod according to claim?9
wherei n the herpes viral i nfection is a cytonegaIOV|rus

i nfection. A nmet hod according . to, cI }0 wherein said
conpound is sel ect e@S*)-Z-(Z-Cyclopropylawm 6-dichloror ex;_gmq;gol- yl)-
5S)-5-[5, 6-Di chl oro-2-(cycl opropyl am no) - 1H benzi i dazol - 1-yl] -

3~ (hydr oxynet hyl ) - 14-andymxyumﬂl)ﬂ)tyeldpaitanol (1R 2S, 3§,
5S)-5-[5, 6-Di chl oro-2- (i sopropyl am no) - 1H benzi m dazol - 1-yl ] - 3-

(hydroxymet hyl g% 1R®) BﬁCkQP%BWEPﬁ%Qbmm 10-2-( cfl wdt}l}mﬁﬂdi‘mis* 3s,

5S*)-5-(5, 6- Di chl oro- 2- am no- 1 enzi m dazol yl)='3-

I(DrC]Z}I/'? ngéﬁtlg%g) L, Zbe%%lggzo[ftl rifgI(fn)ydroytymetg\q)-siGé-cyc?opentanediol 91

4S*) - 2-(2-Cycl opro él am no- 5, 6-di chl or o- 1H-benzi m dazol - 1-y| ) -
4- (hydr oxyrot DX URHIABFeAT A61)-5-15,6-Dichloeo-21() Spariny - beigrlidazol-1-
58*)-5-[5, 6-Di chl oro-2-(cycl obutyl am no) - 1H benzi m dazol -

1-yl ] - 3- ( hydr oxynet yi}B8)thydroxymetighd b ojoispitankdiol

(£)-(1R*, 28*, 3R*, 5R*)-5-[5,6-Dichloro-2-(cyclopropylamino)-1H-
benzimidazol-1-yl]-3-(hydroxymethyl)-1,2-cyclopentanediol

(2)-(1R*, 28*, 3R*, 58*)-5-[5,6-Dichloro-2-(cyclopropylamino)-
1H-benzimidazol-1-yl}-3-methyl-1,2-cyclopentanediol

" (IR, 28, 38, 5S)-5-[2-(tert-Butylamino)-5,6-dichloro-1H-benzimidazol-1-yl}-3- -

(hydroxymethyl)-1,2-cyclopentanediol |

(®)-(1R*, 28*, 38*, SS*)-5-[2-(tert-Butylamino)-5,6-dichloro-lH-benzinxidazol-
1-y1}-3-(hydroxymethyl)-1,2-cyclopentanediol

()-(1R*, 28*, 38*, 58*)-5-[5,6-Dichloro-2-(isopropylamino)-1H-benzimidazol-
1-yl}-3-(hydroxymethyl)-1,2-cyclopentanediol
(1S,2R,3R,5R)-5-[,5,6-Dichloro-2-(i§opropylamino)—IH-benzimidazol-l-
y1]-3-(hydroxymethyl)-1,2-cyclopentanediol;

(1S,2R,3R,5R)-5-[2-tert-butylamino)-5,6-dichloro-1H-benzimidazol- 1-yl]-3-

" (hydroxymethyl)-1,2-cyclopentanediol;
()-(1R*, 28*, 38*, SS*)-S-[S;G-Dichloro-Z-(l-'azetidinyl)-lH—benzinﬁdazol-l-

yl}-3-(hydroxymethyl)-1,2-cyclopentanediol;

—_—
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()-(1R*, 2S*, 3S*, 5S*)-5-[5, 6-D chl oro-2-(1-azet'idi nyl)-1H benzi m dazol - 1-

yl1-3-( hywépwhyl Y-1 , 2-cycl opent anedi ol (Lerr]) petfososiaSss 3R
-Dc

5R*)-5-[5, or o- 2- (cycl opropyl am no) - 1H

benzi m dazol - 1-yl ] - 3- (hydroxynet hyl )-1 , 2- cycl opent anedi ol

([err])-(1rR*, 2S*, 3R*, 5S*)-5-[5,6-D c@gro-z-(cycl opr opyl am no) -

1H benzi m dazol - 1-yl]-3-nmethyl-1 ,2-cy pent anedi ol (1R, 2S, 3S,
5S)-5-[2-(tert-Butylam oé‘ﬁ, -djchl or -1I—l—dl]31§ ziJpn,dazol,-1-yl] 3= '
(hydr oxymet hy|(}&1?§3§yé§ia ig! _m-g-(i)-azetl ﬁlw&eﬂﬂ%“m&*ﬂﬁ
55*)-5-[2-(tert-Butyl am no)-5, 6-di chl oro-1H benzi m dazol -

1- yI ] - 3- (hydr oxynet(hydrpxyimetiyk4l c3-cyviopeatanediol; and ()-(1RrR*, 2s+, 35,
5S*)-5-[5, 6-Di chl oro-2- (i sopropyl am no) - 1H benzi m dazol -

1-yl]-3- (hydr qx§; 5R-5-[3;6-DichRi62L@0eLtidihyl-1H-benzimidazol-1-y1]]-3-

(1S, 2R, 3R, 5R) f(5- FZESR’% c?{l o[r 0-2-(i sopr(gpyl am }rilo)l-ilH- benzi m dg’z](])I -1-

V15 SR SR e T Bo bbby kIR GG Rdinl, and phammaceusically scceprable | | o

(hydroxynet hyl ) -1, 2- cyc|l opent anedi ol ; ([err])-(1R*, 2S*, 3S*,
5S*)-5-[ 5, 6- Di chl ordgiyatives themafyi ny| ) - 14 benzi ni dazol - 1-

yl ]-3-(hydroxynethyl)-1 ,2-cycl opent anedi ol ; WO 96/ 07646

PCT/ US95/ 11366 : 92 (1R

2S, 3S, 5S)-5-[5, 6-Di chl oro- 2- (1-azeti di nyl ) - 1H benzi ni dazol - 1-yl ] - 3-
(hydroxymet hyl) -1, 32C Y55t QP 6hE ¥ ¥abteUf thédtinpounds of dlkith 1 #fthe Preparation
SR)-5-[5, 6-Dichl oro-2-(1-azetidinyl-1H benzi m dazol-1-yl]]-3-
(hydroxymethyl)-1, %?%%%@&%?%?%goﬁauﬁé‘nq RUALRESHELS BhibufgePt abl e

hepatitis B virus and cytomegalovirus infections.

13. Pharmaceutical formulations comprising at least one compound of
formula (T) or (I-1) (as defined in claim 1) or a pharmaceutically
acceptable derivative thereof together with at least one pharmaceutically

acceptable carrier or excipient..

14. A pharmaceutical formulation according to claim 13 wherein said
compound is selected from
(1R, 28, 38, 5S)-5-[5,6-Dichloro-2-(cyclopropylamino)-1H-
benzimidazol—l-yl]-3-(hydroxymeﬁyl)—l,2-cyclopentanediol

(1R, ZS, 38, 5S)-S-[S,6-Dichloro-2-(iso§ropylamino)-lH—benzimidazol-l-yl]—j-
(hydroxymethyl)—l,z-cycloﬁentanediol

(2)-(1R*, 2S*, 3S*, 58*)-5-(5,6-Dich10r6-2-a_mino-lH-benzimidazol-l-yl)-3-

U
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deri vati ves thereof. 12. Use of one or nore of the

conpoundswfosfoigd¢m | I N the preparation _ of apgpAisoQimes for
the treatiment of viral infections, particulalry hepatitis B
virus and cytonegal ovirus infections. 13. Pharmaceuti cal
formul ati ons conprising at | east one co und of formula (1)

or (1-1) (as defined in claim1) or a pharmaceutically

accept abl e derivatiye, t her eof et her wit t | east one pharmaceutically
acceptabl e carrier (ﬁydrgméﬁgl)fb&gcyc?opemme&gf A phar maceut i cal

formul ation according to claim 13 wherein said conmpound is
sel ected from@®)-(1R¥, 2R, (1R, 2S, 3S, '
5S)-5-[5, 6-Di chl oro-2- (cycl opropyl am no) - 1H benzi m dazol -1

-yl 1-3- (hydr oxynet hig*)-232 Cyeioprépitihiags36-dichloro-1 H-bénkitnidazal-13¢1)-
5S)-5-[5, 6-Di chl oro- 2?(f(sopyrkopyl am no) - 1H benzi m dazol - 1-yl]-3- -

(hydr oxynet hyl ) -1, | ()-(1rR*, 2S*, 3S*,

5S%) - 5- (5, 6- Di chi o%@é—ma(’%’ fnﬁo@@”?p?gdel enangl ol -1-yi) - 3- VO 96/ 07646

PCT/ US95/ 11366 . . 93

(hydr oxynet hy GRS 282 3§ A8 Bl frDichloro-2-(¢yclqbppylaming)-1H-

4S*) - 2- (2- Cycl opr opyl am no- 5, 6-di chl oro- 1H benzi m dazol - 1-yl ) -
benzimidazol-1-yl]-3-(thydroxymethyl)-1,2-cyclopentanediol

| (£)-(1R*, 2§*, 38*, 58*)-5-[5,6-Dichloro-2-(1-azetidinyl)-1H-benzimidazol-1-
| yl]-3-(hydroxymethyl)-1,2-cyclopentanediol

(&)-(1R*, 2S*, 3R*, 5R*)-5-[5,6-Dichloro-2-(cyclopropylamino)-1H-
benzimidazol-1-yl}-3 -(hydroxymethyl)-l ,2-cyclopentanediol

()-(1R*, 28*, 3R*, 58*)-5-[5,6-Dichloro-2-(cyclopropylamino)-
lﬁ-benzimidazol-l-yl]-3-methyl-1,2-cyclopentanediol

(1R, 28, 38, 58)-5-[2-(tert-Butylamino)-S5,6-dichloro-1H-benzimidazol-1-y1]-3-
(hydroxymethyl)-1,2-cyclopentanediol |

(£)-(1R*, 28*, 38*, 55*)-5-[2-(tert-Butylamino)-5,6-dichloro- 1H-benzimidazol-

| 1-y1]-3-(hydroxymethyl)-1,2-cyclopentanediol

(&)-(1R*, 2S"", BS";, SS*)-5-[5,6-Dichloro-2-(isopropylémino)—lH-benzimidazol-

1-y1}-3-(hydroxymethyl)-1,2-cyclopentanediol
and pharmaceutically acceptable derivatives thereof.

15. A process for the preparation of preparation of compounds of formulae

S+ ¢ L Ms o



4- (hydr oxynet hyl ) cycl opent anol ([err])-(1rR*, 2S*, 3S*,

55*)-5-[5, 6-D chl oro-2-(cycl obutyl am no) - 1H

benzi m da®960764§ - 3- (hydr oxynet hyl )- 1 , 2- cycl opent anedi o/PCT/US95/1136¢ . ( 1 R+
2S*, 3S*, 5S*)-5[5,6-Dichloro-2-(1-azetidinyl)-1H benzim dazol -1- :

yl ]-3-(hydroxynmethyl)-1 , 2-cycl opent anediggl ([err])-(1rR*, 2S*, 3R,

5R*)-5-[5, 6-Di chl oro-2-(cycl opropyl am no)-1H . benzi m dazol -1

-yl ]-3-(hydroxynmeth =41 ﬁﬁ&ﬁﬂ 1 o : ir 2S*, 3R*,
. 5S*)-5-[5, 6-Di chl orgbﬁgy%?ggreopy am noch)- )%one ormcoﬁxﬁﬁﬁﬁtlﬁ with Fheir _ )

1H benzi m dazol -1-yl ].-3-nethyl - 1  2-cycl.opent anedi ol 1R, 2S, 3S,

55)-5- [ 2- (1 et - But y LS 098 EpangiomisFy, abd el phanmaceylically apceptabls

(hydroxynet hyl)-1 , 2-cycl opent anedi ol ([err])-(1R*, 2S*, 3S*,

5S*) - 5-[ 2-t ert - But yHerivatiygswhichiicompuises-(Aireasting ni dazol - 1

-yl ]-3-(hydroxynet hyl ) -1, 2- cycl opent anedi ol (l[err])-(1R*, 2S*, 3S*,

55*)-5-[5, 6-Di chl oro-2- (i sopropyl am no) - 1H benzi m dazol -

1-yl]-3-(hydroxynet hyl)-1, 2-cycl opent anedi ol and

phar maceutical |y acceptable derivatives thereof. . 15. A process

for the preparation of preparation of ~corrpng1ds of formul ae WO

96/ 07646 o _ PCT/ US95/ 11366

94 (1) and (1-1 (as defi HgNL_i jA% 1) alone or in '

conmbi nation with their m rroj flge enantioners, and their

phar maceuti cal |y acceptabl e _ it i ves which conprises (A

reacting Rt NH R

or the mirror image enantiorﬁer ther_eof, with

a) either a compound of formula R¥CO2H wherein R4 is H,
C1-4 alkyl or C1 -4 perﬂuotoalkyl ora corhpound of formula
R4C(OR)3 wherein R4isH, C1.4 alkyl or C1.4 perfluoroalkyl
and R is C1-4 alkyl to form a compound of formula (IA) or (IA-

1) in which R4 is H; or

b) cyanogen bromide to form a compound of formula (IA) or

(1A-1) in which R* is NHp;

e



[err] or the mrror imge enantionmer thereof, with

a) Woﬁ&'}s&er a conpound of fornula R[err]CQerr]Hwaaélz‘F&gﬁi r] is

\ Cerr] alkyl or CJerr] perfluoroalk ound
of formula Rlerr]C(OR)[err] wherein Rlerr] is H (err]"
al kyl or Cerr] perfluoroalkyl 95 and Ris (Cferr] alkyl to
forma conpound of formula (1A or (A 1) in which R4
is H or b) . cyanogen brom de to form a conpound of.
formula (1A or (I'A-1) in which Rlerr] is NHerr];

WD 96/ 07646

RCT/ US95/ 11366 ®) | 95 |
(B) a) converting a conpound of forrmula (IA) or
(A1) in a) converting a compound of formula (IA) or (IA-1) in

which R4 is hydrogen into a further compound of formula

(@A) or (IA-1) in which R4 is a leaving group; or

b) converting a compound of formula (IA) or (IA-1) in
which R4 is Cl, Br or I into a further compound of
formula (IA) or (IA-1) in which R4 is an amino or

substituted amino group -NR®R’ as defined above: or

© reacting a compound of formula

R
6 N
R . \)-a‘ m
ﬂ .

R7

(wherein R4, R3, R6 and R7 are as herebefore defined) or

a functional equivalent thereof with a compound of formula

e e L oMmos 2



which R4 is hydrogen into a further conpound of fornula

(I'A) or (1A-1) in which Rerr] is a |leaving group; or ' b)
converti ngV@9%¥ieésound of fornula (1A or (IA-1) in PCT/US95/11366
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wherein R1, R2 and R3 are as defined above and L is a
leaving group, to form a compound of formula (IA) of (dA-1)in
which R4 is hydrogen, halogen or the -NR®R? and optionally
converting a compound of formula (IA) or (IA-1) into a

pharmaceutically acceptable derivative thereof.
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(54) Title: ANTIVIRAL NUCLEOSIDE ANALOGUES CONTAINING A SUBSTITUTED BENZIMIDAZOLE BASE ATTACHED TO

A CARBOCYCLIC RING
(57) Abstract

Antiviral nucleoside analogues con-
tain a substituted benzimidazole base at-
tached to a carbocyclic ring in place of the
conventional sugar residue. In formulae (I)
and (I-1),R! is H, CH; or CH20H; R2is H
or OH; R3 is H or OH; or R2 and R3 together
form a bond; R* isammo. cyclopropy-
lamino, cyclobutylamino, isopropylamino,
tert-butylamino or -NRER? where RS and
R? together with the nitrogen atom to which
they are attached form a 4, § or 6-membered
heterocyclic ring; RS is H and R6 and R7 are
Cl, excluding the compound (+)-(IR*, 2S*,
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38*, 58*)-5-[§ 6-thlom-2-(cyclopmpylanuno)-m-benz|midazo - -yl]-3-(hydmxymcthyl)-l ,2-cyclopentanediol and provided that at least
one of R1, R? and R? is or contains OH. The compounds have activity against herpes virus especially cytomegalovirus andalsohepautls B

virus infections.




