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-Therapeuthc{Cbnpounds The present i nvention rel ates to benzini dazol e
~derivatives and their use in nedical therapy particularly for the treatnment
or prophylaxis of virus infections such as those 5 .caused by herpes

viruses. The inygRbhn,al so relates to the preparation of the voareBsensisrol e
derivatives and pharnmaceutical fornulations containing them O the DNA '
viruses, those of the herpes group are the sources of the nobst common viral
ill nesses in man. The group includes hHerpes sinplex -virus types 1 and 2 .
(HSV), 10 wvaricella zoster virus (VZV), cytonegal ovirus (CW),
-Epstein-Barr virus (EBV), human herpes virus type 6 (HHV-6) and human
herpes virus type 7 (HHV-7). HSV-1 and HSV-2 are sone of the npbst common
infectious agents of man. Mbst of these viruses are able to persist in the
host's neural cells; once infectefherapeitic Compeundse at ri sk of recurrent
clinical manifestations of infection which can be both physically and 15

" psychol ogi ca di stressing. HSV i N ' fier ri -
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HSV infection is often characterised by extensive and debilitating lesions of the skin,
mouth and/or genitals. Primary infections may be subclinical although tend to be
more severe than infections in individuals previously exposed to the virus. Ocuiar
20 infection by HSV can lead to keratitis or cataracts thereby endangering the host's -
sight. Infection in the new-born, in immunocompromised patients or t:enetration of
the infection into the central nervous system can prove fatal. '

VZV is a herpes virus which causes chickenpox and shingles. Chickenpox is the
25 primary disease produced in a host without immunity, and in young children is
usually a mild illness characterised by a vesicular rash and fever. Shingles or zoster
is the recurrent form of the disease which occurs in adults who were previously
" infected with VZV. The clinical manifestations of shingles are characterised by
__ neuralgia and a vesicular skin rash that is unilateral and dermatomal in distribution.
30 Spread of inflammation may lead to paralysis or convulsions. Coma can occur if the
meninges become affected. VZV is of serious concern in patients receiving
immunosuppressive drugs for transplant purposes or for treatment of malignant
neoplasia and is a serious complication of AIDS patients due to their impaired
immune system. | - - .
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neopl asia and is a serious conplication of AIDS patients due to their
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PCT/ GB96/ 03151 2 In common with other herpes viruses, infection with CwW
leads to a lifelong association of virus and host. Congenital infection

following infection of the nother during pregnancy may give
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The main disease caused by EBV is acute or chronic infectious mononucleosis
(glandular fever). Examples of other EBV or EBV associated diseases include
lymphoproliferative disease which frequently occurs in persons with congenital or
acquired cellular immune deficiency, X-inked lymphoproliferative disease which
15 occurs namely in young boys, EBV-associated B-cell tumours, Hodgkin's disease,
nasopharyngeal carcinoma, Burkitt lymphoma, non-Hodgkin -cell lymphoma,
thymomas and oral hairy leukoplakia. EBV infections have aiso been found in
association with a variety of epithelial-cell-derived tumours of the upper and lower
" respiratory tracts inciuding the lung.
20 ' ' ' _
HHV-6 has been shown to be a causative agent of infantum subitum in children and
- of kidney rejection and interstitial pneumonia in kidney and bone marrow transplant.
patients, respectively, and may be associated with other diseases such as multiple
scierosis. There is also evidence of repression.of stem cell counts in ‘bone marrow
25 transplant patients. HHV-7 is of undetermined disease aetiology.

‘Hepatitis B virus (HBV) is a viral pathogen of worid-wide major importance. The vifus
is aetiologically associated with primary hepatoceliular carcinoma and-is thought to
cause 80% of the world's liver cancer. Clinical effects of infection with HBV range

30 from headache, fever, malaise, nausea, vomiting, 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
teading to persistent chronic liver disease outlined above.



~of kidney rejection and interstitial pneunonia in kidney and bone marrow
transpkant patients, respectively, and nay be associated with other

di seases such as multiple sclerosis. There is also evidence of repression
of stemcell counts in bone marrow 25 transplant patients. HHV-7 is of
undet er m ned dlﬁg% getiology. Hepatitis B virus (HBV) is a ‘idraisog@iigpgen
~of worl d-wi de nmj or |nportance The virus is aetiologically associated with
primary hepatocel | ul ar carcinoma and is thought to cause 80% of the world's
liver cancer. dinical effects of inféctipn with HBY range 30 from _
headache, fever, mal aise, nausea, voniting, anorexia and abdom nal pains.
Replication of the virus is usually. controlled by the i mune response, with
a course of recovery lasting weeks or nonths in humans, but infection may
be nore severe teading to persistent chronic liver dlsease outlined above.
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bel-ow, are useful for the treatnment or prophylaxis of certain viral
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10 compounds of the formuia (f) are provided:

(M

“wherein;

15 R1represents hydrogen a halo atom or azido;

-NR8BR® where R8 and R9, which may be the same or different, are each
independently selected from hydrogen, hydroxyl, C4.12 alkyl, for example C1.g alkyl
(where the alkyl moiety may be optionally substituted by one or more substituents
~ selected from halo, amino, azido, hydroxy, cyano, NO2, NHR10, sO5R10, SR10,
20 OR10, COR0 and haloC1.g alkyl where R10 is Cq4.g alkyl, C3.5 alkenyl, Co.g
alkynyl, or aryl), Co.g alkenyl, C1.g alkoxy, C3.7 cycloalkyl, Co_g alkynyl, C3.7
cycloalkenyl, C3.7 cycloalkyIC1;s alkyl, aryl, arylC4.g alkyl, heteroaryl, heteroarylC4.
g alkyl, heterocyclyl and heterocyclylC1.g alkyl, or RER? together with the N atom to

which they are attached form a 3,4,5 or 6 membered heterocyclic ring;

25 -NHNRV1R12 where R11 and R12, which ‘may be the same or different, each
' represent hydrogen or C1_g alkyl;

-N=NC1_g alkyl or -NHOC.galkyl;



i ndependent |y sel ected from hydrogen, hydroxyl, (err] alkyl, for exanple
“(err], alkyd (where the al kyl noiety may be optionally substituted by one
or nore substituents selected from hal o, am no, azido, hydroxy, cyano,

N err], NHR[err], SJerr]Rerr], SRerr], 20 ORerr], CORerr] and
~haloC[err] alkyl-where Rerr] is (Jerr] alkyl, Cerr] alkenyl, Clerr :
~al kynyl, or a%%”f”-’éf’err] al kenyl , Clerr] alkoxy, Clerr] cyctoH %ﬂo?ls(‘:[err]
al kynyl, Clerr] cycloal kenyl, C[err] cycloal kyl Cferr] alkyl, aryl, '
~arylerr] alkyl, heteroaryt, heteroaryl(Jerr] [err] alkyl, heterocyclyl
and heterocyclyl(err] alkyl, or Rerr]R err] togetherr with the N atomto
which they are attached forma 3,4,5 or 6 nenbered heterocyclic ring; 25
-NHNR[ err]R[err] where R err] and R err], which nay be the sane or
different, each represent hydrogen or Cerr] alkyl; -N=NCerr] al kyl or

" -NHOC[ err] : ' 5 . _
PCT/-GB96/ Oggﬁ'ﬁsﬁ%\ﬁ?j’%& g%ér?%%m’h?/berag) e%r,cﬁg'kgngt om (err]alkyl or _
Cerr]alkenyl; R err] and R err], which nay be the sane of different, each

repr esent RydrabRA, whithagaey be thé\€hme rdf difféfent; éacinprisent hydroger; halogenbe t he
sanme or di bf ROgnt, each represent hydrogen or hydroxy; - R7 represents

hydrog.eg’, CH err] or CHerr]R err] where R err] may be selected from 10

hydroxyy ‘a halo atomand OR[err] (where R err] is hydrogen, C[err]alkyl,
aryl or ar R5Canrd rRE,ahich) mayi bé théresameor iffdrbat; edok vePsentp hydregers or

- hydr ogen, fﬁ,&ﬁ@ and R err] each represent chloro, R5 and R6 represent an
erythro hydroxy’'group and Rlerr] is.-CHerr]OH then Rlerr] 15 represents
azido, -NR[err]Rerr] where Rerr] and Rlerr], which nay be the sane or
di fférent, Rér eepresdnts nijeivegeenCHy selCHARA® Wwhere IR® mayl be Galected afrdml

(uher oy e alisty SRABalofardt ORIA 1 M4 RhGaripeRDES. sBHI b PR 25! ot o
alkyl); | | - | |

* with the proviso that when R2 represents hydrogen, R3 and R4 each represent
chioro, RS and RB represent an erythro hydroxy group and R7 is -CH2O0H then R1

15  represents azido, -NRBR® where R8 and R9, which may be the same or different,
are each independently selected from hydroxyl, C4.g alkyl (where the alkyl moiety is

substituted by one or more substituents selected from amino, azido, NOz, NHR10,
SO2R10, SR10, OR10, haloC1. alkyl where R10 is as hereinbefore defined), C7.12

alkyl (where the alkyl moiety is optionally substituted by one or more supsﬁMents
20 selected from halo, amino, azido, hydroxy, cyano, NO2, NHR10, SCoR10 SR10,
OR10, COR10 and haloC4.g alkyl where R10 is as hereinbefore desined), Cq.g
alkoxy, C3.7 cycloalkenyl, heteroaryl, heteroaryl C1.g alkyl and heterocyclyt;
-NHNR11R12 where R11 and R12 are as hereinbefore defined;
-N=NC1.g atkyl or -NHOC1-6 alkyl; :
25 or a pharmaceutically acceptable derivative thereof.

The presént invention further provides compounds of formula (I)' wherein the sugar
moiety is selected from the following: '



SJerr]Rerr], SRerr], ORerr], haloCferr] alkyl where Rlerr] is as

her ei nbefore defined), Clerr] alkyl (where the alkyl noiety is optionally
substituted by one-or nore substituents 20 selected from hal o, am no,

azi do, hydroxy, cyano, NJerr], NHRerr], SOerr]Rerr] SR err], ORerr],
COR[err] and h (;551535.} al kyl where Rl err] is as hereinbefore pgicevediis:

( err] al koxy, érr] cycloal kenyl, heteroaryl, heteroaryl C[err] alkyl and
heterocyclyl: -NHNR[err]R[err] where Rerr] and R err] are as. hereinbefore
defined; -N=NC[err] alkyl or -NHO( err] alskyl; 25 or a pharmaceutically
acceptabl e derivative thereof. The present invention further provides
conpounds of formula (1) wherein the sugar noiety is selected fromthe
fol.l ow ng:- WO 97/ 25337 '
PCT/ GB96/ 03151 [err] Further exanples of conmpounds of- fornula (1) above

i ncl ude Exanples 1 to 6% g5 Ubscribed jhgr gr@ifter. 5 Asou§ed herein the
termal kyl as a group kﬁ:rt of a grddp™reans a straif@htyor branched chain

al kyl group. Such al ky oups preferaply/ have 1-6 carboy atons, nost
preferably 1 to 4 and izn particul ar inélude nmethyl, em¥l= i - propyl,
t-butyl. References t oHQ nyl groups ¥&cl ude groups gﬁ' may be in the E-
or Z- formor a 10 mxtyre thereof andgshich when they contain at |east
three carbon atons, may be branched. The term hal o i ncludes chloro, brono,
fluoro and iodo. The termhaloCerr] al kyl neans an al kyl group in which
one or nore hydrogens |sgreplaced by halp pr ef er afl ortAI ni ng one,
two or three halo groups. NExanpl es of gu roups inclygdeYtrifl uoronet hyl
and fluoroisopropyl. 15 _The termaryl ¥s c8'1'oup or patt_pbf a group means
phenyl optionally substﬂg&t' ed with R £

H OH

d ' e f

. Further examples of compounds of formula (I) above include Examples 1 to 65 as
described hereinafter.

As used herein the term alkyl as a group or part of a gioup means a straight or
branched chain alkyl group. Such alky!l groups preferably have 1-6 carbon atoms,
most preferably 1 to 4 and in parficular include methyl, ethyi, i-propyl, t-butyl.
References to alkenyl groups include groups which may be in the E- or Z- form or a
10 mixture thereof and which when they contain at least three carbon atoms, may be
branched. The term halo includes chloro, bromo, fiuore and iodo. The term haloC4.g
alkyl means an alkyl group in which one or more hydrogens is replaced by halo and
preferably containing one, two or three halo groups. Examples of such groups
include trifiuoromethyl and fluoroisopropyl.
15 K -
The term aryl as a group or part of a group means phenyl optionally substituted with
one or more substituents selected from C4_g alkoxy (for example, methoxy), nitro, a
halo atom (for example chioro), amino, carboxylate and hydroxy. The term
heterocyclyl as a group or part of a group means a saturated or partially saturated
20 (i.e. non-aromatic) 3-,4-,5- or 6 membered ring containing one or more (for example
one to four) heteroatoms independently selected from nitrogen, oxygen and sulphur.
Examples of such groups include 'pyrrolidine. The term heteroaryl means a 4,5 or 6-
membered aromatic ring containing one or more (for example one fo four) -



one or nore substituents selected fromCerr] al koxy (for exanple,

met hoxy), nitro, a halo atom (for exanple chloro), am no, carboxylate and
hydroxy. The term heterocyclyl as a group or part of a group neans a
saturated or partially saturated 20 (i.e. non-aromatic) 3-,4-,5- or 6
menbered rin i ng one or nore (for exanple one to fo tons
|ndependentlgw' é%?gd fromnitrogen, oxygen and sul phur. lgrﬁ#ﬁ%ﬁ% such
groups inclwde pyrrolidine. The termheteroaryl reans a 4,5 or 6- nenbered
aromatic ring containing oné or nore- (fqg exanple one to four) WO

97/ 25337 PCT/ GB96/ 03151 6

het er oat ons i ndependently selected from nitrogen, oxygen and sul phur, for
exanpl e: pyrazole, pyrrole, inidazole, and pyridine. The present invention
includes within its scope each possible al pha and beta 5 anoner of the

CoMpouNds Gtekits irdeheAlhily Sblecttdy Fioh Ol ¥ oy IsABALUBRLY Vil ves.
substanti al l%m ee of % g@géa that IS to say no nore than about
5% w w of EXEMBEH&NYEER \opiEa f"ﬁd’ Rging- t han about 2% ww, in
particul ar | ess than l%\N/W will be present, and m xtures of such al pha and
beta anonerfeipresétt RivERESH nmescwmaumd% féébﬁ“d:&.sfdlé dl;fhat BRd beda

RO 16| A o s S Surhi 0 A RHE e ot 40

may be t hedetvatives, siibSfantialiy freaaofetheathnrtaaonfer,dhat iSite say naimore thaw alizudr r |

m'r gg'eﬁygsw ik o o wa?ﬂ i;;r:tﬁy ng m 'dwngﬁ% vote i particHlg 11 1S
preferably e(?ﬁ ItB?'bQ%ZW?"( h ﬂ@@?“ﬁ? bPF’o%‘PQTP%’ﬁdeI

(formul a (8iy ampbﬁmasnﬁemppends of formula (in the beta anomeric form are preferred.
10

Preferred compounds of formula (1) include those wherein:

@  R'is -NR8RY, where R8 and R9, which may be the same or different, are
selected from Cq4 alkyl or Ca3.7 cycloalkyl, preferably isopropyl or

15 cyclopropyl;
(i)  R2is hydrogen or a halo atom;

@) R3and R4 arebotha halo atom, preferably chioro;
20
(iv) the sugar moiéty is 3-deoxy-L-ribofuranosyl (formuia (b) as herembefore
defined);

~(v) the sugar moiety is 5'-deoxy-L-ribofuranosyl (formula (c) as hereinbefore
25 - defined, wherein R7 is H); -

(vi) the sugar moiety is 2'—deoxy-L-nbofuranosyl (formula (f) as hereinbefore
defined); '

30 or a phammaceutically acceptable derivative thereof.

Particufarly preferred compounds of formuia (1} inciude those wherein R1 is -NRBR9
wherein R8 is hydrogen and R® is a Cq.g alkyl, preferably ‘isopropyl or C3.7

cycloalkyl, preferably cyclopropyl
35



defined);

her ei nbef ore 25 . defined, wherein Rerr] is H); (vi) the sugar

moi ety is 2'-deoxy-L- rlbofuranosyl

30 or a pharnmaceutical |y acceptabl e derivative thereof. Particularly

preferred conp

-NR[err]R[err]O%ﬁgﬁﬂ'n'RS is hydrogen and Rlerr] is a (Jerr] alkyl,
preferably isopropyl or Clerr] cycloal kyI preferably cycl opropyl; 35
-PCT/ GB96/ 03151 7 R2 is
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hydr ogen or a halo atom (for exarrpl e brorm)

hal o atom preferably chloro and the sugar noeity is selected from
3' -deoxy-L-ribofuranosyl; 5 5'-deoxy-L-ribofuranosyl; and

2' -deoxy-L-ribofuranosyl; 10 or a pharmaceutically acceptable derivative

thereof. Pr eRer.s dmoamdmaapaw (760 eka@mblecbromiof,iR3 aindi Rt lavsl both a halo

(formula. (f) "as hereinbefore defined);

formula (1) include those wherein R er rderkSsosnsis: -

Rlerr] 'and Rerr] are both a

(v) the sugar npiety is 5'-deoxy-L- ri bofuranosyl (fornula (c) as

WO

et 5.6 b ontoro P BB Shed e R ET S ot

H benzi.m dazol e 15 5,6-Dichloro-1
- (5--deoxy- bes'afdgx%JLbﬁﬁdm@nggwl ) - 2-i sopropyl am no- 1H benzi m dazol e;

5, 6- Di chl
1H- benzi

ro-1 -(beta-L-erythrofuranosyl)-2-isopropylam no-
dazol e: 5, 6-Di chl oro-2-isopropyl am no-1

- (bet a- L- xyl%fdﬂ%sf}bo}ﬁ-'@m%rmdm dazol e;
1- (2 Deoxy- bet a- L-ri bof uranosyl ) -5, 6-di chl oro- 2- |sopropyl am no- 1H— benzi m da

zol e;
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2'-deoxy-L-ribofuranosyl;

or a pharmaceutically acceptable derivative thereof.

Preferred compounds according to the invention include:

~ 4-Bromo-5,6-dichloro-2-isopropylamino-1-({beta-L-ribofuranosyl) 1H-benzimidazole;

5,6-Dichioro-1-(3-deoxy-beta-L-ribofuranosyl)-2-isopropyilamino-1H-benzimidazole;
5,86-Dichloro-1-(5-deoxy-beta-L-ribofuranosyl)-2-isopropylamino-1H-benzimidazole;
5,8-Dichloro-1-{beta-L-erythrofuranosyi)-2-isopropylamino-1H-benzimidazole;
5,6-Dichioro-2-isopropylamino-1-(beta-L-xylofuranosyl)-1H-benzimidazole;

- 14(2-Deoxy-beta-L-ribofuranosyl)-5,6-dichloro-2-isopropylamino-1H-benzimidazoie;

2-isopropylamino-1-(beta-L-~ribofuranosyl)-4,5,6-trichloro-1H-benzimidazole;
4-Bromo-2-cyclopropylamino-5, 6-d|ch|oro-1-(beta-L-nbofuranosyl)—1 H-
benzimidazole; '
2-Cyclopropylamino-1-(beta-L-ribofuranasyi)-4,5,6-frichioro- 1H-benzimidazole;
4,6-Dichloro-2-isopropylamino-1-(befa-L-ribofuranosyl)-1H-benzimidazole;
1-(beta-L-Erythrofuranosyl)-2-isopropylamino-4,5,6-trichloro-1H-benzimidazole;
and pharmaceutically acceptable derivatives thereof. '

The compounds of formula (l) above "and their pha:maceuﬁcéliy -acceptable
derivatives are hereinafter referred to as the compounds according to the invention.

By "é phammaceutically acceptable derivative” is meant any pharmaceutically 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 acoordmg to the
~invention, or an antivirally active metabolite or residue thereof. '



2-1 sopropyl am no- 1- (beta-L-ri bofuranosy
20 4:Bronmp- 2- cyclopropylan1no 5, 6- dICh
ben2|n1dazole

2- Cycl opr opyl am no- 1- ( bet a- L- rlbofuranosyl) 4,5,6-trichloro-1H benzi m dazol
e; 4,6-D chloro-2- |sopropylan1no 1-(beta-L- rlbofuranosyl) 1 c?ﬁ?ﬁkﬁi zol e;
1- (beta L- Er y"P’ﬂI’Zﬁ'-'& 'énosyl) 2-1sopropyl am no-4,5,6-trichl or? _benzl?'ﬁi dazo
| e; 25 and pharmaceutically acceptable derivatives thereof. The compounds -
of fornula (1) above and their pharmaceygtically acceptable derivatives are
herei nafter referred to as the conpounds according to the invention. 30 By
"a pharmaceutically acceptable derivative" is nmeant any pharmaceutically or
phar macol ogi cal |y acceptable salt, ester or salt of such ester of a
conpound according to the invention, or any conpound which, upon

_ad(rjn ni St lraPi'é?é\'rédJ eshfs r&%@ldgmpouPas t@@aahh Iy & ther Wedmm'ga(edltridepeerlm Cve
I nalrrec oun rain 0] e active
ot abol 1 t SSRBRC PR thfclbind] grfursyg )7 KEBLLR: sl UaeehS! bikalnRl' By
PCT/ GB96/ Oesigtfication e¢fetheea' 8t andlast 5' hyérqxanﬁf@uﬂasmawmshdhﬁgnqrbcafheﬂﬂ
i nvgnt i on r’#ow BRSSO aﬁsg@ﬁm%fztﬁ@a?tbhgrohpirbmaec@d dropsstraight or/
car box IC acl ne esterl or
. 5 hyd?/ xy 5%5@ E‘F \%Vtﬁil f’F C%PBO@X!?C!WHO& %Pﬁﬁ“ea%{gr%“yyl IC acid
portion of exdmples mathaxymnetiyly ara!kysl dfascaxamnple, drargyd.aanylexyaliy! {for gxampipa d

chain al kyhy, ! EREMPI WptiomillyNsubstitobed bl fopresxamipid, (for
exanpl e, H‘Eefn]g W%Elmg?;y g,r@% _lgy%mg,icgwa)gl(%s . lté estBfsy k@aty as lawyl-( F or

exanpl e, or exa hen ptionally substituted
by, for ex amatﬁkyl‘sulpqu (fa:[ @:an]aple,l meltbar@su enyl) @b @%90 @G%msm (fqr2)
sul phopgt e ﬁﬁhﬂés L4 hoﬁi-@blléuéyl C{a) %&M:ﬁt& rdzesty| ard (5) monoR! 6 or
et hanesul Pr p%ongate gs ers. ml’l[?e pﬁosp a?e e§ers n('nay be further esterified by, for example,

a C4q.2p alcohol or reactive derivative thereof, or by a 2,3-di(Cg.24)acyl glycerol.

4.5, 6-trichloro-1H benzi m dazol e;

1) -
| or 1 (beta-L-ribofuranosyl)-1 H

| In such esters, unless otherwise specified, any alkyl moiety present advantageously

15 contains from 1 to 18 carbon atoms, particutarly form 1 to 6 carbon atoms, more

particularly from 1 to 4 carbon atoms. Any cycloalkyl moiety present in such esters

advantageously contains from 3 to 6 carbon atoms. Any aryl molety present in such
esters-advantageously comprises a phenyi group.

20 Preferred carboxylic acid esters according to the present invention include the
acetate, butyrate and valerate esters, L-valyl is a particularly preferred amino acid
- ester.

- Any reference to any of the above compounds also includes a reference to a
25 phamaceutically acceptable salts thereof. '

Phammaceutically écoeptable salts ir_lclu_de salts of organic carboxylic acids such as
ascorbic, acetic, citric, lactic, tartaric, malic, maleic, isethionic, lactobionic, p-
aminobenzoic and succinic acids; organic ‘sulphonic acids such as
30 methanesulphonic, ethanesulphonic, benzenesulphonic and p-toluenesulphonic
' acids and inorganic acids such as hydrochloric, sulphuric, phosphoric, suiphamic
and pyrophosphoric acids. |

‘For therapeutic use, salts of the compounds of formula (I) will be pharm'aceuticaliy
35 acceptable. However, salts of acids and bases which are non-pharmaceutically



10 exanple, L-valyl or L-isoleucyl); (4) phosphonate esters and (5) nono-,
di- or:triphosphate esters. The phosphate esters nmay be further -esterified
by, for exanple, a (Jerr] alcohol or reactive derivative thereof, or by a
-2,3-di (Cferr])acyl glycerol. In such esters, unless otherw se specified,
~any al kyl noi etywopyggsnt advant ageously 15 contains from 1 t@echicEsnmasn
atons, particularly form1l to 6 carbon atons, nore particularly from1l to 4
‘carbon atons: Any cycl oal kyl noiety present in such esters advantageously
contains from3 to 6 carbon atonms. Any argl npoiety present in-such esters
advant ageously conpri ses a phenyl group. 20 Preferred carboxylic acid
esters according to the present invention include the acetate, butyrate and
val erate esters,. L-valyl is a particularly preferred amino acid ester. Any
reference to any of the above conpounds al so includes a referepnce to. a 25
phar maceut i c3aceptabla:mayalse fisd) uss, forepxample pinathadrepanation o PyEtcatPRRf 2

sal t s i ncl udshapmbteutichily agoetable JoAPHUNGC Al istils, witdthérsoaacioddrived feameta C,

citric, lact LG ' ej [ sefhiohi.c .la I Qi s

an nobenzoi cﬂ "%Fﬁ'a'%g%‘i‘@ﬁw (?cg%}tégl;e ' g@éa‘kﬁc gaé%l %%o‘?fﬁi&'ﬁatglhdgé@%cﬁpg@ Q& sent
met-hanesul pHaventionet hanesul phoni ¢, benzenesul phoni ¢ and p-tol uenesul phonic
aci ds ang i norgani ¢ acids such as hydrochl oric, sul phuric, phosphoric,

sui pham c a r oph hor i | I L. a . Of |
Compoands of TERVIRY S efice, S B o FAREHGHE iy pbSi? sublle o,
sal ts of aciciiicand asaorbic agkllssh are non- phar maceutically WD 97/ 25337

PCT/ (B96/ 03151 9 acceptable may al so find use, for exanple, in the

ol T e, “whet HAra et pSdRst & 4 plalii E?%%Lé%ﬁd%ﬁf%@8{5@33%%&8&05 |
base, ar® with&iimvention fooyse inf medicaltherapyt The compounds of the present invention
o - are particularly suited to the treatment or prophylaxis of CMV infections and
associated conditions. Examples of CMV conditions which may be treated in
accordance with the invention have been discussed in the introduction hereinbefore.

15 According to another aspect, the present invention provides a method for the
treatment or prevention of the symptoms or effects of a viral infection in an infected
animal, for example, a mammal including a human, which comprises treating said
animal with a therapeutically effective amount of a compound according to the

, invention. According to a particular embodiment of this aspect of the invention, the

20 viral infection is a herpes virus infection, such as CMV, HSV-1, HSV-2, VZV, EBV,
HHV6 or HHV7. A further aspect of the invention includes a method for the treatment
or prevention of the symptoms or effects of an HBV infection.

The present invention further provides a ‘method for the treatment of a clinical
~ 25 condition in an animal, for example, a mammai including a human which clinical
condiion includes those which have been discussed in the introduction
hereinbefore, which comprises treating said animal with a therapeutically effective
amount of a compound according to the invention. The present invention also
includes a method for the treatment or prophylaxis of any of the aforementioned

30 infections or conditions. '

in yet a further aspect, the present invention provides the 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 viral infections or conditions.
35 ' '



i nvention, 5 Preferred salts include salts forned fron1hydroch|or|c

sul phuric, acetic, succinic, citric and ascorbic acids. In a further aspect
of the invention there are provided t he conpounds according to 10 the
invention for use in medical therapy. The conpounds of the present

i nvention ar ezim gl arly suited to the treatment or prophypayich _.,,g;lvv
i nfections and assocl ated conditions. Exanples of CW conditions ﬁ ch

be treated-in accordance with the invention have been discussed in the

i ntroduction hereinbefore. 15 Accordi-ngl®@o anot her aspect, the present

I nvention provides a nethod for the treatnment or prevention of the synptons

or effects of a viral infection in an infected animal, for exanple, a

manmal including a human, which conprises treating said animal with a
effectlve anmount of a conpound according to the invention.

-~ therapeuti caI

~Accordi ng t#8 aspépimtpctue dse ofsompaunds offfornula (Rdpéhe treatment.or prephylaws of t he

\2/3\/ V:z rB ?/l Ithé&niové ira$ lribdﬂi%h@%dvadsb&tatétif e?ﬁdlﬂihs e BorApourdy, méipdish. bé*SE/h g
e \; C a . (6]

for the tr SRR Rl Bl feathort &7 PLospRRR of nebiiCahl tided, WBste} fdioriss ™

“infection. pﬁmcthe'gmnoslﬁ\aéﬁtspswﬁmtrﬁ%tenw%fnﬂawg@nsmw for the

treatnmer of a clinical condition in an animal, for exanple, a mammal

i scussed | TR %%v%“#%ﬂaethdé' SRediPiLig Jpg nlpedd® %a@p%?wirw%se KB
ani mal wi t rRogepiablen detivatiyes| lysaﬁfbea@mm@eﬂrmu sombination ositho dther Abempeutig t o
t he invent ifyents[fop tHy ®&ftfient 6188 abble Rfedliohs oF BsiRfAtichsTEbmBRafion thetspies

condi {’FSES"Jﬁcﬁ*c@i{‘*éatﬁhSer%%?ﬁ*“ﬁw%% o' Enfe i€ 68 AiEnston, of s jbadcboge e
of a cot®poempeiedafithe farsula@ o phanmaceltically @caeptable derivativetherentand anent
for the tresttlé@sitozﬁrotaépphdmﬁnﬁny Hetive Ingréfiemb oM B&VE|iRgIedient(EPhnd
| nfections p%arr%gtr:]edtltc'a y actt\?’eSagents may be administered simultaneously in either the
same or different phamaceutical formulations or sequentially in-any order. The
amounts of the active ingredient(s) and pharmaceutically active agent(s) and the
15 relative timings of administration will be selected in order to achieve the desired
combined therapeutic effect. Preferably the combination therapy involves the
administration of one compound according to the invention and one of the agents

mentioned herein below.

20 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, valaciclovir, famciclovir, ganciclovir, penciclovir), and acyclic
nucleoside phosphonates (e.g. (S)-1-(3-hydroxy-2-phosphonyi-methoxypropyl)’

~ cytosine (HPMC).

25 _
The present invention further includes the use of a compound according to the
invention in the manufacture of a medicament for simultaneous or sequential
administration with at least one other therapeutic agent, such as those defined
hereinbefore. | ' '

30

~ The compounds according to the invention, also referred to herein as the active
ingredient, may be administered for therapy by any suitable route including oral,
rectal, nasal, topical (including transdermal, buccal and sublingual}. vaginal and
parenteral (including subcutaneous, intramuscular, intravenous, intradermal and



WD 97/ 25337 . ' PCT/ GB96/ 03151 10 In
addition torthe use of conpounds of forrmula (1) in the treatnent: or
prophyl axi s of the above viral infections and associated conditions, the
conpounds may al so be used for the treatnent or prophylaxis of heart and
bl ood vessel diwsesassy in particular restenosis and speci fi caPCy/GB2&a3dstosi s
foll ow ng angi opl asty. 5 The above conpounds according to the invention and
t heir pharnmaceutically acceptabl e derivatives may be enpl oyed in
conbination with other therapeutic agéntsifor the treatnment of the above
“infections or conditions. Conbination therapies according to the present

i nvention conprise the adm nistration of at |east one 10 conpound of the
formula (1) or a pharmaceutically acceptable derivative thereof and at -

| east one ot her pharnaceutically active ingredient. The acti. -

| ngr edi ent ( STEVTeRhalt WL be aPetetialed. et (he prglered "aity vilvali Witk tbe spagition

si mul t aneousénd age of theaecipieat, rsenmatore ofithé nfention ahd theclosen eettive ingradieriti ons
‘or sequentially in any order. The anmpunts of the active ingredient(s) and
. pharrmaceutical ly active agent(s) and the 15 relative tinngs of ) '
D it rat | Broaneral asrsplacdesacior Aaa eihe APy MAEneh TSl £6 1B MR-
t ger apeuts c ihgeof 0.07rt6250a0g yert Kilogrmirbodipiveight bithe aguipienty(elgy ashuniem) per
“administrati . e
agent s ment | e drefaRBs IR SELEE .8 160 b beaBieR bbAp waitfs pELas) ahd
agent s i ncl uBestpefrrablyiathe renaer £.8c10; 3Q Moy per Kiogram hody weight Rerdgy and

i nf e.f:t i ons opartiagany & thé cmgdi 10 e 203ng penkilogryml badynweibkbperdday. ( ¢Unjess
acyclovir, v Is . r , nrd€ [ :
acycl i ¢ nucl g%g&agé g?‘:dééagﬁ%ﬁgifgfség% of 2SN irfgr&dikAt aBSEALAMEY ' ds) thePPrent

(S) - 1- ( 3Ly cramgoundpf farmmda i) fae selisrrsters therept dhe weighisrweyld begngreased
present i nvepropertiohaliy. )N eMhel dudirsd @idsé RayBe paésentetoa® onedwec twed, four,tfivel he

six or more sub-doses administered at appropriate intervals throughout the day. In
some cases the desired dose may be given on alternative days. . These sub-doses
may be administered in unit dosage forms, for example, containing 10 to 1000 mg or
15 50 to 500 myg, preferably 20 to 500 mg, and most preferably 100 to 400 mg of active
ingredient per unit dosage form. : '

\deally, the active ingredient should be administered to achieve peak plasma
. concentrations of the active compound from about 0.025 to about 100 pM,
20 preferably about 0.1 to 70 uM, most preferably about 0.25 to 50 uM. This may be
~ achieved, for example, by the intravenous injection of a 0.1 to 5% solution of the
active ingredient, optionally in saline, or orally administered as a bolus containing
about 0.1 to about 250 mg/kg of the active ingredient. Desirable blood levels may
be maintained by a continuous infusion to provide about 0.01 to about
25 5.0 mg/kg/hour or by intermittent infusions containing about 0.4 to about 15 mg/kg of
the active ingredient. : | |

While it is possibie for the active ingredient fo be administered alone it is preferabie
to present it as a pharmaceutical formulation. The formulations of the present
30 invention comprise at least one active ingredient, as defined above, together with -

' one or more acceptable carriers thereof and optionally other therapeutic agents.
Each carrier must be "acceptable” in the sense of being compatible with the other
ingredients of the formulation and not injurious to the patient. Formulations include
those suitable for oral, rectal, nasal, topical (including transdermal buccal and

35 sublingual), vaginal or parenteral' (including subcutaneous, intramuscular,



I nvention in the manufacture of a nedicanent for sinultaneous or sequenti al
adm ni.strati on with at | east one other therapeutic agent, such as those
‘defined hereinbefore. 30 The conpounds according to the invention, also
~referred to herein as the active ingredient, nay be adm ni stered for

t herapy by a | |l e route including oral, rectal, nasal,pdiak
(i ncl udi ng tpﬁﬂégg tgl buccal and subllngual) vaglnal andl%areﬁﬁgégﬁ
(i ncluding subcutaneous, |ntranuscular |ntravenous i ntradernmal and WO
- 97/ 25337 : _ - PCT/ GB96/ 03151 11
intravitreal ). It mtll be appreC|ated that the preferred route will vary
with the condition and age of the recipient, the nature of the infection
and the chosen active ingredient. In general a suitable dose for each of
t he above-nentioned conditions will be in the 5 range of 0.01 to 250 ngy
per - ki | ogristraveadys Wiritgldbrmal ane inteavitraat bd(ninistrationh urithe) fopmulatieys may _
pr ef er abl g 1.t kj 0 day
hnd most %PEX%‘E%&'@BP BreontB il Bt BosBle fofm “an? %{“3& i R
day and pdPetheds yyallyknawn nbtheaﬁg@ 1%@36!20'?&@0 ds ogFiude B%ft%tht per
day. (Unl dsingingHatovasseciation ¢ activedhgredient vith thé ca:rter vm:uhr@nstimtest o €
calcul ate oypd | 0 ters
thereo? %gﬁg&“a‘%@é’éﬁ% %gﬁﬁﬁgrggs%%{eégpﬁgtﬁgﬁg%rd %ﬁ?% SI'red dose
may be prdSERTAY and m@at@'wmeme@to psgaciatiop, e %thedagrﬁaeet with- ligick s
admi ni st ercathiers onfipelypdivided solil canidrs or oth) Girlithehhie ndoessatynskapimg dises t he
desired dgﬁép JERY be given on alternative days. These sub-doses nay be
adm ni ste I'n unit dosage forns, for exanple, containing 10 to 1000 ng or

15 50 to 500 ngy, preferably 20 to 500 ng, and nost preferably 100 to 400
ng of 18ct iThe pregem dvishtion durtheriifclebiesag phdrateutich? fdrinylatioh @sdwiréirbefore

I ngredi enty-5hak ! Whdtgin ATeBhpbafE bt f?m‘?tﬁg' QY o §2bh&ni2Bhtically acceptable
derivative thereof and at least one further therapeutic agenf are presented
separately from 'one another and as a kit of paris. :

18 Compositions suitable for transdermal administration may be presented as discrete
| patches adapted to remain in intimate contact with the epidermis of the recipient for
a prolonged period of time. Such patches suitably contain the active compound 1) in
~ an opfionally buffered, aqueous solution or 2) dissolved and/or dispersed in an
adhesive or 3) dispersed in a polymer. A suitable concentration of the active
20 - compound is about 1% to 25%, preferably about 3% to 15%. As one particular
- possibility, the active compound may be delivered from the patch by electrotransport

or iontophoresis as generally descnbed in Phammaceutical Research, 3 (6), 318
(1986).

25 Formulations of the present invention suitable for oral administration may be
presented as discrete units such as tzpsules, cachets or tablets each containing a
predetermined amount of the active ingredient; as a powder or granules; as a |

- solution or a 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
30 presented as a bolus, electuary or paste.

A tablet may be made by compression or moulding, optionaily with one or more
. accessory ingredients. Compressed tablets may be prepared by compressing in a

. suitable machine the active ingredient in a free-flowing form such as a powder or =
35 granules, optionally mixed with a binder (e.g. povidone, ge!atin, hydroxypropyimethyl



concentrations of the active conpound from about 0.025 to about 100 pM 20
preferably about 0.1 to 70 [err]M nost preferably about 0.25 to 50 [err]M
This may be achieved, for exanple, by the intravenous injection of a 0.1 to
5% sol ution of the active ingredient, optionally in saline, or orally

adm ni st ered agwﬁ Lys containing about. 0.1 to about 250 ny/ PgTAEBYEHBISI
active ingredient. sirabl e bl ood | evels may be nai ntai ned by a conti nuous -
"infusion to provide about 0.Q1 to about 25 5.0 ng/kg/ hour or by '
intermttent infusions containing about 013 to about 15 ng/kg of the active
ingredient. Wiile it is possible for the active ingredient to be

adm nistered alone it is preferable to present it as a pharmaceuti cal

formul ation. The formnul ations of the present 30 invention conprise at

.l east one active ingredient, as defined above, together with one or nore

accept abl e c&eliulese), iubsicant iaertl dipento piesefvativee disintegtapt (ig. sodium Staghch

c ?L rier rruszI gheoli:A6C %ﬁ]s%tlinﬁéd i;fbv‘dme.s G- IiikeRESRPurBO ﬁ%bk#l'aethw chlllbee)

ot her ingredi s of. the formil atio [6) .ent

Por mil at ons SRS RIS isPering pod luded b eyt fdas B ailiifg'in a

(i ncl udi ng t suiabiemaghingrcmbdure efithepowsiersd erupeund meaigtenad vith andpest figuid)

E) IC_r;;: lcalégiés ?g 3.1gmmﬂl 12.t AR AHBlets Mby dptGrERY De. colated/\& Sddra® and may be formulated so

intrayenaus, | ntradernm | Vit L

i i str o B 1 Areved B 8t PBW@%&%&%@&?@%FFM@%%%@&%@W e

dosage for m exampiey hydroxyprpriirethilcelinlpsenin vargingpeoportions o provide thedasire

pharmacy. Sugdles8d Bdtife.| "FdbIStS rhi\e oplicriang’ b 'pro\idetd with! &n asitérid abating, ltoe

active ingredien th the ar'{ her"i/\é%c%‘cﬁ@?t Ltut eg one 5 or nore

accessory i ngF¥e e?.sel"hpﬁ'g%‘é the out ofpet HARMe FOFR Ay e prepared by

uni form fﬂ_)an_d intimately bringing into association the active ingredient

wth liquid eamhilgfisnsOsutdtie! ior dbpitsl cadmpidtAtisrihl fleS nidutiP Ghdluder 6zenges | f

- nece;sar y s hggr'ngﬁsiﬁg b Q&dwlécutlg'redient in a flavoured basis, usually sucrose and acacia or
tragacanth; pastilles comprising the active ingredient in an inert basis such as gelatin
and giycerine, or sucrose and acacia; and mouthwashes complising the active

15  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.

20 Formulations suitable for vaginal administration may be presented as pessaries.
tampons, creams, gels, pastes, foams or spray formulations containing in addition to
the active ingredient such carriers as are known in the art to. be appropriate.

_ Pharmaceutical formulations suitable for rectal administration wherein the carrier is a

25 solid are most preferably presented as unit dose suppositories. Suitable carriers
include cocoa butter and other materials commonly used in the art. The
suppositories may be conveniently formed by admixture of the active combination
with the softened or meited carrier(s) followed by chilling and shaping in mouids.

30 Formulations suitable for parenteral administration include aqueous and non-
aqueous isotonic sterile injection solutions which may contain anti-oxidants, buffers,
bacteriostats and solutes which render the formutation isotonic with the blood of the
intended recipient; and aqueous and non_-équeous sterile suspensions which may
include suSpending agents and thickening agents. The formulations may be

35 presented in unit-dose or multidose sealed containers, for example, ampules and



10 The present invention further includes a pharnaceutical fornulation as
her ei nbef or,e defined wherein a conpound of forrmula (1) or a
pharmaceutical ly acceptabl e derivative thereof and at |east one further

t herapeutic agent are presented separately fromone another and as a kit of
parts. 15 Cg osié}f ons suitable for transdermal adm ni str apepitposids1de
pr esent ed as "§ Y& e pat ches adapted to remain in intimate contact with
the epiderm's of the recipient for a prolonged period of tine. Such patches
suitably contain the active conpound 1)44 n an opti-onal |y buffered, aqueous
solution or 2) dissolved and/or dispersed in an adhesive or 3) dispersed in
a polymer. A suitable concentration of the active 20 conpound is about 1%
to 25% preferably about 3% to 15% As one particular possibility, the
active conpound may be delivered fromthe patch by el ectrotransport or

i ont ophor agals, &%d gRiyebe stored itss fiebee-dried Ripaphitized) conditiorRespiringhonig tiie®) , 318

S i st r R 5T Rlid At 5 SRbmpleGset BF ijetiRs ‘ﬁ‘g‘ﬂ‘a&ﬁg%‘éachet :
or tabl et dodiseh Extemperianaeusinjacion selutiansaNd-SHERRDSIBNS F‘ﬁ&iécﬂrg% di ent ;

as a powdesierfls powdeH, gfanulss dndtablts sfith@kind mesipushsdestribed.an aqueous or
non- aqyeous liquid, or as an oil-in-water liquid enulsion or a water-in-oil
l'i qui d“erul si on. The active ingredient may al so be 30 presented as._a

bol us, el Syefemed unit dasage fomug&weﬁ arihose containing adaily dase; b daily)| di ng,

opti onal | ysyplddse0 RS H¥reMDavaaecitsd) oy andpproprité Sractismiherscofedf antdctive nay
be prepared by.conpressing in a suitable machine the active ingredient in a
free-fl ovvi’ﬂ%'eﬁfﬁ"ﬁ] such as a powder or 35 granules, optionally mxed with a
bi nder (e.g. povidone, gelatin, hydroxypropyl nmethyl WO 97/ 25337

PCT/ GBR6/ 08 3Rduid & einletstsR) thak b adailioh to ithe likgrétientnparticuianye mettioned
di sintegr aargovg the formulations o ﬁ:'isc”tnvention may include other agents conventional in the
art having regard to the type of formulation in question, for example, those suitable
for oral administration may include such further agents as sweeteners, thickeners
and flavouring agents.
16
According to a further aspect of the invention, there is provided a process for the
preparation of compounds of formula (1) above and derivatives thereof which
comprises:- '

20 (A) reacting a compound of formula (i)

25 (wherein L is hydrogen, or leaving atom or group and RZ, R3 and R4 are as
hereinbefore defined, Z1 and Z2 are the same or different and are groups RS and

RE as defined in relation to formula (l) or protected hydroxy groups and Z3 is a
~‘group R7 as defined in formula (l) or a protected hydroxy or hydroxymethyl group)



gl ycol l ate, cross-linked povidone, cross-linked sodi um carboxymethyl
cel lul ose) surface-active or dispersing agent. Mul ded tablets may be nade
by noulding in a suitable machine a m xture of the powdered conpound
moi stened with an inert liquid 5 diluent. The tablets nmay optionally be
coated or scorw y be fornulated so as to provide sl ow ecramesnensi ed
rel ease of the YR ngredi ent therein using, for exanple,
hydr oxypr opyl net hyl cellul ose in varying proportions to provide the desired
release profile. Tablets may optionall'y besprovided-with an enteric
coating, to provide release in parts of the gut other than the stomach. 10
-Formul ations suitable for topical admnistration in the nouth include
| ozenges conprising the active ingredient in a flavoured basis, usually
sucrose and acacia or tragacanth; pastilles conprising the active
ingredi ent iwithra suitatie (nafigenatinghagentgaicht as Nebromgsyeainamide o5y wheR bo§e@ and
fiPaC! S_i ~and Qiﬂtﬂb?’%%bf?@t 18106 §iolB, ?%?Glal)éﬁ(flé_(ea halo ol edeteas brommmesor 4abl e
iquid carrier. Fornmul ations for r al a LSkr res as
a supposi t or JIRPHIST eApTBR e‘kx@sg@zﬂw-”ggaﬁ%r@%"xgpﬁa@cgv o %&?ﬁor a
salicyl ate. 24pPhaig, spphy@s methyisuiphpne b i fagthyigwphenate ‘%ﬂ y& ) BE
present eds as.to@%&ar(hmpﬁszmngﬁ grdlipeans. RBEIRS, apaskes z1f @@manar 28 pareyas
fornmul ations containing.in addition to_the acti ¥ i&gvredi,e%tos 'sucg carriers
as are knownherginbetore defined, with aparaipe ioh farmulaNREEL tWhesein K5 3R ?iagmas
sui tabl e forheremibefore definéd)! & Aydrazinelot formuid HAHNRTIRZ (whereia R11sard R14r e
nost pref er afley 43" GRREHBEfORS dEfinkdy]OBR alYRES! bPI fofrfiulaSH-NRIE 18 Cakyl, €an
i ncl ude cocoa]kbutter aﬂﬁvgt Eji 1t t(f'%i al E(ygommnl y used in the art. The
supposi t or i e¥“HHPHRC LLIAEH 'NFE‘ HE8UYby admi xture of the active
conbi natygn with the softened or nelted carrier(s) followed by chilling and
shaping | n gk dgiaBfl SERGEHL Agenf Subt 4 Rtfablif aRFHGHAR! Biad isBhiftin 3 | On
. include aqueous ana non-" aqueous I'sotonic sterrle 1njection solutions which
may contai n ROIBPSIOMaTEA® s, buffers. bacteriostats and sol utes which render
the forrmulation isotonic with the blood of the intended recipient; and

aqueous and @ngﬁgﬁg‘%%@é&@hﬁq@mpgs whi ch may include suspendi ng.

agents and t i ons may be

15
R3 \
. R1 (1))
' N
R4 N .
(wherein R1, R2, R3 and R4 are as hereinbefore defined) with a compound of

20 formuta (IV)

(V)

71 22

25 (wherein Z1. Z2 and Z3 as hereinbefore defined and L1 is a suitable leaving group
or atomn in the alpha or beta position. for example, a halo (for example fluoro, chioro



35 presented in unit-dose or nultidose seal ed containers, for exanple,
anpul es and. WO 97/ 25337

PCT/ GB96/ 03151 14 vials, and may be stored in a freeze-dried (1 yophilized)
condition requiring onIy the addition of the sterile liquid carrier, for
exanpl e water for injections, immediately prior to use. Exte

i nj ection sol lY’(‘?B?’?ss:’JS’nd suspensi ons nay be prepared from st e%@%@%as
granul es and tablets of thé kind previously described. 5 Preferred unit
dosage formul ati ons are thoSe contalﬂlnq daily dose or unit, daily
sub-dose, as herein above recited, or an approprlate fraction thereof, of
an active ingredient. 10 It should be understood that in addition to the
“ingredients particularly mentioned above the formulations of this invention
may include other agents conventional in the art having regard to the type

of formnul atdr%rhﬂ) %%R}HD& a&ﬁhloe(ﬁ“&laﬁrplé Pty IRiL), R BhrjiYr dﬁbﬁ‘%} ster

adm ni stration I ncl such rther "agents as sweeteners eners
and flavourd ﬁ'@f’ﬁ %bengaj&grcﬁc& to a further aspect of the invention,
there is provi ded a process for the preparation of conpounds of formula (I)

above and r H“ﬁ
corrpoung o%gﬁénﬁaﬁsz 'ti ﬁ&i’ ?gﬁzl ré)?\%%?morggf g%‘?'ﬁg?& eavl rﬁ; atom
or grou ?‘t' rﬁifl iz pdonReqes ore defined, Z[err]

and Z[err] are the sarre or dlfferent and are groups R5 and R6 as defined in

rel ation t for gctp,é Pr oups and Z3 is a group
R err] as. f| ne # ﬁuﬁ'ﬁé@f‘?%‘? r?(gﬂ( ed hydr oxy or hydroxynet hyl-
group)

(i) converting a compound of formula (I} or a protected form thereof into a furthér
10 compound of formula (1) or a protected form thereof;

(i) converting the compound of formula () or a protected form thereof into a
pharmaceutically acceptable derivative of the compound of formula (i) or a
protected form thereof;

15 .

(iv) converting a phamaceutically acceptable derivative of the compound of -
formula (1) or a protected form thereof into the compound of formula (1) or a
protected form thereof;

20 (v) converting a pharmaceutically aooeptable derivative of the_ compound of
- formula (I) or a protected form thereof into another pharmaceutically
acceptable derivative of the compound of formula (l) or a protected form

thereof;

- 25 (vi) = where necessary, separating the alpha and beta anomers of the compound of
formula (I) or of a protected derivative thereof or of a pharmaceutically
‘acceptable derivative of a compound of formula (1)

~ Process A may conveniently be used for the preparation of a compound of formula
30 (l) wherein R1 is halogen. Such compounds may conveniently be prepared by
reacting a compound of formula (ll) wherein L is hydrogen and R2, R3, R4, z1, Z2

- Z3 are as hereinbefore defined with a halogenating agent. 'Halogenation may be
effected in a conventional manner. for example, bromination using a brominating
agent such as N-bromosuccinimide (NBS) in an aprotic solvent such as



WD 97/ 25337 PCT/ GB96/ 03151 15 wth a
sui table hal-ogenatl ng agent such as N-brom)sucm nam de or when L is a
suitabl e | eaving atom or group, for exanple, a halo atom such as brom ne or
an organo (for exanple al kyl) sul.phone, or organo (for exanple al kyl or
aral kyl) sul ph%ggéﬁg_?, as net hyl sul phone (MeS(O)[err]), nethypeticEeaimse
(I\/bS(O)[err]O) or osylate (4-MePhS(O[err]O group and R err], Rerr]
and Rlerr], Z[err], Zerr] and Z[err] are as herei nbefore defined, with an
am ne of forrrula H-NR[err]R[err] (whereint R err] and R err] are. as

her ei nbefore defined), a hydrazine of formula H-NHNR[err]R[err] (wher ei n
Rlerr] and Rlerr] are as hereinbefore defined), an al kylazo of fornula
'-H-NNC[err] al kyl, an al koxyam no of formula H- N=HO( err] alkyl, 10 or a
sui tabl e di spl aci ng agent, such as tetrabutyl anmmoni um azi de or sodi um or
pot assi um aZeHahydrefuran §RJF) 95 PsefeEbio Inh disikane rhaated {9 B0y1505C] preferably
(wherein R etogpC. Rlerr], Rerr] and R err] are as herei nbefore defined)

wi th a conpound of 20 formul a (I'V) [err] 25 (wherein Zerr], Zerr] and

Z[err] as hereinbefore defined and L su_itabl l,gavi ng_ grqup,or
atom i n t he Gompeunsis offoanyia <) wherein r!SeNaﬁﬁgé’f -NHNR gREE dWh@'ﬁm‘rBBegg

fluoro, &hl RY and WO1%UFe UsIkfeinbefore defined), -N=NCq_g alkyl, or -NHOC1.g alkyl may

PCT/ GB96/ 03151
- conveniently be prepared from compounds of formula (1) wherein L is a halo atom,

such as a bromo or chloro atom, by reaction with an appropriate amine HNR8R9. a

hydrazine HNHNR11R12 (wherein R8, R9, R10 and R11 are as hereinbefore

defined), an azoalkyl HN=NC1_g alkyl or alkoxyamine HNHOC{.g alkyl. Typically,
10 the reaction is effected at an elevated temperature, for example, 70-80°C. in an
' organic solvent such as ethanol or dimethyisutfoxide.

. Compounds of formula () wherein R1 is azido may advantageously be prepared

from compounds formula (ll}, wherein L is a halo atom, such as bromo or chloro, by

15 reaction with a suitable displacing agent such as sodium or potassium azide or

- tetrabutyl ammonium azide in an aprotic solvent such as THF or 1,4 dioxane, at an’
elevated temperature such as 60-150°C, more particularly 1000C. a

Compounds of formula (il) wherein 21 andfor Z2 are hydroxy groups and/or Z3is a
20 hydroxy or hydroxymethyl group can, for example, be prepared from a
corresponding compotnd of formula (i) wherein 2} and/or Z2 are each a protected
hydroxy group and/or 23 is a protected hydroxy -or hydroxymethyl group.
Conventional protecting groups may be used for Z1, Z2 and z3. Advantageously
‘ester groups such as those described above in refation to the esters of the
25 compounds of formufa (I) may be used. These protecting groups may be removed
either by conventional chemical techniques such as sodium carbonate in methanol
- &r énzymatically, for example, using pig liver enzyme. Alternatively, Z1, Z2 and z3
may include silyi protecting groups such as fef-butyldiphenyl-, fert-butyldimethyl-,
- triisopropropyl-silyl groups which may be removed using an appropriate fluoride
30 source, for example HF/Pyridine, n-BugNF .or Et4NF or a cyclic acetal or ketal such
as benzylidene or isopropylidene groups which can be removed under acidic
conditions, for example, using tosic acid and methanol.

| Alternatively, the compound of formula (ll) where Z1 and/or Z2 are protected
35 hydroxy groups and/or Z3 is a protected hydroxy or hydroxymethyl group may be



16 or -bronp), an alkyl- or aryl-thio (for exanple phenylthio), or an aryl
or aliphati.c ester group such as benzoate or acetate; and thereafter or
si.mul taneously therewith one or nore of the follow ng further steps 5 may
be additionally performed in any desired or necessary order (i) ~renoving
~any remai ning protecting group(s); (ii) converting a conpo | a
(1) or a prot¥&%@Bbrmthereof into a further 10 courrfakgﬂﬁg9é°?{ﬁu
formula (1) or a protected formthereof; (iii) converting the conpound of
formula (1) or a protected Torm thereof {gnto a pharmaceutically acceptable
derivative of the conmpound of formula (li or a protected formthereof; 15
(iv) converting a pharmaceutically acceptable derivative of the conpound
of formula (1) or a protected formthereof into the conpound of fornula (1)
or a protected formthereof; 20 (v) converting a pharnmaceutically

accept abl e rgdgéby %ihvr-ﬁw Qéeﬁtfaﬁ uﬁeemrraﬁroaé v\fﬁeféﬂiﬂ the (léévmy greup 1.as eohestddor m

th f t t, | bl d
of Tormul a 11 §iecesregt Bl cotoun SimsRuRoMn Jemoyal bt Uik pldeding. SypE O "
separ at i ng Exampléphef modh bagentaninoiede ovd@mep!iammumdomh%r pumany 13ndor  of

a protect e%egswrgtdm.ﬁeé BRdViGing Sat Q!f\es% F@H&ﬂ‘iﬁéﬁﬂ)’yn liRhar are
derivative o 3f formula (1) Process A nay conveni ently be used
for the5pr &€Compound of formula 30 (1) wherein Rerr] is

hal ogen. Such conpounds may conveniently be prepared by reacting a conpound

f f I | Ed
g[erg]r m£3a aér,arh Smﬁﬁr@rfa s wﬁ§wu R RR[a%rﬂw afd 8§ hbreurﬁmre]uerﬁéerr]

~ Hal ogenat i (%1 yabB'r"glF&@ tgﬁmgyeeérg‘ggrv t |'§)ﬁlﬂda%fﬁﬁ%%hl %%Eﬂpgcted
 brom nat i orhydsixygneshy)r groip amiaycbengynthesiseth fromNa WMEGMIIWWUONIB@ ‘in
an apr OItO' C 15RhMSTH) WHERIPE, R2, R3 and R4 are as hereinbefore defined, Z1 is a hydroxy
~ group, Z2 is an erytho hydroxy group and Z3 is a hydroxymethyl group according to
the procedure of Kawana et al, J. Chem. Soc., Perlan Trans. |, 1988, 1583-1596.

Compounds of formula (ll) wherein L, RZ, R3 and R4 are as hereinbefore defined,
15 z1is hydrogen, Z2 is a protected erythro hydroxy group and Z3 is a protected
hydroxymethy! group may be prepared from the corresponding compound wherein -
C2 is hydroxy using the Bartons deoxygenation process as described in D.H.R.
Barton, J.Cs. Jaszberenyl Tetrahedron Lett. 1989, 30, 2619-2622 . The C2 hydroxy
: compound referred to above may be prepared from the corresponding ribose
20 compound by treatment with an appropriate protecting agent or agents, for example,
a silylating agent such as 1,3-dichloro-1,1,3,3-tetraisopropyldisiloxane in the
presence of a solvent such as pyridine and ata temperature rangeof 56-70°Cand
preferrably at ambient temperature.

25 Cempounds of formula (1) whereir\ R1 is as hereinbefore defined and compounds of -
formula (1) wherein L is as hereinbefore defined may be prepared oy reacling a
compound of formula (V) .

R
““’ﬁ%— '
X V)
R4 N

30



PCT/ GB96/ 03151 WD 97/ 25337 17 tetrahydrofuran (THF) or preferably 1,4

-di oxane heated to 60-150[err]C, preferably 100[err]C Conpounds of fornula
(1) wherein Rlerr] is -NRerr]Rerr] or -NHNRerr]Rerr] (wherein Rerr],
Rlerr], 5 Rlerr] and Rlerr] are as hereinbefore defined), -N=NC[err]
alkyl, or - NHOG.&rdhk. aLkyl may conveniently be prepared from criersassse!
formula (11) wherei nqL Is a halo atom such as a brono or chloro atom by
reaction with an appropriate amine HNR err]Rerr], a hydrazine _
HNHNR[err] Rlerr] (wherei-n Rlerr], Rerr],;gRlerr] and Rlerr] are as

her ei nbef ore defined), an azoal kyl HN=NC err] al kyl or al koxyam ne
HNHOC[ err] al kyl. Typically, 10 the reaction is effected at an elevated -
tenperature, for exanple, 70-80[err]C. in an organic solvent such as

et hanol or di et hyl sul f oxi de. Conpotnds of - forrmul.a (1) wherein Rerr] is
azi do- may advant ageously be prepared from conpounds formula (11), wherein L
s ahalo algmHRR RS HORP A aCALABeidd abfned SRFKII0BahENEIKT RD ©

di spl aci ng agent such ‘as sodi um or potassl umazide or tetrabutyl” amoni um
“azi de in an agmeseinbefors defineds with aepmpqungof formulg B¥hne, at an el evat ed
tenperature such as 60-150[err]C, nore particularly 100[err] C. Conpounds of
formul a gll) wherein Z er] and/or Zerr] are hydroxy groups and/or Z err]
is a 20 Yhydroxy or hydroxynet hyl _group can, for exanple, be prepared from
a correspondi ng conmpound of formu (I'l) wherein Zerr] and/or Z[err] are
~each a protected hydroxy group gnd§yor Zerr],bi,s a protected hydroxy or -
hydr oxynet hyl group. Convdnt ™ pr ot ect i ng('gfoups may be used for Zferr],
Z[err] and Z[err]. Advantageousyysester groups such as those described
above in relation to the esterss of the 25 conpounds of forrmula (1) may b
used. These protecting groupglmayzBe renoved either by conventional -
chemni cal techniques such as sodi um carbonate in nethanol or enzymatically,
for exanple, using pig liver enzyme. Alternatively, Z[err], Zerr] and
Z[err] (wherein 21, Z2, 73 and L1 are as hereinbefore defined). : .

10  The reaction of the compounds of formula (IV) and (V) may be effected using a
Lewis acid such as trimethyisilyi triflate, stannic tetrachloride, or boron trifluoride, the
former being preferred. The reaction is generally effected in an aprotic solvent and at

" an elevated temperature, for example, in acetonitrile at 15-30°C or 1,2-
dichloroethane at 70-90°C. '

15 : .

The compound of formula (V) is advantageously trimethyisilylated at the N4~ position
in the above procedures to improve solubility; for example by treatment with
trimethylsilyl chloride, hexamethy! disilazane or, most preferably, N,O-bis-"
trimethylsilyl acetamide (BSA). - This silylation can be effected in a soivent preferably
20 1,2-dichloroethane or acetonitrile preferably at 70-80 °C. After completion of the
| silyiation reaction, a Lewis acid may be added followed by addition of the compound
of formula (IV). | |

Compounds of formula (IV) may be produced by conventional methods prior to

25  coupling with the base or derived by modification of another sugar moiety which is
already part of a nucleoside. For example, compounds of formula (V) wherein L1is

as hereinbefore defined, Z1 is hydroxy or a pro{ected hydroxy -group, Z2 is an
erythro hydroxy or a protected erythro hydroxy group and 23is hydroxymethyl or a
protected hydroxymethyl group, may be prepared by methods analogous to those

- 30 known for D-ribose derivatives or by methods readily available from the chemical
literature, for example, by methods described in Acton et al. J. Am. Chem. Soc,



may include silyl protecting groups such as tert-butyl di phenyl -

tert-butyl dinmethyl-, triisopropropyl-silyl groups which may be renoved
usi ng an appropriate fluoride 30 source, for exanple HF/ Pyridine,

n- Bu[ err] NF or Et[err]NF or a cyclic acetal or ketal such as benzylidene or

|sopropyI|dene roups which can be renoved under acidic cond
exanpl e, usi n 33 acid and nethanol. Alternatively, the c&%‘gﬁﬁgaiﬁ

formula (I.1.) mhere Z['err] and/or Z[err] are protected 35 Hydroxy groups
and/or Z[err] is a protected hydroxy-or ,gydroxynet hyl..group may be WO
97/ 25337 - PCT/ G3B96/ 03151 18 -
reacted with an agent or under conditions whereby the leaving group L is
converted to the desired Rlerr] group simultaneously with renoval of the
protecting groups. Exanples of such agents include cyclopropyl am ne and

ot her pri nto64, 88(535Z.0% préferréd compolid v fimdlat(hgtis tecompamatwheremn 21
Formila (153 X ETaR Sech QEICHadm 77 % CHEPIEHS, ThEESERud BEIL S ©
dgf ; ng?ot Zirepar]:gna an miabagznts&daﬁnﬁdmmageuelppeétoer@inbose (R.0x Gusthriecaved ﬁ([je; 5 ]
i fempndi
conmpound §t6§ ?ﬁd W%’d\% P”??_e Ef?ru? 9E?[ferr angbﬁfg‘?ﬁs are as
her ei nivef JPE’VB@I“PEE@”@['E?P]’“?S a hydroxy group, Z[err] is an erytho

hydr oxy group and Z3 is a hydroxynet hyl group according to the procedure of

Kawana et "‘ﬂﬂ %nﬁ a}g% g 835265 goig)'.énds of
EREB Rk e N ety

ngqu’and a%rﬂﬁhhuﬁﬁgacp rp;rt FCérfhdl fmsv eéysmﬁéxisea rmtmorm@,peﬁ&ﬁgrsﬁeai rom

d Bar t
oo Jh 5 TRER Mlefdl et et Bpinphate-etier Stndsiin i 41 ahid Boakiony

Tet r ahedr dr.g. benzylaag ®r afkoxy f6g.anehipry) Wmehwmamﬁ estegfying ed to
above may dyenBlRRAA0ah RJlatinG ageht’ ¢STORMPNE dri 868 @nhydride, such as acetic

anhyridie or benzoic anhydride in the presence of a minerai acid, for example,
sulphuric acid. The reaction may be done at a temperature of -20 to 30 °C and
15 ° preferrably at a temperature of 5°C in a solvent such as acetic acid.

Such ethylated compounds may be synthesised from the corresponding C2, C3 diol

by treatment with an appropriate esterifying agent such as an acylating agent, for

‘example, an acid anhydride such as acetic or benzoic anhydride in an appropriate

20 soivent such as pyridine or in an organic solvent such as acetonitrile in the presence

of a base, for example, triethylamine (TEA) and a nucleophilic catalyst such as N{N-

dimethylaminopyridine (DMAP). Such diol compounds may convenientty be

prepared by cleavage of the comesponding C2, C3 cyclic ether compound by

_ treatment with a weak acid such as Dowex 50 in the _presenée of an alcohol, for

25 example, methanol. Appropriate cyclic ethers include cyclic ketals, for exampie,
isopropylidine. ' |

Cyclic et'her. compounds wherein Z3 is CH3 may' be prepared by dehalogenation of
the corresponding compound wherein Z3 is a CHphalo group, for exampie, CHaCl or -
30 CHpF. Typically the reaction is carried out in the presence of a free radical initiater,

such as -azo-iso—butymnﬂﬁle (AIBN), a solvent, for example, toluene and at a
temperature in the range of 70 to 110 °C for example 90°C. Compounds wherein
Z3 is a CHahalo group may be prepared by halogenation of the corresponding sugar

moiety wherein Z3 is. CH20H. Halogeriétion may be effected in a conventional .



20 conpound by treatment with an appropriate protecting agent or agents,
for exanple; a silylating agent such as
1,3-dichloro-1,1, 3,3-tetrai sopropyl disiloxane in the presence of a sol vent
such as pyridine and at a tenperature range of 5 - 70 C and preferrably at
anbi ent tenpera $ns Compounds of fornula (1) wherein R erpdricso6asisi
"her ei nbef ore de ineg and conpounds of fornmula (11) wherein L is as

her ei nbef ore-defined nmay be prepared by reacting a conpound of fornula (V)
[err] 30 WD 97/ 25337 - ) : _ .
_PCT/ GB96/ 03151 19 (wherein R err], Rerr] and R err] are as hereinbefore
defined and X is equivalent to R err] or L as hereinbefore defined), with a
~conpound of formula (1V) 5 [err] (wherein Z[err], Z[err], Zerr] and L[err]
are as hereinbefore defined). 10 The reaction of the conpounds of fornula
(1'V) and (V) nemnebefaf éxarhpid, chlorigativn_aging aciagestshctagst fripheoyl yprmisphine
triflate, stQpngp)m%r&gahie&bﬁem,fzfrebzaum?m.hbétbhw.i de, the former being
preferred. The reaction is generally efrected in an aprotic solvent and at
an el evated tenperature, for exanple, in acetonitrile at 15-30[err]C or

1, 2- di chl or Gichaatoraéthyilzodijornds Gaylte freparsdnfrom cdmaferdiallyravaialily/)L-dbose
advant agegusl | WY M;@ [ P | L | mb?e
procedureg t(?x’ Ith%d}rﬁ\@/é@%lﬁhhﬁlﬁh&ﬂ f?‘f)? e e{y 'ﬁé{r%{'/mﬁ ﬁ?aﬁ?gr%tl dv&v{d% E&é& o
trinet hyl si | puiRbHTG RFN aniempesttHi rapgsiaf 0,506, Genvenieatly g €308} 1aMRLrAIEE: bi s-
trimet hyl si | yolicheetanireltmeBOAlth anipretesting/agent ssuchas 2)2-dintdtrotypcbpane im_an _
solvent preferdflViate aprotic solvent such as fetrahydrofuran or preferrably 2,2-
' dimethoxypropane itseif. The reaction may be carried out in a temperature range of

10  minus 10 to 60 °C and preferrably at ambient temperature.

Compounds of formula (IV) wherein L1 is as hereinbefore defined, Z% is an erythro
protected hydroxy group, Z2 is a threo protected hydroxy group and 23 is a
protected hydrdxymethyl group may be synthesised from L-xylose in ‘@ manner

15 analogous to that described by Gosselin gt al (Nucleic Acid Chemistry improved and
New Synthetic Procedures, Methods and Techniques, Part 4, Ed. L B Townsend, R
S Tipson) starting from D-xylose.

~ Compounds of formula (IV) wherein L1 is as-hereinbefore defined, 2! and Z2 are
20 protected erythro hydroxy groups and Z3 is hydrogen may conveniently be prepared
by treating the comesponding sugar moiety wherein C1 is hydroxy and Cg and C3
‘are ether groups, for example, cyclic ketais such .as isopropylidine. Such vicinal
'sugar moieties may be prepared by the method described by Hudlicky et af 1990, J.
Org. Chem., 55, 4683.
25 o o
* Compounds of formula (V) wherein X is L or a -NRBR® group (wherein L, R8 and R9
are as hereinbefore defined), may be prepared in accordance with the methods
described in PCT spegcification WO92/07867 incorporated herein by reference.

30 Altenatively, compounds of formula (V) wherein X is R and R is a group -NR8R®
~ wherein R8 and R are as hereinbefore defined may be prepared by reacting a
compound of formula (V). ' '



20 1, 2-di chl oroet hane or acetonitrile preferably at 70-80 [err]C. After

conpl etion.of the silylation reaction, a Lews acid may be added fol |l owed

by addition of the conpound of formula (I1V). Conpounds of formula (IV) may

be produced by conventional nmethods prior to 25 coupling with the base or

derived by modification of another sugar noiety which is al rgadys of a

nucl eosi de. PP 931D e, conpounds of formula (1V) wherein L[err]iﬁggggs

" hereinbefor.e defined, Z[err] is hydroxy or a protected hydroxy group,

Z[err] is an erythro hydroxy or a protegbed erythro hydroxy group and Z3 is

hydr oxynet hyl or a protected hydroxymet hyl group, may be prepared by

- met hods anal ogous to those 30 known for D-ribose derivatives or by nethods

~readily available from the chemical literature, for exanple, by nethods

i described in Acton et al. J. Am em Soc, WO 97/ 25337 .

'+ PCT/ GB96/.03151 20 1964, 86, 5352R<A preferred compound of formula (I1V) is

- the conmpound wherein Zerr] Zert] and L[err] are each OC(O CHerr] and
Z[err] is -CHerr]OC(O CH.grr]. ' ggfound may be prepared in an

anal ogous nmanner to that eVﬁTdﬁéd 0 ribosg,gR.D. Quthrie and S. C

Smth., Chemstry and In Y R -hg§'547-5 é , followed advant ageously

by 5 recrystallisation fffom et npounds of formula (1V) wherein

L[err] 'is as hereinbefore defined, Z[err] and Z[err] are protected erythro

hydr oxy grouyps and Z[err] .is CH er [ er. ' err] is a
hal o at om P”'ﬂ Iat!i’cﬁ%'é‘%éf agents cap %Iof WW%@%@#F%@@@S%%@#%%’
cor r es pondiTggicaliypeampsundsuif éermuleh @) may beTeadtediwitt ap iseitieeyapaterof dormyta L p
such assanrqm)yl oxy, arylal kyloxy (e.g. benzyl oxy) or al koxy (e.g. nethoxy)
by treatnment with an appropriate esterifying agent, such as an acylating
agent, for exanple, an acid anhydride, such as acetic anhyridie or benzoic
anhydride in the presenceﬁ%ﬁﬂéRgR%éﬂﬁl acid, for exanple, sulphuric acid.
The reaction may be done at a tenperature of -20 to 30 [err]C and -

wherein R8 and R9 are as hereinbefore defined.
10 |
The reaction may be carried out in the presence of a carbodiimide such as
dicyclohexyl carbodiimide or 1-cyclohexyi-3-(2-morpholinoethyl)carbodiimide metho-
p-toluene- sulphonate conveniently in the presence of an aprotic aromatic solvent
such as toluene and most preferably pyridine and at an elevated temperature,
15  preferably 75-160°C. . :

| -Compbunds of formula (V) wherein X is hydrogen may be obtained commercially or
altematively may be prepared by reacting a compound of formula (Vi) with
‘formamidine under aqueous acidic conditions, at reom temperature to 80°C.
20 ' : o :
Compounds of formula (Vi) may be prepared from the appropriate
corresponding othro nitro aniline in the presence of a reducing agent such as
reduced iron, for example, in the presence of an acid, most preferably hydrochioric
_ acid . ‘This reaction is typically carried out in the presence of a solvent, ethyl aicohol
25 for example , in a temperature range of 50-78 °C (B. Fox and T.L. Threlfall, Org.
Syn. Coll. Vol. 5, 1973, p. 346).' Alternatively, such ortho phenylenediamines may be
prepared in the presence of a reducing agent such as catalytic Raney nickel, also in
the presence of hydrogen. This reaction is typically run in the presence of a solvent,
ethyl alcohol for example, at ambient temperatures (K. Dimroth, et al, Org. Syn. Coll.
30 Vol 5, 19?3. p. 1530). More particularly, such ortho phenylenediamine:s may be
' prepared by methods described in the literature.



15 preferrably at a tenperature of 5[err]Cin a solvent such as acetic
acid. Such ethylated conpounds may be synthesised fromthe corresponding -
C2, C3 diol by treatnent with an appropriate esterifying agent such as an
acyl ating agent, for exanple, an acid anhydride such as acetic or benzoic
anhydride in anygepeepfi ate 20 sol vent such as pyridine or in rOT/CBYGRAINSE
‘'sol vent such as acetonitrile in the presence of a base, for exanple,
‘triethylanine (TEA) and a nucleophilic catalyst such as Nlerr]N-

-di met hyl ami nopyri di ne (DVAP). Such di ol cespounds may conveniently be
prepared by cleavage of the corresponding C2, C3 cyclic ether conpound by
treatnent wwth a weak acid such as Dowex 50 in the presence of an al cohol,
for 25 exanple, methanol. Appropriate cyclic ethers include cyclic ketals,
for exanple, isopropylidine. Cyclic ether conpounds wherein Z[err] is

CH err] may be prepared by dehal ogenation of the correspondi ng conpound

\gner ei InI Z| ?Lcampéur?is%i[fsm&lam éideMHt ) n’ﬁé‘{ %@;sﬂ;rmka bﬂr%@lf ode ][we?chnoW(lj'IZtE a

i ca action is out .in the sence of .a a

"t ater | hiRdgersdtor Bag Avaufi me eheme Bttt arydhned EmREaiRy o
‘toluene and at a tenperature in the range of 70 to 110 [err]C for exanple
90[ err] Cs Corgperdiieonditey ﬁ!tﬁe%%énﬁoﬁn@#%@é@ fred by rﬂ&ﬁo&?w@ﬂ%xﬁﬂthé’an

il ogenat | orfohByPSeC A GERRRING, St doRtid ook o conve%cgv%éer iy 1
PCT/ GB96/.03 Reemablmester by freactior awith an appfumateaestemfytuglaggnhrﬁora@@mpl%m as

triphenyl phgppdpriaee 6883Alidé Br hhyeiridani ¢ sol vent, for exanple,
acetonitrile. Such hal onet hyl conpounds nmay be prepared from comrercially

avail able L-ribose 5 by treatnment with an al cohol, for exanple, nethanol
in a.m iéralA eampouridof foxmuial @, may bproonveriexdt intb amoaesmtphgaphmamganwf
10-50[err] C AeoaMaplecathby ofiion'hﬁféml)t SVREICAON With J&éﬂﬂ%t@%lk&faﬁﬁé BB&kt ind h an

protecting agent oSy mannerz’ - di met’hoxypropane in an

The compeunds of formula (l) including esters thereof, may be converted into

18 pharmaceutically acceptable salts thereof in conventional manner, for example by
treatment with the appropriate acid. An ester or salt of an ester of formula (I) may
be converted into the parent compound, for example, by hydrolysis.

The beta and alpha anomers may be separated and isolated in pure form by silica
- 20 gel chromatography using a single scivent or a combination of sotvents such as 1:20
methanol:dichioromethane. |

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

25 Phamaceutical examples means a _oompound of formula (f) or a pharmaceutically
acceptable derivative thereof. The te_rm'also' covers a compound of formula (I) or a
pharmaceutically acceptable derivative thereof in combination with one or more
therapeutic agents. '

30
Example 1:



appropriate aprotic solvent such as tetrahydrofuran or preferrably 2, 2-

di met hoxypr-opane itself. The reaction may be carried out in a tenperature
range of 10 mnus 10 to 60 [err]C and preferrably at anbient tenperature.
Compounds of fornula (1V) wherein L[err] is as hereinbefore defined, Zerr]
is an erythrorfrq%ggsed hydroxy group, Z[err] is a threo propepicRoessys OXy
group and Z[ e ﬂ’ prot ect ed hydroxynet hyl group may be synthesised from.
L-xyl ose in a nmanner 15 anal ogous to that described by Gosselin et al

(Nucl eic Acid Chenistry I nproved and-NewgSynthetic-Procedures, Methods and
Techni ques, Part 4, Ed. L B Townsend, R S Tipson) starting from D xyl ose.
Compounds of fornula (1V) wherein L[err] irs as hereinbefore defined, Zerr]
and Z[err] are 20 protected erythro hydroxy groups and Z[err] is hydrogen

- may convenientl¥ be prepared by treating the correspondiqg sugar noi ety
“wherei n C[ Ehe Jfollawing diosmylations @& @nd] Bawarecpsengredrly #ehcd gv’e&%,Off*BP

- exanpl e, cyclld ] i idi &b VGl . heti es
may e pr et Wi S5t ORI oWefihy, st ofhiiNest s et
Chem , 55, dfdBéompresSionpounds of fornmula (V) wherein Xis L or a -NRBR9.

group (wherein L, Rerr] and R err] are as herei nbefore defined), may be
prepared in accordance with the nethods described in PCT specification

W92/ 07@67Wt ed herein by reference. 30 Alternatively, conpounds

of formula erein Xis Rand Ris a group -NRerr]Rerr] wherein
"Rlerr] and Rlerr] are as hereinbefordnﬂﬁﬂiﬁEd may be pr by reacting a
conpound of forrmula (VI). WO 97/ 25337 _
- PCT/ (B96/ 03151 22 [err] with an agent or agents capable of cyclising the
di anine i nfap a Autiveiimgredient e. - 250 250
| (b) Lactose B.P. . 210 26
10 () PovidoneB.P. - 15 )
(d) Sodium Starch Glycollate 20 12
(e) Magnesium Stearate _5 3
- 500 300
15 Eormulation B _
| ma#tablet . mahablet
(@)  Active ingredient 250 250
(b) Lactose | 150 -
20 () Avicel PH 101 60 26
(d) PovidoneB.P. ' 15 9
(¢)  Sodium Starch Glycollate 20 | 12
)  Magnesium Stearate _5 3
500 - 300
25
Formulation C



Typical l y conpounds of formula (1) may be reacted with an isothiocyanate of
formula 5 (VIl) S=C=NR[err]Rerr] (VIl) wherein Rerr] and R err] are as
her ei nbef ore defined. 10 The reaction may be carried out in the presence of
~a carbodiimde such as dicycl ohexyl carbodiimnm de or -
- 1-cycl ohexyl - 3-\(,6-%9;10I i noet hyl) car bodi i m de net ho- p-tol uerrer/caespishat e
conveniently in if presence of an aprotic aromatic sol vent such as tol uene
and nost preferably pyridine and at an el evated tenperature, 15 preferably
75-150[err] C. Conpounds.of fornula (V) whegein X is-hydrogen may be

obt ai ned commercially or alternatively may be prepared by reacting a
conmpound of forrmula (VI) with formam di ne under aqueous acidic conditions,
‘at roomtenperature to 80[err]C. 20 Conpounds of formula (VI) may be
-prepared fromthe appropriate correspondi ng 058@0 nitro aniline in the
presence of Actvedngiedipiigent such as reduced ?n, for exanple, in the -
presence of Eﬁbt@% d, nost preferably hydrochlgggc acid.. This reaction is
typically carried out in the presence of a solvent, ethyl alcohol 25 for
exanpl e, in S8taremperature range of 50-78 [err]®(B. Fox and T.L. Threlfall,
Og. Syn. Coll. Vol. 5, 1973. p. 346). Alternatively, such ortho o
phenyl enedi a W@g“?ray be prepared in the presen%e of a reduci ng agent -such
as catal y§i c3gnesium stikadate al so in the presengggof hydrogen. This reaction
is typically rdn in the presence of a solvent, ethyl alcohol for exanple,

at anbient tenperatures (K. Dinroth, et al, Og. Syn. Coll. 30 Vol. 5,
01973, p. 113 > Dal i | ¥, h t 36F Y e
prepared by ?f.?’e? ﬁ%‘&vﬁrﬁ?@%t@%ﬁgﬁ %‘nbt%@yﬁ ﬁr%%@?@@ﬂy%%&tﬂ% gigg%%sm of.blﬁ '
PCT/ GB96/ 03148dmixed ingredients. The loctose used in formulation E was of the direct

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

10
Eormulation D _
mg/tablet
Active ingredient | 250.
15 Pregelatinised Starch NF15 150
' 400
.20 ' : mgftablet
Active ingredient | 250
Lactose ' 150
| Avicel ' _ . 100
25 - | | - 500



- 23 Conpounds of forrmula (VI) and (VII) may be prepared by nethods well
known it o a skilled person or readily available in the chemcal literature
or obtained comercially. 5 Esters according to the invention may be
prepared by nethods well known in the art, for exanple, a conpound of
formula (1) m%ﬁﬁpe C?nverted'into a pharnaceutical |y accept ap@cgsiosisi Py
reaction with 7ﬁﬁﬁ opriate esterifying agent, for exanple, an appropriate
~acid halide or anhydride. 10 A conpound of forrmula (lI) may be converted
into a correspondi ng pharmaCeutically acgeptable ether of forrmula (1) by
. reaction with an appropriate al kylating agent in a conventional manner.” The
- conpounds of formul.a (1) including esters thereof, may be converted into 15
pharmaceutically acceptable salts thereof in conventional manner, for
~exanple by _treatnent with the appropriate acid. An ester or salt of an
“ester of f&henformutatiomwss ipeepased &yiwet granyatior of thecingrediants (hrlow) with a
exanple, b o) 1S, e a h : S nd
i sol ated i %°’B%‘9£ +%§Jr?$'[%9];si If‘?{(ta:)g’g Olggg?:'&cﬂdr o_r'ra ogfr ap%_eﬁgﬁlgﬂgéréﬁang
~sol vent or cemprasbionati on of solvents such as 1:20 nethanol : di chl or onet hane.

The follow ng Exanples are intended for.illustration only and are not
intended to limt the scope of the invention in any way. The term'active
ingredignt as used in the 25 Pharnaceutical e means a conpound of

formula (1) or a pharnmaceutically acceptable deritvative thereof. The term
al so covers a conmpound of formula (1) or a pharmaceutically acceptable

derivative,thergqgf i,n ¢ nation with one or no t herapeutic agents. 30
@ a5l S dPalERR | 560 -

Exanpl e 1:*Tabl ons
' (b) Hydroxypropyimethyicellulose 112
(Methocel K4M Premium)
10 (c¢) Lactose B.P. | 53
(d) - Povidone B.P.C. ' 28
{e) Magnesium Stearate _ —L
| 700
15 Exampie 2:
" Capsile Formulati |
20 Fommulation A

- A capsule formulation was prepared by admiking the ingredients of Formuiation D in
Example 1 above and filling into a two-part hard gelatin capsule.  Formulation B
(infra) was prepared in a similar manner. '

25 '
Eormulation B

(@) Active ingredient 250



‘WO 97/ 25337 : - PCT/ GB96/ 03151 24
The fol:lowi ng fornulations A and B wer e prepared by wet granul ation of the
ingredients with a solution of povidone, followed by addition of nagnesium

stearate and conpression. 5 Fornulation A ng/tabl et ng/ t abl et
(a) Active in 250 250 (b) L 2Ctracn96/63151
210 %89‘5/‘?3%0 (c) Povi done B. P. 15
9 (d) Sodium Stafch Gycollate 20 : 12" (e) Magnesium
Stearate 5 500 - °30@715 Forrmul-ation B ng/tabl et
nmg/tablet (a) Active ingredient’ : 250 S 250 (b)
Lact ose 150 20 (c) “Avicel PH 101 60
26 (d) Povi done B. P 9 (e) Sodi um
Starch Glyc?l Iate 12 () %‘,fswm Stearate
5 500- %‘9%? QEF -Formul ati on C ny/t abl et PCT/ GB96/ 03151
{¢) Sodium .Starch Glycollate 25 '
(d) Magnesium Stearate ' _2
' 420
S FommulationC
mg/tablet
(@)  Active ingredient | 250
(b) Macrogol 4000 BP . _ 350
10 | N 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.

15 Eormulation D
| maltablet
Active ingredient ' : ' 250
Lecithin 100
Arachis Oil | - 100

20 - 450

Capsules were prepared by dispersing the active ingredient in the lecithin and
arachis oil and filling the dispersion into soft, elastic gelatin capsules.

'25  Formulation E (Controlled Release Capsule)

The following controlied release cépsule ‘formuiation was prepared by extruding

ingredients a, b and c using an extruder, followed by spheronisation of the extrudate



WD 97/ 25337 25 Active ingredi ent | : 100 Lactose

200 Starch = _ : : 50 Povi done

5 5 Magnesium stearate 359 The fol |l owi ng
~formulations, D and E, were prepared by direct conpression of the adm xed
“ingredients. 94 ose used in formulation E was of the dip, B 1
conpressi on-type (%é ry Crest - "Zeparox"). 10 Formul ation D ng t9ﬁﬂ ?
“Active Ingredient - ' 250 15 Pregelatinised Starch
NF15 400 Fornulation E 20 ST

ng/ tabl et Active Ingredlent ' 250 Lact ose

150 Avi cel ' 100 25

500 Formul ation F (Controlled Rel ease Formul ati on) WO 97/ 25337
PCT/ GB96/ 03151 26 The formul ati on was prepared by wet granul ation of the
i ngr edi ent &nfilxbying) The Hried pellets were then coated with release-controlling membrane

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

mg/tablet

5
(a) Active Ingredient 250
(b)  Microcrystalline Cellulose 125
(© Lactose BP : 125
(d)  Ethyi Cellulose ' 13
10 513
Exampie 3:
Injectable F. lati
15
- Eormulation A
Active ingredient - 0.200 g
Hydrochloric acid solution, 0.1M g.s.topH4.0t07.0
20  Sodium hydroxide solution, 0.1M _ gs.topH40to7.0
Sterile water - © q.s.to 10mi

The_'active ingredient was dissolved in most of the water (359-40°C) and the pH
adjusted to between 4.0 and 7.0-with the hydfo_chloric acid or the sodium hydroxide

25 = as appropriate. The batch was then made up to volume with the water and filtered
through a sterile micropore filter into a sterile 10m! amber glass vial (type 1) and
sealed with sterile closures and overseals: '

Egunulatiqh_&



sol uti on of povidone foll owned by the addi ti on of magnesium stearate and

conpression> 5 . : ng/tablet (a)
Active I ngredient ' - . 500 (b) _ '

Hydr oxypr opyl met hyl cel lul ose = - 112 (Methocel KAM Prem um 10 (c)
Lact ose B.P. WO0.97/25337 53 (d) Povi done B. P.REGT/GB96/43151

28 (e) Magnesi um St ear at e ' 7 700 15 Exanple 2:

Capsul e Fornul ati ons 20. For mul ati on A A capsule fornulation was prepared
by adni xing the ingredients of Fornmulatiod®D in Exanple 1 above and filli ng

into a two-part hard gelatin capsule. Formulation B (infra) was prepared in
a simlar manner. .25 Fornulation B ng/tablet (a) Active ingr.edient
250 WD 97/ 25337

PCT/ GB96/ 03151 27 (h) Lact ose B. P. 143 (c)-
Sodi um Starch dycollate . : 25 (d) Ivagne5| um St ear at e
2 420 Active ingredient ' ' . 0.125¢g
Sterile, pyrogen-free, pH7 phosphate buffer, g.s. to 25 mi
5
Example 4

10  Active ingredient - 0.20g

Benzyl Alcohol 0.10g
Glycofurol | _ 145¢
Water for Injection - g.s. to 3.00 mi

15 The active ingredient was dissoived in the glycofurol. The benzyl alcohol was then
added and dissolved, and water added to 3 ml. The mixture was then filtered
- through a sterile micropore filter and sealed in sterile 3 ml amber glass vials (type 1).

Example §
20
Syp -
Active ingredient o 025009
Sorbitol Solution - : 1.5000 g
25° Glycerol - 2.0000 g
Sodium Benzoate _ | 0.0050 g
Flavoirr, Peach 17.42.3169 0.0125 m

Purified Water  q.s.t05.0000ml



5 Formulation C ng/tablet (a) Active ingredient 250

(b) Macr ogol 4000 BP 10 : _ 600
Capsul es were prepared by nelting the macrogol 4000 BP, dispersing the
active ingredient in the nelt and filling the nelt into a two-part hard
elatin capsule. 15 ForrrulatlonD / t abl et Actlvelnredl '
250 Lecit th WO 97125337 _ " 100 Ar gChI S FB96/03151
100 20 . ' 450 Capsul es were
prepared by di spersing. the active ingrefient in the lecithin and arachis
~oil and filling the dispersion into soft, elastic gelatin capsules. 25

Formul ation E (Control |l ed Rel ease Capsule) The following controlled rel ease
capsul e formul ation was prepared by extruding ingredients a, b and c using

an extrud (o} e |- r 37
- PCT/ GB96/ 8‘2?5%‘9&5 Wﬁgﬁg&’mﬁ;ﬁ% &%&%i rP% 'Q"(Flfrgf.g%m%r (gnancoat gg%%?%
r el ease- c quiified Wi mm‘a vetss(sdjutisnfithe kmﬂumrbamzaaiewmaqoﬂ'uenaddledrtd thel atin
I t bI 9 Act i I i ent” 0 (b
Kﬂagfg c-rey s ‘qtpgﬂe Eﬂ%}g gdd:t(:;on Y) hengaaéggolution and finally the flavour. %I?e (b)
volume was made up with purified water and mixed well.

5
Example 6
Suppository |
Active ingredient (631m)* 250
Hard Fat, BP (Witepsol H15 - Dynamit Nobel) 1770

2020
15 *The active ingredient was used as a powder wherein at least 90% of the particles
were of 631 m diameter or less.

One-fifth of the Witepsol H15 was meited in a steam-jacketed pan at 45°C
maximum. The active ingredient was sifted through a 1001 m sieve and added to
20 the molten base with mixing, using a silverson fitted with a cutting head, untit a
smooth dispersion was achieved. Maintaining the mixture at 450C, the remaining
Witepsol H15 was added to the suspension and stirred to ensure a homogeneous
mix. The entire suspension was passed through a 2501 m stainless steel screen
and, with continuous stin_‘ing, was alioﬁed to cool to 400C. At a temperature of 380C
25 to 40°C, 2.02 g of the mixture was filled into suitable, 2 ml plastic mouids. The

suppositories were allowed#® cool to room temperature. -



(c) Lactose BP | 125 (d)  Ethyl Cellul ose

1310 ° . * 513 Exanpl e 3:
lnj-ectabl e Fornul ation 15 Fornul ation A Active ingredient

0. 200 g Hydrochloric acid solution, 0.1M g.s. topH4.0to 7.0
20 Sodi um hydr owe o2s3sd uti on, 0. 1M g.s. to pH 4. 8cieBdebB1s1
Sterile water g.s. 'to 10m The active

i ngredi ent was di ssolved in nmast of the wat er (35 40[err] C) and the pH
adjusted to between 4.0 and 7.0 with the Bydrochloric acid or the sodi um
hydroxi de 25 as appropriate. The batch -was then made up to volune with the
water and filtered through a sterile nmicropore filter into a sterile 10n
anber glass vial (type 1) and sealed with sterile closures and overseals.
Formul ation B WO 97/ 25337

PCT/ GB96/ 03151 29 Active ingredient 0.125 g
Sterile, pyrogen-free, pH7 phosphate buffer, qg.s. to 25 n 5 Exanple 4

I ntranmuscul ar injection 10 Active ingredient 0. 20
g Benzyl Al cohol 0.10 g

Chemical Exawples

Cyclopropylamine (5 mL ) and 2-bromo-5,6-dichloro-1-{5-deoxy-2,3-
. diacetyl-beta-L-ribofuranasyl)-1H-benzimidazole (0.45 g, 0.96 mmol) were

" combined with absolute ethanol (15 mL) and stirred at 80 °C for 24 h. The
reaction mixture was concentrated and purified on a silica gel column (2.5
x-18 cm, 230-400 mesh) with 125 methanol:dichloromethane to give 0.42g
of crude product. This material was further purified on a second silica gel
column 25 x 18 cm, 230-400 mesh) with 1:2 hexanes ethyl : acetate to give
a white solid (0.050g, 0.14, mmol, 31%); m.p. 186-187 °C; [2}20p = (+) 62.0
(c=0.5 DMF); UV Amax (€): pH 7.0: 302 nm (9,500), 275 (1,800), 259 (9,100);



G ycof urol 1.45 g Water for

I nj ection

g.s. te 3.00 nl 15 The active ingredient was dissolved in the glycofurol.
The benzyl al cohol was then added and di ssol ved, and water added to 3 mnl.
The m xture was then filtered through a sterile mcropore filter and seal ed

in sterile 3 gl ass vials (type 1). Exanple 5 20 Act
0.2500 g SOrbﬂoﬁqgg?lgutlon | 1. 5000 gj"eztg’cb%gsg
2.0000 g Sodi um Benzoate ' - 32 . 0.0050 g Flavour,

17:42. 3169 70.0125 nmt Purified Water
g.s. to 5.0000 ni WO 97/ 25337

I ent
r ol
Peach

PCT/ G896/ 03151 30 The active ingredi ent was di ssolved in a mxture of the
gl ycerol and nost of the purified water. An aqueous sol ution of the sodium
‘benzoat e 'waMS {ED: afet(elel mtmh@)ssﬂmsnérM-l)p IIH)M KPMBOHIE) @7.46 (s, he

sorbitol soly %%%i%”ﬁh'&.@e}&d

purified vvater

g%{?g}g%g mqq lupjvmth

ny/ supposi t a7 § 6 K2)i 322 (G {He TR hE 48332y .20(d,1t£8) H, | = 7.2 Hz), 4304g01H5, g Fat

BP (Wt epsolHH1J = 6.6¥))8.89 (e/1¢])) 3.79-3.V6 (2D 2H), 2.77-2.71 (m, 1H,

cyclopropyl-CH), 134 (d, 6H, H-5', J=6.6Hz), 0.70-0.67 (m, 2H, cyclopropyl—

CH?2), 0.56-0.48 (m, 2H, cyclopropyl-CH?2).

Anal. Caled. for C15H17N303Clp: C, 5029; H, 478; N, 1173, __

Found: C, 50.38; H, 4.88; N, 11.52.

Cyclopentylamine (1 mL ) and 2-bromo-5,6-dichloro-1-(5-deoxy-2,3-

diacetyl-beta-L-ribofuranosyl)-1H-benzimidazole (0.40 g, 0.86 mmol) were
combined with absolute ethanol (10 mL) and stirred at 80 °C for 24 h. The .
reaction mixture was concentrated and purified on a silica gel column (2.5

x 18 cm, 230-400 mesh) with 1:20 methanol:dichloromethane to give 0.36g

of crude product. This material was further purified on a second silica gel
column (2.5 x 17 cm, 230-400 mesh) with 1:1 hexanes ethyl : acetate to give
a white solid (0.27g, 070, mmol, 81%); m.p. 172-173 °C; []20p = (+) 39.6

(c=0.5 DMF); UV Amax (€): pH 7.0: 304 nm (10,200), 276 (2,000), 260

(9,400);

MS (CI): m/z (rel. intensity) 386 (65.63, M"); 1H NMR (DMSO-dg) d 7.40 (s,

- 1H, Ar-H), 731 (s, 1H, Ar-H), 6.62(d, 1H, NH, ] = 6.8 Hz), 570 (d, 1H, H-1', J

=69Hz),523(d, 1H, OH,}=3.6Hz),521 (d, 1H, OH, ] = 6.9 Hz), 430 (q, 1H,
H-4', ] =6.7 Hz), 4.19-4.12 (m, 1H, cyclopenty}-CH), 3.95-3.87 (m, 1H), 3.81-

3.76 (m, 1H), 2.49-2.47 (m, 2H, cyclopentyl-CH2), 1.97-1.93 (m, 2H,

cyclopentyl-CH?), 1.36 (d, 3H, H-5', }=6.3H2).

Anal. Caled. for C17H21N303Cl2: C, 52.86; H, 5.48; N, 10.88.
Found: C,52.93; H,550; N,10.77. :



15 *The active ingredient was used as a powder wherein at | east 90% of the
particles were of 631 mdianeter or less. One-fifth of the Wtepsol HL5 was
nmelted in a steamjacketed pan at 45[err]C maxi num The active ingredient
was sifted through a 1001 m sieve and added to 20 the nolten base with

m Xi ng, using awpishysysgon fitted with a cutting head, until a RITGEEIG/03I51

di spersion was achi eved. Mintaining the g%xture at 45[err]C, t he remai ni ng
Wtepsol Hl5-was added to the_suspension d stirred to ensure a
honbgeneous ni x. The entire suspension was passed through a 2501 m

.stainl ess steel screen and, with continuous stirring, was allowed to cool
'to 40[err]C. At a tenperature of 38[err]C 25 to 40[err]C, 2.02 g of the

m xture was fE Ied!igto suitable, 2 ml plastic noulds. The supp05|tor|es
were all owed to room tenperature. WO 97/ 25337

PCT/ GB96/ 03151 31 Chn1ca| Exanples
:2- Cycl opr opy| 2as86rc q €de "y
‘benzi mi dazol e g¥C Ian1ne (5 ) and
. 2- br ono- 5, 6- dlbﬂl - deoxy- 2, 3-

-di acetyl - beta-L- rlbofuranosyl) 1H—ben2|n1dazole (0.45 g, 0.96 nmol) were

‘conbi ned wi t h jgdpsre étﬁiﬁﬁl)wz-bwmm-mﬂom-(a:dea Ry-Rordihdetflor 24 h.

(% %08 om %ﬂ&%ﬁ?ﬁ%ﬁﬁtﬁ%@&eﬁw eSS Rrandee 2 U0 ofve
0. 42g of crudsombmﬁcthhmlwmtbw@h%)fmdm%a*%‘%@rcmla Theond
silica gel colredBtion3nixtirelWas toncetvatd@ Andgaltifi eans Pimiiad amgmethyl

it le s el B, TR
(9,500), 275( megbanol cgglyomgtbg}a and 1:1 ethyl ac a hexans and 1:4 acetone :
' dichloromethane to give a white solid (0.18g, 0.70, mmol, 60%); m.p. 103-
105 °C; [o]20p = (+) 38.8 (c=0.5 DMF); UV Amax (€): pH 7.0: 303 nm (10,400),
276 (2,500, 260 (10,000); MS (CT): m/z (rel. intensity) 360 (14.26, M*); 1H
NMR (DMSO-dg) d 7.39(s, IH, Ar-H), 731 (s, 1H, Ar-H), 6.57 (d, 1H, NH, J =
7.6Hz), 5.68 (4, 1H, H-T', ] =6.6 Hz), 523 (d, 1H, OH, J=4.8 Hz),521 (d, 1H,
OH, J = 7.1 Hz), 431 (q, 1H, H-4', ] = 6.7 Hz), 4.04-3.98 (m, 1H, isopropyl-CH),
3.95-3.87 (m, 1H), 3.81-3.76 {m, 1H), 1.36 (d, 3H, H-5', ]=6.5 Hz), 1.20 (d, 6H,
cyclopentyl-CH), J=6.6Hz).

BE

Anal. Calcd. for C35H19N303Cl2: C, 50.01; H, 5.32; N, 11.66.
Found: C, 49.88; H, 5.38; N, 11.36.

A solution of 2—bromo—5,6;didﬂoro-1-(2,3-di-0-acetyl-5-deoxy—beia-b
ribofuranosyl)-1H-benzimidazole(0.95 g, 2.0 mmol) in methanol (17 mL)
and ethanol (17 mL) was combined with a solution of sodium carbonate
(0.22 g, 2.1 mmol) in water (4 mL). The solution was stirred atrt for 2 h,
then acetic acid (0.24 mL, 4 mmol) was added and the methanol and
ethanol were removed on the rotoevaporator. The solution was then
extracted between ethyl acetate (150 inL) and water (2 x 50 mL). The



WD 97/ 25337 , - - PCT/ GB96/ 03151 32
M5 (Cl): miz (rel. intensity) 357 (3.16, M1); [err]H NVR (DMSO-d[err]) d
7.46 (s, 1H, Ar-H), 7.33 (s, 1H, Ar-H), .7.10 (d, 1HNH, J = 2.4 Hz), 5.59
(d, 1H, H1', J 6.6 Hz) 5 22 (d, 1H, OH, J = 4.8 Hz), 5.20 (d, 1H, OH J
7.2 Hz), 4.30 J 6.6 Hz), 3.89 (m 1H), 3.79-

2.77-2.71 (mv\&ﬂ?m Iopropyl CH). 1.34 (d. 6H, H5', J=6. GHES:’?’ES&%I%
(m 2H, cyclopropyl- CHerr]), 0.56-0.484m 2H cyclopropyl-CHerr]).
Anal . Calcd. for CJerr]Herr]Nerr]@d ]| err] : C 50.29; H 4.78; N, 11.73.
Found: C, 5038; H, 4.88; N, 11.52. Exanple '

- 2-Cycl openytyl am no- 5, 6-di chl or o- 1- (5- deoxy beta-L-ri bofuranosyl) 1H
benzi mi dazol e Cycl opentylamne (1 nL ) and

- 2- br ono- 5, 6- QFEANGY Were qoncepizatpd and purified on a silica gel column (2.5 x 17

“di acet yl - bet am, 280400 yh@hy Syith- ﬁmmnﬁdﬂadbm&h&gmﬂh% mol ) were

The roact onPHERERSh Bl SRbardoh Btk Bt 2o dhfibidl el 7" O

el colum
(2.5 % 18 cnrostapedishlomatehane proyided a HENAid (B35 lohmeralns7%h gi ve
0.36g of crude pISEdlBSPC;]?ﬁPQDrm(-rQVl.al(c%DMB),{WW(B)‘: mmrzsamcond

silica gel c?é iﬁz‘fg‘)&)b bl{ :
tate t 73 C
TR el il sy sk et o
[276 ](a Rﬁq (BQQ(GBIH,(H)F P&S?z)),SMw,mﬁOHIﬂﬁﬁfﬁz}tsﬁﬁﬁﬁﬂ(mz& 6l\%grEL)
err S, I
1H NH J =8 k%éll#}é*i ﬂ"%ﬁ" 3%)(5‘ M%%Q‘}’?H ﬁiquuom J =
3.6 Hz),5. 21(4,651‘1 5,0r05 H2)6. 9 Hz) 430 (g, 1H, H4', J = 6.7 Hz),
4.19-4.12 (m 1H, cycl opentyl - , 3.95-3.87 (m 1H), 381 376(m 1H),

2.49-2. 47 (mAI&HC;ﬂ&flfBP@l5ﬁnﬁ§b§ﬂﬂB)rC]37% H; £50;08) 7.8

ped

Found: C, 37.84; H, 2.99; N, 7.32.

- 2-Bromo-5,6-dichlorobenzimidazole (1.9 g, 7.0 mmol), N,O-
bis(trimethylsiyl) acetamide (2.1 mL, 10.5 mmol), -and: acetonitrile ( 50 mL)
were combined and refluxed under mtrogen for 20 min. The solution was
cooled to rt and trimethylsily] trifiate (2.5 mL, 12.8 mmol) was added.

After 15 min a solution of 1,23-tri-O-acetyl-5-deoxy-L-ribofuranose in
acetonitrile (10 mL) was added. The solution was stirred under nitrogen at
rt for 2 h, then diluted with 1:2 hexanes:ethyl acetate (150 mL) and
extracted with cold 10% aqueous sodium bicarbonate (50 mL) and water (50
mL). The organic layers were dried with magnesium sulfate (anhyd),
filtered, and evaporated. The crude residue was purified on a silica gel
column (5 x 16 cm, 230-400 mesh) with neat dichloromethane then with
(1:50) acetone: dichloromethane to give 2-bromo-5,6-dichloro-1-(2,3-tri-O-
acetyl-beta-L-ribofuranosyl)-1H-benzimidazole (2.3 g, 5 mmol, 71%}); m.p.
68-70 °C; [o]20D = (+) 26.4 (c=0.5 DMF); MS (CD: m/z 489 (M++Na*+, 1.52);
1H NMR (DMSO-dg) 88.09 (s, 1H, Ar-H), 7.97 (s, 1H, Ar-H), 612 (d, 1H, ] =



cycl opentyl-CH err]), 1.36 (d, 3H, H5', J=6.3Hz). Anal. Calcd. for
Cerr]Herr]Nerr]Jerr]CJerr]: C 52.86; H 5.48; N, 10.88. Found: C,
52.93; H, 5.50; N, 10.77. WO 97/ 25337 '

PCT/ GB96/ 03151 33 Exanple 3 '

2- | sopr oyl am noyg,.e5pEHs¢ Nl or 0- 1( 5-deoxy- beta-L-ri bofuranosyl) FidT/GB96/03151
benzi m dazol e | sopropyl amne (5 nL) and

2- brono-5, 6-di chl oro-1- (5-deoxy- 2, 3-di acetyl - :

bet.a- L-ri bofuranosyl)-1H benzi m dazol e (0380 g, 0.86 mml) were conbi n_ed_
wi th absolute ethanol (20 nL) and stirred at 80 [err]C for 24 h. he
reaction mxture was concentrated and purified by nultiple cyclings on a

chromatotron fitted Si v

met hanol : di chi8 c?r%ﬁ')ets Elgnémf@%h'%‘ g@éﬂ%féoﬁh%ym&ﬁéiézf A% et one:
di chl or orret haifm, 1H, gi-#;;zan\(b,uaﬁaw);wq@,m&gpm 7.88 (dp3H, H-B0Pg=6.6n p. 103-
105 C, [err] +) 38.8 (¢=0.5 DWF); W [err] ([err]): pH 7.0:303 nm -
(10, 400), 276}#} 500), 260 (10,000); Ms (Cl): mz (rel. intensity) 360
(1426, I\/[err]) [err]H NVMR (DMSO-d[err]) d 739(s, 1H, Ar-H, 7.31 (s, 1H,
Ar-H), 6.57 (eh,naLm:aJuH fon CreE115N205C12Bx: 634123 mmsmme,m) 523
(d, 1HO—|JI4§, LNFposl (d 1H O4 J =7.1 Hz), 4.31 (q, 1H H4', J
= 6.7 Hz), 8 m 1H isopropyl-CH), 3.95-3.87 (m 1H), 3.81-3.76
(m 1H, 1. 36 (d, 3H H5, J=6.5 Hz), 1.20 (d, 6H, cyclopentyl-CHerr],
J=6. 6Hz). AnaExafmipied. for Cerr]Herr]Nerr]Jerr]d[err]: C 50.01; H,
532; N, 11.66. Found: C, 49.88; H 5.38; N, 11.36. Exanple 4

2- Brono- 5, 6-di -beta-L-ri bofuranosyl)-1H benzi m dazol e

Methyl 5-deoxy-2,3-di-O-acetyl-L-ribofuranoside (3.3 g, 152 mmol) was,
dissolved in acetic acid (20 mL) and acetic anhydride (5 mL) The solution
was cooled to ice bath temperatures and concentrated sulfuric acid was
added dropwise (1 mL). The solution was kept at 5° C for 4 days, then it
was poured into ice water (50 mL) and extracted with 3:1 ethyl
acetatechexanes (200 mL and 75 mL). The combined organics were washed
with 10% sodium bicarbonate (2 x 50 mL) and water (50 mL). The organic
layers were dried, and concentrated and the residue purified on a silica gel
column (5 x 15 cm, 230-400 mesh) with ethyl acetatechexanes (1:3). Both
anomers were observed but were isolated together as a clear 0il (2.2 g, 8.8
mmol, 58%); 1H NMR (DMSO-dg) 8 596 (d, 1H,J = 1 Hz), 523 (d, 1H, H-2,
J=5HRz), 496 (¢, 1H, H-3,] = 5.7 Hz), 424 - 4.16 (m, 1H, H-4),2.07 (s, 3H,
OAc), 2.05 (s, 3H, OAc), 2.02 (s, 3H, OAc), 127 (d, 3H, H-5,] =63 Hz).

Anal. Caled. for C11H1607: C, 50.77; H, 6.20. Found: C, 50.59; H, 6.17.
Example 7
‘Methyl S-deoxy-L-ribofuranoside (2.25g, 152 mmol) was combined with

acetic anhydride (10 ml, 106 mmol), triethylamine (20 mL), and N,N-
dimethylaminopyridine (0.2g, 1.6 mmol) in acetonitrile (100 mL). The



A sol ution of 2-brono-5, 6-dichloro-1-(2,3-di-0O acetyl -5-deoxy- beta-L-

ri bof uranosyl ) - 14 benzi m dazol €(0.95 g, 2.0 mol) in nethanol (17 nL) and
ethanol (17 nL) was conbined with a solution of sodium carbonate (0.22 g,
2.1 mol) in water (4 nL). The solution was stirred at rt for 2 h, then
acetic acid (8«?4 4 mol ) was added and the nethanol andpgifaab@isi¥er €
renmoved on th 3 aporator. The solution was then extracted between
ethyl acetate (150 nL) and water (2 x 5(6nl). The WO 97/ 25337

PCT/ GB96/ 03151 34 organics were concentrated and purified on a silica gel
colum (2.5 x 17 cm 230-400 nesh) with 1: 20 net hanol : di chl or onet hane.
Further purification-on a chromatotron fitted with a 2 mnrotor using 1:8
acet one: di chl or onet hane provided a white solid (0.43g nmol , 579%; mp.

136- 138 [errF@W@rW?Sméamfef%&hGh@WW[t@ﬁr#ﬂ‘ﬁ@ rﬂ}t;n pH 7.0: 299
nm (-8, 300) , a?s%o(v%d%ﬁ%On?ﬁEfé%ﬁQ&hteﬁéﬂar(eﬁ(& Dnid éoftractad) withl z (reI

Wiy 7 s plirded syl chbyge b gt Vg i, e e, M, g
J 6’0 Hz) , fa'ez@vz(scﬂnmnmncsnmisdeo ryeliow oib(33g, 143 mmok'$3%) = 6.4 Hz)

4.02-3.97 ( Mwhith wa. ¥ed Hifdetly Williut frther parifidition+ 5, J=6.5 Hz). Anal .
Cal cd. for C[err]H[err]N[err] err]CJerr]Br: C 37.73; H 2.90; N, 7.33. '
Found: C, 37.84; H, 2.99; N, 7.32. Exanple 5

2-Br ono- 5, 6- Exatiple 8- 1- (2, 3- d| O acet yl - 5- deoxy- bet a- L- ri bof ur anosyl ) - 1H-
~benzi m dazol e 2-Brono-5, 6-di chl orobenzi m dazole (1.9 g, 7.0 nmol), N O

bis(trinet hylliilyh%et a_ﬂ'_%e d E& i& 105 mmol ), and acetonitrile '(50 m)

Methy] 5-deoxy-2,3-O-isopropylidene-L-ribofuranoside (7.1 g, 37.7 mmol)
was combined with 80% trifluoroacetic acid (50 ml) and stirred at ambient
temperature for four hours. The solvents were removed in vacuo. The
crude product was treated with H2SO4 (0.5 mL) in methanol (50 mL) at rt
for 18 hour then quenched with solid NaFCQOj3, filtered and concentrated.
The gold residue was purified on a silica gel column (5 x 18 cm) with 1:15
methanol : dldtlommethane. Product was isolated as a mixture of the beta
and alpha anomers: (225 g, 152 mmol, 40%), which was used directly
‘without further purification. MS (API-; m/z (rel. intensity) 147 (100, M-H);
1H NMR (DMSO-dg) & 495 (d, 1H, 2-OH, ] = 43Hz), 477 (d, 1H, 3-OH, ] =
6.8), 4.75 (d, 1H, H-1, } = 1Hz), 3.80 ( apparent pentuplet, 1H, H-4, J=6.3Hz,
J=6.8Hz), 3.70 (apparent dt, 1H, H-2, J=4.3Hz, J=4.7Hz, J=1Hz), 3.61 (apparent
dt, 1H, H-3, J=6.8, J=6.8, }=4.7), 3.19 (s, 3H, OMe), 1.16 (d, 3H, H-5, ] = 6.3Hz).

Methyl 5dxloro-5-deoxy—2,3-isppropylidene-bribofuranoside was

* combined with azobis(isobutylnitrile, ATBN) {033 g, 0.4 mmol) and
toluene. The solution was purged with dry nitrogen for 20 ‘minutes.
Tributyltin hydride was added and the solution was warmed to 90 °C for
18 h. The reaction mixture was concentrated, redissolved in ether (100 )
mL) and combined with one equivalent of KF in water (50 mL) . After 30



were conbi ned and refluxed under nitrogen for 20 nin. The sol ution was
cooled to rtand trinethylsilyl triflate (2.5 nL, 12.8 mmol) was added.
After 15 min a solution of 1,2,3-tri-0O acetyl-5-deoxy-L-ribofuranose . in
acetonitrile (10 nmL) was added. The sol ution was stirred under nltogen at

rt for 2 h, theg, c/ﬁ% ed with 1:2 hexanes:ethyl acetate (150 ntQT/cwnéo3151
extracted vmth coI % aqueous sodi um bi carbonate (50 nL) and water (50
m.). The organic layers were dried with %gnem um sul fate (anhyd),
filtered, and evaporated. The crude résidue was purified on a silica gel
col um (5 X 16 cm 230-400 nesh) with neat di chl or omet hane then with (1:50)
acet one: di chl or onet hane to g| ve 2- brom) 5, 6 dICh| oro-1-(2,3-tri-0O

3o 70 [orr) CL;;‘%P?@ i (? 1@& %@%% }/F & ?’W“ﬁ%" o
- red residue

(7|\/[9(7arE]s+N?I[—|ermaslﬁuntﬁd]cm4d:hcag¢1 cblumn (SWW)ZQBBISeﬂuy o

PCT/ GB96/ 0315} cetatethearids) H.)éz obHix?edasJaae&o‘il.Ui.é 3 mmdll, 1H,

L1 A

OAc). 1.48 (db”éﬂ! %‘#l 5D
Clerr]Her r] N0y MeCHa) m{wsoasm&ms,m&nm& Bol-2,Fsund: C,
41.42; H, q, 1H, H-4, }=7. 0Hz),3.21 (s, 3H,

acetic acd ?Wﬁ%@%ﬁﬁﬁ‘l?ﬁﬁ??ﬁ §%‘3§ R A S P

ice bath tenperatures and concentrated sulfuric acid was added dropwi se (1

nL). The sol uAnap Cia&. kRitgHg c%[ea.sk:sﬁﬂfoc %&amsan FeindiC, $831pHLr ed into
I ce water (50 ry]) and extracte with 3

Example 10

Methyl 2,3-isopropylidene-beta-L-ribofuranoside (165 g, 80.8 mmol) was
combined with anhydrous acetonitrile and carbon tetrachloride.
Triphenylphosphine was added and this solution was stirred under
nitrogen at ambient temperature. After 18 h the solution was concentrated
to a thick suspension. This mixture was partially purified on a silica gel
filter pad (4 x 14 cm) with 1:2 ethyl acetate : hexanes to give a light yellow
oil product: (17.8 g, 80 mmol, 99%); [«}20p = (+) 81.6 (=0.5 DMF); MS (CI):
m/z (rel. intensity) 191 (100, M-OCH3); 1H NMR (DMSO-dg) & 495 (s, 1H,
H-1),4.71 (d, 1H, H-2, ] = 6.0Hz), 459 (d, 1H, H-3,] = 6.0Hz), 416 (t, 1H, H-4,
J=7.7Hz), 358 (d, 2H, H-5, ] = 7.0Hz), 3.25 (s, 3H, OMe), 1.37 (s, 3H, CH3), 1.24
(s, 3H, CHg). |

Anal. Caled. forC9H1504Cl . 04C4I'!802 C,49.36; H, 7.11. Found: C, 49.53;
H, 6.83.

Example 11

l 2 - . ) -



acet at e: hexanes (200 nmL and 75 nL). The conbi ned organi cs were washed with
10% sodi um bi carbonate (2 x 50 nmL) ‘and water (50 nlL). The organic |ayers
were dried, and concentrated and the residue purified on a silica gel
colum (5 x 15 cm 230-400 nesh) with ethyl acetate: hexanes (1:3). Both
anoners were observed but were isolated together as a clear ﬁﬁgggg . 8
ol , 58%: [‘EPP]”FF:’RWR(DIVBOd[err]) [err] 5.96 (d, 1H, J=1 ? (d,
1H, H—2 J=5Hz), 4.96 (t, 1H, H3, J38 5.7Hz), 424 - 4.16 (m 1H H4),
2.07 (s, 3H OAc), 2.05 (s,™3H, OQAc), 2.02 (s, 3H,.QAc), 127 (d, 3H, H5, J
= 6.3 Hz). Anal. Cald. for (JerrJ]Herr](Jerr]: C 50.77; H 6.20. Found: C,
+50.59; H 6.17. Exanple 7 Methyl 5-deoxy-2,3-di-0O acetyl-L-ribofuranoside
" Met hyl 5-deoxy-L-ribofuranoside (225g, 15.2 mmmol) was conbined with acetic
- anhydride (10 m, 106 mmol), triethylam ne (20 nlL), and NN\

- dimethyl am nopppkdl(iSs §behimot) WaSEbHhbiried vHER iuiiol (B0@ADPasd) . The WO

; 51 36
“sol ution wasoBeeRtrated sulfpric pgid ﬁ%mt‘t)hghlscs@hmwﬁ?%m%‘g@éﬁl ck oil, then
~di ssol ved i neﬁiueraﬁmforaﬂwzmmﬁmwpms(wxmpma thed with
saturatec Sodyiihg oRfinid aPdibitRt Rimyiet8niad for ﬂ'mn%aani c |ayer

was dried an

was used di ried concen?ﬁ% wﬁstﬁ%d%éyel lLfBFF?OiBhP{‘?, : ﬁ%i‘d i hgl?,% ! Cr_]

5- deoxy- L-r |neéid1uanm between ethyl ace’mte(SOOmL) and 1IN HCI (43/:
5- gg_oxde 3- (}%))rae.afyﬁhﬁﬂw otgahich Wedé Waghed!ith10% MaHE O deied| ) was
co ined wt ot or tIC ac I ent
t enper at ur e ‘P’U‘g 6%%“% ‘ %ﬂg)@;&%g}g& r@%gﬂgﬂ’@
| g, 98 mmol, 95%); [o] (+) 97_0 (c=05 DMF); MS (Cl): m/z (rel.
intensity) 205 (58.28, M+); 1H NMR (DMSO-de) § 4.85 (s, 1H, H-1), £.80 (d,
1H, H-2, ] = 6.0Hz), 451 (d, 1H, H-3, ] = 6.0Hz), 3.98 (1, 1H, H4, J=5.8Hz,
J=8.9Hz), 3.37-3.26 (m, 2H, H-5), 3.19 (s, 3H, OMe), 1.36 (s, 3H, CHa), 1.23 (s,
3H, CH3).

Anal. Caled. for CoH1605: C, 52.93; H, 7.90. Found: C, 52.90; H, 7.88.

A solution of 1-(2,3-di-0—acetyl-5-dﬂorq—5—deoxy—beﬁ-bn’boﬁ:ranosyl)—5,6—
dichloro-2-isopropylamino-1H-benzimidazole(0.52 g, 1.1 mmol) in |
methanol (10 mL) and ethanol (10 mL) was combined with a solution of
sodium carbonate (0.17 g, 1.6 mmol) in water (5 mL). The splution was
stitred at rt for 24 h, then the methanol and ethanol were removed on the
rotoevaj:orator. The solution was diluted with ethyl acetate (150 mL) and
extracted with water (2 x 50 mL). The organics were dried, concentrated
and purified on a silica gel column (25 x 17 cm, 230400 mesh) with 1:25
methanol: dichloromethane to give a white solid (034 g 0.86 mmol,
79%); m.p. 95-97 °C; [J20D = (+) 13.6 (c=0.5 DMF); UV Amax (): pH 7.0: 303
nm (10,800), 276 (2,300), 260 (10,300), 245 (6,600); MS (API+): m/z (rel.
intensity) 394 (100, M*); 1H NMR (DMSO-d¢) & 7.52(s, 1H, Ar-H), 7.39 (s,



crude product was treated with Herr]SJerr] (0.5 nm) in nethanol (50 ni)
at rt f'or 18 hour then quenched with solid NaHCO err], filtered and
concentrated. The gold residue was purifed on a silica gel colum (5 x 18
cm with 1:15 nmet hanol : dichl oronet hane. Product was isolated as a m xture
of the beta anqwal %ﬁg Anoner s: (2.25 g, .15.2 mol, 40%, whi clpcraseIeasId1
directly wthout Pur.ﬁer purification. M5 (APl-; mz (rel. intensity) 147
(100, MH); [err]H NVR (DMSO-d[err])[err]3%.95 (d; 1H 2-OH, J=4.3Hz), 4. 77(d,
1H,3-0H,J = 6.8), 4.75 (d, 1H, H1, J =1Hz), 3.80 ( -apparent pentuplet,
1H, H 4, J =6.3Hz, J=6.8Hz), 3.70 (apparent dt, 1H H 2, J=4.3Hz, J=4.7Hz,
J=1Hz), 3.61 (apparent dt, 1H H 3, J=6.8, J=6.8, J=4.7), 3.19 (s, 3H
Oow), 1.16 (d, 3H, H5, J=63Hz). Exanple 9 Mt hyl

5- deoxy- 2, 3+ | 36hsykD. 6EPddoBHNL T+ BOIHMe oL (i dbh it y f = 74 Ha), 545,

22001 S( 1 sobut g KT TiTE o e *?Mmm e einey The Sol Ut on
was purged wi ?hd&a‘irwﬁ‘t?@ 1 '%'?'%#%hﬁu 'eg'. rﬁ’)%ﬁ?ﬁ%rl de was added
and the solution was warnmed to 90 [err]C for 18 h. The reaction m xture was
conpenlt r at ed],c AMF i Galed. fofl CI19HQQM§03@]?OCI).GU_¢HQ3O st\omnﬁgw; 2153339;4 Nhim1Is:

equi valent o Ny g I ter

PCT/ GB96/ 0315F‘<’g7dh(r‘fv1\g'§i\§é1litgg'n?§f1e% pitate was filtered off and the two
phases were separated. The organics were dried (Na[err]SOerr]), filtered

and concentrala%mfpl@_ﬁresi due was purified on a silica gel colum (5 x 16
cm) with 1:8 ethyl acetate: hexanes. Pure product was obtained as a clear
oil (7.3 g, 39 mol, (-) 0.6 _(c=0.5 DWVF); mz (rel.
intensity) 1788 i¢OXY-Data-MYEPQIEINBOSY ¢ 4.83 (s,

1H, H 1), 4.5%d

- 2-Isopropylamino-5 6-dichlorobenzimidazole (0.52 g, 2.1 mmol), N,O-
bis(trimethylsiyl) acetamide (0.58 mL, 2.4 mmol), and 1,2-dichloroethane (
20 mL) were combined and heated at 80 °C, under nitrogen, for 20 min.
The solution was cooled to rt and trimethylsily!l triflate (0.27 mL, 1.4
‘mmol) was added. After 15 min, 1,2,3-tri-O-acetyl-5-chloro-5-deoxy-L-
ribofuranose was added as a white solid. The solution was stirred under
nitrogen at 80 °C for 3 h, then diluted with 1:3 hexanes:ethyl acetate (150 -
mL) and extracted with cold 10% aqueous sodium bicarbonate (2 x 50 mL).
The organic layers were dried with anhydrous sodium sulfate, decanted,
and evaporated. The crude residue was purified on a silica gel column (2.5
x 18 cm, 230-400 mesh) with (1:40) methanokdichloromethane to give
crude product (0.71 g). This material was further purified by multiple
cyclings on a chromatotron fitted with a 2 mm silica gel rotor, using (2:3)
ethyl acetatechexanes and (1:200) methanok:dichloromethane. Product was
obtained as an off white solid (0.59 g, 1.2 mmol, 58%); [a]zo[) ={(-)4.8 {(c=0.5
DMF); MS (APl+): m/z 478 M+, 5.07).

Anal. Calcd. for C19szN305(33 * 0.60 C4HgO; « 050 CH2Cl2: C,45.82; H,
4.88; N, 7.32. Found: C, 46.04; H, 471; N, 7.14. '

_Emnjzls.l&



6.0Hz), 4.52 (d, 1H, H3, J = 6.0Hz), 4.20 (q, 1H, H 4, J=7.0Hz), 3.21 (s,
3H, Ow), 1.35 (s, 3H, CHerr]), 1.22 (s, 3H, CHerr]), 1.17 (d, 3H, H5, J
= 7.1Hz). Anal. Calcd. for (Jerr]Herr]Jerr] . 0.5 C[err]H[err] C,-58.02;
H 8.74. Found: C, 58.31; H, 8.47. Exarrple 10 Met hyl :

5-chl oro-2, 3-i sopropyl i dene-bet a-L-ri bof uranosi de Met hyl

2, 3-i sopropyl MR éz-s!éta L-ri bof uranosi de (16.5 g, 80.8 mTD|)PCV\ESGB(9.T6(§0 s ned
wi t h anhydr.ous acetonitrile and carbon getrachloride. Triphenyl phosphl ne
was added and this solution™as stirfed under nitrogen at anbient
tenperature. After 18 h the solution was concentrated to a thick
suspension. This mxture was partially purified on a silica gel filter pad
(4 x 14 cm) with 1:2 ethyl acetate . hexanes to glve a light yellow oil
product (17. @-tert-Biftviamsino-19G% BOR 8-k anOsyi)-Ofdichibfo-€Cl ). nfz
(rel. intensi 191. MOCH[err]) [err]H NIVR(DIVBOd[err]) [err] 4.95

(s, 1H H1): * H2,. J:60Hz)459(d 1H, H3,J = 6.0Hz),
4.16 (t, 1H H 4, J=7.7Hz), 3.58 (d, 2H, H5, J = 7.0Hz), 325 (s, 3H, OMWe),

-1.37 (s, 3H AGdletion bf 2-terfbutyiaminocH{ 23-dj-O-ackyl I-S—clﬁei'csﬂ-deb -beta-L-

C[err]H[err] er sl ers] 11. Found: C,
49.53; H, 6. hé?‘?ﬁ?fbg’f'dlg’ > y? ?L al(%%(;)%{?ras%ne bg?myl-rl bof ur anosi de

WD 97/ 25337 methanol (10 mL) and ethinol (10 mL) was comb 6/ 03151 38
L-Tibose (15sbdigem Sfkboale)(092§, Lathinoldnwrdter (Sahbp nwhe édlaaomasand
Concent o oS 9 ok ol S e S B | P
rotoevaporator The solution was diluted with ethyl ace!ate (150 mL) and
extracted with water {2 x 50 mL). The organics were dried, concentrated
and purified on a chromatotron fitted with a 2 mm silica gel rotor, using
1:20 methanol: dichloromethane, to give a2 white solid (029 g, 0.71 mmol,
92%); m.p. 112-114 °C; {ot}20p = (+) 0.80 (c=0.5 DMF); UV Amax (€): pH 7.0:
304 nm (11,000), 276 (2,200), 261 (10,400), 246 (6,500); MS (API+): m/z (rel.
intensity) 408 (31.50, M+); 1H NMR (DMSO-dg) & 7.63(s, 1H, Ar-H), 7.51 (s,
1H, Ar-H), 621 (s, 1H, NH), 5.83 (d, 1H, H-1', ] =7.5Hz),556 (d, 1H,OH,J =
4.8 Hz), 5.46 (d, 1H, OH, ] = 7.8 Hz), 4.36 (apparent q, 1H, H4, ] =74 Hz),
4.18-4.02 (m, 4H, H-2', H-3, and H-5"), 1.51 (d, 9H, CH(CH3)3).

Anal. Caled. for C16H20N303Cl3 * 0.50 H20: C, 46.11; H, 5.05; N, 10.08.
Found: C, 46.04; H, 5.02; N, 9.99. '

2-tert-Butylamino-5,6-dichlorobenzimidazole (0.43 g, 1.6 mmol), N,O-
bis(trimethylsiyl) acetamide (0.45 mL, 1.8 mmol), and 12-dichloroethane
{20 mL) were combined and heated at 80 °C, under nitrogen, for 20 min.
The solution was cooled to rt and trimethyisilyl triflate (021 mL, 1.1
mmol) was added. After 15 min, 1,2 3-tri-O-acetyl-5-chloro-5-deoxy-1-
ribofuranose was added as a white solid. The solution was stirred under
nitrogen at 80 °C for 2.5 h, then diluted with 1:4 hexanes:ethyl acetate (150



solution and stirring was continued at anbient tenperature for 18 h nore.
Pyridirme (40 m.) was added and the sol ution was concentrat ed. The residue
was partitioned between ethyl acetate ( 300 mL) and IN HCl (4 x 100 ni);
and then the organics were washed with 10% NaHCO err], dried with
Na[err] ST err], wieeassed and concentrated. The resi due was a gornGEsk3130. 0
g, 98 mol, 950)(5v err|] = (+) 92.0 (c=0.5DW); Ms (Cl): mz (rel.
intensity) 2065 (58. 28, I\/Hr) [err] H NVR (OMBO-d[err]) [err] 4.85 (s, 1H
H1), 4.80 (d, 1H H2, J = 6.0Hz), 4.51 (d, 1H H3, J 6. 0Hz), 3.98 (t,
1H, H4, J=5.8Hz, J=8. 9Hz), 3.37-3.26 (m 2H HJ5), 3.19 (s, 3H, Owe), 1.36 -
(s, 3H CHerr]), 1.23 (s, 3H CHerr]). Anal. Calcd. for

e ) O G b bl R oo 7 ). =0 01 01
(0] I o8 2
di chl or o- 2- |so%emgmmw&wmadm¢msg¢m§m¢¢medet hanol _

(10 L) and et bRAQka té&)fﬂ@éu&m@idﬁdwm%ﬂme@sﬁutsn&a gef o6t

U Tor 2 b, 1Kol 0ok shest) i (ronFaredianthing o e 8h'def °°

no§iEe an o

r ot oevapor at or whitessolid (0:42 gn 0.8 srmp), 67%) [012PP == HiP8 (=R IIMF; M® i) and
extracted w t hexpf.,8rm(/2 452 gi+14.35), The organics were dried, concentrated and
purified on a S|I|ca gel colum 2.5 x 17 cm 230- 400rresh) with 1:25

met hanol : di chl oronet hane to give a white solid (0 34 g, O, 86 nmol , 799 ;

M p. 9597 [ er Apel aisd: forC10HRANORCIC056 Caied + (b CHECla: € B4F FL pH 7. 0

303 nm (10, 800%4 .21&67(73 p%gg)hc?ﬁgp( 53@-(}.)1 745 (6,600); M5 (APl +): niz
(rel-. |nten5|ty) 394 err]) ﬂl([)err]H NVR (DMSO-d[err]) [err] 7-52(s,

1H, Ar-H), 7.39 (s, \/\097/ 25337
PCT/ GB96/ 03151Essmple 160 - H), 6.62 (d, 1H, NH, J = 7.3 Hz), 5.74 (d, 1H,
H1', J =74 H), 545 (d, |

A solution of 1-(3-deoxy-2,5-di-O-acetyl-beta-L-ribofuranosyl)-5,6-dichloro-
2-isopropylamino-1H-benzimidazole (0.36 g, 0.81 mmol) in methanol (10
mL) and ethanol (10 mL) was combined with a solution of sodium
carbonate (0.13 g, 1.2 mmol) in water (3 mL). The solution was stirred at rt
for 24 h, then the methanol and ethanol were removed on the
rotoevaporator. The solution was diluted with ethyl acetate (120 mL) and
extracted with sat'd NaCl (2 x 50 mL). The organics were dried (anhydrous

- sodium sulfate), concentrated and purified on a silica gel column (2.5 x 16

- em, 230-400 mesh) with 1:20 methanol: dichloromethane to give a white
solid (021 g, 0.59 mmol, 79%); m.p. 153-155 °C; [0J20D = () 328 (c=0.5
DMF); UV Amax (): pH 7.0: 305 nm (11,300), 276 (2,000), 260 (9,300), 246
(6,400); MS (API+): m/z (rel. intensity) 360 (90.85, M*).

Anal. Calcd. for C15H19N303C12 * 0.50 H20: C 48.79; H,5.46; N, 11.38.
Found: C, 48.91; H 539; N, 11.20.

Example 17



1H, OH,) = 4.5 Hz), 5.45 (d, 1H, OH, J = 73 Hz), 4.33 (g, 1H CH J =6.9
. Hz), 4.09-3.94 (m 5H, H2', H3, H4 and H5), 1.20 (d, 6H,

CH(CH err])[err]). Anal. Calcd. for (Jerr]Herr]Nerr](err]CJ[err]. 0.60
"CHerrlO C,-45.27; H A4. 97' N, 10.15. Found' C, 45.17; H 4.75; N, 10. 01.
Exanpl e 13 327 PCTIGBIG/N31S]
1-(2,3-Di - Oa‘(‘feﬁ/F 37 chl or o- 5- deoxy beta L-ri bof uranosyl) - 5 grcf ﬁmro 2-
i sopropyl anmi no- 1H benzi mi'dazol e 2-1sopr &yl ami no-5, 6-di chl or obenzi i dazol e
(0.52 g, 2.1 mol), NGO bis{trinethylisiyl) acetamde (0.58 niL,, 2.4 mmol),
“and 1, 2-dichloroethane ( 20 nmL) were conbined and heated at 80 [err]C, -
under. nitrogen, for 20 min. The solution was cooled to rt and
trimethylsilyl trlflate (O 27 n, 1.4 mmol ) was added After 15 mn,

1, 2, 3-tri - O HEDebxr-28hdicDacetvHbeta-f ~tibofurdnosyl)-5:b-dichtoroe2-ndded as awhlte
solid. The s ww nltrogen at 80 Cfor 3 h, then
~diluted with exanes: et hyl acetate (150 nlL) and extracted vmth col-d 10%
~aqueous sodi um bi carbonate (2 x 50 nL). The organic |layers were dried with
anhydrous soﬁ{&maubmdﬂxy%dmwmmmylm&dmm}ey due was

purified on ﬁﬁﬁr ohg?ﬁ‘gﬂ )-fﬁmnﬁaum M3 fdfol ngmﬁa guhaﬁl 40)

met hanol : di ¢

further purlﬁ%duﬁ Wﬁﬁe tokg‘sé %ﬂggg‘“t?ﬁsgoum%g&‘%ﬁlgﬁ%ml dmvi\:?Ll Zl 2wamsn

silica gel rptz mmmmmm&mmmmz I» gise

met hanol : di C ;s&ﬁﬁwsﬂdanum With deblohrae! i d (0. 59
g, 1.2 mol, Pl +). n12 478(|\/Hr
0 o Tl o etk LSt i)
Cerr]Herr ] é?ir&mﬂrated&ofgiv@iﬁ&grqfd‘qdapqodu@, Thes saterial wasggnﬁnd ore2. Found:
C,_46.04; H ,4dmed geNcolZm}fl(z.S X 16’9:192?«1’02@%33511) using (1:40)
PCT/ GB9e/ 0315%ethanol.d1c}doromeﬁ1ane to give a white solid (0.41 g, 0.92 mmol, 72%);
{a]20p = (-) 26.4 (c=05 DMF) MS (API+): m/z (rel. intensity) 444 (2163,

M+).

Anal. Caled. for C19H23N305Cl2: C, 51.36; H,5.22 N, 9.46. Found. C.

51.50; H, 5.25; N, 9.28.

5,6-Dichloro-2-isopropylamino-(beta-L-ribofuranosyl)-1H-benzimidazole
(1.7 g, 4.5 mmol), triethyl orthoacetate, and tosic acid monohydrate, were
combined in acetonitrile and stirred at ambient temperature for 18h. The
solution was treated with excess methanolic ammonia (ammonia was

- bubbled through 50 mL of cold methanol for 15 min). The resulting solids

- were filtered and washed with dichloromethane (100 mL). The filtrate and
washings were concentrated to a yellow foam which was combine with
acetyl bromide in 1,2-dichloroethane. The solution was heated in an 80 °C
oil bath for 30 min, cooled, then poured into cold saturated NaHCO3. This -
solution was extracted with dichloromethane (2 x 100 ml). The organics
were dried (anhydrous sodium sulfate), decanted and concentrated to a_
yellow brown oil (3.1 g). Purification on a silica gel column (5 x 10 em, 230-



40

2-tert- Butybam no- 1- (5- Chl or o- 5 deoxy- bet a- L-ri bof uranosyl ) -5, 6-«di chl or o-
1H benzi m dazol e A sol ution of

2-tert-butylam no-1-(2, 3-di -O acetyl -5-chl oro- 5- deoxy- bet a- L-

ri bof uranosyl ) way $p8sshl or o- 1H benzi ni dazol (0. 38 g, 0.77 rrrmP‘FT/GﬁS'm-ﬂanol :
(10 nL) and ethanol (10 nk) was conbi nedﬁnth a solution of sodium
carbonate (0.12 g, 12 nmol) in water (5 ). The solution was stirred at rt
for 18 h, then the nethanol and ethanol were renoved on the rotoevaporat.or.
The solution was diluted with ethyl acetate (150 nL) and extracted with
water (2 x 50 mL). The organics vvere dried, concentrated and purified on a

chromatotron f] W t h nm |ca | -

di chl or onet haf® “'t&gh gzléﬁm‘% Qﬁ%ﬁéﬁmﬁ%d%%% mag

112-114 [err]matafmu]ﬁusu-(enpuﬂﬁwma caimpdlp ) 14 4qar 0400 7 0: 304

nm (11, 00;)) 408  dsf gQi ﬁ&@ﬁ&%&ﬁ%mé}ﬁﬁ\ pife frdct)as arg% (ri:_I

i ntensit S

Ar-H), 7y51 %“ﬂh":@%é if F’i?ﬁ%ﬁf -ggfﬁﬂﬁ qum@ iﬁﬁ_ 7.5 Hz),

5. 56 (d, 1H, (H’Iﬂ m/z. (m;enstymzza( 00, ¥). OH, J = 7 8 Hz), 4. 36 (apparent
1H H4, J = 7.4Hz), 4.18-4.02 (m 4H H 2’ and H5'), 1.51 (d,

.q,

9H, CH(CH err r ] [err]

0 50 torr] 0 Aral g, (M EyoEAOsCheE < %ﬂ%ﬁi%}*ﬂﬁ R L

9. 99. Exanpl e43.89;:H143% N8/l ani no- 1- (2, 3-di - O acetyl - 5-chl or o- 5- bet a- L-
ri bof uranosyl) -5, 6-di chl oro- 1H benzi m dazol e :
2-tert-Butyl agi no- : di chl or obenzi m dazole (0.43 g, 1.6 nmol), N, O
bis(trirrethyl&%@?fﬁgetam de (0.45 ni, 1.8 nmol), and 1, 2-di chl or oet hane
(20 m.) were conbi ned and heated at 80 [err]C under nltrogen for 20 m n.

The sol uti on BESDiHib1e beda-l Feriip . 1.1
mol ) was add P ST 'n 1,2,3 tri- Oacetyl 5- chI or 0- 5- deoxy L-
ri bof uranose a0 whi te solid. The solution was st| rred under

A solution of 1-(2-deo -3,5—0-(1,1.3,3-tetra150propyl)dxsﬂoxanyl-beta L— _
erythro-pentofuranosyl)-5,6-dichloro-2-isopropylamino-1H-benzimidazole -
(025 g, 0.41 mmol) and tetrabutylammonium fiuoride on silica gel (1.0 g)
were combined in THF (8 mL). The solution was stirred at rt for 6 h, then
filtered. The solids were washed with (1:9) methanol:dichloromethane
and the filtrate and washings were concentrated and purified on a
chromatotron fitted with a 2 mm silica gel rotor, using (1:20) methanol :

~ dichloromethane. Product was obtained as a white solid after '
Iyophilization (013 g, 0.36 mmol, 87%); mp. 114-115 °C; [a]Xp = (-) 43.6
(c=0.5 DMF); UV Amax (¢): pH 7.0: 305 rum (11,300), 276 (2,000), 260 (9,400),
245 (6,3(1)), MS (ESP+): m/z (rel. intensity) 360 (5.34, M*).

Anal. Caled. for C15H19N303Cl2 * 0.20 H20 * 0.40 CH40: C, 49.11; H, 5.62;
N, 11.16. Found: C, 49.21; H, 5.68; N, 11.0L.



nitrogen at.80 [err]C for 2.5 h, then diluted with 1:4 hexanes: ethyl
“acetate (150 WO 97/ 25337 '

PCT/ GB96/ 03151 41 nl) and extracted W|th cold 10% aqueous sodi um

bi carbonate (2 x 50 nL). The organic Iayers were dried wth anhydrous

sodi um sul fat ted, and evaporated. The crude residue papchodesisied on
a silica gel C(ﬂunnﬂ(az 5 x 16 cm 230-400 nesh) with (1:100)

acet one: di ohl oronet hane to give an of f Wiite solid (0.42 g, 0.85 mml,

- 57%; [err] = (-) 10.8 (c=0.5 DMF); M5 (APl +): mz-492 (Merr], 5.35).

Anal . Cal cd. for C[err]H[err]N[err]CIerr]CI[err] . 0.50 C[errH[er-r]O. 0. 25
CHerr]C[err]: C 48.11; H 5.10; N, 7.74. Found: C, 48.19; H 5.00; N,
~7.57. Exanple 16

5, 6- Di chl or oS#QM%WMW%BhWM%WIMW&H

- benzi m dazol eetfisspropiDdisiloxanyl- l}-lH-benz:nudazole {051 g,

- 1-(3-d 2

- 2- fsop?ggzl am%ngbf@ﬁ%ﬁnﬁgazolJm%(fggw((ﬂgqﬁh)wwoﬂ P{?Q‘eé%o(lo m.)
~and et hanol mid ﬂde)ﬂWeﬁﬁl%MWﬁéBWh JBIrogeTs @u@MMKgéﬂate (0.13
g, 1.2 nmol )mlﬂomhﬁho!)&viﬁ-éddeﬁfﬁdsmbublmmmsbéawm90"06115&&1 24 h, then

- the net hanol ﬁﬁn#]h t The sol ut i on
was diluted W't ﬁ'tbﬁ{é acxﬁeﬂe Habﬁgf@h&g&é@m@ﬁ ggl? %sa "d Nad (2 x
50 mL). The aeejamba& {160 al)and 1 JA¥&ntrated -
~and purlfledmmwuaaeaehﬂcadetmﬁuna(ﬁxzoaﬁupm 230-400 nesh) with 1:20

ge:)haggls 155%%@err%ﬁﬂk¥%% %gajprﬂnfi (o?grr : pHg%

305 nm (11, 368} coloma, (25 3§)cm, 230-40@ mesh) using, (1:108 VB (API H: mz
(rel. intensidichiordatethate hgivé/h evhife)solid (0.34 g, 0.56 mmol, 83%); [o]20p =

(+) 17.0 (c=0.5 DMF); MS (ESP+): m/z (rel. intensity) 602 (69.52, Mt).

Anal. Caled. for Co7H45N304Cl2Si2 » 0.50 H20: C, 53.01; H, 758; N, 6.87.
Found: C, 52.94; H, 7.38; N, 6.70.

5,6-Dichloro-2-isopropylamino-1-(3,5-0-(1,1 3 3-tetraisopropyl)disiloxanyl- .
beta-L-ribofuranosyl)-1H-benzimidazole was combined with 4-(NN-
dimethylamino)pyridine {(0.46 g, 3.76 mmol) in acetonitrile 25 mL).
Chloro phenyl thionocarbonate was added dropwise, and the solution was

- stirred at ambient temperature under N2. After 18 h the solution was
diluted with (1:1) hexane : ethyl acetate then extracted with saturated NaCl
(2 x 50 mL). The organics were dried with anhydrous sodium sulfate and
concentrated. The crude product was purified on a silica gel column (2.5 x
18 cm, 230-400 mesh) using (1: 6) ethyl acetate : hexane. Pure product was
obtained as a white solid (1.1 g 1.4 mmol, 72%); [«]20p = (+) 612 (c=05
DMF); MS (ESP+) m/z (rel. intensity) 754 (100, M"‘)



‘Anal . "Calcd. for Jerr]Herr]Nerr](Jerr]C[err] . 0.50 Herr]O C, 48.79;
H 5.46; N, -11.38. Found: C, 48.91; H, 539; N, 11.20. Exanple 17 WO
97/ 25337 o PCT/ GB96/ 03151 42

1- (3-Deoxy-2,5-di -0 acetyl-beta-L-ri bofuranosyl) 5, 6-di chor o- 2-

1- ( 3- Br ono- 3- degy yriash - O acetyl - bet a- L- xyl of uranosyl ) - 5, 6- di ERF{GBIEEA1SI
(i sopropyl am no) - 1H— benzi m dazole 0.67 g, ,43 nmmol ), tributyltin hydride,
and Al BN were conbined in anhydrous toluene. The sol ution was purged wi t h
nitrogen, then heated to 90 [err]Cin an oil bath. After 2 h the solution
was cool ed to ambient tenperature and diluted with acetonitrile (200 ni)
and extracted with hexanes (3 x 50 nL). The acetonitril e Iayer was .

SN ca gol Gonheried o cSHn§EURSoRRAT Cn cHiyE, CRbl Byg B pur 11 e on

met hanol : di chb&dordrah €, 5684iH,6.72; Nab4d8. sol id (0. 41 g, 0.92 mmol , 729 ;
[err] = (-) 26.4 (¢c=0.5 DW); M5 (API+): mz (rel. intensity) 444 (21.63,

Merr]). Anal _ Calcd, _for Clerr]Herr]Nerr](Jerr]CJ[err]: C 51.36; H
5.22; N, 946Em9§ﬁ-2—20 51.50; H, 5.25: N, 9.28. Exanple 18
5, 6- D|chI or o- 2- |sopropyl am no- (bet a-L-ri bofuranosyl)-1H benzi m dazole (1.7

g, 4.5 mol), DL AN36elafife)- RIEE-00A113 S tdtthishrepldrat e, were
Sol ut | on mmm e LR ELHE s rron & was bubb 04
t hrough 50 nmL of cold nethanol for 15 min). The resulting solids were
filtered and %ﬁm&ﬂmﬁﬁb?fmap%%ﬁﬁﬂm |trate and
benzimidazole (5.0 g, 133 mmol) was combined with 1,3-dichlor-1,133-
tetraisopropyldisiloxane (4.6 mL, 14.6 mmol) and imidazole (3.6 g, 532
mmol) in DMF (14 mL). The solution was stirred under nitrogen at rt for
18 h. Water (160 mL) was added to the solution and the solids were
filtered off. The solids were dissolved in 1:1 ethyl acetate : hexane (360 mL)
and this solution was extracted with saturated NaCl (100 mL). The
organics were dried with anhydrous sodium sulfate, decanted and
concentrated. Crude product weighed 8.4 g and was purified on a silica gel -
column (5 x 16 cm, 230-400 mesh) with 1:100 methanol:dichloromethane
" to give 74 g of still crude material. Final purification on a Biotage Radial
Compression Module (Biotage Inc., Charlottesville, Va.) witha 75 x15cm
prepacked silica gél cartridge, provided pure product as a white solid (3.8 g,
6.3 mmol, 47%); m.p. 129-130 °C; [o]20D = (+) 484 (c=0.5 DMF); MS (AP+):
m/z (rel. intensity) 618 (100, M*).

D'iU

Anal. Calcd. for C27H45N3O5CI2Siz * 025 CgHi4 : C, 5346; H, 7.63; N, 6.56
Found: C, 53.55; H, 7.60; N, 6.74.




washi ngs were concentrated to a yell ow f oam which was conbine with acetyl
~bromide in 1,2-dichloroethane. The solution was heated in an 80 [err]C oi
bath for 30 mn, cooled, then poured into cold saturated NaHCJ err]. This
solution was extracted with dichloronmethane (2 x 100 ml). The organics were
dried (anhydrQus ipm sul fate), decanted and concentrated tpericrss0319iV
brown oil (3.1 g). Purification on a silica gel colum (5 x 10 cm. 230-

WD 97/ 25337- - - 6 _ PCT/ GB96/ 03151 43
400 nesh) “using (1:20) -nmethanol : dichl oronet hane provided 2.5 g of crude
material. Further purification on a silica gel colum (5 x 14 cm -230-400
mesh) using (1:50) acetone:dichl oronethane provided pure product as an off

LIS T (b B Sk i)
d err] H err] .2 g 225 enmiol) Was cdnibvined wittg Nalronigsuecirimide(0.88 §2.94-ound: C,
43.79; H, 435&{\2‘% -Jg@;y_ a_,%—fﬁ_iolc%ne (50 mL). This solution was heated in an

G olf B for 37

5, 6-Di chl oro- t hr o: pent of ur - 2= sapr.opyl am no-
1H benzi rri'daQé mjp. Thié ‘solutidn was coo!e%)%ﬁme)dm egpyl

1- ( 2- deoxy- 3asete(andleBra@tedowithil6%modinh bitashorate Shuld.- The |
(0728 5. P e e a1 g e e (26 )

.25 g, O. .),._and tetrahu noni ugL i on a .0g
wer e combi ne FWW&W@M@%%@W&FSﬁﬂ'M h, then
filtered. Thevitho{i:50) methanokxsdichloremethane &) givetawhite solid whictowas hane and
the filtrate;AbgiANASH HGAulEBPodRpaSRY 8 ISINMI tdiHat bf BhrPled. Chr omat ot ron

fitted with a 2 mmsilica gel” rotor, using (1:20) nethanol”
di'chl oronet hane.. Product was obtained as a white solid after

Anhydrous 1,2-dichloroethane (15 mL), 2-(isopropylamino)-5,6-
dichlorobenzimidazole ( 5.9 mmol) ), and N,O-bistrimethylsilylacetamide
( 11.8 mmol)) were combined and stirred at 80° C for 30 min.
‘Trimethylsily] triflate { 5.9 mmol) ) was added and the solution was stirred
at 80° C for 45 min. Solid 1,2,3 A-tetra-O-acetyl-L-ribofuranoside (L-TAR)
was added and stirring was continued at 80° C for 3 h. Moze L-TAR was
added (0.5 g, 1.6 mmol) at this time. After 1 hr the reaction was quenched
with cold saturated sodium bicarbonate (40 mL), then extracted with
dichloromethane (2 x 150 mL). The combined organics were dried _
(sodium sulfate), decanted, and concentrated to give 4.0 g of a gold solid. -
Tk_lismaterialwaspuriﬁedona_sﬂicageloolumn(Smx 16 cm, 230 - 400
mesh) with 1:30 methanol:dichloromethane to give an off white solid (221 -
g, 4.3 mmol, 73%); [6]20D = (-) 28.4 (¢=0.5 DMF).

Anal. Caled. for CooH27N307Cl2 » 1 CH4O C,5037; H, 5.70; N, 7.66.
Found: C, 50.74; H,541; N, 7.28.



lyophilization (0.13 g, 0.36 mmol, 87%; mp. 114-115 [err]C, [err] = (-)
.6 (c=0.5 DMF); WV [err] ([err]): pH 7.0:305 nm (11, 300), 276 (2, 000),

260 (-9, 400), 245 (6,300); Ms (ESP+): mz (rel. intensity) 360 (534,

Merr]). Anal. Calcd. for CJerr]J]Herr]NerrJJerr]CJ[err] . 0.20 Herr]O.

:0.40 CHerr] O Wwoo48s3b3, H 5.62; N, 11.16. Found: C, 49.21; HCIHGEE/031S§]

11.01. Exanple 20

1-(2-Deoxy-3,5-0 (1,1, 3, 3- tetr_al sopropyl)&?swoxanyl bet a- L- eryt hro-

pent of ur anosyl ) - 5, 6-di chl or o- 2-i spropyl am no- 1H— benzi m dazol e WO

97/ 25337 - PCT/ GB96/ 03151 44

‘5, 6- Di chl or o- 2-i sopropyl ami no- 1- ( 2- phenoxyth| ocar bonyl -3,5-0 (1, 1, 3, 3-
tetrai sopropylydisiloxanyl - heta- L-ribofiranasyl.) -1k benzi ok dazol e (0.51 g,
0.67 mol) wa LSt ‘,.,;_':L—;'”,J, s a2 YRRNE RaiR-Rha-iags Aino -'u-;/fu 4320163 e (20 )
and t he sol ut illsingd=cusiohexs]-3i{2-morpholinesthylicarbediimidermatherp-de (0.20 m

0.74 mmol ) wasoRr@e htd BE T \\B € atedlna90[err]C0|I bath
for 18 h. The reaction m Xture was concentrated then dissol ve in
acetonitrile (100 m) and extracted with hexanes (50 m). The hexane |ayer

was back-extr aateappmpmwc&whmylmedxesm mmbn)ted with gvmmxate

.?(Z:egonl Eurgl | e I O (Qgrlmlgzg,{gado < e;:ol umm,
X cm ne to give
a white soli di’g &‘g é‘é’% é.&[l?g).ﬂl\?ﬂs&(@ﬂﬁg NG
(ESP+): mz ( dreydotexyi-3462: oethylidarbagtiimide metho-

ﬁ[ egr ]8$[ elr:r ] Ng&hghgngdghﬂ (lef-lb§lniﬁbtﬂmmpoﬁ&aﬂhﬁé)r$ Qdded b8 seﬁd il 7. 58;
5, 6-Di chl o(r)gn?nie¥<9§€8 %'ﬁ%ﬁ%ﬂ% ?%“’&Q“i%%‘%?%& 8397 ;"&P& | oxanyl -
aﬁerw}uchhmextmallowedto cool to room temperature. The remainder
of the procedure is the same as for example X, except that the product is
purified either by silica gel chromatography or by rea'ystallmtlon from
either acetonitrile or 1,4-dioxane. :

The appropriate 2-{alkylamino)-1H-benzimidazole was combined with 1,2-
dichloroethane (2-3 mL/mmol of benzimidazole) and N,O-
bis(trimethylsilyl)acetamide (1-1.25 mmol/mmol of benzimidazole) and
 the resulting mixture was heated to 80 °C for 30 min. Trimethylsilyl
triffuoromethanesulfonate (0.5-0.7 mmol/mmol of benzimidazole) was
added and the mixture was allowed to stir at 80 *C for an additional 15
‘min, after which time 1,2,3 5-tetra-O-acetyl-L-ribofuranose (1-1.25
mmol/mmol of benzimidazole) was added as a solid in one portion. The
resulting mixture was allowed to stir at 80 °C for 2-20°, after which fime it
was allowed tocooltoroomtmperawre. 1t was then diluted with 5%
aqueous sodium bicarbonate (10 mL/mmol of benzimidazole) and
dichloromethane (3-5 mL/mmol of benzimidazole) and the two-phase
mixture was stirred at room temperature for 30 min. The organic layer
was collected and the aqueous layer was back-extracted with an additional
portion of dichloromethane (3-5 mL/mmol of benzimidazole) and the
‘combined organic layers were dried over magnesium sulfate, filtered and



bet a- L-ri bof uranosyl ) - 1H benzi ni dazol e was conbined with 4-(N, N _

di met hyl am mo) pyridine (0.46 g, 3.76 mmol) in acetonitrile (25 nL). Chloro
.phenyl thionocarbonate was added dropw se, and the solution was stirred at
anbi ent tenperature under N err]. After 18 h the solution was diluted with
(1:1) hexane : cet ate the extracted with saturated NaGerichodeng M) -
The organics \%‘?émdgsl ed wi th anhydrous sodi um sul fate and concentratszg1 The
crude product was purified on a silica gel colum (2.5 x 18 cm 230400 -
mesh) using (1:6) ethyl acetate: hexane. 48Pure product was obtained as a
white solid (1.1 g, 1.4 nmol, 72%; [err] = (+) 61.2 (c=0.5 DWF); M5
(ESP+): mz (rel. intensity) 754 (100, Mt). WO 97/ 25337

PCT/ GB96/ 03151 45 Anal. Calcd. for CJerr]Herr]Nerr]err]SC[err]Si [err]
. 0.20 C[err]ﬁ?eﬁoll\]entﬂﬂﬁﬂrﬂﬁwrdd uderdredipedSprédsuré using, a tbta§4 84; H 6.72;
N, 5.45. Exa ofator. ’I'he products were futher purified by silica gel

5, 6- D chl or o- S ggrl% am no)-1-(3,5-0(1,1, 3,73- tetﬁl sopropyl-l 3-

.di si | oxanedi y Vbof ur anosyl ) - 1H benzi m dazol e

5, 6-Di chl oro- (| sopr opyl amni no) 1- (beta L-ri bofur anosyl ) - 1H— benzi m dazol e
(5.0 g, 13.3@&] Fce 8 QRN E0eYotdetion 3 SMR RErithe ) 5t

tetrai sopropyl I !;E]ﬁki ]_4..3 QIE ’ 6 U, 53.2
nol ) in DW Eﬁ-@&m@ﬁ red under nltrogen at rt for 18
h. Water (160 nl) was added to the soI ution and the solids were filtered
of f. The sol | Tie %P ML) and

o Ll s B o e e

product wei gHatp 8 &pgamﬁaskaye{ﬁmlamﬂmm@mtﬂa(lgbl3 mmol/mmol of
triacetate), water (1-2 mL/mmol of triacetate), and methanol (3 mL/mmol
of triacetate). The sodium carbonate suspension was added to the

~ ethanolic solution of the triacetate at room temperature and in one

portion. The resulting mixture was allowed to stir at room temperature
for 18 h. The mixture was then diluted with ethyl acetate (25 mL/mmol of
triacetate). The organic layer was collected and was washed with saturated
aqueous brine (100 mL/mmol of triacetate), dried over magnesium sulfate,
filtered, and the solvents were removed by rotary evaporation. - The
products were further purified by silica gel chromatography.

Example 25 )

5,6-Dichloro-1,2-phenylenediamine (200.0 g, 1.13 mol), isopropyl

isothiocyanate (122.0 g, 1.21 mol), 1-cyclohexyl-3-(2- -
morpholinoethyl)carbodiimide metho-p-toluenesulfonate (622.0 g, 1.47
mol) and pyridine (4 L) were used according to general procedure 1. The
product was recrystallized from acetonitrile to give 184 g (67%) of 2 brown
solid. Analytical data were consistent with those reported above.

2-[:] ].gsﬁi.ll _111! o.cl ]



colum (5 x 16 cm 230-400 mesh) with 1:100 net hanol : di chl or onet hane to
give 7:4 g of still crude material. Final purification on a Biotage Radi al
Conpression Moddul e (Biotage .Inc., Charlottesville, Va.) with a 7.5 x 15 cm
prepacked silica gel cartridge, provided pure product as a white solid (3.8
g, 6.3 mmol, 4&3@ '7(#}59. 129-130 [err]C [err] = (+) 48.4 (c=0PET/GRFSI3ING
"(AP+): niz (rel. i ensity) 618 (100, Merr]). Anal. Calcd. for
“Jerr]Herr]Nerr]gerr]Cllerr]Si[err] . 49 25 Clerr]Herr]: C, 53.46; H
7.63; N, 6.56 Found: C, 53.55; H 7.60; N, 6.74. Exanple 23 :

. 2-Brono-5, 6-di.chl oro-1-(2,3,5-tri-0Oacetyl -beta-L-ribofuranosyl)-1H

benzi m dazol e from brom nation reaction WD 97/ 25337

- PCT/ GB96/ 03151 46 : '
5,6-Dichloro-1-(2,3,5-tri -0 acetyl - beta-L-ribof uranosyl ) - 1H benzi ni dazol e
(1.0 g, 2.25 mp®Dichiero-i,ypenpldnediamine :04ngSddcinmol),dycloprayly, 4. 94 ol )

~in anhydrous }gﬂméqfﬂg(ég?) @2&1?,1%:@@5 heated in an 80 [err]C
-oil bath for m n: e soldtign, ywas cpoled, diluted, w et hyl, acetate
“and extract ed TprRholipaety G%&%mﬁaﬁm@l‘wgﬂﬂkmﬂ@&% ics were
dried with anhusioband\pjridink f35anL) wedeusad adonding tmgenenal procettur&fle 1 esi due
~was purified Lyl from’acetonittlle X fotd Py 1: 50
ot hanol + di ¢ e@%dgﬁgﬁgfgmuviwiﬁ Q| i g@é' de dif?i (ed as)
product by co anﬁﬂ F Py F?#% %f 5 W%g%‘l e 24

5, 6- Di chl or o- ZB.75; dp7 3py Faundi€), 49.58; 21 33.758; N,i17A2acet y| - bet a- L-ri bof ur anosyl )

- 1H benzi m dazol e Anhydrous 1, 2-di chl oroethane (15 nL),
2- (i sopropyl am no) -5, 6- :
Example 27

~1ri T

4 5-Dichloro-2-nitroaniline (152 g, 73.2 n}mol), N-chlorosuccinimide (12.2
g, 91.6 mmol) and N,N-dimethylformamide (150 mL) were combined and
the resulting orange solution was heated to 100 °C for 1 h. The solution
was allowed to cool to room temperature and was poured into a fiask
containing ice water (1.2 L). The yellow solid was collected and was
dissolved in dichloromethane (1.5 L), resulting in two-phases. The-organic
layer was collected and was dried over magnesium sulfate, filtered and the
solvents were removed under reduced pressure by rotary evaporation to
leave 17.6 g (98%) of a yellow solid. MS (CI): m/z 239.

Example 28 |
345 Trichloro-1 2-phenvienediami

* 6-Nitro-2,3 A-trichloroaniline (17.6 g, 72.8 mmol), iron powder (14.0 g, 250
mmol), and ethanol (400 mL) were combined and the resulting suspension
was cooled to 0 °C." Concentrated hydrochloric acid (37%, 93 mL, 1.14 mol)
was added dropwise over a period of 15 min by means of an addition
funnel. When the addition was complete, the resulting suspension was
heated to reflux for 3.5 h, after which time it was allowed to cool to room
temperature and was subsequently diluted with water (2 L). The pH of the



di chl orobenzim dole ( 5.9 mml) ), and N, O bistrinethylsilylacetamde (11.8
nol ) ) <-weresconbi ned and stirred at 80[err] C for 30 mn. Trinethylsilyl
triflate (5.9 mmol) ) was added and the solution was stirred at 80[err] C
for 45 min. Solid 1,2,3,4-tetra-O acetyl -L-ribofuranosi de (L-TAR) was added
and stirring inue_d at 80[err] Cfor 3 h.- Mre L-TAR g( 0.5
g, 1.6 mmol) g% %gis}t’time. After .1 hr the reaction was quencﬁ vmgmﬁ clold -
sat urat ed sodi um bi carbonate (40 L), t#@n extracted with dichl oronethane
(2 x 150 nL). The conbi ned organics were. dried (sodium sul fate), decanted,

and concentrated to give 4.0 g of a gold solid. This material was purifi ed o

on a silica gel colum (5 cmx 16 cm 230 - 400 nmesh) with 1:30
met hanol :.di chl oronmet hane to _give an off white solid (2.21 g, 4.3 mol,
73%; [err] igturesmspadiusted to approximately 8 byithe slompaddition of sodium

Qerr] H err] babonhée eftel protiacy was extrdctidwith la'égﬁie (28}, driedbved. 7. 66.

ECC)ZEIJ'??BBQg/ oggé’{‘%}%{&'ﬁe&ﬁ? g'no th%ur e eftg/\gve%% ST'S ec!)}mder reduced

2- (al kyl ami nEFessirelShFotarerAporations | He product was further purified by silica

1-cycl ohexyl g &ﬂﬁoﬂﬁtﬁ;ﬁhﬁﬁﬁh mﬁsafehawemﬁaoemse%a@fmaqbym}fonate as
the appr opr | Sf & Alagtid: ocyaﬁ%ﬁi?ﬁﬂs@%w EREHOG anhydr ous
pyridine (3- 2381 NnkbPS-oFounds @ A& 14 Bk &b UBdBng mixture is heated to

80[err]C for 30 mn, then 1-cycl ohexyl -3-(2-norpholinoethyl)carbodiini de

‘nmet ho- p- toIWnate (1.1-135 mol /mmol of diamine) is added as a
solid in one portion. The resulting m xture is allowed to stir at

80-90[err] C for 3- 20 h, after WhICh tinme |t |s all owed to cool to room
terrperature 5ot g '

34,5-Trichloro-1,2-phenylenediamine (3.12 g, 14.8 mmol), isopropyl
isothiocyanate {1.62 g, 16.0 mmol), 1~cyclohexyl-3-(2- '
 morpholinoethyl)carbodiimide meﬂw—p—éoluen&ulfonate 84 g 199
mmol), and pyridine (50 mL) were used according to general procedure IL
The product was recrystallized from 1,4-dioxane to give 29 g (72%) of a tan
solid. MS (CI): m/z 276 (M+1). Anal. Calcd for C10H10CIaN3-(0.10
Cq¥ig02): C, 4347; H,3.79; N, 14.62. Found: C, 43.70; H, 3.89; N, 1443.

2-(Isopropylamino)-4,5,6-trichloro-1H-benzimidazole (1.15 g, 4.00 mmol),
N,O-bis(trimethylsilyl)acetamide (0.7 mL, 0.58 g, 2.83 mmol), trimethylsilyl

~ trifluoromethanesulfonate (0.5 mL, 0.58 g, 2.59 mmol), 1,2,3 5-tetra-O-
acetyl-L-ribofuranoside (1.50 g, 4.71 mmol) and 1,2-dichloroethane (10 mL)
were used according to general procedure II. The product was isolated by
silica gel chromatography using 60:1 dichloromethane/methanol to afford
1.05 g (49%) of a yeliow foam. MS (CI): m/z 536 (M+1).

Example 31



of the procedure is the sane as for exanple X, except that the product is
purified either by silica gel chromatography or by recrystallization from
either acetonitrile or 1,4-dioxane. General Procedure |l: Coupling of

2- (al kyl ani no) - 1H benzi i dazol es with The appropriate

2- (al kyl ani no) - @ dszaTni dazol e was conbined with 1,2- dichl orB@!"ﬁ&P@?’Qfﬂ 3
L/ mmol of benzi m dazole) and N, G bis(trigget hyIsHyI)acetam de (1-1.25
mvol / ol of “benzi ni dazol e) and the resultl ng m xture was heated to 80
[err]C for 30 min. Trinethylsilyl trifluoromethanesul fonate (0.5-0.7
mol / mmol of benzi m dazol e) was added and the m xture was allowed to stir
at 80 [err]C for an additional 15 mn, after which tine .
1,2,3,5-tetra-O acetyl -L-ribofuranose (1-1.25 mol/mo] of benzim dazol e)
was added as a oI|d |n one portlon The resu t|n ' as allowed to
stir at 80 [er#}4 <Int 2ozl dieaitigired to cool to
roomtenper at umm then di |l ut ed wth 5% aqueous sodi um bi carbonat e

(10 i/ nmol of hﬁéﬁ%&lng: 0204 nmol of
benzi m dazol e) ", Bg ’5%1 rﬁﬂl&tt}-rle( wasyé?rr dr%‘éom t enper at ure
for 30 min. The W&?Qc%ﬂ']a aﬁ?d@ﬂﬂ?’r’bé‘ﬁé

back- ext ract ed(M&QMmhhl},wmteﬂ (4pd)s nmﬂ:mfolmniibandmm&w)ﬁverﬂ_l nmol

of benzi m daz nesi um
gb&g il 4 0%, TRY Brotubbivas Pldifidd BY §iticdRY

sulfate, filt

PCT/ GBOB/ 0315188 shroma %S%F 1dichiopmethans/ metharal do afeed 052 &ising a
rotary evapor af76%) of aevhitepowdesr; mep 228224 €. Auvali Caled for/ CysH 1 8(H3ya04:

chromat ogr aphye
2- (al kyl ami no) - 1@?‘}3??‘trl Oacetaﬁkj‘c%wﬁ'?%% 9.68.
Example 32

3,4,5-Trichloro-1,2-phenylenediamine (3.02 g, 14.28 mmol), cyclopropyl
isothiocyanate (1.53 g, 15.42 mmwol), 1-cyclohexyl-3-(2-
morpholinoethyl)carbodiimide metho-p-toluenesulfonite (824 g, 19.45.
mmol) and pyridine (55 mL) were used according to generai procedure L
The product was recrystallized from 1,4-dioxane to afford 329 g (83%) of a
white solid. MS (CI): m/z 274. Anal. Caled for C10HgCl3N3-(0.6 C4.H302):
C,4521; H,3.92; N, 12.76. Found: C, 45.37; H,3.91 N, 12.76.

- 2«(Cyclopropylamino)-4,5,6-trichloro-1H- benzimidazole (1.32 g, 4.00
mmol), N,O-bis(trimethylsilyl)acetamide (1.0 mL, 0.82 g, 4.05 mmol),
trimethylsily] trifluoromethanesulfonate (0.5 mL, 0.58 g, 2.59 mmol),

'1,2,35-tetra-O-acetyl-L-ribofuranose (1.70 g, 534 mmol) and 1,2- |
dichloroethane (12 mL) were uséd according to general procedure II. The
product was purified by silica gel chromatography using 60:1



bet a- L-ri bof uranosyl ) - 1H benzi m dazol es The appropriate

2-(al kylam mo)-1-(2,3,5-tri-0O acetyl -beta-L-ribofuranosyl) -

~1H benzi m dazol e was dissolved in ethanol (4-5 nL/ mmol of triacetate).
-Into a separate flask were placed sodi um carbonate (1.0-13 nmmol /ol of
triacetate), water 1 2 mL/ mol -of triacetate), and net hanol P((:'? EH"EFB of
triacetate). WMRI7@5W7um car bonat e ‘suspensi on was added to the e I'c
solution of. the triacetate at roomtenp&ature and in one portion. The
resulting mxture was allowed to stif at. roomtenperature for 18 h. The
‘m xture was then diluted with ethyl acetate (25 nL/ Mol of triacetate).: The .
organi c | ayer was collected and was washed with saturated aqueous brine
(100 nmL/mol of triacetate), dried over magnesiumsulfate, filtered, and
“the sol vent sdwmomﬂmedmﬂlmtmyﬁmﬂabbl gt(52%p) ofrhyelil.rrvmdan;nsM%re furt her

purified by g %5@{1{ Pt ogr aphy. Exanple 25
'5,6-Dichl oro-1, 2- phenyl enedi am ne (200.0 g, 1. 13 nol ), i sopropyl

~isothiocyanate (122.0 g, 1.21 nol), 1-cyclohexyl-3-(2- . :

mor phol i noet Bxdopler3odi i m de net ho- p-t ol uenesul fonate (622.0 g, 1.47 nol)
and pyridine (4 L) were used according to general procedure 1. The product
was- recrystallized from ag qf a brown solid.
Anal yti cal SErr—Y S -EpOT T e aovet- Exanpl e 26 WO
97/ 25337 benzimidazole PCT/ GB96/ 03151 49 -
4,5-Di chl oro-1, 2- phenylenedianine (6.04 g, 34.1 mmol ), cycl opropyl

mor phol | haot HFY AP BRIITRAGEA A R iorodl Gt el 1 g, 47,4

nboﬁuanosyl—lH—benzmudazole (1.11 g, 2.08 mmol), sodium carbonate -
(029 g, 2.77 mmol), water (4 mL), methanol (6 mL), and ethanol (8 mL)

were used according to general procedure Ill. The product was purified by
silica gel chromatography using 10:1 dichloromethane/methanol.to afford
0.47 g (56%) of a white powder; m.p. 208-209 °C. Anal, Caled for -
Ci15H16CI3N304 C, 44.09; H, 395; N, 10.28. Found: C, 44.14; H, 3.9§; N,
10.18.

’ z-n A a ! in ]l E -I y -l- -

4 5-Dichloro-2-nitroaniline (41.0 g, 198 mmol), N-bromosuccinimide (42.86
g, 241 mmol) and N,N-dimethylformamide were combined and heated to
100 °C for 1 h. The mixture was allowed to cool to- room temperature and
was poured into a flask containing ice water (1 L). The yellow solid was
eoﬂectedandwasdxssolvedmdtd\lommthane(ZL),reshInngmtwo
phases. The organic layer was collected and was dried over magnesium
sulfate, filtered and the solvents were removed under reduced pressure
using a rotary evaporator to leave 48.62 g (86%) of a brown solid. Anal.
Caled for CeH3BrCIaN202: C, 25.21; H, 1.06; N, 9.80. Found: C,25.32; H,
113; N, 9.68.



mol ) and pyridine (135 nL) were used according to general procedure L The
product: was recrystallized fromacetonitrile to afford 5.82 g (70% of a.
yell ow solid; mp. 223-225 [err]C. Anal. Calcd for .
Clerr]Herr]dferr]Nerr]: C 49.61; H 3.75; N, 17.36. Found: C, 49.53; H,
3.78; ‘N, 17. 12w 27 2,3,4-Trichloro-6-nitroaniline " PCT/GB96/03151
4,5-Di chl oro-2-nrtréani | ine (152 g, 732 nnnl) N- chl or osucci nim de (12.2 g,
91.6 nmol) and N, N-di et hyl f or mani de (150 531) were conbined and the
resulting orange solution was heated to-100 [err]C for 1 h. The solution .-
was al |l owed to cool to roomtenperature and was poured into a flask

cont ai ni ng i ce water (1.2 L). The yellow solid was col |l ected and was

di ssolved in djg 4 re ultrng i n two-phases. The organic
| ayer was col et . FisllebptresEum sul fate, filtered and the
sol vents were reaned under reduced pressure by rotary evaporatron to |l eave

17.6 g (98% OfBfoni&/3lLMcARIS-E-nilYBanifihe (483

550 ol 3 and i 2 e o S r ﬁ%ﬁ%ﬂnﬁﬁeﬁr&?ﬁ% Suspenai on
was cool ed t o shspensigrCwaSooaled to 8°€d ch&entttbdd\ydrm:blmc(aﬁ/ﬁ?% 1980 1. 14
mol ) was addeqyflr 9BEnisl) W8 the difdledQftop %Qe%d&'is% garifofa addi tion

funnel . VWhen t additio S cO Iete, the r in uspensi on,_was heat ed
to reflux for asdiaen fupn r%aﬁfﬁ’fs% L%ﬁéﬁ 8 ﬂ‘ afteom
t enper at ure andhmhshmeritswameﬂmmd t banlda ropmitemperature? The, mmqﬂvhaf t he

WD 97/ 25337 ddlluted with water (1.5 L) andfhe Hwasadustelquagrg@a é51 50
m Xt ure was a&‘ushgghgnoo{a\ ru%lgR %a%%ny s| ow & OI:h odi um

acetate (1L), dried over magnesium sulfate, filtered and the solvents were
removed under reduced pressure using a rotary evaporator. The product
was crystallized from a methanol/water mixture to afford 34.21 g (79%) of a
brown solid; m.p. 128-129 °C. Anal. Caled for CgHsBrCloNa: C, 28.16; H,
1.97; N, 10.95. Found:C, 28.29; H, 1.96; N, 10.79.

3-Bromo-4,5-dichloro-1,2-phenylenediamine (25.0 g, 97.7 mmol), isopropyl
isothiocyanate (11.2 g, 110.5 mmol), 1-cyclohexyl-
morpholinoethyl)carbodiimide metho-p-toluenesulfonate (56.8 g, 134.1
mmol) and pyridine (500 mL) were used according to general procedure L
The product was isolated by silica gel chromatography using 7:3 o
" hexane/ethyl acetate to afford 19.2 g (62%) of a tan solid; m.p. 247-249 °C.
‘Anal. Caled for C30H10BrCloN3-(0.08 CeHig): C, 38. 15 H, 340; N, 12.74.

Found: C, 38.15; H, 3.39; N, 12.77.




carbonate. The product was extracted with ethyl acetate (2L), dried over
magnesicum sul fate and the sol vents were renoved under reduced pressure by
rotary evaporation. The product was further purified by silica gel

chr omat ogr aphy usi ng 65: 35 hexane/ ethyl acetate to afford 10.9 g (72% of a
tan solid; m S [err]C Anal . Calcd for (Jerr]Herr]d

34.08; H, 2. 3&’0%53 .25." Found: C, 34.14; H, 2.41; N, 13. 18LEE§EM@E£
3,4,5-Trichloro-1, 2- phenyl enedi am ne (3552 g, 14.8 mol), |sopropyl

i sot hi ocyanate (1.62 g, 16. 0 mmol), 1-cyclohexyl-3-(2- _
‘nor phol i noet hyl ) carbodi i m de netho-p-tol uenesul fonate (8.4 g, 19.9 mmvl),
and pyridine (50°nL) were used according to general procedure Il. The .
product was recrystallized from 1, 4-dioxane to give 2.9 g (72% of a tan
solid. M5 (ChyBromears, m:&lm)-(wmpymrmrbmmudmle (133 g, 4.03

Q err] H err] gahel) NiOdis(irichéth ﬁ&nﬁb&eﬁd&eubq\ﬁmﬁ%m%&& H 3.79; N,

2- (I'sopr opy! S mgieibd %ﬁﬁ i %‘a#é&‘?f??@ QSRS g2 o0 mpmol

ri bof ur anosy MRSrrtesatrase kofuranside (1.69 g, 531 mmol) and 1,2-
2- (1 sopr opyl dt&mﬁtbeﬂxaﬁe@lzmb\}e@éﬁséu’hd&ﬁﬁhgwgéﬁrﬂ It $Re MOI ) ,

N, O bis(tri nmml ), trinmethylsily
trifluoronet anesul or%@ﬁ%?sg%@ww‘m 1 2,3,5-tetra-0O
acetyl - L- ri beidnoremsthane/ metimngl tojaffard his g (50%) of @ yeliash ifoametNMBne (10 nl)
wer e used acm%mgsw(memeral procedure 1. The product was isolated by
silica gel chromatography using 60:1 dichl oronet hane/ net hanol to afford
1.05 g (49% _of a_yell ow foam I\/B (Cl): mz 536 (Mt1). “WD 97/ 25337

PCT/ GB96/ 031 :

4-Bromo-5,6-dichloro-2-(isopropylamino)-1-(2,3,5-tri-O-acetyl-beta-L-
ribofuranosyl)-1H- benzimidazole (1.16 g, 2.0 mmol), sodium carbonate
(028 g, 2.64 mmol), water (4 mL), methanol (6mL), and ethanol (8 mL) _
‘were used according to general procedure Ill. The product was purified by

~ silica gel chromatography using 10:1 dichloromethane /methanol to afford
0.64 g (70%) of a white powder; m.p. 221-222 °C. Anal. Caled for |
C15H18BrC12N304: C, 39.5%; H, 3.99; N, 9.23. Found: C, 39.42; H, 4.20; N,

~ 3-Bromo-4,5-dichloro-1,2-phenylenediamine (5.12 g, 20.0 mmol),
 cyclopropyl isothiocyanate (218 g, 21.98 mmol), 1-cyclohexyl-3-(2-
‘morpholinoethyl)carbodiimide metho-p-toluenesulfonate (11.0 g, 25.97
mmol) and pyridine (75 mL) were used according to general procedure 1.
The product was recrystallized from 1,4-dioxane to afford 2.23 g (53%) of a
white solid. MS (CI): m/z 319 amu. Anal. Caled for C1gHgBrCloN3-{0.35
C4HgO2): C, 3892 H, 3.09; N, 11.94. Found: C;39.17; H, 3.05; N, 11.94.



2- (1 sopropyl am no) -4, 5, 6-trichloro-1-(beta-L- rlbofuranosyl) 1H
benzi m.dazol-e _
2- (1 sopropyl am no)-4,5,6-trichloro-1-(2,3,5-tri-0O acetyl -beta-L- _
ri bof uranosyl)-1H benzi m dazole (1.00 g, 1.86 mml), sodium carbonate (0.26
g, 2.45 rmDI), ﬁ%&% £4m), methanol (6 nml) and -ethanol = (8nl)PCRERI6HILS
according to general procedure Il1. The product was purified by silica gel
chromat ogr aphy using 10: 1 di chl or onet han@Pmet hanol to afford 0.57 g (75%
of a white powder; mp. 223- 224 [err]C Anal. Calcd for _
C[err]H[err]CI[err]N[err]qer'r] C,_43.87; H 4.42; N, 10.23. Found C,
43.63; H, 4.55; N, 9.98. Exanple 32 :

2- (Cycl opropyl ani no) - 4, 5, 6-tri chl or o- 1H benzi ni dazol e

3,4,5-Trichloro-1, 2- phenyl enedi ami ne (3.02 g, 14.28 mmuol ), cycl opropyl

i sot hi ocyanatﬁsa(ﬂp!ﬁ.&lg, 15.42 mol ), 1-cycl ohexyl - 3-(2- '
nor phol i'noet hyl ) car bodi i m de net ho- p- toI uenesul fonate (824 g, 19.45 mol)
and pyridine (2 . e L The pr oduct

‘r‘

2yh-1Hsbenzioniazole f or C[err]H[err]CI[err]N[err] (0.6
C[e”]H[err]CIerr]) C 45, 21 H 3.92; N, 12 76 ~Found: C, 45.37; H 3.91,

N, 12.76. EX 2- d - 1 d |
V135 0% 5o WSS bRl Egﬁﬁ! l kﬁoa%&% o 4.05
mol ), trummxmobsammwn @@23 05 mgmod), g, 2. 5

0 ol or oot haraiebyal e e o e 11 The.

i chl oroet ha accor [ ure e -
product was %‘%'Eﬁa tﬁfégga‘amb%ﬁr@%s ggﬁ%‘%‘?.’ﬁ% 1 D 97/ 25337
PCT | GB96/ 03 1ﬁdﬂoroethane (12 mL) were used rooedure 0. The

product was purified by silica gel chromatography using 60:1
dichloromethane/methanol to afford 1.01 g (45%) of a yellow foam. MS
(CD): m/z 578 (M+1)

4- Bromo-2-(cyclopropylamino}-5,6-dichloro-1-(2,3 5-tri-O-acetyl-beta-L-
ribofuranosyl)-1H-benzimidazole (1.01 g, 1.74 mmol), sodium carbonate
(0265 g, 2.50 mmol), water (4 mL), methanol (5 mL), and ethanol (8 mL)
_weneused acoordmgtogeneralprooaitnem. The product was purified
using silica gel chromatography using 10:1 dichloromethane/methanol to
afford 028 g (36%) of a white solid: m.p. 205-208 °C. Anal. caled for G- .
15H16C12BrN304-(0.25 C4H707): C, 4045; H, 3.82; N, 8.84. Found: C, 40.35;
H,3.95; N, 8.90.

Example 43 | |
! 5 D.ﬂ . ] 2- ] l :., - .



52 di chl or onet hane/ net hanol to afford 1.11 g (52% of a yeIIow f oam MS
(Cl): mz 534 (M1).
2- (Cycl opr opyl am no) - 4, 5, 6- trlchl or o- 1 (beta L- rrbofuranoyl) 1H
benzi m dazol e
Z(Wclopropyl‘.?% 456tr|chlor01(235tr| O acetyl -
ri bof ur anosyl nzr m dazole (1.11 g, 2.08 mmol), sodium car bonate
g, 2.77 nmmol), water (4 nL), nethanol (655rr1_) and ethanol (8 nL) were used
according to general pr ocedure 111. The product was purified by silica gel
chromat ogr aphy using 10: 1 di chl or onet hane/ net hanol to afford O. 47 g (56%
of ‘a white powder; mp. 208-209 [err]C Anal. Calcd for :
~Cerr]Herr]. Ierr N[err]CIerr C. 44, 09 H 3.95: N_ 10. 28 Found: C,

e Wers plced 45-4iflg

44.14; H, 3. Mmﬁ O 8842t roani | i ne

4, 5- Di chl oro-xﬁmoll, pdntmdmr(fﬂl)(oﬁddé)(ﬂ;sl g,QBlawmm)aﬁahieﬂmmNGﬂ ml)i de (42.86.
g, 241 mmol) 'I%%Mﬁﬂs mgq’{ﬂ'&e‘éﬁﬁ ted to 100 _
[err]C for 1 The re owe to roomte erature and was
poured into d’rﬁ%’%"a ‘?gﬂ‘

col | ect ed andvhieb hinsxtcﬂvasadepmssumbdandrthebmtmtssw@poummﬁmag i n two -

phases. The f@‘*ﬁ& dﬂﬂﬁ:ﬁiﬂ I r sr um

“sul fate, fir%ﬁ‘?&?{ sol ven eﬁ\%}re r iun er ed ce ressure
usi ng a rot arﬁ‘eﬂf&ﬁ%‘r‘ Xﬁrvt’?? ﬁﬁg Preus bring.  Anal .
Cal cd for (] echitidne(l0p Bnk), [dued]dﬂpemqgﬂeanni sulfite 2062 the sblvéntSGverd, 9. 80.

Found: C. 253¢moled lndidr rdduced PressteAlEiiEa tary evaporator to leave 337 g
(81_%) of a brown solid. MS (Cl):.m/z 145 (M+1). '

Example 44

4,5-Difluoro-1,2-phenylenediamine (2,87 g, 19.91 mmol), isopropyl
 isothiocyanate (2.19 g, 21.65 mmol), 1-cyclohexyl-3-(2-

morpholinoethyl)carbodiimide metho-p-toluenesulfonate (1138 g, 26.87

mmol) and pyridine (75 mlL) were used according to general method L.

The product was recrystallized from 1,4-dioxane to afford 2.23 g (53%) of a

white solid; m.p. 188-189 °C. Anal. Caled for C19H11F2N3: C, 56.87; H, 5.25;
- N, 19.89. Found: C, 56.95; H, 525; N, 19.98. '

5,6-Diftuoro-2-(isopropylamino)-1H-benzimidazole (0.84 g, 4.00 mmol),
N, O—bxs(mmethylsxlyl)acetanude (0.70 mL, 0.58 g, 2.83 mmol),
. trimethylsilyl trifltucromethanesulfonate (0.5 mL, 0.58 g, 2.60 mmol),
1,23 5-tetra-O-acetyl-L-ribofuranoside (1.50 g, 471 mmol) and 1,2-
dichloroethane (9 mL) were used according to general procedure II. The
product was purified by silica gel chromatography using 35:1



WD 97/ 25337 R

3- Brome- 4, 5-di chl or o- 1, 2- phenyl enedi am ne.
2-Brono- 3, 4-dichloro-6-nitroaniline (483 g, 168.9 nmol), iron powder (30.0
g, 537.2 mmol ) and ethanol (IL) were conbined and the resulting suspension
was cool ed to Roleepéde Concentrated hydrochloric acid (37% I1RGI/EBI03II36
nol ) was then added dropw se over 15 minghy nmeans of an-addition funnel.
The resulting m xture was heated to reflux for 1 h, ‘after which tinme it was
allowed to cool to roomtenperature. The mixture was diluted with water -
(1.5 L) and the pH was adjusted to approxinmately 8 by the addition of

sodi um carbonate. The product was extracted with ethyl acetate (1L), dried
over magnesiumsul fate, filtered and, t ol y s were repoved der
reduced pr es<HiFommp e4’BF§‘F9glet6’a"g§ﬂ’§§tﬁag @g"s&f(?d@f’“{/\%n}:ryg]al_l i zed
from a et har(GI): weAz470r(Mtl)r e to afford 34.21 g (79% of a brown solid;
mp. 128-129 [err]C. Anal. Calcd for Clerr]Herr]BrC[err]Nerr]: C  28.16;
H 1.97; N, J]S 95. Fgund: C, 2829; H 1.96; N, 10.79. Exanple 37 :
3- Brono4, 5-di ,-2- phenyl enediam ne (25.0 g, 97.7 mol ), isopropyl

i sot hi ocyanate (112 g, 110.5 mmol), 1-cycl ohexyl-3-(2-

“nor phol i noet hyg s b_ir4 2V illgY AR A p

PCT/ GB96/ 03151 ‘53

iSbPropviEming (B DO §p6.8 g, 134.1 nmol )
-and pyridi ne re used according to general procedure |. The
“product was i*reaRE4RE si|ica gel chromatography using 7:3 hexane/ et hyl
‘acetate to afford 19.2 g (62% of a tan solid; mp. 247-249 [err]C Anal.

Cal cd for O &g P ; labhigoy-1 -SlagétyLbhBiL-libofuranci§i)l 5 H
3.40; N, 12. ?%_E Foﬁélléiﬁz‘,’% i 5; ',Y_S—.( )9';33 12.657. teE@aégl %?38&%)1 -
4-Br ono- 5, 6- dtEheRFEudazgle ), sodiymicarbonate 3k 841292 ot - |-
“ri bof ur anosy heroh), weater (5 mid)at 1 (10 mL), and ethanol (15 mL) were used
: according to general procedure [ll. The product was purified by silica gel
chromatography using 10:1 dichloromethane/methanol to afford 0.52 g
(53%) of a white solid; m.p. 156-158 °C. Anal. Caled for C15H19F2N304: C,
| 5248; H,558; N, 1224. Found: C, 52.23; H,5.63;N,12.15.

Exampie 47

2-Chloro-6-nitroaniline (14.10 g, 81.71 mmol), Raney-nickel (5.02 g of a 50%
slurry in water), and ethanol (200 mL) were combined in an'ewtoclave
which was pressurized to 150 psig with hydrogen. The resulting mixture
was allowed to stir overnight at RT. The mixture was then filtered
through a pad of celite, which was subsequently washed with several
portions of methanol, and the solvents were removed by rotatry |
evaporation to afford 1043 g (89%) of a viscous, brown oil, which darkened
upon standmg 'MS (ED): m/z 143.1 (M+H). :

Example 48



WO 97/ 25337 . PCT/ GB96/ 03151 54
4- Br ome- 5, 63di chl or o- 1- (|sopropyl am no) - 1H-benzr m dazole (1.33 g, 4.03
mol), N, Obis(trinethylsilyl)acetamide (1.0 nL, 0.82 g, 4.05 mmol),
tri'ms'thylsilyl trifluoronethanesul fonate (05 nL, 0.58 g, 2.59 mml),
1,2,3,5-tetra-0O-acetyl -L-ribofuranside (1.69 g, 531 muol) an -

di chl or oet hanévc(%f%%r{l) were used according to general procedgglcﬁg?os'lll
product was. i sol ated by silica gel chrorf8tography y using 60:1 -

~di chl oronet hane/ net hanol to afford 1:16 g (50% of-a yeIIowfoam VS (CI)
'mz 580 (M+l). Exanple 39

4- Br onp- 5, 6- di chl or o- 2- (i sopr opyl am no) 1- (bet a- L-ri bof ur anosyl )- 1H -
benzi m dazol e

~4- Br ono- 5, di a{hlmeag-phqwlqngdlm'm()&ﬂ- £ 435 miviol); iSopfoplyy | - bet a- L-
(45

Q2. Eaaﬂﬁirﬁ‘“ gfgﬁ"% pindp %r%z th Sodtum car bonat ¢ (0,20
according to ™ 8PHP2silica gel

chr onat ogr aprmmmi)ialgipﬁnm@%mmm&ﬁmrdmgmmrdfﬁm@@ew g (70%

of a white pomgd ¢
C[err]H[err] rCI err rr ?i,ﬁ-%ﬁ@% cgiﬁg(:i;/t}ffa Found: G,
39.42; H, ﬁ Anal. caled 12CIN3-
3- Br onp- 4, 5 dﬂ-&lﬂﬁi@z) C, Sl ﬁ.éﬁélﬂalﬁ.ﬁﬁe Round 2C (57.080H 06 3¢ydl, 16.68y c| opr o_pyI
I sot hi ocyanate (2.18 g, 21.98 mol ), 1-cycl ohexyl -3-(2-

nmor phol i noet hyl ) car hodi i m de net ho- p-tol uensul fonate (11.0 g, 25. 97 ol )
and pyridi ne were used according to general procedure |. The

product was recrystalllzed froml 4- d| oxane to afford 2.23 g (53% of a

- 4-Chloro-2-{isopropylamino)-1H-benzimidazole (2.24 g, 10.68 mmol), N,O-
bis(trimethylsilyl)acetamide (3.00 mL, 2.47 g, 12.14 mmol), trimethylsilyl
trifluoromethanesulfonate (1.2 mL, 1.42 g, 6.00 mmol), 1,23 5-tetra-O-
acetyl-L-ribofuranose (4.46 g, 14.01 mmol) and 1,2-dichloroethane (35 mL)
were used according to general procedure I ' The product was purified by
silica gel chromatography using 95:5 dichloromethane/acetonitrile to
afford 2.34 g (47%) of an off-white foam. MS (EI): m/z 4682 (M+H).

4-Chloro-2~(isopropylamino)-1-(2,3 5-tri-O-acetyl-beta-L-ribofuranosyl)-1H-
benzimidazole (2.24 g, 4.79 mmol), sodium carbonate (0.67 g, 632 mmol),

- water (7 mL), methanol (14 mL) and ethanol (20 mL) were used according

- to general procedure IIl. The product was purified by silica gel
chromatography using 10:1 dichloromethane /mettianol to afford 1.12 g
'(68%) of a white solid: m.p. 225-227 °C. Anal. caled for Ci15H20CIN3O4: C
52.77H591 N,1232. Foxde52.79H596N12.?5

Example 51



white solid. M5 (Cl): mlz 319 anu. Anal. Calcd for _
Cerr]HerrpBrC[err]Nerr]-(0.35 (Jerr]JHerr]derr]): C 38.92; H 3.09;
N, 11.94. Found: C, 39.17; H, 3.05; N, 11.94. PCT/ GB96/ 03151 WD 97/ 25337
55 Exanpl e 41

“4- Br ono- 2- (cyclygbapsssam no) - 5, 6-di chl or o- 1- (2,3,5-tri - Oacetﬁ%’é’“{‘s‘
ribofuranosyl) - 1H benzi mi dazol e 59

4- Brono- 2- (cycl opr opyl ami no) -5, 6-di chl or o="1H benzi mi dazol e (1.40 g, 3. 98 )
mol ), N, Obls(trlmathyIS|IyI)acetamde (1.0 m., 0.82 g, 4.05 mmol), .
trimethylsilyl trifluoronethanesul fonate (0.5 m, 0.58 g, 2.59 mmol),
1,2,3,5-tetra-O acetyl -L-ribofuranoside (1.68 g, 5.28 mol) and 1, 2- -
dlchloroethane (12 nmL) were used according to general procedure |I1. The

- product was purlfled by S|I|ca eI chr matogrh using 60:1

: © YBIRRLSE a yel | ow f oam MS(CI)

‘mz 578 (M+1). Exanple 42

4 Bromo- 2- (0Ygloons QLA gﬁa.,ﬁu?eﬂsxﬁme%snﬂg, (g tmb idpiopyRnosy! ) - 1

benzi m dazol e

4- Br ono- 2(cycwwmﬁlﬁwmlbiﬂ49m§3ﬁztrl O acetyl - bet a- L-
ri bof uranosyl hml-ﬁhbnﬁaé Teabbdiimideinetho-p-toldenessulfpnate(dildg, G8%onat e

R ) e ety £ )

using silica Q‘bepmdm
afford 0.28 gwhieolidf !maMMoﬂfenClwﬁlllﬁlszﬂ‘!{;@zﬁ Lot H, 482 cd for C

%e”]H[e”]CIE\?IEOUHEQ%?J%%édfﬁQ%%.%%I]H[-e”]qe”]) C, 40.45; H,

82; N, 8.84""

'4,6-Dichloro-2-{(isopropylamino)-1H-benzimidazole (0.83 g, 3.40 mmol),
N,O-bis(trimethylsilylacetamide (0.88 mL, 0.72 g, 3.56 mmot),
 trimethylsily} triflucromethanesulfonate (0.43 mL, 049 g, 220 mmol),

1,2,3,5-tetra-O-acetyl-ribofuranose (131 g, 4.12 mmol) and 1,2-
dichloroethane (10 mL) were used according to general procedure IL. The
product was purified by silica gel chromatography using 60:1
dichloromethane/methanol to afford 0.63 g (3?%) of a white foam. MS
(CD): m/ z 502.1 (M+H). '

4,6-Dichloro-2-(isopropylamino)-1-2,3 5-tri-O-acetyl-beta-L-ribofuranosyl)- -
1H-benzimidazole (0.63 g, 1.26 mmol), sodium carbonate (0.19 g, 1.82
mmol), water (3 mL), methanol (4 mL), and ethanol (6 mL) were used
according to general procedure Il The product was purified by silica gel



H, 395 N, 8.90. Exarrple 4345D|fluoro12pheny|ened|amne WO

97/ 25337 5 PCT/ GB96/ 03151 56 Into = -

a Parr bottle were placed 4,5-difluoro-2-nitroaniline (5.00 g, 28.72 mol),
plati num (1V) oxide (0.31 g, 1.13 mmol) and nethanol (60 ni). The bottle
was flushed three times with hydrogen and was finally pressu 155
psig with hyd?”éb?gﬁ 33he bottle was shaken for 5 h, after whic tlrre It was
depressuri zed and the contents were pouf®d into a separatory funnel =~
containing ethyl acetate (300 nL) and water (300 ni). The organic |layer was.
col |l ected and washed wi th saturated aqueous brine solution (100 nL), dried
over magnesi um sul fate and the solvents were renoved under reduced pressure
using a rotary evaporator to leave 3.37 g (81% of a brown solid. M5 (Cl):
mz 145 (Mlﬁgrmammuﬁnglmfdlcwommeﬂtaneﬂmﬁh#\armmﬁprdBBBeng| m dazol e

4, 5- Di f | uor 0{20%) ofeaieseEd-ARIp) 213- zlﬁtgsnal%a&a q{% H1dQ9R50YE,

Yo b S FE) € A S L 1136 o, 26,67 ol

and pyridine (75 m.) were used according to general nethod |I. The product
was recrysta@g%gom 1, 4-dioxane to afford 223 g (53% of a white solid,
mp. 188-189 [err Anal . Calcd for Cerr]Herr]Ferr]Nerr]: C 56.87;, H
- 5.25; N, 19. 89. Found C, _56.95; H 5.25; N, 19.98. Exanple 45

' . Srace g eritofiranogide - O acet yl - bet a- L-ri bof ur anosyl)

L-Erythrose (5.0 g, 41.6 mmol), prepared from L-erythruronolactone
according to the method of Hudlicky et al. Journal of Organic Chernistry,
1990, 55, 4683), was combined with pyridine (150 mL). 4-

- Dimethylaminopyridine (020 g, 1.67 mmol) and acetic anhydride (23.61
mL, 25.50 g, 249.52 mmol) were added at room temperature and the

- mixture was allowed to stir for 3 h. It was then poured into a flask
containing saturated aqueous sodium bicarbonate solution (100 mL). The
product was extracted with dichloromethane (500 mL) and the solvents
were removed under reduced pressure using a rotary evaporator. The
remaining residue was dissolved in ethyl acetate (500 mL) and was washed
with 0.1 N hydrochloric acid (200 mL) and the solvents were again
removed under reduced pressure. The product was purified by silica gel
chromatography using 3:1 hexane/ethyl acetate to afford 4.35 g (42%) of a
yellow oil. Anal. Caled for C10H1407: C, 48.78; H, 5.73. Found: C, 49.14; H,

- 5.85. -

5,6-Dichloro-2-(isopropylamino)-1H-benzimidazole (1.00 g. 409 mmol),
N,O-bis(trimethylsilyl)acetamide (1.06 mL, 0.87 g, 4.29 mmol),
trimethylsilyl trifluoromethanesulfonate (0.51 mL, 0.59 g, 2.66 mmol), -
1,2 3-tri-O-acetyl-L-erythro-pentofuranoside (1.10 g, 449 mmol) and 1,2-

- dichloroethane (25 mL) were used according tb_genéral procedure II. The



1H benzi m dazol e 5, 6-Di fl uoro-2-(isopropyl am no)-1H benzi m dazole (0.84 g,
-4.00 mol ), *N, O bis(trinmethylsilyl)acetamde (0.70 nL, 0.58 g, 2.83 mmol),
trinmethylsilyl trifluoronethanesul fonate (0.5 nL, 0.58 g, 2.60 mmmol),
1,2,3,5-tetra-O acetyl -L-ri bofuranoside (150 g, 4.71 nmmol) and 1,2-

di chI oroet hane . (?.;)%,,)% Mere used according to general procedur @CFIGBIFHYS]
product was purifie y silica gel chro ography usi ng 35:1 .

PCT/ GB96/ 03151 WD 97/ 25337 57 di chl orometHane/ net hanol to afford 1.33 g
(709 of a yellow foam -Ms (Cl): miz 470 (Mrl). Exanple 46 :

5, 6-Di fl uoro-2- (i sopropyl am no) - 1- (bet a-L-ri bofuranosyl)-1H

5,6-Di fl uoro-2- (i sopropyl am no)-1-(2,3,5-tri-0O acetyl -beta-L-ribofuranosyl )

- 1H benzi m da I (031 g, 2.92 mol),
water (5 nl), m%ﬁm%§%géﬁ%§ﬁ%% used accord| ng to
general pr oceddichlqromethane/methanel i 9-4% B426%), 06 brown seli

chr omat ogr aphy5%+63 nQ. mmlmmmnane/ nmet hanol to afford 0 52 g (53%
of a white solid; mp. 156-158 [err]C Anal. Calcd for
C[err]H[err]F[err]N[err]Qerr] C, 52.48; H 558; N, 12.24. Found: C,
52.23; H5.63; N, 12.15. 2-Chloro-6-nitroaniline (14.10 g, 81.71 nmol),
~Raney-ni ckel (Bxdtdple 36 a 50%slurry in water), and ethanol (200 ni) were
conbi ned in an autoclave which was pressurized to 150 psig w th hydrogen.
The resulting mxture was allowed to stir overnight at RT The_m xture was
then filtered 2frddishlora-Zsfsopsepdaming)-1-(peta-f-oppthro-pentofuranosxi-) ]

sever al benzimidazole

5,6-Dichloro-2-{isopropylamino)-1-(2,3-di-O-acetyl-beta-L-erythro-
pentofuranosyl)-1H-benzimidazole (0.34 g, 0.79 mmol), sodium carbonate

- (0.13 g, 1.23 mmol), water (3 mL), methanol (3 mL), and ethanol (10 mL)
were used according to general procedure Ill. After removal of the
solvents under reduced pressure, the material (0.17 g, 63%) was found to be
analytically pure and did not require any further purification; m.p. 180-181
*C. Anal Calcd for C14H17CIpN303: C, 48.57; H, 4.95; N 12.14. Found C,

48.33; H,4.89 N, 1197,

(Isopropylanuno)—iﬁ,&-tnddoro—lH—be:mudazole (0.86 g, 3.10 mmol),
N,O-bis(trimethylsilyl)acetamide (0.80 mL, 0.66 g 326 mmol),
~ trimethylsilyl trifluoromethanesulfonate (0.39 mL, 0.45 g, 2,01 mmol),
© 1,2,3-tri-O-acetyl-L-erythro-pentofuranoside (0.84 g, 3.41 mmol) and 1,2-
dichloroethane (25 mL) were used according to general procedure II. The
product was purified by silica gel chromatography using 60:1
- dichloromethane/methanol to afford 0.28 g (20%) of a white foam. MS '
- (CD: m/z 464.1 (M+H). -



- portions of methanol, and the solvents were renpved by rotatry evaporation
to afford 10.43 g (89% of a viscous, brown oil, which darkened upon
standing. Ms (El): mz 143.1 (M+H). Exanpl e 48. _ o
- 4- Chl or o- 2- (i sopropyl am no) - 14 benzi mi dazole =~ WD 97/ 25337 - '

PCT/ GB96/ 03151 58 3- Chl oro-1, 2-phenyl enedi ami ne (6.41 g, 44. 9568805151
i sopropyl |somﬁ@§@ﬁate (520 g, 51.6 mol), 1-cycl ohexyl - - '
nor'phol i noet hyl ) car bodi i mi de net ho- p-toé@enesul fonate (25.0 g, 59.02 mol)
~and pyridine (300 nL) were uUsed according to general procedure I. The
product was recrystallized from 1, 4-di oxane afford 5.45 g (58% of a
~brownish solid. Ms (El): mz 210.1 (M+tH). Anal. calcd for :
~derr]Herr]ANerr]- (0.5'C[err]H[_err]qerr]) C, 56.80; H 636; N 16. 56.
Found: C, 57E3fmpleS58. 34; N, 16.69. Exanple 49
- 4- Chl oro- 2- (i'sopropyl am no) -1-(2, 3, 5-tri-O acetyl - bet a- L-ri bof uranosyl ) -1H
. benzi m dazol g -ChI or'o-2 be zi'm da oI e
._m-m) N, O K Qp -1 0¥ wantslaall 238K P
_tr|rrethyl&lwznhe)rrethanesulfonate (1.2 nL, 1. 42 g, '6.00 ol ),
- 1,2,3,5-tetra- O acetyl L-ri bofuranose (4 46 g, 14.01 mml) and

1, 2- dlchloro L 0 ner rocedure 1. The

- product ‘was M&éﬁgﬁf ﬁ gﬁ%ﬁﬁ}"g??ﬁge@?ae

di chl or onet hmiodummﬂer(ﬂﬂégtﬁ.lamo&  darbioriateof.02rg, G17- m&ndl)e f oam MBS

(El): mz 46%&&@&@.}, thehERS] 3§£’L),andethanol (5 mL) were used according to

4- ChI or o- 2- (i so&af)g}/ g\ureoﬁl ]Tlgebemﬁuct ribof uEe(Poslxl)g il—l- benzi mdazol e
dichloromethane/methanol to afford 0.04 g (91%) of a white sohd. m.p. '
199-200 °C (dec). Anal. calcd for C14H1gCIgN303: C, 44.32; H, 4.25; N, 11.08.
Found: C, 4434, H, 4.30; N, 10.89.

3 4-Dichloro-1.2-phenvlenediami

2,3-Dichloro-6-nitroaniline (20.11 g, 97.14 mmol), Raney-nickel (4.78 g of a
50% slurry in water), and ethanol (250 mL) were combined in an autoclave .
which was presssurized to 150 psig with hydrogen. The resulting reaction
mixture was allowed to stir at RT overnight. The mixture was then
filtered through a pad of celite, which was subsequently washed with
- several portions of methanol, and the solvents were removed by rotary
evaporation to leave a dark brown solid. The solid was slurried and in
" hexanes and was collected on a Biichner funneltoafford 1631g (95%) ofa
brown solid. MS (EI)' m/z 177.0 M+H).

Example_eﬂ
3 4—D1chloro-1,.2-phenylenedxamme (8.00 g, 45.19 mmol) 1sopropyl

isothiocyanate (526 g, 51.99 mmol), l-cydohexyl-s-(z- _
morpholinoethyl)carbodiimide metho-p-toluenesulfonate {25.0, 59.02



4-Chl oro-2- (i sopropylam no)-1-(2,3,5-tri-0O acetyl - beta-L-ribofuranosyl)-1H
benzi m:dazol-e (2.24 g, 4.79 mmol ), sodium carbonate (0.67 g, 632 nmol ),
water (7 nmL), nethanol (14 mL) and ethanol (20 nL) were used according to
general procedure |11. The product was purified by silica gel '

chr omat ography%ﬁ : 1 di chl oromet hane/ net hanol to afford I’CI@RJSI@-BB%
of a white solid: mp 225 227 [err]C Anal. calcd for
Cerr]Herr]CINerr]err]: G 52.77; H, 63 91;: N, 12 32. Found C’ 52 79;

H 5.96; N, 12.25. WO 974 25337 ) : .
PCT/ GB96/ 03151 59 4, 6-Di chl oro-2- (i sopropyl am no) 1H benzi m dazol e
3,5-Dichloro-1, 2- phenyl enediam ne (1.30 g, 732 mmol ), isopropyl

th t 525 slanexy] |
IrIIS)(r)phl()Flcng?hf/mﬁ%ar %ngl bt mcgg ‘rzg n)m') F%/uenesu For%éozz"f’?dx “8& mml)
and pyridine ( ughWas feEys Atigane taatfp @-l@lﬁr(gs% ) ofhe
product was r &¢hife S@lﬁd mmpummmﬂmmalm@mm of a

whi t lid. Y
Qerr) SHFe'rr]O[err?oiﬁ@dgg@mgwﬁﬂmr#wqmsﬁﬁids R .54, H 4.94,

N, 15.79. Exanple 52
4, 6- Di chl or o- Examplp6dpyl ani no) - 1- (2, 3, 5-tri - O acetyl - bet a- L- rlbofuranosyl) _
- 1H benzi m dazol e 4, 6- Di chl or o- 2- (| sopr opyl am no) 1H- benzi m dazol e (0. 83

g, 3.40 mol), ' ] : :

mrol ), trinmet ) oottt =51 iuEeng

nmol ), 1,2, 3, S3&1PE 'yI-rlbofuranose (1 31 g, 4. 12 mml) and 1, 2-
dlchloroethane (10 m.) were used according to general -procedure ll. The

product vas pu i 8dof 2 sbbrofyiehinS i A BR8N AR B 01 L, $%1 mmon,
N,O-bis(trimethylsilyl)acetamide (2.0 mL, 1.65 g, 8.09 mmol), trimethylsilyl
triﬂuoromethanesulfonate (0.9 mL, 1.06 g, 4.50 mmol), 1,2,3,5-tetra-O-
-acetyl-beta-L-ribofuranose (3.03 g, 9.52 mmol) and 1,2-dichloroethane (35
mL) were used according to general procedure . The product was purified
by silica gel chromatography using 95:5 dichloromethane/acetonitrile to -
afford 2.08 g (56%) of a yellow foam. MS (EI): m/z 502.0 (M+H).

3 4-Dnchloro-2-(lsopropylammo)-l-(lﬁ,S-M-O-acet)d-beta-L-rfbofunnosyl)-
1H-benzimidazole (2.06 g, 4.10 mmol), sodium carbonate (0.60 g 5.66
mumol), water (12 mL), methanol (10 ml), and ethanol (24 mL) were used

- according to general procedure . The product was purified by silica gel

- chromatography using 10:1 dichloromethane/methanol to afford a wlute
solid. - :



di chl or onet hane/ met hanol to afford 0.63 g (37% of a white foam Ms (Cl):
mz 502.1 (MH).
4, 6- Di chl oro- 2- (i sopr opyl ami no) - 1- ( bet a- L-ri bof uranosyl ) -1H benzi m dazol e
4, 6-Di chl oro-2-(isopropylam no)-1-(2,3,5-tri-0Oacetyl -beta-L-ribofuranosyl)
- 1H benzi-m dazol e ;0 63 g, 1.26 nmol), sodium carbonate (OPCHGHI6/031582
mol ), wat erWOPT8$3? et hanol (4 nL), and ethanol . (6 nL) were used .
according to general procedure I11I. Thé“product vvas purified by silica gel
WO 97/ 25337 PCT/ GB96/ 03151 60
chr omat ogr aphy usi ng 10: 1 di chl or onet hane/ rret hanol to afford 0.33 g (70%
of a white solid: mp. 212-214 [err]C Anal. calcd for
Clerr]Herr]d[err]Nferr](err]: C,  47.89; H, .5. 09 N, 11.17. Found: C,
47.79; H, 5.14; N, 11.09. Exanple 54
'1,2,3-tri- obigdnwsqamwmﬁ%mmmmmley@efmmﬂom@mgl 6
m:) kprefaé?_% . m]g;bsw &tmmﬁmmmbm ofnb, g
udl i cky e 0 conbi ne
wi th pyridi n‘;il T%Pﬁgfbﬂe‘ﬁ%rﬁ%‘ﬁ%%%‘%hgﬁg@% ) and -
acetic anhyd@@é%&dﬁmmg )cvumﬁm ¢h iy oom
tenperat ure gipticabe mxbmemhwdfm irid efe Bsb applieds t hen pour ed

) The S?EH%@FC%%%?%#@% ‘ﬁqﬁﬁﬁfé?%?o%g%ﬁﬁﬁ é%%-g%ée and the 00

sol vents wereompawnd eytatereity. o He@mm@a@ﬂ@radﬂm Qwaporator The
r emRi ni Ng I egiifmRuAGtBiokEOHsRtwhsestidisted Fodth thitrdsbOpic Bamandionas vashed

with 0.1 N hyfll pE50 R Sntiild efed il dstitiled Hont HleiSilletneliE 5f BEMV
DNA in each well by blotting andquantitative specific DNA hybndxzahon,
similar to the method of Gadier. (Anhzmcrob Agents Chemo&ter 1983, 24,
370-374).

Example = HCMV MRCS tox
1C50 CcCso

BExample1 2.1pM 100pM
Example3 0.6uM ~ 30pM
Example 12 1.4pM - 30uM
Example 14 1.0uM 30pM _
Example 16 0.2uM 100pM.
Example 19 0.1uM 100pM
Example 53 0.15uM 100pM
Example 56 0.75uM 100pM
Example 58 0.15uM  20uM



" renoved under_ reduced pressure. e product was purified by silica gel
| chromatoogr w IlmlIEﬁmumane/ et hyI acet ate to afford 435 g (429 of a
yellow oil. Clerr]Herr]err]: C, 48.78; H, 5.73. Found:

. C, 49.14; H 5.85. Exarrple55 _ S _
~5,6-Di chl oro- Zv&qéﬁ:%ﬁpyl am no) - I- (2, 3-di - Cacet yl - bet a- L- er yt RCW/GB96/03151
pent of ur anosyl ) penzi m dazol e _

5, 6- Di chl oro-2- (i sopropyl ami no) - 1H- benzi4ri dazole (1.00 g, 4.09 mol ),

N, O-bis(trinethylsilyl)acetam de (1.06 m.,. 0.87 g, 4.29 mol),

trinmethylsilyl trifluoronethansul fonate (051 m., 0 .59 g 66 mmol ),
1,2,3-tri-0O acetyl -L-erythro-pent of ur anosf THIS(SHEET HAS ABEEN |mol ) and 1, 2-
dichl oroet hane (25 nL) were used according to ggpeA@Ep Procddure I1. The
PCT/ GB96/ 03151 WD 97/ 25337 61 product was ++tca gel '

chr omat ograpgmmgng 30:1 dichl oromet hane/ met hanol to afford 0.45 g (26%
of a brown solid; mp. 59-63 [err]C. M5 (Cl): mz 430 (M+l). Exanmple 5
5, 6- Di chl or o- 2- (| sopropyl am no) - 1- (bet a- L- eryt hr o- pent ofuranosyl) 1H

benzi m dazol e

5, 6-Di chl oro12 (Iﬁ@@ﬁ@gﬁh@mm)ﬁ)ﬁ:nlﬂag¥ad§pr@vﬂee't yl - bet a- L-erythr.o-

-pent of urﬁﬂgsyl ) - 1H-benzi m dazol e g, 0.79 mmol ), sodium carbonate (0.13
g, 1.23 1), water (3 nL), ne anol (3 nL), and ethanol (10 nmL) were used
according to general procedure Iitl. After renoval of the solvents under
reduced pressure, the matergral (10.17 h? 63% was found to be

g

R LI U

wherein;

R1 represents hydrogen, a halo atom or azido;

10 -NRBRY where R8 and RS, which may be the same or different, are each
independently selected from hydrogen, hydroxyl C1-12 alkyt, for example C4.g alkyl
(where the alky! moiety>may be optionally substituted by one or more substituents
selected from halo, amino, azido, hydroxy, cyano, NOo, NHR10, SOoR10, SR10,

| -OR10, COR10 and haloC4.g alkyl where R10 is C4_g alkyl, Ca.g alkenyl, Co.g
15 alkynyl, or aryl), Co.g alkenyl, Cq.g alkoxy, C3.7 cycloalkyl, Co.g alkynyl, C3_7
cycloalkenyl, Ca.7 cycloalkle1.5 alkyl, aryl, arylC4.g alkyl, heteroaryl, heteroaryiC 4.
g alkyl, heterocyclyl and heterocyclylC1._g alkyl, or RER® together with the N atom to -
" which they are attached form a 3,4,5 or 6 membered heterocyclic ring; :
-NHNR11R12 where R11 and R12, which may be the same or different, each
20 represent hydrogen or C4.g alkyl;
- -N=NCq_g alkyl or -NHOCq_galkyl; _
R? represents hydrogen, halo atom, C, galkyl or C, galkenyl;
R3 and R4, which may be the same of different, each represent hydrogen halogen
or NO2;

25 R5 and RB, which may be the same or different, each represent hydrogen or

hydroxy;
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“analytically pure and d|d not require any further purification; mp.

180- 18% [err»]C Jmnuml(ullﬂmlml Cerr]Herr]d[err]Nlerr]Qerr]: C, 48.57;
'H, 4.95; N, 12. 33; H 4.89; N, 11.97. Exarrple 57 ,
' 2- (1 sopr opyl ani no) - 4,5, 6- "t richl oro- 1- (2,3-di -0 acetyl -beta-L-erythro- -

pent of uranosyl ) - 1H benzi ni dazol e
2- (1 sopropyl aﬁ%ﬁ’i 3¥ 6-trichl oro-1H benzi mi dazol e (0 86 g, §°Iﬁ"%ﬁ‘§‘

N, Obls(trlnethyIS|IyI)acetamde (0.80 n, 0.66 g, 3.26 nmol),
trimethylsilyl trlfluororrethanesulfonépe (0.39 ni, -0.45 g, 2.01 mmol),

1,2,3-tri-O acetyl -L-eryt hro- pent of ur anosi Y -FLt Mol ) and 1, 2-
di chI oroet hane (25 nlL) were used accordi ng t% g% 'a&ér 'yiure . The
product was purified by silica gel chromathgrap

di chl ororrethane/rrethanol to afford 0.28 g (20% of a white foam MBS (Cl):

mz 464.1 1o R?® 2
2- (1 soprop am no? %Eq [ dhﬁ'ig ﬁﬁé ?ﬁ%errgt ro pek P’eﬁtoegyfr)c’mll—l-
benzi m dazoydroxy. a haio atom and OR 14 {where R is hydrogen, C1-3all<yl aryt or arylC1.¢

(1sopropyl atkyhp) -4, 5, 6-trichloro-1-(2, 3-di -0 acetyl -beta-L-erythro-

pent of uranosi de (0.05 g, O. 12 mmol ), sodi um car bonat e (0.02 , 0.17 mmol),
wat er (3 mL),. et hanol ém d et hanol (5 nl) re u%ed according to
gener al 5 pr ¥iththeeprpyiso fewbpa femgerﬁemyﬂmenu& nend R each represent

di chl or orret:hlorm/m@hhdrRﬁ réprestnt @ancerpthts Ry tHoupf arii RAiis CHHOHher R

2995200 L eqdbud e Sricf IRRBROUiéhe '8 aeps %9“ 6 el de ! Sl b Geldrk, ©
are each independently selected from hydroxyl, C4-g alkyl (where the alkyt moiety is
- substituted by one or more substituents selected from amino, azido, NO,, NHR10,
- 10 S02R10, sR10, OR10, haloC4.g alkyl where R10 is as hereinbefore defined), C7.12
' alkyl (where the alkyl moiety is optionally substituted by one or more substituents
selected from halo, amino, azido, hydroxy, cyano, NO2, NHR10, SOoR10 SR10,
OR10, COR10 and haloC1.g alkyl where R10 is as hereinbefore defined), Cq.g
_ alkoxy, C3.7 cycloalkenyl, heteroaryl, heteroaryl C4.g alkyi and heterocvciyl;
15 -NHNR11R'2 where R11 and R12 are as hereinbefore defined;
-N=NC1.g alkyl or -NHOC1-6 alkyl;
or a pharmaceutically acceptable derivative thereof.

2, A compound of formula (1) as claimed in claim 1 wherein the sugar moiety is
20  selected from the following: |

HO OH HO HO OH
a b - _ c
| o OH
o | o [~°H | o
_ A o |
HO OH HO' OH
d e f

i



Found: C, 44.34; H, 4.30; N 1089 Exanpl e 59

3,4-Diehlore-1, 2- ﬁmmmﬂm 2 3- D|chI or o- 6- n|troan|I|ne (20 11 g,
.97.14 mmol ), Rane of a 50%slurry in water), and ethanol
(250 nmL) were conbinedl i'h an autocl ave whi ch was pressurized to 150 psig
~with hydrogen. The resulting reaction mxture was allowed to s&tTaaBed/03ES
~overni ght. The WR S¥3P¥ was then filtered through a pad of celite; which was
subsequent | y- washed with sever al portlgzs of net hanol, and the sol vents
~were renoved by rotary evaporation.to ave _a d . The solid
was slurried and in hexanes and was col |l ect cth\saEBU(Hl;t\eeBEEﬂ\p nel to afford
1631 g (95% of a brown solid. M5 (El): mz 177.0ﬁg A

?_3 4-Di-chl oro- 1, 2- phenyl enedi am ne (8.00 g,
-|soth|ocyanate (5.26 g, 51.99 mol ), 1- cyclohexyl 3-(2-

mor phol i noets i Qﬁfaﬁﬁ&ﬁ t)Fhstélhiﬂ%h?Wélftﬁﬁ%Iaﬁn(QEr le@exﬁﬁi‘ is -

h )%‘&%‘?é
PCT/ GB96/ 03
according t. herﬁr‘gcé’ﬁaﬁ d‘fﬁ%@tgmé &?@%éﬂ‘ t?grr%m
1, 4-di oxane @ dufybrm‘(fg -;Laynjoﬂ!ﬁ&% of a white solid. I\/S EI) n12 244
(NH—i) Anal . caI cd for CJerr]Herr]dJ[err]Nerr]-(0.35 (Jerr]Herr]err]):
1 C, 49.80;. H, 5.06; N, 15.28 _F gple 61
'3,4-Di chiSor & 2- (ﬁ%?ﬁ%%ﬂﬁfﬂﬁﬁqi?'?fsﬁafjmﬁa ""6!'&8@’{'373""6‘% §°%V$%r8ﬁ€aﬁ%gyl)
| - 1H benzi mhydmgen csra4heno¢atdrmro 2- (i sopr opyl am no) - 1H benzi m: dazol e (2.01
‘g, 7.31 muol),

5. A compound of formula ) as clalmed in any cla:m from 1 to 4 wherem R3

‘and R4 are both a halo atom.
10 . . ;
| 6. - A compound of formula (I} as claimed in any claim from 1 to 5§ wherein Rlis-
NRBRE wherein R8 is hydrogen and R9 is a Cq.g alkyl, R? is hydrogen or a halo
atom, R3 and R4 are both a halo atom and the sugar moeity is selected from 3-
~ deoxy-L-ribofuranosyl, 5'-deoxy-L-ribofuranosyl and 2'-deoxy-L-ribofuranosyl or a
15 pharmaceutically acceptable derivative thereof.

7.  Acompound of formula (1) selected from:

4-Bromo-5,6-dichioro-2-isopropylamino-1-(beta-L-ribofuranosyi)1H-benzimidazole;
.20 5,6-Dichioro-1 -(3-deoxy-befa—L-ribofuranosyl)—z-i_sopropylamino_-1 H-benzimidazole;
5,6—Dichloro-1-(5-deoxy-beta—L-ribofu‘ranosyl)42-isopropy3a_mino—1 H-benzimidazole;
5.6-Dichloro—1 -{beta-L-erythrofuranosyi)-2-isopropylamino-1 H-benzimidazole;
_5,6—Dichioro-2-i$qpropylamino—1 -(beta-L-xylofuranosyl)-1H-benzimidazoie;
1-(2-Deoxy-beta-L-ribofuranosyl)-5,6-dichloro-2-isopropylamino-1H-benzimidazole;
25  2-lsopropylamino-1-(beta-L-ribofuranosyl)-4,5,6-trichloro-1H-benzimidazole;
4-Bromo-2-cyclopropylamino-5, 6-dichloro-1 -(beta-L-nbofuranosyl)—ﬂ-K-
benzimidazole;
2-Cyclopropylamino-1 -(beta-L-ribofuranosyl)-4,5,6-trichioro-1 H-benznmvdazole
4,6-Dichloro-2-isopropylamino-1-(beta-L-ribofuranosyl)-1 H-benzimidazole; and
30 . -(beta-L—Erythrofuranosyl)-2-|sopropylamano—4,5,6-tnchloro-1H -benzimidazole.

8. A pharmaceutical composition comprising a compound of formula (l) as

claimed in any claim from 1 to 7 and a pharmaceutically acceptable excipient

therefor. o '
35 |
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N, O bi s(trinethylsilyl)acetanide (2.0 nL, 1.65 g, 8.09 mml),

Ctrimethylsilyl tl’lf|jl Ilmummﬁ "l)u)ulate (0.9 nL, 1.06 g, 4.50 nmol),
.1,2,3,5-tetra-O ace ranose(3.03 g, 9.52 mmol) and

1, 2-di chl or oet hane (3 ) were dsed accor di ng to general procedure [1. The
“product was purified by silica gel Chromatography using 95:5 :
di chl or omet ha¥@ q&&¥8nitrile to afford 2.08 g (56% of a yel FCTIG 8650%15,’%
(El): mz 502.0 (MrH). Exanple 62

3, 4- Di chl or o- 2- (i sopropyl am no) - 1- (bet6§ L-ri bof ur anosyl) 1H benzr m dazal e
3, 4-Di chl oro-2- (i sopropyl am no)-1-(2,3,5-tri-0O acetyl -beta-L-ribofuranosyl)
- 1H benzi midazole (2.06 g, 4.10 mol), sodium carbonate (0.60 g, 5.66
mmwl ), water (12 nL), nethanol (10 mL), and ethanol (24 nm) were used
according to . general procedure IIl. The product was purified by silica gel

- chromat ogr gphy us *&pﬁl |te .solid
Exanpl e 83 Pt @ﬁgan‘g%d;f’ow i ?Wgﬁsay WBEW(@%%%&ZPWS?P%%?
64 HOW st mgdicaitherapyias grown on nonol ayers of human enbryonic lung cells -
(MRC5 cells) in 96 well plates. After -infection of the cells at a ratio of

o vy 20 U o EShbOUR: o otBuB ¢ BlanEln G baih By 2918 et
in tripfi caanuiareresefimmedicament fof theriseaimesbarronbylaxis of viral mfatptmnsed to

wel |'s containing nonolayers of uninfected cells in order to assess




conpound cytotoxicity. The plates were incubated for 5 days, %%é;_g
m ni mum-eyet oxi ¢ dose was estimated from microscopic exam nati C5
for antiviral effect was estimted from nmeasurenent of HCOW DNA |n em‘dg ooy -

well by blotting and quantitative speC|f|c DNA hybri di zati on,
t he net hod of Gadi)i.ET(Antl mcrob Agent s Chenot her. 1983, 24,

o e RS | SRS, TR B 1 2 NP b
1001 i et meiﬁfr e

100[ err] Wmmw ! PpepntfCispsificgtion § 10p[ er] KHNmSsativt @b@@o@ﬂm{mr r] M WO 97126337

100[ err | M ESOTHpI9ADSBLAGK/SUVEY 1 | M 10pA&nr 5lerr]
_65 CLA I\/B L A_conpound Df tI‘[ Mf' %F'g aLée pr ovi (Bj/ljul' ur.07.9m
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. 'I‘he present invention relates to benzimidazole derivarives and their use in medical therapy particularly for the treatment or prophylaxis
of virus infections such as those cavsed by herpes viruses, The invention also relates 10 the preparation of the benzimidazole derivatives
and pharmaceutical formulations containing them.




al kyl (V\,here the al kyl noiety may be optiohaliy substituted 1%0 ohlez rmrI@& oy
substittlents selected from hal o, anino, azido, hydroxy,
NHR[ err], SO erT‘]‘RferT‘]’——SRfer‘rT_ OR[err], COR err] anM%GW@#ySHEET

where Rl err] | err] 15 6 al kenyl, Cerr] alkynyl, or
aryl), derr] l m | ﬂ koxy, Cerr] cycloal kyI , CJerr] al kynyI ,
Clerr] cycl oal Keqyle, ERr scy oal kyl (ferr] alkyl, aryl, arylCferr] alkyl,

heteroaryl, heteroaryl (Jerr] alkyl, heterocyclyl e rr]
al kyl, or R8R9 together with the N atom to which tmﬂg g‘ms orma
3,4,5 or 6 nenbered heterocyclic ring; 20 -NHNR[er|r]jR[err] where R ¢rr] and
Rlerr], which may be the sane or different, each rledr eg®@CThigdogen jor
Cerr] alkyl; -N=NCerr] al kyl or-NHOC err]al kyl; {RA represents hydiogen or

a halo atom R[err] and Rerr], which. ma§ be the of—dariferent, feach
represent hydrogen or 25 halogen: Rerr] and R errj, which nmay be the sanme
or different represent hydrogen. or hydroxy; 66 R err] represents
hydr ogen, O%%r CH err]Rerr] where R err] may be sel ected from

hydroxy, a halo atomand OR[err] (where Rerr] is hydrogen, C[ferr]alkyl,
~aryl or aryIC[err] alkyl); 5 with the proviso that when ‘R err]
represents h each represent chloro, Rerr] and
Rl err] repre &ﬂpﬁf?’{;‘]“ﬁ R%(a%?}fﬁaf"aﬁ& 9 err] is -CHerr] OH t hen
Rlerr] ©Bepresents-azido, -NR[err]Rerr] where Rerr] and R err], which may
be the sane or different, arepach independently selected from hydroxyl,
Cerr] alkyl (where the aI kyl [moi ety IS substituted by one or nore
substituents sel ected frdmangs azido, NJerr], NHR[err],

e_@r] al kyl where Rlerr] is as

SHJerr]Rerr], SRerr], OR{
R M

5 6

wherein;

R1 represents hydrogen or a halo atom;

10 -NR8R® where R8 and RY, which may be the same or different, are each
independently selected from hydrogen, hydroxyl, C4.12 alkyl, for example C1.g
alkyl (where the alkyl moiety may be optionally substituted by one or more
substituents selected from halo, amino, azido, hydroxy, cyano, NOg, NHR10,

. SO9R19, sR10, OR10, COR10 and haloC1.g alkyl where R10is C4_g alkyl, C3-
15 6 alkenyl, Ca.g alkynyl, or aryl), Co.g alkenyl, C1.g alkoxy, C3.7 cycloalkyl, C2.g
alkynyl, C3.7 cycloalkenyl, C3.7 cycloalkylCq_g alkyl, aryl, aryiCq_g alkyl,
heteroaryl, heteroarylC1.g alkyl, heterocyciyl and heterocyelylCq.g alkyi, or
R8RS9I together with the N atom ta which they are attached forma 34,5 0r 6
‘membered heterocyclic ring;
20 -NHNR11R12 where R11 and R12, which may be the same or different, each
represent hydrogen or Cq_g alkyl;
-N=NC1_g alkyl or -NHOC1:galkyl;
R? represents hydrogen or a halo atorm;
R3 and R4, which may be the same of different, each represent hydrogen or
25 halogen;

RS and RS, which may be the same or different, each represent hydrogen or
hydroxy:;



her ei nbefore defined), Clerr] alkyl (where the alkyl noiety is optionally
supsti-tuted by one or nore substituents sel ected from hal o, am no, azido,

hydr oxy, cyano, NJ err] err SHJerr]Rerr] SR er réﬁﬁ% Pﬁ]S\e\EET
and hal oC[err] al Kn‘mﬂlﬂ““‘%‘ h“l s as herei nbefore %

al’koxy, Cferr] cy heteroaryl, heteroaryl Cerr] alkyl and
het erocyclyl ; - NHNR[ efr] K] err] Wnere R err] and R err] ar__(_a__a_s__h_ELei nbef ore

defi ned,; -N:NC[err] al kyl or-NHOC[ err] alkyl; o B y
acceptabl e derivative thereof. 2. A corrpound REPL: L | ai med in
claim1 wherein the sugar noiety is 20 sel ect 4d 6m the foll ng: [err]
67 3. - A conpound of fornmula (1) as clainmed in eithﬁ gCRiy7L qr 12 wherein
Rlerr] is - NRBR9, where R8 and RO, which nmay bqg the éama or_di rent, are
selected fromCerr] alkyl or (Jerr] cycloal kyl. f formul a
(I') as clained in any claimfrom1l to 3 wherein or a
hal o atom 5. A conpound of fornmula (1) gas cl al 'n any claimfrom1l to

4 wherein R3 and R4 are both a halo atom 6. A conpound of fornula (I) as
clainmed in apy rébﬁ's@hfsfﬁ\iﬂré ér‘\"G_H ?t@l = Qhkte Ré*’-r“é\JF@BQeM/e%E:ﬁ‘fthfi i's

hyd d h 10 at
Rb and Ra-ar BYSBH. 2RI 3SR HQ ezt B e R e e vom o -

deoxy- L-ri bokuf@rgsgky)s' - deoxy- L- r| bofuranosyl and

2' -deoxy-L-ribofuranosyl or a pharmaceutically acceptable derivative
t hereof. 7. A compound of formula (1) selected from

4- Br onpn-b, 6- dwtrmt'@r@-cztspstbgmw BRiraprase (s yEres R tf(’)‘l' @ﬂ‘ér‘f’osf??lf—ﬁ%é?ﬂ“tm daz
ol e; chlaro, RS and RS represent an erythro hydroxy greup anc R7 is -CHoOH then

R! represents azido, -NR8R9 where R8 and RE, which may be the same cr
differant, are each independently selected from hydraxyl, C4.g alicyl (where the
- alkyl moiety is substituted by one or more substtuents szalected from aming,
10 azida, NO, NHR10, SO4R10, SR10, OR19, haloC1.g alkyl where R10is as
hereinbefore defined), C7.42 alkyl (where the alkyl maiety is optionally
substituted by one or mare substituents selected from halo, aminoe, azido, -
hydraxy, cyano, NO2, NHR19, S0,R10 SR19, OR10, COR10 and haloaC1-g
alkyl where R10 is as hereinbefore defined), C1.g alkoxy, C3.7 cydoalkeny!
15 *  heteroaryl, heteroaryl C4.g alkyl and heterocyciy!; -
-NHNR11R12 where R11 and R12 are as herelnbefore deﬁned
=N=NC4.g alkyl or NHOC1-6 alkyl '
or a pharmaceutically accaptable dérivative thereof.

2. A compound of formula () as claimed in claim 1 wher ein the sugar _moiety.i's
20 selected from the following:

ob U ol

FO OH HO OH
a b c
- OH
OH
OH
HO OH HO OH



5, 6-Di chl oro- 1- (3 deoxy beta-L-ri bofuranosyt) - 2- |soprop Iam Ol\lﬂlﬁﬁﬁp
Zoi e; < N & éﬁtﬁ
5, 6-Di chl oro-

l(l im mﬂ“ r| bof uranosyl ) - 2-i sopropyl am no- 1H benzi m da -
zol e; -

5,6-Di chl oro- 1 1L-"ery¢ hrof uranosyl ) - m ua ' 5[‘ H benzi m dazol e;
5, 6-Di chl or o- 2- |sopropyl am no- 1- ( bet a- L- Fznal ke =iy enzi m dazol e;

1-«( 2- Deoxy- bet a- L-ri bof uranosyl ) -5, 6-di chl ar o- 2-i sopr opylianfi no- 1H benzi m da
zol e; .67 05 0CT 199

2-i sopr opyl am no- 1- (bet a- L-ri bof uranosyl )} 4] 5, 6-tri chlord- 1H benzi ni dazol e;

4- Br onp- 2- cycl opr opyl am no- 5, 6-di chl oro- 1} (beta-L-ri bof uranosyl)-1 H
benzi m dazol e;

2- Q/cl opr opyl anmi no- 1- (bet a- L-ri bof ur anosyl ) - 4, 5, 6-tri chl or o- 1H benzi nm dazol

e; 4,6-D chloro-2-isopropyl am no- 1- betaLrlbofura 0S - 1H- bepnzi.m dazol e;
and 3. A compound of fclg)ny ula (f) as clalmed in either clains 1060 E)whereln fg% is -

1- (bet MNREEByivhesad mﬁe@mﬂ% whidts avayope tiesTs amedosdifieteritc Ateosale diid tfesiai i dazo

l e. 8. A phar eutlc nposi tion conprising a conpound of forrmula (I)
as cl aiti8 ﬁ'ﬂ’ aRy~8t/arih ?9"‘}’@2\ 1 to 7 and a pharnaceutical |y acceptabl e

exci pi ent theref or V\D 97/ 25337
PCT/ GB26/ 03 08, g of FAC OB H, A > VisCl ai m
from1l to 7 for use 1n madl cal therapy 10 Use of a corrpound of forml a

(1) as-MOEPoRRUSrA AR i mfrom1 to 7 in the 5 ~ manufacture of a
medi canent for the treatnent or prophylaxis of viral infections.

5. A compound of formula (I) as claimed in any claim from 1 to 4 wherein R3
- and R4 are both a halo atom.

6. A compound of formula (1) as claimed in any claim from 1 to 5 wherein R1 is -

NR8RY wherein R8 is hydrogen and RY is a C1.g alkyl, R? is hydragen or a halo
atom, R3 and R4 are both a halo atom and the sugar moeity is selected from 3'-
deoxy-L-ribofuranosyl, 5'-deoxy-L-ribofuranosyl and 2'-deoxy-L-ribofuranosyl or a
pharmaceutically acceptable derivative thereof.

7. Acompound of formula (1) selected from:

4-Bromo-5,6-dichioro-2-isopropylamino-1-(beta-L-ribofuranosyl) 1H-benzimidazole;
5,6-Dichloro-1-(3-deoxy-beta-L-ribofuranosyl)-2-isopropylamino-1H-benzimidazole;
5,6-Dichloro-1-(5-deoxy-beta-L-ribofuranosyf)-2-isopropylamino-1 H-benzimidazole;
5,6-Dichloro-1 -(beta-L-erythrofuranosyl)-z-isopropytamino-i H-benzimidazole;
5,6-Dichloro-2-isopropytamino-1-(beta-L-xylofuranosyl)-1H-benzimidazole;
1-(2-Deoxy-beta-L-ribofuranosyl)-5,6-dichloro-2-isopropylamino-1H-benzimidazole;
2-Isopropylamino-1-(beta-L-ribofuranosyl)-4,5,6-trichioro-1H-benzimidazole;
4-Bromo-2-cyclopropylamino-5,6-dichloro-1 -(beta—L—riboigranosyl)A H-
benzimidazole; '
2-Cyclopropylamino-1-(beta-L-ribofuranasyl)-4,5,6-trichloro-1H-benzimidazole;

4 6-Dichloro-2-isopropylamino-1-(beta-L-ribofuranosyl)-1H-benzimidazole; and
1-(beta-L-Erythrofuranosyl)-2-isopropylamino-4,5,6-trichioro-1H-benzimidazole.

8. A pharmaceutical composition comprising a compound of formula (I) as

claimed in any claim from 1 to 7 and a pharmaceutically acceptable excipient
therefor.



