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PCT/ EP98/ 03380 BENZI M DAZOLE DERI VATI VES 5.
FI ELD OF THE | NVENTI ON The present invention relates to certain
benzi m dazolwod#sérént i ves and their use in nmedi cal ther #CI/EPYS/03380
particularly for the treatnment or prophylaxis of virus I nfections such
as those caused by herpes viruses. The invention also 10 relates to the
preparation of the benzim dazol e derivatives and phar maceut i cal
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BACKGROUND OF THE INVENTION

15  Of the DNA viruses, those of the herpes group are the source of the most
common viral ilinesses in man. The group includes herpes simplex virus
types 1 and 2 (HSV), varicella zoster virus (VZV), cytomegalovirus (CMV),
Epstein-Barr virus (EBV), human herpes virus type 6 (HHV-6) and human
herpes virus type 7 (HHV-7) and type 8 (HHV-8). HSV-1 and HSV-2 are

20 some of the most common infectious agents of man. Most of these viruses
are able to persist in the host’s neural cells; once infected, individuals are at
risk of recurrent clinical manifestations of infection which can be both
physically and psychologically distressing. '

25 HSV infection is often characterized 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. Ocular infection by HSV can lead to keratitis or
cataracts thereby endangering the host's sight. Infection in the new-born, in

30 immunocompromised patients or penetration of the infection into the central

nervous system can prove fatal.
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severe forms, failure to thrive, and susceptibility to chest and ear infections.
CMYV infection in patients whose immune systems are immature or who are
20 immunocompromised for example as a result of malignancy, treatment with
immunosuppressive drugs following transplantation or infection with Human
immunodeficiency Virus, may give rise fo refinitis, colitis, esophagistis,
hepatitis, meningoencephailitis, pneumonitis, gastrointestinal disorders and
neurological diseases. In addition, these CMV disease syndromes can affect

25 patients who are not immunocompromised,

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

30 persons with congenital or acquired cellular immune deficiency, X-inked
lymphoprofiferative disease which occurs namely in young boys, EBV-

associated B-cell tumors, Hodgkin's disease, nasopharyngeal carcinoma,
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Burkitt |ynphoma, non-Hodgkin B-cell |ynphoma, thynmomas and oral hairy
| eukopl aki a. EBV infections have al so been found in association with a
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Hepatitis B viru is a viral pathogen of world-w de major inportance.
The virus i Strabﬁsdhdgdmglthg lungsoci ated with primary hepatocellul ar carci noma
15 and is thought to cause 80% of the world's liver cancer. Cinical
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severe leading to persistent chronic 20 |iver disease outlined above.

GB 682, 960, mrmotrausmantcpamnmaewuuelyca@@ aaydie pasaniated with gthesi des
useful as |nt ernedi attﬁﬁ @ﬁ% 'eéPar at n of thera eutlg subst nc§€.
Mochal i n et . digpas@ssei @6@31 g SC ﬁ'{e 'i?ﬁsﬂe‘" @30{ § cribe

the 25 nt . anosi des.
Gosselmﬁgt &%ﬁiéelg{:_tﬁ‘?i ﬁbam?a Cheif’{]EH em)t ernlig (ﬂﬁ?}) ?éﬂgf% 1994)

di scl ose cergndétemied diseasedetidhdgy. dblENz8 hiaslbeeh emgheméaimpyamwl
conpounds with antiviral activity. Townsend et. al. (Chem cal Reviews,
vol . 70 no. 3 1970) discloses certain 1- gl ycosyl benzi m dazol es. U. S
Pat ent No. 585 ’%39& di s

benzenesul f oﬁ?Patit d] |“H§ &gggﬁso% A 9' 569%%9%?" Qf Wﬂ”"“&‘ﬁ?’? \%ﬁj?r i&p 0\/’\}1 i R have
affinity forrhdGiniaROPRASSba akaRINEOWith i Hepatodelufdr edfcintiifia A2
descri bes certain cycl ohexanol anal ogues for antiviral and anti-parasitic
use. 15  and is thought to cause 80% of the world’s liver cancgr. Clinical effects of

infection with HBV range from headache, fever, malaise, nausea, vomiting,

anorexia and abdominat pains. Replication of the virus is usually controlled

by the immune response, with a course of recovery lasting weeks or months

in humans, but infection may be more severe leading to persistent chronic

20 fiver disease outiined above.

GB 682,960, GB 690,119 and GB 696,952 disclose benzimidazole glycosides
useful as intermediates in the preparation of therapeutic substances.
Mochalin et. at. (SU 443035; Zh. Org. Khim. 12(1), 58-63 (1976)) describe the

25 synthesis of certain unsubstituted benzimidazole pyranosides. Gosselin et.
al. (Antiviral Chem. Chemother. 5(4), 243-56, 1994) disclose certain 5,6,-
dichlorobenzimidazole arabinopyranosyl compounds with antiviral activity.
Townsend et. al. (Chemical Reviews, vol. 70 no. 3, 1970} discloses certain 1-
glycosylbenzimidazoles. U.S. Patent No. 5,585,394 discloses 1-

30 benzenesulfonyl-1,3-dihyro-2H-benzimidazol-2-one derivatives which have
affinity for the vasopressin and oxytocin receptors. EP 0 521 463 A2

describes certain cyclohexanol analogues for antiviral and anti-parasitic use.
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON 5 It has now been di scovered that

certain 6-nenbered ring-containing benzi m dazol e derivatives are
useful for the treatnent or prophylaxis of viral i nf ections.

Accordi ng toW® I56¥d aspect of the present invention, there iRCI/EPI8/03380
provi ded conpounds of formula (1) [err] 15 Rl errt.
I s hal ogen, hydroxy, azido, (ferr]alkyl, Cerr]al koxy, ([err]al kenyl,
Cerr]- al kynyl, Cerr]aryl([err]alkenyl, Cerr]JarylClerr]al kynyl, or
-NR[err]Rerr] (where Rerr] and Rlerr] -may be the sane or different
and are hydrogen, Cerr]al kyl, cyano([err] al kyl, hydroxy( err]al kyl,

hal o err]al kyl, der rﬂ)E}'NIbEDIQESC&IETIQPdIO@TI‘B{Ea&N\JENEIQMI kyl ,
Cerr]al kenyl, Cerr]cycloal kyl(err]al kyl, Cerr]al kynyl, C[err]aryl ,
Cerr]arylC[err]al kyl, 20 het er ocycl e[ err] al kyl, err] al kyl car bonyl ,

I : t t to which
CLer 281 Wby pBen BSict gt chAAR I Sfampered lkinple o £ o P ©
ORlerr] ( V\h%ﬁzlﬁir@éidle derivativesars uselul $or threltrea(ﬁh@hf bﬁﬁiﬂ)'pﬁ?lab’dél of virel
Cerr]aryl), or SR err] éwhere Ris hdrog‘en Cerr]a

hydr oxy(] er n]fad;ﬁqﬂs Agioording to a firsicgapeshpkine, presem[mventmw ltl)e,re is

provided compounds of formula (1)

RZ
R3
N
R g
10 Z )
wherein:
15 R'is halogen, hydroxy, azido, Cq_galkyl, C4_galkoxy, Cp galkenyl, Co.

salkynyl, Cg.14aryiC,.galkenyl, Cq.44aryIC, gatiynyl, or -NR'°R?® (where R"®
and R% may be the same or different and are hydrogen, C4_galkyl, cyanoCy.
galkyl, hydroxyC,_galkyl, haloC_galkyl, C, ycycloalkyl, C4_galkylCa scycloalkyl,
C,._galkenyl, C3.7cycloalkylCq_galkyl, C, galkynyl, Cq.q4aryl, Cq q14aryiCq galkyl,

20 heterocycleCy galkyl, C4.galkylcarbonyl, Cg 4 4ary!sulfonyl, or R"¥RY together
with the N atom to which they are attached form a 3, 4, 5 or 6 membered
heterocyclic ring}, oR?! {where R*is hydrogen, C4_galkyl, C5_ycycloalkyl, or
Cg.14aryl}, or SR% (where R%is hydrogen, Cy_galkyl, hydroxyC,.galkyl, Cs.
zeycloalkyl, or Cg_q4aryl);
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PCT/ EP98/ 03380 Rl err] is hydrogen or hal ogen;

Rlerr] and Rlerr] may be the sane or different and are hydrogen, halo
d err] al kyIWO8$/8476} aryl , heterocycleCerr]aryl, Cerr]al kox3}’(3'“"'31’98/"33’8
al kyI or -SR[err] (where R24 is hydrogen, ([ err]al kyl,

d err]4aryl, or @Lerr ryl rr]al kyI) 5 Z is a substituent of
fornul a (1a), UJ"{%@)%%]%& 10 wherei n:

hal o[ err ]

Rlerr] is
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gﬁ;og;a $—'{[ de er r] ?lls%l W’g{%ﬁi’ﬁoe@uﬁklaxrqb)aﬁdﬁgler r]al kyl, C err]al koxy,

al kene;
hydr ogen,

10

15

20

25

or

1 toget her forma ketone or

Rlerr] - Rerr] my be the sane or different and are

hydroxy, derr]-

e

9 10 RH

(ta) (Ib) (ic)
wherein.

R®is hydrogen, Cy.galkyl, haloCy_galkyl or C,_galkoxy;

R®is hydrogen, hydroxy, halogen, C4_galkyl, hydroxyC,_galkyl, haloCy.
galkyl or C4_galkoxy;

R is hydrogen, hydroxy, halogen, Cq_salkyl hydroxyC_galkyl, haloC,.
galkyl, C4_galkoxy, or R®and R’ together form a ketone or alkene;

RE-R" may be the same or different and are hydrogen, hydroxy,
halogen, C,_galkyl, hydroxyCy_galkyl, haloC4_galkyl, C4_galkoxy, or any of R
and R9 or R'® and R11 together form a ketone or alkene;

RZ2.R'" may be the same or different and are hydrogen, hydroxy, C4.
s alkyl or hydroxyC,_galkyl;

or a pharmaceutically acceptable derivative thereof,

provided that a compound of formula (I) cannot be 2,5-dimethyl-1-(2,3,4-tri-O-
acetyl-beta-D-xylopyranosyl)-1H-benzimidazole or 5,6-dimethyl-1-(2,3,4-tri-O-

acetyl—beta-D-arabinopyranosyi)-benzimidazole'-zethione;

r



20 al kyl or hydroxy(ferr]alkyl; or a pharmaceutically acceptable
derivative thereof, provi ded that a conpound of fornula.(1l) cannot
be 2,5-dinethyl-1 -(2,3,4-tri-0O

acet yl - bet a-WORSGPYr anosyl ) - 1H benzi mi dazol e or 5, 6- di met hy PCI/EP98/03380
-(2,3,4-tri-0O 25 acetyl - bet a- D- ar abi nopyr anosyl ) - benzi m dazol e- 2-t hi one;- .
further provided that when Z is a substituent of fornula (la): a)
Rlerr], Rerr], and R err] cannot all be hydrogen; and b) Rl cannot

be NR[err i¢h the Natomto 5
whi cﬁthei%ﬁéé@%@%géﬁégﬁbn&%%gg a%@sﬁlugn@?ﬁ?@@{/c C ring containing S
further proyigh 3tgﬁ n%thﬂb@ ar: gagt of forrrula (Ib): a)

R err] cannot tSe NR err]gl';[err wheér e ['err] and Rlerr] together with the

N atomto gR %éMHo%etNR @“%@r&@@ﬁ%df@%ge@ewmhéw kehetocyclic ring

cont ai ni ng further provided that when Z 1s a substituent
of formgl ayHien they are attachetdomhers Meaibidred hElerstyclioritgadontdisidg@len, then

Rl err\] cannot be "hydroxy, am no or SR[err] where Rerr] is H and 15
b) R err] cannot be NR[err]R[err] wher e R[err] and Rlerr] together with the
N atomto

cont ai ni ng fayther %i"&d}:‘gg%/‘f"s %tﬁ‘asf&%é‘g feg%é“m {%@Sr?ﬂcrﬁégrﬁggg%ﬁ %ingg
-N 20

pzf[;f fELF[?%ﬂ cﬁ%&f@w’* | U Hoine T e
3, 52 e S BB SAATYSH 1ETS i i

al kyl (Jerr]cycl
10 and

further provided that when Z is a substituent of formula (ic):
a) and when R .R® are all hydrogen, then R cannot be hydroxy, amino or
SR? where R% is H; and
1 19,520 19 20 .
15 b) R cannotbe NR"R™ where R and R™ together with the N atom to

which they are attached form a 5 membered heterocyclic ring containing S.

Particularly preferred R' groups include halogen and NR'*R? where R
hydrogen and R® s C,_galkyl (particularly C4_salkyl, with isopropy! being

20  especially preferred), C3 ;cycloalkyl {cyclopropy! is especially preferred), C4.
galkylC4 scycloalkyl or C ycycloalkylCy_galkyl.

In certain particularly preferred compounds, R? is hydrogen.

25 Particularly preferréd R® and R* groups include hydrogen, halogen (chlorine is
especially preferred), and C,galkoxy, (particularly C,_;alkoxy, with methoxy
being especially preferred). In certain particularly preferred compounds, one

or both of R® and R* are chlorine, desirably both.

30 In certain especially preferred compounds, R® is hydrogen.

b



In certain particularly preferred conpounds, R err] is hydrogen. 25
Particularly preferred R err] and N err] groups include hydrogen, hal ogen
(chlorine is especially preferred), and (err]al koxy, (particularly
d err] al koxy, WQio/HB676kt hoxy bei ng especially preferred). RCE/ER98103380
particularly preferred conpounds, one or both of Rerr] and Rerr] .
are chlorine, desirably both. 30 In certain especially preferred )
conmpounds, R5 is hydrogen. . Particularly preferred

substi t uent aﬁ&,& ' ( 61 kyl
(particular Fy er’%%’ﬁ%’?}?& ymgﬁmnée‘?tﬁﬁ Rand“%!‘?ﬁh%%%ﬁ']eg%dggf%ﬁ?
pr eL eL r gd) galkyl h(plladigh;aﬁycﬁuﬂmnmm kﬁth;a md’;éth}dlt?img ehgdciaﬂwﬂ?enréd}d kyl ,

i t t ' 5 ' : P
Sompounds. o AnAdHE T sk BB BERRE sk Wi bydrorymetnd being. of
formula {(1a), . referred conpounds of forrmula (I) are conpounds
wher ei n % iésgem%®p%%§q)?uent of forrmula (1b). In a further aspect
of the present invention, there is provided conpounds of formula (11)
[err]
Preferred compounds of formula (I) are compounds wherein Z is substituent

of formula (la).

10  Other preferred compounds of formula (1) are compounds wherein Z is a

substituent of formula (Ib).

In a further aspect of the present invention, there is provided compounds of

formula (11}

Rz

15

wherein:
R'is halogen, hydroxy, azido, C4.galkyl, C4_gatkoxy, C, galkenyt, Co.
20  galkynyl, Cg.q4arylC, galkenyl, Cg_q4aryiC, galkynyl, or NR'YR? (where R'®

and R% may be the same or different and are hydrogen, C_galkyl, cyanoC,.

3



e

gere Rlerr] is halogen, hydroxy, azido, (ferr]alkyl,
(err]al koxy, C(err]al kenyl, Cferr] 20 alkynyl, (ferrJaryl(ferr]alkenyl,

qerr]arqugﬁgal k%nyl, or -NRerr]Rerr] (where R err] and Rl err]
may be the s 85678 fferent and are hydr ogen, ([ err]al kyl, - cacrmeisasssp
al kyl, hydroxyClerr]al kyl, halo(err]alkyl, Cerr]cycloal kyl,

IR CREIE S L L —"

Gerr ot Zer Sl oot IIORLELRER Bl L] o St adal iyearbon
F1ng), | OR SISOy et By sAYicationyh: - apBisganvyior RS fegaihdml kyl  or
SCHERINERC ERNE TG BT gttt

err) b, PR OR e £t Py by Sy, 0 L
o o 0oL o ARG S AN R ) Py TR

I |,k ; . I s hydrogen, ([err]alkyl,
E[ar(r)g[ 2; ?/]C[%‘E'{ll?;l%é'lr%‘?‘éf%l}’y Lal le[ ° ;Ll IOS(R:[[ EE/H i s hydr glgﬁnl, hydr oxy,
al ogen, err , ,
hal ogen, o €1 By by bgdh BF gl = < y

R® and R* may be the same or different and are hydrogen, halogen,
10 Cygalkyl, Cs.14aryl, heterocycleCg_4aryl, C4.galkoxy, haloCy.galkyl or -SR
(where R* is hydrogen, Cgalkyl, Cg.14aryl, or Cg.14aryiC, salkyl);
R°is hydrogen, C4_galkyl, haloC4_galkyl, C4_galkoxy;
R® is hydrogen, hydroxy, halogen, C4_galkyl, hydroxyCy_galkyl, haloCy_
galkyl, C4_galkoxy:;
15 R is hydrogen, hydroxy, halogen, C4_galkyl, hydroxyC,_galkyl, haloCy.
galkyl, C4_galkoxy, or R® and R together form a ketone or alkene;
RE.R" may be the same or different and are hydrogen, hydroxy,
halogen, C, galkyl, hydroxyC,_galkyl, haloC_galkyl, C4_gatkoxy, or any of R?
and R® or R" and R" together form a ketone or alkene;

20 or a pharmaceutically acceptable derivative thereof,

provided that a compound of formuta () cannot be 2,5-dimethyt-1-(2,3,4-ri-O-
acetyl-beta-D-xylopyranosyl)-1H-benzimidazole or 5,6-dimethyl-1-(2,3,4-tri-O-
acetyl-beta-D-arabinopyranosyl)-benzimidazole-2-thione;

25
further provided that when Z is a substituent of formula (la):

a) Rz, R3, and R* cannot all be hydrogen; and



15 Rlerr] is hydrogen, hydroxy, halogen, C[err]alkyl,

hydroxy( err]al kyl , hal o err] al kyl, Cerr]al koxy, or Rlerr] and
Rl err] together forma ketone or al kene; Rlerr] Rerr] my be
t he sane or W0 P§/8a7éint and are hydrogen, hydroxy, hal o@em/EP98/03380

Clerr]al kyl, hydroxyClerr]al kyl, haloC[err]al kyl, C[err]al koxy, or.any of.
R8 and Rferr] or 8§ 4o and R{gerr‘; tz@get her forma ketone or al kene;
20 or a pHyrRacannatde NR Rceaphens R dend Rat fagetheravitlvthe N atomto provi ded
that a conmpound of formil ) canpot be 2,5-dinethyl-1-(2,3,4-tri-0O

acet yl - bet Mck $heygred] e}i_f%m)@eﬁg;qﬂlg%@gﬁpq%rpcyg}é fing é°""‘E“"'"9 S.

5 6-dinethyl-1-(2,3,4-tri -0

acet yl - bet a- D- ar abi nopyr anosyl ) - benzi m dazol e- 2-t hi one; 25 further
provi ded t hgprafensd £misodimenbef theipresentfinvantion @re(cbpounds of feomitaerr] ,

Rlerr], and err] cannot all be hydrogen; and
8 5 () b) Rerr] cannot be NR [err]Rlerr] where Rlerr] and R err]

together with the N atomto whi ch they are attached forma 5 nenbered
het erocyclic ring containing S. A preferred enbodi ment of the
present invention are conpounds of Rf;orrrul a b5 (rrry fJerr]
R3
R4
g® W

-
-
=
Som
g
o
R

¢ R ()

10 wherein:
R'is halogen, hydroxy, azido, C4_galkyt, C4_gaikoxy, C,_galkenyl, Cs.

galtkynyl, Cg.14arylC, galkenyl, Cg_14arylCy galkynyl, or NR'9R%® (where R
and R? may be the same or different and are hydrogen, C1_galkyl, cyanoC,.
galkyl, hydroxyC_galkyl, haloC,_galkyl, C5_ycycloalkyl, C4_galkylC3 scycloalkyl,

15  Cygalkenyl, C3ycycloalkylCy.galkyl, Cagalkynyl, Ce 14aryl, Cg.q4arylCy.galkyl,
heterocycleC4_galkyl, C4_galkylcarbonyl, Cg_44arylsulfonyl, or R¥R% together
with the N atom to which they are attached form a 3, 4, 5 or 6 membered
heterocyclic ring), oRr?! (where R* is hydrogen, C_galkyl, C4_scycloalkyl, or
Ce.14ary1), or SR? (where R? is hydrogen, C4_galkyl, hydroxyCy_galkyl, Cs.

20 cycloalkyl, or Cg_q4aryl);



e,

10 wherein: Rlerr] is halogen, hydroxy, azido, (err] al.kyl.,m- |
Cerr]al koxy, (Jerr]al kenyl, (err] al kynyl, (err]arylderr]al kenyl,
Cerr]aryl CJerr]lal kynyl, or -NR[err]Rerr] (where R err] and r]
may be the s‘gﬁéli/ﬁ?méi fferent and are hydrogen, C[err]alkyl, W@ﬁ

al kyl, “hydroxy([err]al kyl, haloCferr]alkyl, C[err]cycloalkyl,

g[[ Zi H 2;12%/1)(;[ E;Ir'géﬁ{’@{’é% pr E%g’rgﬂ’gl[ E;L]y?l kanglr ’r-] aryl,

G erraryl surf orfy) SHSR'dpay perfe et Skir s Sy, Raliestt o whi ch

CRLer ] (orGreafe CRrandt teogdei8Con el Sriaaony Al Frymell Pry SR

1L e Kbl 05 B9 g

%[err] a?nd Rl er rifs wdﬁ%%q?l351]s%?ir@l’§¥aqé¢g§§v(§{nﬁgﬁﬁ&?}pje hydr ogen, hal ogen,

nal ocl or ] al kyl Tor S aragd. 1ORRY’ hElagR! B reblivt FYAtom Cursdlith, hatgGr.r | al ey

G orr] al kyleeRaGer k@A o Gerr] al koxy: rertl i vdrogen
‘R'is hydrogen, hydroxy, halogen, C4_galkyl, hydroxyC,_galkyl, haloC;.

galkyl, C4_galkoxy, or R® and R together form a ketone or alkene;

10 RE.R" may be the same or different and are hydrogen, hydroxy,
halogen, C, galkyl, hydroxyC,4_ galkyl, haloC4_galkyl, C4_galkoxy, or any of rR®
and R® orR"% and R"" together form a ketone or alkene;

or a pharmaceutically acceptable derivative thereof,

15 provided that a compound of formula (I} cannot be 2,5-dimethyl-1-(2,3,4-tri-O-
acetyl-beta-D-xylopyranosyl)-1H-benzimidazole or §,6-dimethyi-1-(2,3,4-ri-O-
acetyl-beta—D-arabinopyranosy!}benzimidazolé-z-thione;

further provided that when Z is a substituent of formula (1a):
20 a) R2, Rs, and R* cannot all be hydrogen; and
b) R cannot be NR'R?® where R'® and R% together with the N atom to

which they are attached form a 5 membered heterocyclic ring containing S.

Compounds of formula (I} in which Z is a substituent of formula (Ic) provide a

25 further aspect of the invention.

Preferred compounds of formula (1), (1), and (ll!) are those wherein:
R'is halogen;

R%is hydrogen;

Jo



Rlerr] is hydrogen, hydroxy, halogen, ([err]al kyl, hydroxyCerr]alkyl,

hal o(f err] al kyl, C err]al koxy; Rl err] is hydrogen,
hydr oxy, hal ggen err]al kyl, hydroxy(err]al kyl, halo(err] al kyl ,
C[err]al koxy‘ygaP’sﬁPCLr r] and Rlerr] together forma ketone or PTERI8/033840

Rlerr] - Rerr] my be the sane or different and are hydrogen, hydroxy,

hal ogen, [ err] aj3kyl . Aydrox err]al kyl, haloCferr]al kyl, C[err]al koxy, ’o'r
any of a?d %/Qqeﬁr ]arB%a ]-and Rl err] tegether forma ketone or

al kene; or,5a hg}?m%c i cally acceptable derivative thereof, 15
provi ded t hat aRoﬂ‘g% ¢ 8?1%55%_“% (1) cannot be

2,5-dinethyl -1-(&.3,4-tri -0 .

acetyl - beta-D x dﬁﬁyé-%y?f-'ﬁir%%?&i m dazol e or 5,6-dinethyl-1
-(2,3,4-tri-O _8 aet yl - bet a- D- ar abi nopyr anosyl ) benzi m dazol e- 2-t hi one;
further provi de&tmﬁ\m@# Qy %% substituent of formula (1a): 20 a)

Rlerr], Rerr], d efrr annot all be hydrogen; and b) R err]
cannot de NR[ errF],aF]Q ] a};&'ﬁ@]@?@?w] and R[err] together with the N atom

to whi ch ey are attaghed forma,b nb d heterocyclic ring
containing S. R gy%(?lgﬁﬁu déalgyl?Pg}‘WPég%tﬁae'kﬁ'Mi ch Z is a substituent
of fornmula (1c) eovhd& a 25 further aspect of the invention.

Preferred conpothddS BYAHE¥nula (1), (11), and (I11) are those wherein:

E[[ g; ; } ;ﬁdhgl[ 2? maﬁ; Sﬁga)bgg the sar'erLaeorrrJifférsenp Xr?é s Ry;/drogen or hydroxy;

or a pharmaceutically acceptable derivative thereof.
10
A preferred compound of Formula (H1) is 2-bromo-5,6-dichloro-1-B-D-

ribopyranosyl-1H-benzimidazole, represented by formula (XI):

cl

on X

15
The compounds of formula (1) including compounds of formula (1} and (1)
above and their pharmaceutically acceptable derivatives are hereinafter

referred to as the compounds according to the invention.

20 The compounds according to the invention contain one or more asymmetric
carbon atoms and thus occur as racemates and racemic mixtures, single
enantiomers, diastereomeric mixtures and individual diastereomers. All such
isomeric forms of these compounds are expressly included in the present
invention. Each stereogenic carbon may be of the R or S configuration.

25  Although the specific compounds exemplified in this application may be

I



Rlerr] and R err] are hydrogen;

——— .

Rlerr] is hydroxy or hydrogé-fl_-;

Rlerr] and R err] are hydroxy; 5 Rlerr] and Rl err] are hydr.ogen; -
Rlerr] is hydrogen, Cerr]al kyl, or hydroxy(err]alkyl; err]
i s hydroxy; WOD38/56761 Rlerr]- Rlerr] may be the same or di ?FW@?&’”%%
are hydrogen or hydroxy; or a pharmaceutically acceptable derivative-.
t hereof. 10

2 bt onro- 5. 6 SgPlctpdrba Baficuf GRESRHARYCY coffdliafort, chiripdyids having,
repr esent ed githef theoppositsl sterebehémistry at any givenléhiral cenfBror esiripagds of

formula (1) including conmpounds of formula (I1) and (I11)

t hei r phar nikeneof aeg algo gowvisinngsl. e derivatives are hereinafter

above and
referred

to as the conpounds according to the invention. 20 The conpounds

according to the invention contain one or nore asymetric

carbon atons

and thussoc ey GasEMGAUERH iﬁaﬂdéé‘%ﬂ]rﬁtéﬁsédw &ioh ﬁés’ﬁﬂgf laipshéac%ﬁd‘ﬁéfai oners,

di astereoneric 'm xtures and I ndi vi dual di astereoners.

i soneric foamemer of tres eompopndsidfosmalaefipared thejr physiolatricaliyrfutdtionat esent
i nvention. Each stereogenic carbon may be of the R or S configuration. 25
I

Al t hough t h8egyalives; sugiaptiallydeaqths

11 about 5% wiw of the other anomer.

10  Compounds of formula (1) in the beta anomeric form are preferred.

Preferred compounds of the present invention include:

(3S.4R,5R,65)-2-Bromo-5,6-dichloro-1-(tetrahydro-4,5-dihydroxy-6-

15 (hydroxymethyl)-2H-pyran-3-yl}-1H-benzimidazole,

athersanamer;, thaf isfpsaee mase ihan be

(£)-Trans-2-(2-bromo-5,6-dichioro-1H-benzimidazol-1-yl)cyclohexanol;
(#)-(1R*, 28*, 3R*)-3-(2-Bromo-5,6-dichloro-1H-benzimidazol-1-yi)-1,2-

cyclohexanediol;
2-bromo-5,8-dichloro-1-g-D-ribopyranosyl-1H-benzimidazole;

20  5,6-dichloro-N-(1-methylethyl)-1-B-D-ribopyranosyl-1H-benzimidazol-2-amine;

2-bromo-5,6-dichloro-4-fluoro-1-$-D-ribopyranosyl-1H-benzimidazole;

2-bromo-5,6,-dichloro-1-(2,3,4-tri-O-acetyl-p-D-ribopyranosyi)-1
benzimidazole;
2-bromo-5,6-dichloro-1-B-L-ribopyranosyl-1H-benzimidazole;

H-

25 2-bromo-8-chloro-5-methyl-1-B-D-ribopyranosyl-1H-benzimidazole; and

2-bromo-5,6,-dichloro-1-(4-deoxy-p-D-erythro-pentopyranosyl)-1H-

benzimidazole;

2-Bromo-5,6-dichloro-1-(beta-L-ribopyranosyl)-1H-benzimidazole;

30 2-Bromo-5,6-dichloro-1-(beta-L-xylopyranosyl)-1H-benzimidazole;

2-Bromo-5,6-dichloro-1-(2-deoxy-alpha-D-erythro-pentopyranosyt)-1H-

benzimidazole;
12



depicted in a particular stereochem cal configuration, conpounds having
either the opposite stereochem stry at any given chiral center or m xtures

t hereof are also envisioned. 5 The present invention includes within its
scope each po¥Q%56764| pha and beta anoner of the conpounBSTEPIFGR¥LI a
(1) and their physiologically functional derivatives, substantially -
free of the othér anoner, that is to say no nore than about 5% w w of
t he ot her anoner. 10 Conpounds of formula (1) -in the beta anoneric form

el bae: - Orphannscoytidly EpBEHP ARVIRRsTheleef, O Tocm T TYenton

-(tetrahydro-4, 5- dlhydroxy 6- 15

(hydr oxynet hyl ) - 2H pyran- 3-yl ) - 1H benzi m dazol e;
() - Tr ans- 2- (Thebteomo ‘wsy& dlatg mrommmeamnﬂwdhmwathqn teoy refatsdarm| ;

f;[yﬁ[ (r)]hzax ﬁeR:ﬁt@%g t—cham Z)r gra(nch?charlrr?sgfu?ateg ahpEat:c F‘&g erc‘:%rb@ndl%ﬁ?éal 1 yl )-1.2-

g tér gﬁhfo?ﬁﬂﬁhﬁﬁpé #%?L‘LF;%J{H‘ er rc?@%%opyr ano éﬂa%rﬁbefz@

H-benzi m dazplechiedprerably from 1-10 and more preferably from 1-6 carbon atoms.

2- brono-5, 6-di chl oro-4-fluoro-1-[err]-D-ribopyranos I-1 H benzi m dazol e;
2- br omo- 5, 6, Exsirapies ob atky! (adicals inclydepbyt arg/no {lmtqd mesbply etbsyl ) - 1 H
benzi m dazol g;

2- br ono- 5, 6-RIPRYA SPBIOPY Py 9ty PawBUDH- tertcbityl, PRANL JRparYi,B-
2- brom)-lg cmegpp?” oﬂﬁtm withl @BfHyi Ehd %%%Weﬁé—a_benm m dazol e; and

2- brono ro-1 -(4-deoxy-[err] hr o- pent opyr anosyl ) - 1H
benzi m dazol e; 2 Brorm 5,6-dichloro-1 -(beta-L-ribopyranosyl)-1

H benzi m dazol e; -Brono-5, 6-di chloro-1 -(beta-L-xyl opyranosyl)-1
H benzi m daiﬁgqeeterm "alkenyl Bﬁ@ﬁ‘ﬁ qg?@cgmgmq;m mttg any other tgrm pr%fers to% )-

- (2- deoxy- al R BEHE B BraRRRLARKEARSHb) orbbiy-unsat St dinage! ©

hydrocarbon radical containing the specified number of carbon atoms, or

15 where no number is specified, preferably from 2- 10 carbon atoms and more
preferably, from 2-6 carbon atoms. References to alkenyl groups include
groups which may be in the E- or Z-form or a mixture thereof and which when
they contain at least three carbon atoms, may be branched. Examples of
alkenyl radicals include, but are not fimited to, ethenyl, E- and Z-propenyi,

20 isopropenyl, E- and Z-butenyl, E- and Z-isobutyenyl, E- and Z-pentenyl, E-
and Z-hexenyl, E,E-, E,Z-, Z, E- and Z,Z-hexadienyl and the like.

The term “alkynyl” refers to hydrocarbon groups of either a straight or
branched configuration with one or more carbon-carbon triple bonds which

25 may occur in any stable point along the chain, such as ethynyl, propynyl,
butynyl, pentynyl, and the fike.

The term “alkoxy" refers to an alkyl ether radical, wherein the term “alky!” is
defined above. Examples of suitable alkyt ether radicals include, but are not

30 fimited to, methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-
butoxy, tert-butoxy and the like, with methoxy being preferred.

13



e
e

or phar maceutical 'y acceptabl e derivatives thereof. The term

"al kyl", alone or in conbination with any other term refers to.a 5 .
strai ght- char‘gog) %r anch-chain saturated aliphatic hydrocarbon radi cal
containing th B’g f1i ed nunber of carbon atoms, or where no RGREEHSA3IL0
specified, preferably from1-10 and nore preferably from 1-6 carbon atons.-

AP e oF AU RS SHGRL oI RN mBY oo bl o! RprdT 1 oM
pentyl lSOh@!éroat@mslﬁJcmes(Mitro@@d $ditfur] okexygent h nethyl and et hyl bei ng

preferred The term "al kenyl , " aloneé or in conbination wth any
other term refers to a strai ght chai n or branched-chain nono- or

ly- d l, . _hyde b d ' h
et f1'oa niAedpraraBhe lﬂ%ea&rdw*@?"%i@%%@h Shirrb et Bac it eq,
pref er ath; y Eéfqgc% lxé'*?ro‘fﬁét d EP@FE‘ ﬂ%rcqaféﬁﬁﬁf %ﬁginYn@p{Heom 2-6

carbon atons erences ups S whi ch nmay be

in the E- ospécified mmbeaoﬂbartbonmtbdnsrweraw frdmh G14\barbon atomishapdcont ai n
at | east three carbon atonms, may be branched. Exanpl es of al kenyl

fadi cal s | nblaTa@relsrAbly oM, br10 Garpen atares, aptinaaliy substititad withpngeny| . 20

ana’ 7. hoxenfore stBStGpRt! Sitbreq Fonfl -0 oG, oY BRYinvic et HES. o &

The term ahkwg gh, féﬁé}@étﬁ Q:hrbfdr RO OCarBOYINE £d IHYdrBRy. Bxambfdsitt o

branched confi guration wr one or nore carbon-carbon triple bonds whi ch 25
may occle |ammrwramm¢mrm am pobjimited tohghenyl, maphtmd;, Iadblwlyrhdapylopynyl

butynyl, pentynyl, and the |i The term "al koxy" refers to an
al kyl et heraﬂé@ém‘,’aﬂuo‘ﬁﬁ& é‘f‘ﬂ‘r?%,nyll éf‘?ﬂth%l“ﬂ%/l i s defined above.
Exanpl es of suitable al kyl ether radicals include, but are not 30 limted

to, methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-
? gt oxy, terThltemxshetarbdybe” ahle¢heterddycliet radical, idiaxs dthefvise eefined

herein, refers to a stable 3-7 membered monocyclic heterocyclic ring or 8-11

15 membered bicyclic heterocyclic ring which is either saturated or unsaturated,
and which may be optionally benzofused if monocyclic. Each heterocycle
consists of one or more carbon atoms and from one to four heteroatoms
selected from the group consisting of nitrogen, oxygen and sulfur. As used
herein, the terms “nitrogen and sulfur heteroatoms” include any oxidized form

20  of nitrogen and sulfur, and the quaternized form of any basic nitrogen. A
heterocyclyl radical may be attached at any endocyclic carbon or heteroatom
which results in the creation of a stable structure. Preferred heterocycles
include 5-7 membered monocyclic heterocycles and 8-10 membered bicyclic
heterocycles. Examples of such groups include imidazolyl, imidazolinoyl,

25 imidazolidinyl, quinolyl, isoginolyl, indolyl, indaZolyl, indazolinolyl,
perhydropyridazyl, pyridazyl, pyridyl, pyrrolyl, pyrrolinyl, pyrrolidinyl, pyrazolyl,
pyrazinyl, quinoxolyl, piperidinyl, pyranyl, pyrazolinyl, piperazinyl, pyrimidinyl,
pyridazinyl, morpholinyl, thiamorpholinyl, furyl, thienyl, triazolyl, thiazolyl,
carbalinyl, tetrazolyl, thiazolidinyl, benzofuranoyl, thiamorpholinyl sulfone,

30 oxazolyl, benzoxazolyl, oxopiperidinyl, oxopyrrolidinyl, oxoazepinyl, azepinyl,
isoxozolyl, isothiazolyl, furazanyl, tetrahydropyranyl, tetrahydrofuranyl,
thiazolyl, thiadiazoyl, dioxolyl, dioxinyl, oxathiolyl, benzodioxolyl, dithiolyl,

1y



Al kenyl and al kynyl substituents may optionally contain one or nore

het eroat ons such as nitrogen, sulfur, or oxygen. The term"aryl","
alone or in C%J ation with any other term refers to a 5 carbocyclic
aromatic radi s%g'{f&h as phenyl or naphthyl) containing the FPCI/EPIS/03380
speci fired nunber of carbon atons, preferably from 6-14 carbon atons, and

f o - ' ituted with '
Tore Subst! s TaprenArHlCRahREhaRYL SRirolhit, BRRhY, SiRlaA, 7L L " T o
hal ogen, (f oletshyaigfufodi furanylnfetrahydropyeanddityedrefidiamm ddibysiropxanyg) es of

10 aryl radicals include, but are not limted to phenyl, naphthyl,

i ndenyl , i ndtetrdyrofurofuragylianshigtrahydiepyeanafuragyt hr acenyl and the |i ke.

The term "heterocycle"” and "heterocyclic" radical, unless otherw se defined
herein, refers to a stable 3-7 nenbered nonocyclic heterocyclic ring or

8-11 15 smE‘@%&%@hﬁéﬁl&%@f@@ﬁ%ﬁ%%Wﬁ%@ﬁ,@*@uﬁw ngegﬁ{cyar ated or

unsat ur at ed, I'ch may be option used nocyclic.
Each het er ocyipémazinyl, andomeiphtadinglf one or nore carbon atonms and fromone to
four heteroatons sel ected fromthe group consisting of nitrogen,
oxygen and sul fur. As used herein, the ternms "nitrogen and sul fur

quat or ni zec TS e TaRgpent tefos ' dRarof nuBlind, CHEHEE ABMAY bk e o, ' 12

attached at any endocyclic carbon or heteroatom which results in the
creation of a stable structure. Preferred heterocycles I ncl ude 5-7

merber ed oo Ty tdrmc hiatd Gy o alkel” eseanela €, Lalkykbgroapda whictyohe or more
het er ocycl es. Exanpl es of such groups include imdazolyl, imdazolinoyl, 25

im gaéol i di ﬂ)gﬂdro%;pnsielrggiace?bqihaip gn? Plfefmmjlf Qlomﬂmg)b?ﬁ. tvfmdaﬁmee lnoljyl , |
per hydropyridazyl, pyridazyl, pyri rrolyl. pyrrolinyl, pyrrolidinyl,
pyrazol yl, halo g iéﬁﬁ"?giﬁﬁiqggﬂgl‘ ér‘?u 'B@PP%#W‘%WF'&R%M pyrazol i nyl,

pi perazi nyl, Ll di oyl pyri dazi nyl, norpholinyl, thianorpholinyl,
furyl, thieg¥¥¥6'§#§%@¥yl, t hi azol yl , carbolinyl, tetrazolyl,

t hi azol i di nyl, benzofuranoyl, thianorpholinyl sulfone, 30 oxazolyl,
benzoxazol yl, oxopi peri di nyl, oxogyrrolidinyl, oxoazepi nyl, azepinyl,

i soxozollyl , Theotenmnapbagmaceuticaliv aifectivecamauidrefeys tmgn amaunt gifealed r any !
i azol vl 92N inflcHER! i exchibid BT rbboort WA SRR V!
either as monotherapy or in combination with other agents. The term
“treating” as used nerein refers to the alleviation of symptoms of a particular
disorder in a patient, or the improvement of an ascertainable measurement
20 associated with a particular disorder, and may include the suppression of
symptom recurrance in an asymptomatic patient such as a patient in whom a
viral infection has become latent. The term “prophylactically effective
amount” refers to an amount effective in preventing a virus infection, for
example a CMV or HBYV infection, or preventing the occurrence of symptoms
25 of such an infection, in a patient. As used herein, the term “patient” refers to

a mammal, including a human.

The term “pharmaceutically acceptable carrier or adjuvant” refers to a carrier
or adjuvant that may be administered fo a patient, together with a compound
30 of this invention, and which does not destroy the pharmacological activity
thereof and is nontoxic when administered in doses sufficient to deliver a
therapeutic amount of the antiviral agent.
15
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t hi ophenyl , tetrahydrothi ophenyl, suffol anyl, dioxanyl, dioxotanyl,
t et ahydr of ur odi hydr of ur anyl , tetrahydropyranodlhydrofuranyl

di hydr opyr anyl , t et radyr of ur of uranyl and tetrahydropyranofuranyl

5 Preferred We®¥¥a¢ic| es i ncl ude i madazol yl, pyrrolyl, pyrrol POyEP98/03380

pi peridi nyl, pi perazinyl, and nor phol i nyl . The term "hal ogen'
refers to a radical of fluorine, chlorine, brom ne or iodine. 10 The )

term"haloCerr] alkyl" neans a CJerr]al kyl group in which one or nore

hydr ogens '%§§§&@§eslrg)th@%b&p%i‘uﬂd?ra%ﬁéfo%%tbﬁﬁrlh@érmd?ﬂa ﬁrie\agom three

hal o groups such ‘groups include trifluoromethyl an

f 1 uor oi sopr dpotude phé&na&éxdmﬁy acb@tabhm!mwatmes by preidriegs thesesfroint " refers
to an amount _effective in treatln? virus infection, for exanple a
CW or HBV i Rhawracaytically aceantabigderivative Q%Wa%3WWH%ﬁ§WP@bIG n

comnbi nat i.on rein
refers tg tf?g’é'q‘lgeﬁ so% E ﬁ:ﬁasrgﬂr;pl:fegﬁgél& a“eﬁ"?é‘% ga{t éLQer Eﬁ“ﬁ%@ ??2 ‘in a
patient, or drighérurRYEvES Bf aTonfibundcshthial IWtbnméﬁrWéd%ss@ﬁW' at ed
with a partlcul ar disorder, and may include the suppression of synpt om

recurrance ito mcwmsmblﬁ ofnroéidings(dinectiy oninditectyta comphuond af this
| infect has b Th | act t
hmoant " r of SPENEN Br 2 ONRItORY ke FesteholEay TRERNG therept ettt iatd on. f or
exanpl e a C.Wf 'd@}’véNé’sCéchP dRligP5RY Y gwﬂaﬁ(naeasgwﬁé §ia%%afrémﬁw oms 25
In ent use

of such an |on In a pa herern, the

refers 40 the campsa(m& of tmtmrénﬁm wheasuth compound“s'meta@nlﬁmstered toa
"pharnmaceutically acceptable _carrier or adjuvant” refers to a carrier

or adj uvant mafamahé@gb@yaail@wme@roe@lyt aﬁmtqﬁereéirﬁommsg& fobe maré a conpound
20,01 (1 R Mo e L BRHE SR SR NS IRSTARAT ST o
to deliver Rompounthsahielgical esRipakHmRint (£8., 206 bYdih ¥ NAESAtic system)
relative to the parent species.
15 .
The compounds according to the invention may be used in the form of salts
derived from inorganic or organic acids. Included among such acid salts, for
example, are the following: acetate, adipate, alginate, aspartate, benzoate,
benzenesulfonate, bisulfate, butyrate, citrate, camphorate, camphorsulfonate,
20 cyclopentanepropionate, digluconate, dodecylsulfate, ethanesulfonate,
fumarate, flucoheptanoate, glycerophosphate, hemisulfate, heptanoate,
hexanoate, hydrochloride, hydrobromide, hydrdiodide, 2-
hydroxyethanesulfonate, lactate, maleate, methanesulfonate, 2-
naphthalenesulfonate, nicotinate, oxalate, pamoate, pectianate, persulfate,
25 phenyliproprionate, picrate, pivalate, propionate, succinate, tartrate,

thiocyanate, tosylate and undecanoate.

Pharmaceutically acceptable salts of the compounds according to the

invention include those derived from pharmaceutically acceptable inorganic
30 and organic acids and bases. Examples of suitable acids include

hydrochloric, hydrobromic, sulfuric, nitric, perchloric, fumaric, maleic,

phosphoric, glycollic, lactic, salicyclic, succinic, toluene-p-sulfonic, tartaric,
1t



As used herein, the conpounds according to the invention are defined to

I ncl ude pharnaceutically acceptable derivatives or prodrugs thereof. A
"pharnmaceutically acceptabl e derivative" or "pharnaceutically acceptable 5
prodrug” nmed988§%6lphar maceutical |y acceptabl e salt, ester, é%T’FP%%%m
ester, or other derivative of a conmpound of this invention which,

upon adm i SLLat kon rmemondsfiribEhBhERlorke (6ARRCE e Al no (di rect ¥

nventi-on’ of an inhibitorily active

metabolite n%rppﬁﬁé.e@g-ftdf@ﬁ@qnd aiZeneslifsriy acids, Othar atide, sech st i ves and

prodrugs are increase the bioavailability of 10 the conpounds
of this inexalic,avhilshrot is themselvempharmagestisaliy acespiakia, mayde mamal

Sbsar bed | rraPipyed i BedreBaTaAn o et vl &S eEngHioBs f oBbilfing e oo 1Y
COMPOUNG {0 b BUBUGAL ARG b Wi Sgmadeifchlipacbeptabismeat | ¢ syst em

relativ t speci es. conpo ccording to the
I nvention ithm sted in the formof salts derived frominorganic or
organi ¢ acids. Included anong such acid salts, for exanpl e, are the

foll ow ng: acetate, adipate, alginate, aspartate, benzoate,

camphor sul {ataenva iy BpBoerilel i nblokb ey AR IZE S5 m eyt sui rate,
et hanesul f Qfjalifie earth mbt4TRE 8!, tradrldiiRNE RNANGALE abll XER-ap(WIRER W) is

hem sul f at €, hept anoat e, hexanoat'e, hydrochl ori de, hydrobrom de,

hydrol qgi dg; _,gaikyl). Phbxﬂrmz%@aembfm&mfd ydrogen aterhertan, amino

met hanésul f oh te; "2- napht hal enesul fonate, nicotinate, oxalate,
pampat e, pegbupirhaie saltsser drgamic catboxylie agldsrstishiasranedic, lactiedndaripi val at e,
propi onate, succinate, tartrate,

S G thiocyanate,. to?félatare@nd
undecanoat dualic, isethioplealasihionic aadl IsjycalpiCeafids 9L SUIBRICARIS b unds
according to th Il nvent.i ' u iéﬂadp euticall
accept ablge 35{9F e@”%ﬁg'a#hérg%éjé@ﬁig' ggp%éshb}‘rﬁlgg ﬁirgses. ’&lggrrm es dggpsui t abl ey

aci ds incl lq%?‘ds and irfoY§496 atisistch Ry diyakssbric, salflfic)iphosphbtic aad per chl ori c,
fumaric, maleic, phosphoric, glycollic, lactic, salicyclic, succinic,
t ol uengsp- sulfamic acids aRhysiolngically acceptable saltseafiacorpeund Withet hanesul f oni c,
et hanesul fonic, formcg

, b i C,, ' h | epe- 2=sul f oni d
benzenesul fWﬁFQXYaQ!PHE:inQ&'ﬁ% Oela%C’i"ﬂg?)# gg@moun&%%hﬂkﬁggﬁﬁ%ﬁg%no? n: :‘:1 o
thensel ves phapiRCeill SRk % REERRY 205Ad NWY' Réherein W is a Cy_qalky!

group).

20  Pharmaceutically acceptable salts include salts of organic carboxylic acids
such as ascorbic, acetic, citric, factic, tartaric, malic, maleic, isothionic,
lactobionic, p-aminobenzoic and succinic acids; organic sulphonic acids such
as methanesulphonic, ethanesulphonic, benzenesulphonic and p-
toluenesulphonic acids and inorganic acids such as hydrochloric, sulphuric,

25 phosphoric, sulphamic and pyrophosphoric acids.

For therapeutic use, salts of the compounds according to the invention will be
pharmaceutically acceptable. However, salts of acids and bases which are
non-pharmaceutically acceptable may also find use, for example, in the

30  preparation or purification of a pharmaceutically acceptable compound.

n



enployed in the preparation of salts useful as internediates in obtaining
the 5 conpounds of the invention and their pharmaceutically acceptable
acid addition salts. Salts derived from appropri ate bases

i ncl ude al ka¥098issrell (e.g. sodi um, al kal i ne earth netabPCtEPEE03380
magnesi um), amoni um and N-W4 (wherein Wis 10 (Cerr] alkyl). )
Physi ol ogi cal I'y acceptable salts of a hydrogen atom or an am no group
i ncl ude salRrefesredosajtsnincludarsatis foimedifroashyirothlaric, sutfuiic, adetict i ¢, tartaric,
malic, isethionic,. | actabl oni,¢ and succinic acids; organic sulfonic acids

such SYCRIBIG, SES ANP @$COTDIRARSResul foni ¢, benzenesul fonic and

p-tol uenesul f oni c aci ds and inorganic acids such as hydrochloric,
sul furic, phosphoric and 15 sulfam c acids. Physiologically acceptable

salts of a%fmﬁéd@stbfébfthecompdwﬂe@&owﬂgltbtmqhmdn@eam on of said
conpound i n conbi nation wt I tabl e cation such as Naf[err],

NH err]$ ammqr@en}lymwdwfrvm tbeafollqmng paouan: (1) carbgrdigacid esters _
Cheh Tac” e ofainko RGaRb ARaioR e bR B, Iy PhicR A8 RoFchlbRE ' © °°'°
| sot hi oni ¢y oiety of' oﬁtﬁétc%&&;e acl&@dﬂx@:?%?gﬁéé}e@@%uﬁﬂﬁ%@eféc?éd flém or gani c

sul phoni c aC| as net hanesul nic esul phoni c,

benzenesul gtraight oabcbrmhed chain alkykfiersexarhple; acetygl doprapyl, -balyhanine aci ds
such as hydrochl ori c,

pyr ophosph&uiy). ‘kwa h&a{fgﬂﬁvwhos hﬁ%@i gl?éﬂﬁy'g&f@a&pgﬂe conpounds
Fovevel g Ig i??{'%%ﬁféfgg’?‘%"kgw béés?é@ﬁw"%m"?m%c S P shlrBEEDRERRLY
Dr it oot SHuspAlEetitod 5, for HafbiMidogar COBIgh ot RMal & of

Preferred aplihe), I(@pémﬂma@éét@ré C?sfu@fﬁ%sfa’lwp &Véi‘bﬂ@@uﬁbhﬂ (fdiléxbﬁfﬁ!@ acetic,

SUCCInIC citric and ascorbic acid Préeferred esters of the
corrpounds meathadésufonyl)t 3) ammm @sters (fos examypliep erckiyltor y-iseledcyliid from

the foll oy d est bt ained b
est or 11 calBERRTPRDRBtS GHEES 5 FUUBNST P AR FATORRbale et et Ry |

Mol ety1 97 bRBsHRABYSIsmA be fitthér Qtertled b 16 RimslB 4 P! ng s selected

C4.o0 alcohol or reactive derivative thereof, or by a 2,3-di (Cg.p4)acyt glycerol.

In such esters, unless otherwise specified, any -alkyl moiety present
advantageously contains from 1 to 18 carbon atoms, particutarly from 1 to 6
20 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 moiety present in such esters advantageously comprises a

phenyl group.
25 Preferred carboxylic acid esters of compounds according to the 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

30 pharmaceutically acceptabie salts thereof,
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straight or branched chain alkyl (for exanple, acetyl, n-propyl, t-butyl,

or n- butyl), al koxyal kyl (for exanple, nethoxynethyl), aralkyl (for
exanpl e, 10 benzgll % aryl oxyal kyl (for exanple, phenoxynethyl), aryl (for
exanmpl e, phe’YP 9856761 optjonal |y substituted by, for exanpl e, PEAERS&p3380
Cerr]al kyl, or CJerr]al koxy or am no); (2) sulfonate esters, such as

al kyl - or aral k: inGSAIBH Borret . (3) amino
acid esters Q?gﬁh‘iéyaﬁ%!totﬁ%ﬁ@F or _elrgoree %; %SéHrRQ%A%%osphonate
esters and Ga}ordH to theiinverition fop bes i aierlic tiesrapy pheticlfariyfos it e esters
may be further esterified by, for exanple, a Clerr] al cohol or

reactive detreatmentonpropbylaxiscf viral infectongisuchjas-hgrpeg yiraljniastions..
| h esters, unl t her wi i.fied kyl_ .mi ety t
v ant ageoudIoFRatd aRcord Binth The TRERHGH B BRERZhOHs BRI AT 1 (o o
20 b el
caroen RN inteBRirs, RthblUGH eafl YeduiRBubdest that g}%ﬁ@?amw

cycl oal kyl y prese I n”such est contalns from

3 to 6 carbapo be actiteoagainstother herpesi iius ipfectiems such as el \edtands2,

advant ageously conprises a phenyl group. 25 Preferred carboxylic
aci d est er sHHV Bohpanch§s VEYs &EY ﬁﬁ“t% a2g9IRstdABY dpfections. | ude t he
acetate, butyrate and valerate esters. L-valyl is a particularly
preferred am no acid ester. Any reference to any of the above

conpounds algifef RFd! CHRItBNE WHREIR ey BOtraaRR in Rtssmanes Witathe)invertiopt abl e
salts thereof. In a fuarther aspect of the invention there are

provi deto t hhaveeenntiscussed imtrmintiodyctien hexeinbefenet i tre ¢ompaseds n nedi cal
t herapy particul arl or, the, treatnment or. pr | axi s, of viral
i nfecti ons 8Geerdig %eé"ﬁé@"‘?fﬁp&l areparey's _sun?ed t%t%g BtQtcording to the

i nvention h | | : [ el Sox t hough
early resul ﬁé%@%?p?m hﬁ%@?er% géodr%:/)%%ng t@%&?ﬁé‘t‘% g?é@ﬁgée act’iwye

agai nst ot hgpniEbRE Whidh HayibY Beatedns asuollanse Witt-the dmabnZion have béevi 6, 7,
and 8, VZV, EBV as well as against HBV infections. Q her viral

condi ti ons disicobsedhin the intredyetion herginbeferance with the invention 10 have
been di scussed in the introduction herei nbefore. The conpounds
accordi h@ to the invention are particularly suited to the treatnment or

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
20 according to the invention. According to a particular embodiment of this
aspect of the invention, the viral infection is a herpes virus infection, such as
CMV, HSV-1, HSV-2, VZV, EBV, HHV-6, HHV- or HHV-8. A further aspect of
the invention includes a method for the treatment or prevention of the
symptoms or effects of an HBV infection.
25
The compounds according to the invention may also be used in adjuvant
therapy in the treatment of HIV infections or HIV-associated symptoms or

effects, for example Kaposi's sarcoma.

30 The present invention further provides a method for the treatment of a clinical
condition in an animal, for example, a mammal including a human which

clinical condition includes those which have been discussed in the

19



prophyl axis of CW infections and associ ated conditions. Exanples of CW
condi tions which may be treated in accordance with the invention have .been
di scussed in the introduction hereinbefore. 15 Accordi ng to anot her
aspect, the pM&¥R6?4Inventi on provi des a nethod for the " tRGTARRIBAI38G
prevention of the synptons or effects of a viral infection in an

I nfected anl clu ,.ch conprises '
treating sai §¥ EHHH@P"&G{%RQE”PB%@ W@QH &?% e{j@ ﬁ'n‘f" ? a conpound
20 accordi N¢héripb g‘éﬁébtt%‘amﬁﬁﬁ%pﬁﬁ géur?d aaéarumgltarmsmmsﬁnt of
this aspect i nvention, the vir infectionN is a herpes virus
infection, stk mesent invedition aiR)Vintiudes\a methad\or td\treatmeént or drdphybaxisiHv- 8.

A further aspect of t he inve i ncl udes,. a method for the treat ment
or pr eventloﬁ?ﬁﬁypﬁﬁhe aforerg9rp&gq¢,¢3n{§,cg@:pg RLEAYONSn HBV i nfection. 25

The conp #nds according to the invention may al so be used in adjuvant
therapy i the treatnent of H 'V infections or H V-associ ated synptons or

effects, for !@Wf@tH@?@@pécﬁﬂWx@@éﬁ inverdtdn pro@ides &rense bhd@vhipundur t her
provi des a nethod for the treatnment of a clinical condition in an

ani mal , for sgeording toathﬁmlonmmﬁiﬂﬁgu@cﬁlﬂmﬁam@h&mentfoﬁltlnen cal
condition |ngl es .t hose Wq en . di scusrited i N

19 reatmentgr foRRYIFHS HE?EY H @VQ\XH? f?'@gr?ﬁﬁail Eg@d{%aﬁr ing said

ani ml W th gondiions therapeutically effective anpunt of a conpound

according to the invention. The present invention also includes a
net hod ffr the treatnent or prophylaxis of any of the aforenentioned
i nfections or conditions. In yet a further aspect, the present

i nventi on pr bhe@beve I@@mli@ém@ a&%fﬂﬂo@ﬁae '“Veﬂm‘éé‘&gﬂb@'ﬁ@hﬂﬁnﬂwt&cﬁﬂ)ént i on

I n the manuf act ure | C f a or prophylaxis
of any of t 8¢ %@@%@%‘E’g@\ﬂ?ﬁ :i%l r&ﬁ‘f’&%ﬁ ?%“%'Pgﬁo W%%ﬂ%f tions. 10

The above comw%ca&fggm Ghé Beh t b i utically
accept abl e derivatives rraifdge errgl fg%%@fgﬁ\%o%ﬁxgﬁ%ﬁﬁsmotr%g&%ﬁﬁ

t her apeutic ﬁgmhmatfoanrther&p!esamaﬂélng totha pmsabbmeemtlﬁremmpnseme condi ti ons.

Conblnatlonthera. s according to the i nvention, co the 15
admi ni stkat |%¢P18T‘&5ﬁ% ? %BSIFBBIH‘P(H' ?%P@ﬁé@ngewﬂ/%ﬁ d i%ﬁ"& at

| east one other pharmaceutically active ingredient. The active ingredient(s) and
pharmaceutically active agents may be administered simultaneously in either
the same or different pharmaceutical formulations or sequentially in any
order. The amounts of the active ingredient(s) and pharmaceutically active
20 agent(s) and the relative timings of administration will be selected in order to
achieve the desired combined therapetutic effect. Preferably the combination
therapy involves the administration of one compound according to the

invention and one of the agents mentioned herein below.

25  Examples of such further therapeutic agents include agents that are effactive
for the treatment of viral infections or associated conditions such as (1 alpha,
2 beta, 3 alpha)-9-[2,3-bis(hydroxymethy!)cyclobutyljguanine {(-)BHCG, SQ-
34514], oxetanocin-G (3,4—bis—(hydroxymethyl)-'Z-oxetanosyl]guanine), acyclic
nucleosides (e.g. acyclovir, valaciclovir, famciclovir, ganciclovir, penciclovir),

30 acyclic nucleoside phosphonates (e.g. (S)-1-(3-hydroxy-2-phosphonyl-
methoxypropyl)cytosine (HPMPC), ribonucleotide reductase inhibitors such

as 2-acetylpyridine 5-[(2-chloroanilino)thiocarbonyl) thiocarbonohydrazone,

20



one ot her pharmaceutically active ingredient. The active ingredient(s) and
phar maceutically active agents nmay be adm ni stered sinmultaneously in either
the sane or different pharmaceutical formulations or sequentially in any
order. The womsrss®s10f the active ingredient(s) and phar naceuPCE@PPEO3ARN i ve
20 agent(s) and the relative timngs of admnistration will be selected-i.n

Che corbi ndarfo-2-GeSolmise. ieve s R MitBEEHES Sufh 8B 4R compound’
accor ding_Hdofife oytidine, 12\ RideRRyadshatite, o -aRicAAgRbSInErRL goned her ei n

bel ow. es of such further therapeutic agents include agents
that are eﬂfdmydncﬁhymtdmé,cproteasetmb:bitmuabvfasxmdmavnrnﬂmwneelﬁnawssoc| at ed
conditions such as

al pha) - 9- [ BBSIRY{ Ryd?%)ﬁ%ﬁ%ﬁmmh@ﬂus%'f%ﬂﬁ-ﬂ@fﬁ%PWBNBE{"'@#Z*

34514 t [ ,

acycl } c5 OX?‘ arq‘%{'gﬁ%&'ﬁ?m@p%r@ ) am@ am:| glnij\r/]ﬂ

?g‘({' f'g,mﬁ' r(a)ﬁﬁé}ghéhg&!ero)side%al@gwéé nselgcma@ %&Lﬁ@c-ht drpe (3e g.
X S X SI

ri bonucl e)c/)bxdﬁ\);oiadg&ﬂgeytoﬁimledlafﬂwd@&& ar CIS— Eg Yﬁ%@ﬂ@ﬁ‘vﬁf h@h ne

3 hei do- 3 oHaIGEREhYBLOBEHEThe (PCT oY @@%%yﬁ?@ﬁéw?mdwac@w 3
di deoxycyt? @deaxy %-ﬂ@ér%ﬂmfédflgltorgz-a?nmé-b“ yel Pf%ﬁﬁé?ﬁ!n&%k? 3

di dehydr ot hy I'neé rof ease I nhi such as ritonavir,
nel fi nayi r purin-9- lﬂ&&‘e cRientdRte-1-methanol, ribavirin, 9-[4—hydroxy—2-

2S*)]11-13[] (4-am nophenyl )sul fonyl ] (2-neth ropyl)am no

vt oy 1. Em SRy S SRR AR 10 Fore S

oxat h ol anBYEYGTIFrL e BeFRRIEATR 22PRng TRpo B oM AR ) )1 5™
oxat hi ol a“(ﬁﬁﬁﬂ%roﬁzw)%-‘?Wb@ﬁid&ﬁaiéﬂ@)zrarﬁmed(ﬂm-ﬁzg)| iesredromsisdtie,

5-chl oro- deoxy-3' -fluorouridine
(-)-cis-4- p8-oainterder®n( ogrell egcmﬁ;ahamlmbm)rswuchm probenecid, nucleoside

e e
7 5 =2 3335
7- ghl 8;8 1(@&9%%’?3% ﬁé’ &'tﬁﬁ&ﬁi%})@ﬁpéﬁwew éagénzc\)@ﬁ %Z%epl n- ). -am ne

(R024- 7429} mmiyMopid IS0 SiHas lnter!étmmlld? ugyﬁm@émngrarr@mﬁyt@xcr eti on
i nhi bitors such as probenecid, nucleoside 1 transport inhibitors such as

di pyr i danohgicrophagecoishl istimuldtingcatidrs yerythiropoetin, solUlROCDRmacyst ei ne, a

-trichosant hin, phosphonoformc acid, as well as | mmunonodul at ors such
as interl eglenatrd:allymngm@emd|der|vgttmﬁrme}qfeor non~nnglcpeqdnarg§el@@| ony

angi ne2 ed TaBRERERS FRNIoRATE JINFUR) sHish SR EPUEaRRe (RG-S LB i bt ase
i nhi bi t or s AN PheBYGHAIRS (BRIAF)2BHE BroEBHEABIORE acld? Unkl €8-difydro-
2H-3,1-benzoxazin-2-ones NNRTIs such as (-)-6-chloro-4-cyclopropylethynyl-
A-trifluoromethyl-1,4-dihydro-2H-3,1-benzoxazin-2-one (L.-743,726 or DMP-
266), and quinoxaline NNRTIs such as isopropy! (28)-7-fluoro-3,4-dihydro-2-
25  ethyl-3-oxo-1{2H)-quinoxalinecarboxylate (HBY1293).

More preferably the combination therapy involves the administration of one of
the above mentioned agents and a compound within one of the preferred or
particularly preferred sub-groups within formula (I) as described above. Most
30 preferably the combination therapy involves the joint use of one of the above
named agents together with one of the compounds of formula (1) specifically

named herein.
2)



APA) and del avuri di ne (BHAP), and phosphonoform c acid, and 1, 4-di hydro-
2H 3, 1- benzoxazi n- 2-ones NNRTI s such as (-)-6-chl oro-4-cycl opropyl et hynyl - -
4-trifluoromethyl -1, 4-di hydro-2H 3, 1- benzoxazi n- 2- one (L-743,726 or DWP-
266), and qumwmessstdie NNRTlI s such as isopropyl (2S)-7-fl uoro- BCHEBISNIR00- 2-
25 ethyl -3-o0x0-1(2H)-qui noxal i necar boxyl ate (HBY1293). Mor e -
preferably the:conbi nation therapy involves the adm nistration of one of

t he above nentioned agents and a conpound w thin. one of the preferred or

particul arl Yl é{ﬁ%ﬁﬁﬂvg% BFintd 's’}hé‘?fs%fa édr?xp@in&’ EEEérhmgfsitgag? e

Most 30 pr e conpi nation therapy 1 nvolves the jolnt

of the abovehe inventionis treomanafdonge diermeticanent faf sitotaneogmonds  of
formula (1) specifically nanmed herein.

21 sequentialiasimipisiration withatdeast angrather therapeiticsagend, such a3 a

conpound _accpr di to . tli)(gr I nvention in the manufacture of a nedi canent
for simuPt aﬁgeﬁ‘éggﬁned here&?c?u ftial administration with at |east one ot her

t herapeutic agent, such as 5 those defined hereinbefore. In a
further aspect of the present invention there is provided a nethod of

treat ment orinprfupthgt aspect of thecpriesanisingejorathera issprostdedna ofethod ofrpound
according to the invention,. Res&g;aodsi,s, IS the_narrow ng, of the

10
bl ood vesselteeatmeahocRiophyiayis ofrestenesis ministradiopof 8 LERRURRL | | f or
exanpl e inj %Fﬁﬁgﬂt@in?&d&?n angi opl asty or ot her sur gi cal

t echni ques, aracterizéd by excessive proliferation of snooth
muscle qgglls in the walls of the blood vessel treated. Restenosis follow ng
15 angioplasty (RFA) occurs in patients who have been treated for coronary
artery di sedRestenodisils thermasiogiing phtheblood vessels wiigh camaecunaftaligiupat i ent s
suffering from RFA

irgl infection articularly by CW and/ or -6, of
the " pat dik veta) well. fr Feaiple Blush RRusAE bf bafoss pabtostRty O Al oo
muscle cell Surdleal techdifeS NS CHaiRiAled PSS GroliferatIsériAstm can
occur follow a nunber of surgical techni‘ques, for exanple,
transpl ant ghaste gellsviaithe gvallf tof the bloodoesse! thsatpds Regteriasinfpllewthg nost
15 angioplasty (RFA) occurs in patients who have been treated for coronary
artery disease by balloon angioplasty. it is thought that in many patients
suffering from RFA, viral infection, particularly by CMV and/or HHV-6, of the
patient plays a pivotal role in the profiferation of the smooth muscle cells in
the coronary vessel treated.
20
Restenosis can occur following a number of surgical techniques, for example,
transplant surgery, vein grafting, coronary by-pass grafting and, most

commonly, following angioplasty.

25 Angioplasty is a surgical techniques wherein atherosclerotic stenoses in the
peripheral, renal and coronary vasculature are opened up by compressing
and/for tearing the plaque on the vessel walls, typically by means of a
pressurized balloon catheter. Unfortunately, in 25 to 50% of cases,
particutarly those involving the coronary vascutature, the treated vessel

30 restenoses within a few months so that the operation must be repeated.
Alternatives to the balloon catheter, such as pulsed lasers and rotary cutters,

have been developed with a view to reducing or preventing restenosis

22



commonly, follow ng angi opl asty. 25 Angioplasty is a surgical techniques

wherei n at herosclerotic stenoses in the peri pheral, renal and coronary
vascul ature ned up by conpressing and/ or tearing e on
t he vessel ngﬁggﬂﬁypically by neans of a pressuri zed bg%ﬁ@gﬁhﬁﬁ% ]
catheter. Unfortunately, in 25 to 50% of cases, particularly those

| VOLVING kfRwing ARAHobIAKR bt RlVe retwith fritéd SGcctdSS A ndfbek ©F HARRS S

within a fewno e operation nust "be repeat ed.

Al t er nat i vageliding hatilsobpakntcandeasodilators hase aisd beeh triesbwithand rotary
cutters, have been devel oped with a view to reducing or preventing
rest enosi s disappointing or equivocal results. 52

foll owi ng angi opl asty, but have net with |imted success. A nunber of drugs
i ncludi ng anti-coagul ants and vasodilators have also been tried with

di sappoi nt pgrOfs AW a\iforg By bftevidencebfréfiewerk doritoboth iatvitemendasly of
evi dence, fromwork done both'in vitro and in vivo, indicating that

rest enosi s vive, indicatingfthet estemosjsris aenultifRdonal proesaso kP enaral cytokingd gr owt h
fact , ti i t,. stli |l ate th j ti d Lif ti
of vascul aBNSiEsewih ARIFcactiBrin Conger. stivaGleda mOmIc; g Prolficielap ar
4+ ; . ) 9
mat rix P{)&F%&&%%“s‘% | s S EHW{S%?%) %ﬁﬂ‘b‘f&&d&ﬁn &%)ﬁlﬂlia?gm.ﬂ&?ﬁ\%% n

addition g ppressors ac ibrt the pro ration of SMC s
and producih8rigf which acduhitiatel b Weeludethe iblootvessehl In addition gifdwthpr esent
invention further includes a process for the preparation of conpounds
of f or i@l as@ppressdrspctiednibit P”@de!}fveME send pErquedioniafer eof 15

whi ch conpri ses: . .+ A Reacting a conmpound of forrmula (I)
wherein R @rﬁ?c‘?'&ﬂwaﬁwéﬁatsﬁa'- Rlerr], Rlerr], and Rlerr] are as

her ei nbefore defined, and R5 - R18 are as hereinbefore defined, with a
sui tabl e hal ogenati on agent such as N-bronobsuccinimde 20 (NBS); or when
Rlerr] is Fheyrbsditdnvetionfgrtheninciodes aprpeesoior v prepsratiomaf o atom

(ForoxanpPemAckpHs of i) 218 GNHBAGREcal HodePtARBIiAT Ut fereot
EZ/EE/&%%((%BW%” f@‘?nsérae: Ey;sul phonate (MeS(O[err]O) or tosylate

A) Reacting a compound of formula (}) wherein R’ is hydrogen and R?,
R®, and R* are as hereinbefore defined, and R®- R" are as hereinbefore
defined, with a suitable halogenation agent such as N-bromosuccinimide
20 (NBS); or when R' is a suitable leaving atom or group, for example, a halo
atom such as bromine or an organo (for example alkyl) sulphone, or organo
(for example alkyl or aralkyl) sulphonate such as methylsulphone (MeS(0),-),
methylsulphonate (MeS(0),0-) or tosylate (4-MePhS(0),0-), with a
nucleophile such as amines, alkoxides, mercaptides; or
25
B) Reacting a compound of formula (IV)

23



nucl eophil e such as am nes, al koxi des, nercaptides; or 25
Reacting a conmpound of formula (1V) , .
[erF wherein R err] is hydrogen, a halo atom

-NR[err]R[err Win Rerr] and Rerr] are as her ei nbef PEWERRSIBING)

23
and Rlerr],

Rlerr], Rerr] and R err] are as hereinbefore described

a conpound of fornmula (Va), (Vb), orRz(Vc) [err]

10

135

20

R?
N
-
R* vf (iv)

wherein R’ is hydrogen, a halo atom, -NR'°RZ(wherein R" and R* are as
hereinbefore defined), and R%, R%, R* and R® are as hereinbefore described

with a compound of formuta (Va), {Vb), or (Vc)

L RY
O
R RIS
LR R7 RS

(Va) {Vb) (Ve)

wherein R® - R'® are as is hereinbefore defined and L is a suitable leaving
group for example, a halo (for example, fluoro,. chloro or bromo), an
organosulphonyloxy, an alkyl or aryithio (for example, phenyithio) or an aryt or
aliphatic ester group such as benzoate or acetate, or a methoxy.
Alternatively, intermediates of formula (Vb) and (Vc) where L is amino may be
reacted with appropriate aromatic nitro compounds as described in
WO86/07646. Thereafter or simultaneously therewith one or more of the
following further steps may be additionally performed in any desired or
necessary order:

(i) removing any remaining protecting group(s),

(ii) converting a compound of formula (1) or a protected form thereof

into a further compound of formula (1) or protected form thereof;

2y
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(Va) (Vb) (vc) 10 wherein R err]
- Rerr] are as is hereinbefore defined and L is a suitable |eaving

group for ex hal o (for exanple, fluoro, chloro or bro
organosulphoﬁ@?%@??a%n al kyl or arylthio (for exanple, pheny|?E%g?@%$B§%
aryl or al i phatic ester group such as benzoate or acetate, or a .
nmet hoxy. 15 Alternatively, internediates of fornula (Vb) and (Vc) where L

is amno may be  reacted with appropriate aromatic nitro conpounds as
described in (ipooevertivgdhe Tampesnd &f fermula thor armsetested farey bgreal one or

any. desir cd ofo a pramgtalitaly ebpfirpSigfnabe 8 EimRddR b ARFUIEALT ng

protecting gé,gélp{.&b eﬁformthereof; (ii) converting a conpound of formula (1)
te t f

or a protec orm thereo into a further compound of formula (I) or

protected formthereof; (ii1) converting the conpound
of fornmula (1) or a protected formthere ceutically

. 2r eof intq a,pha
accept abl e deri vafiv\cenyertingea e@m&mﬁ@l&rm@l? Bﬁanvatl\}oe Oégga prot ect ed

form t her eof ; ' et S ' cceptabl e
derivative o?°'{’ﬁ‘é""" of for@glr%@uéfay ég&?@%ﬁuﬁ?@] ?"e)?e@t'iﬁg pr 0"{%’*8@@%{* qgfm t her eof
into the conpanimk W‘ora proteét@ﬂﬁbﬂn@tt{dréoﬁ)r a protected formthereof, 10
(v) converting a pharmaceutically acceptable derivative of the

conpound of forrmula (I) or a protected formthereof into another
pharmaceutical ly ceptapl e derivative gf the c und.of farmula (1) or a
protectd® formt r@f@%@‘{e"ﬁf’% p%amac?\l}fc)aﬂmgp%otﬁﬁgg@% Ve oL I8 2t i ng the
enanti oners ?tﬂ'ﬂg ' r la (1) or of a
protected deriv (S‘lh\?;cgat g‘?g%f@)o?’%?%édw%’g'ﬁm&gﬁﬁﬁ%@ gpaccept abl e
derivative oshgfmrrenticdlly aceptabhatierivative ws itirgcompound of formula (1) or a

protected form thereof,

15 (vi) where necessary, separating the enantiomers and diastereomers
of the compound of formula (1) or of a protected derivative thereof or of a
pharmaceutically acceptable derivative of a compound of formula (1) using

methods known to persons skilled in the art.

20 A. Process A may conveniently be used for the preparation of a
compound of formula (1) wherein R’ is a halogen. Such compounds may
conveniently be prepared by reacting a compound of formula (1) wherein R'is
hydrogen and R% R'® are as hereinbefore defined with a halogenating agent.
Halogenation may be effected in a conventional manner, for example,

25 bromination using a brominating agent such as N-bromosuccinimide (NBS) in
an aprotic solvent such as tetrahydrofuran (THF) or preferably 1,4-dioxane
heated to 60-150 °C.

Compounds of formula (1) wherein R is -NR"°R? (wherein R'® and R%

30 are as hereinbefore defined) may conveniently be prepared from compounds
of formula (1) wherein R' is a halo atom, such as bromo or chloro atom, by
reaction with an appropriate amine HNR'®R?, wherein R*® and R® are as

25



e e
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met hods known to persons skilled in the art. 20 A. Process A may
conveniently be used for the preparation of a conmpound of forrmula (I)
wherein R err] is a halogen. Such conpounds nmay conveniently be
prepared by rwaéssevgt a conpound of fornula (1) wherein R err] PCI/EP98/03380
hydrogen and Rlerr]- R err] are as hereinbefore defined wth a hal ogenating

xarpi e, 25 TEERRP PR, IREa: e telof i TR ef SR iciBBr T 1"
N- br onosucci ReffigératudBE30-80 °C, in aRBrati©slfet@ueh 2k etbanbldp t et rahydrofuran
(THF) or preferably 1, 4-dioxane heated to, 60-150 [err]C.

Conpounds of dimetiyisulfoxjdesdeniaes okformula HNR TR are cBfrenertiallyiavaitable B er 1 |
and Rlerr] 30 are,as herei npefore defjpe y conveniently be prepared
Wb ez

f r om conpound¥e readily,prepgred,py anersqiha @t is a halo atom such as
bromo or ¢hloro atom by reaction with an appropriate am ne
HNR[err] Rferr], wherein R err] and R err] are as ' her ei nbef ore

defined. Typi cal | YCorhpeunéset oemuias(pbheeirer’ i -ORF QltrireihaR? is as
tenperature, 70-80 [err]C, in an organic solvent such as ethanol or

di met hyl sul f dweireigb ned) may eanveninmiiobe prépared frarecaraperndsiefi | v
avai l abl e or re readit epar.ed by a rson skilled in. the art. 5
Compounds of PapaIE WiSStRR: I KA. SUc ARPIITS ORARIOT AR | | s as
her ei nbef ore ﬁg& : ' 2f of
forrr:JI a (1) A erw)%%ﬁ@sﬂ?}ﬁ%hg gﬁ%ﬁ%ﬁqgg b{v@ﬁ%@@;ﬁ?‘éﬁ?%& atom by
reacti onidv t hesginbefore defined). Typichly, thé réavtionlineficdtbe at 120 tohH0®EYQ, Rlerr] is

as 10 hereinbefore defined). B@i,cally, the reaction is effected at -20 to
100 [err]C, bpreferably at @paf 0 HORS of dirgthylsylfoxigeps selvent ard indhBy| sul f oxi de

as solvent a ' . b o di um

hydri de. Al cg’g%éféshctg&ﬁfaogﬁ%?gd%gég‘?&'ﬁfﬁ[&%@?f‘{ @?@ﬁgvgﬁ%ggﬁe&mgci ally or
may be readi HORM'eparRdilablexopfhsrially or mayké ey ipi‘eﬁé?@d #yta pdiSon
Compounds of fornula (1) wherein Rerr] is -SRerr] (wherein R22 is as
her ei nbef or eskiedirthe ady conveniently be prepared from conpounds of

formul a gé\n) wherein R err] is a halo atom such as brono or chloro atom by
reaction*w th an appropriate thiol of formula HSRlerr] (wherein Rerr] is

o T e e CCorRRar o el SO MharppRaseaed ot S20 1o
di met hyl sul f bsrelebefores defimed) may conveniently be prepared from compounds of
formula () wherein R' is a halo atom, such as bromo or chloro atom, by
reaction with an appropriate thio! of formula HSR* (wherein R% is as
20  hereinbefore defined). Typically, the reaction is effected at -20 to 100 °C,
-preferably at 25 °C, in N,N-dimethylformamide or dimethylsulfoxide as solvent
and in the presence of a strong base such as sodium or potassium hydride.
Thiols of formula HSR? are available commercially or may be readily
prepared by a person skilled in the art.
25
Compounds of formula (1) in which R®or R* is an aryl or heterocyclic
group, and R’ - R'® are as hereinbefore defined, may be prepared from
compounds of formuta (1) in which R® or R*is a halo atom, such as a bromo
atom, by reaction with an aryl or heterocyclic trialkyltin (IV) reagent. These
30 reactions are typically effected in the presence of a palladium catalyst such
as tetrakis(triphenyiphosphine)palladium (0), péﬂadium (I1) acetate, or

paliadium (11} chloride bis(acetonitrile) also in the presence of a solvent such

2l



and in the presence of a strong base such as sodi um or potassium hydri de.
Thiols of formula HSRlerr] are avail able commercially or may be readily
prepared by skilled in the art. 25 Cor‘rppélﬂg
formula (1) ‘?ﬂ%&rﬁ?ﬁ’gﬂ Rlerr] or R4 is an aryl or heterocyclic 5’*@?’6’%
and Rlerr] - Rerr] are as hereinbefore defined, nmay be prepared from .
conpounds  ofg O BinatHylbriBnide ahd Bl %hfdle@éteﬂl[t&hﬁhratﬁreﬁ} phéferatidy 901°Csuch as
a brono atom by reaction with an aryl or :heterocyclic trialkyltin
(1V) reagenThe Gesisad atyl armmrboydicetriélkwﬁipié\é) reggent may &¢ obtained presence of

a pal l adi um cat al ysf such s tetrakis(triphenyl.phasphi ne) pal | adi um
(0), pall admmfé?ﬁ)é%myé?e Eﬁadﬁy Pfep’ﬂ&ﬁ '%V(d? BﬁFﬁ‘HW %“Eﬂﬁﬁ&%ﬁ @")-

bi s(acetonitrile) also in the presence of a solvent such

26 as NN-di net hyl formam de and at an el evated tenperature,
preferabdy 90 [ eThé protecting gidupsdnaay bedeaioveddby durventionalldhemicalal kyl tin
(I'V) reagent may be obtai ned .. comercially or may be readily prepared
by a per sonteshhiques well knawmtq a skilled person.  The protecting groups may be
renoved by conventional chem cal techni ques well known to a skilled
per son. Compounds of fornula (1) wherein any of Rerr] -
Rlerr] is a hydr 1a (1) Wrrsi R I RISs alf Xy
group or a fl uorleﬁpehpgpgﬁggﬁgorﬂueargf - Ia[ﬂgrﬂﬁglre as 1% m)iqﬁ%ef gre

defi ned mayRPe RIt ipsithent of myairosy graupespo fdorine atompand®R'of R° are asor mul a (1)
wherein any of Rlerr] - Rerr] is a protected hydroxy,. group or rr
forr] 16 hereingegbroidafined T bE /SRRSO HePTeRRa M e ORPSEMbEN | onal
protecting groups e’ 5 Vahheg ly,
ester group f@ﬁ&('égh?%@énp%fwdgcgé 8?58%{)%%%5?&;6?%95@0%0 Bﬁggesters
of conpoundg nAftebREMdROXY Jromyorefiddring!atan. Chesmtiphal srotéctiaggrowps nay be
r enoved eithgr by conventsi on&l chem cal techni ques such as sodi um
car bonat e | maywatecuseshfor fEt-rRnoAdvantageouslyzestar groapssuch@s theseml e, usi ng
pig liver esterase. Alternative rrl - err ,ncl ude silyl
et hers suchd@ser §F’ta-b&3(f3>m&?5h3'ﬁw th,eR%gtPfS]- Bﬁ?ﬁ'ﬁ?@sn%fgfgg%cﬂ)may%e
trilso VAR | | ; roxyl group
20 ' usi g 2 TneSbitbRafiib SrouR i KRR dther by Lot T o .

Bu[ err] NF oghemical teEhhiguel NEch massotiurhicarborestalin watdretral methamoher

benzyl i dene or isopropylidene which r?rmved un%@r @gi dic

( . .. can be (
condi ti ons, enzymaticaty for example. using-pigdivar gplgrase. Alteatiyghe

may include silyl ethers such as tert-butyldiphenyl-, tert-butyldimethyl-, and

triisopropylsilyl ethers which may be deprotected to give a hydroxyl group

20 using an appropriate fluoride source, for example HF/pyridine, Bu,NF or
Et,NF or a cyclic acetal or ketal such as benzylidene or isopropylidene which
can be removed under acidic conditions, for example, using tosic acid and

methanol.

25 Alternatively, the compounds of formula (I) where any of R°- R"is a
protected hydroxy group or R® - R"' is either a protected hydroxy group or a
fluorine atom and R%, R®, R*and R are as hereinbefore defined may be
reacted with an agent or under conditions whereby the leaving group R'is
converted to the desired R* group simultaneously with removat of the

30 protecting groups. Examples of such agents include cyclopropylamine and
other primary and secondary amines providing that these agents are

sufficiently nucleophilic and are not sterically hindered.
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25 Al ternatively, the conpounds of formula (1) where any of Rerr] -

Rlerr] is a protected hydroxy group or Rerr]- Rerr] is either, a
protected hydroxy group or a fluorine atomand Rerr], Rerr], Rerr]
and Rl err] VWP@B&6her ei nbef ore defined may be react ed RCEIEPSSIOASENt OFr
under - condi ti ons whereby the | eaving group Rl is converted to the
desired R err] group sinultaneously with renoval of the 30 protecting
groups. Exanpl es of such agents include cycl opropyl am ne and ot her

primary and SeC@Jdeéthaﬁhe@éf farﬁ\éiadgmhéﬂé% R? ﬁ@?ﬁ%@aﬁé efined

sufficiently nucleophilic and are not sterica
B. Conpoundsaybe pespared byirgactiver afiancdthpound offoarsulaciié) whefein & 'dehisned

g‘éy _beb"; ﬁ&%&%%?% 83‘@%4«1"%@3%;%%%”n@?”{%e%sééﬁm”%éﬁuéh%né‘ﬁ?&ﬁé%aE[ erelte
"R o173 ar SonPanRE forthdid o)y wherRILR™ et as Hethnelole uelifed sl X L1 L
and L is aproepRidWeémapppaate AL isTAe nerimidion described! TRE f@sutidRs of

formula (1V) with those of fornula (V) may be effected using a Lew s
aci d such afcompounty bffarpula (V7 with thoset of fousula (G hatay, beseffetted usingor i de,

20 "of foct B awis aridiiudh s EsI kitioRmaiian g e A ShirEe f or
le, i acetonid . 22 di th t
50°50, [ery Proorgn tGEHAEhE oyl behiy piéfertid | fhefesbudn BahGEAZ "0 E1

(1V) wioh effesieddin ahaprotiesdiventreany dtean elevatedftémperatuley famatample, iy ocedur es
of pyrim di ne nucl eosi de ?gnt hesi s as described and referenced by

Tohru Uedaaretoniteleialii6y3Q{C i di2-dichiosacthane ab70-80¢1Ce oflterastivelyl thel (Ler oy

mucl eos; aorearions of Bomboids pf ERUE AV F i phfekiaf raguid Wi malihe 7 PUT e
Srivastva, eﬁ@é@ﬂ%y“app‘mﬁ% pfoctiired 6fhyRmidRsaiuciedside %\b{t sifls 113-

281 or pyranose nucleosi de synthesis “as described and referenced by P.
Her dewi i j ndegcribegnambrefetented by Tahry bedaiin SihéntistnDef Buefegsidesidnd eosi des

d 20, _N ' : 10, 1991, ., JL19-1 d UsS. P :
5. 590, b0, Nudleotidos sl pbllares hpusend el nt 2.Adpove Pross New " 1ne
compound ofoor ik el AU SABRUAN s LELIFRGBR fofbeda the

_ ; hafbidhed
N[ err]-positidnn e above proce nprove sol ubr1ty;, for exanple,
by 25 treptemrC. Svivdstia, Romdd/KsRbbihe RhdRide B. Moverrir)Vbiddpsi 1 t&ane or,
nost referably, N O bis(trinmethylsilyl)acetamde (BSA). The
si | yl at i on28h@r pyrariose nucleoside synthesis as described and referenced by P.
Herdewiiin, A. Van Aerschot, J. Balzarini and E. De Clerq in Nucleosides and
20  Nucleotides, Volume 10, 1991, pp. 119-127, and U.S. Patent no. 5,399,580,

incorporated herein by reference hereto.

The compound of formula (IV) is advantageously trimethylsilylated at
the Ns-position in the above procedures to improve solubility; for example, by
25 treatment with trimethylsilylchioride, hexamethyl disilazane or , most
preferably, N,O-bis(trimethyisiliyl}acetamide (BSA). The silylation can be
effected in a solvent, preferably 1,2-dichloroethane or acetonitrile, preferably
at 70-80 °C. After completion of the silylation reaction, a Lewis acid may be
added, followed by the addition of the compound of formuta (V).
30
Compounds of formula (Va) may be purchased, for example, from
Aldrich (Milwaukee, IL.) or Pfanstiehl (Waukegan, IL.) or may be prepared by
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effected in a solvent, preferably 1, 2-dichloroethane or acetonitrile,
preferably at 70-80 [err]C. After conpletion of the silylation

reaction, a | id may be added, followed by the addition of the
conmpound of ‘%Q\r%rr%?"gf(\/) 30 Conpounds of fornula ?%PW"Be

pur chased, for, exanple, from Aldrich (MIwaukee, IL.) or Pfanstiehl

(Waukegan, Jitbratuf® methodsowel RReWE do Persons skilled in the att] foteXanigsle U8t hods wel |
known to persons skilled in the art, for exa J Barbat t al.,

npl e J.
Car bohydr at Batkat ehathCanbpdydrfe esaasch,3ntB (3963).mp. Bidr3 W MytFuertes ety .
J. Og. Ch

Chem & 50 iy Orch Cherk, #00978) T 25722377 U B et JoMatt it 2 (v

in which R5¢ ' ofgp1degdmed and only one of Rerr] -
Rlerr] is a@éﬁ%’%@@%ﬂ’bﬁ/dr oxyfsand L is nmethoxy may under go
deoxygermtion via a phenyl thiocarbonate prepared by reaction of t he

previous free hydroxyl with a chlorothi onofor,nate such as

phenyl chl or ot hi cEempauBds phiormita (Yiakinawiich i &B%Qﬁmférégef‘@ﬁﬁ@@ via a
i foct ad | oy onBARE K s ALt ryd Bl ArfiC o Rlercioy il o1 1Y

2, 2- azobi si gRdutyY deBkidéndtion i apasiy ﬁaTi%.?egsonate prepardd By fiREBAGE Of an

aromati c solvent, toluene for exanplé€. I nternmedi ate can then
event ual | y the previoas free hysiraxyl avithoa stlosdthionofermaté sagh 85 i n whi ch

B L L
EOULE o AU 0 B Aoy TRRT A B [ 1

deoxygenat i the preserue of 4 eadieal .initiator, 2,0t-agobisisbbutyrmitdis dor éenpis, Bnd Col | i ns
and R Ferrier in Mnosaccharides 20 (1995), John Wley & Sons, New York,
p. 213, andnithe presenee afias aromatic solvent, toluene for ggample: ethisonpounds of

f I Vi b t hod t Kill ino th
art. for  odbtrmeas BaBRACT SxSualy B Bryeuer K8 BrictyfoomyBdys of 5
fof o { ; : . . oy
Cri T uor, dam e aioNgls e oo B e e ey S ey b os g
aprotic solreaction withlanaacid hdaeticf anidfarexanpleand amdcyating agent; acetic

tenperature, advantageously 75 .[err] C. .Fluqrinated and other hal ogenated
deoxy sugar@W%”aSrfﬂ‘g@S?TR’)ﬁ) %%"%ﬁ‘]st’(?"ﬂ%tﬂ“éﬁi‘ﬂr"é@@#’&ﬁﬁ?@@&%‘“gashi on as
descri bed f [ BN a@&%g@é . ' . Ferrier
in 30 I\/bnos%eé{%aafgiesgg‘;yf%ggéﬁoeg%h%%%%gg’ ons, Rgt\}vo%#t;%gﬁggig 262 and
ref erences fohax&hple, as described by P. Collins and R. Ferrier in Monosaccharides

20  (1995), John Wiley & Sons, New York, p. 213, and references therein.

Fluorinated compounds of formula {Va) may be prepared by methods
known to one skifled in the art, for example, by reaction of an unprotected
hydroxyt group of a compound of formula (Va) with a fluorinating agent,

25 diethylaminosulfur trifluoride for example. This reaction is typically effected in
an aprotic solvent, such as chloroform or toluene, and at an elevated
temperature, advantageously 75 °C. Fluorinated and other halogenated
deoxy sugars of formula (Va) may also be prepared in analogous fashion as
described for like and different carbohydrates by P. Collins and R. Ferrier in

30 Monosaccharides (1995), John Wiley & Sons, New York, pp. 248-262 and

references therein.
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29 Compounds of fornula (Va) in which Rerr] is as

her ei nbef ore defined and only one of Rlerr] - Rlerr] is an unprotected
hydroxy may be oxidized to a ketone by nmet hods known to persons
skilled in theoasssref or exanpl e net hods descri bed or ref eOIVErSs/03380

R C Petter et al. in Tetrahedron Letters, 30 (1989), pp. 659- 5 662, S.
Czernecki et al'. Jin Tetrahedron Letters,, .26 {s1985), 699- 703, r ’
M CHudl ok i n CRPIROUE o SO RYe) Tl FyS Askienbbghis fetited andoo)
Anmeri can Chepnj ot ¥t ERN \Qg,l;ﬁ ff_%{b iFRY ey

be treated \%I h aepprop.rﬁz?t'g |gPr]1'gr rd;altgaernt qﬁbrj(g%%?p'rret al ng’gents and

car bon nucl esgthbdsindvin & pesbnalskiledtin the ad, fprexamphemetivogedestrilfedf or mul a
10 (Vva), for exanple, as described by_P. Collins and R Ferrier in

I\/b][los acchar og eefetensed by Réh rf’at?er@yak‘irsaﬁg,ahwémn\leﬁﬁersfo EEB9)apR 659-
Shalde =6

o efins 5t PBEns §Z%f0§§‘,<’t4t%ﬁ%Ji?ﬁ@'(’%?’h’g’s@g%?? 28 P80 B By fb2. "R P

ot ter et aM- HOUEKY o OURRIBAG 1T Ol e CHBm ) A O pomaraiTE S86 RESLO) R ©

Hydr obor at i AmericadaGhamical Society, WashingtonD.CorSughakeétonp compayndisgoayiur es
descri bed bé H Redlich et a ' nt hesi s
e

| . iLDh, S 19 , .. 1112-111 8 or
as descri beBefteated with appggpriate, Griggard re mﬁfawfmgq%)@??&m@?@ istry, 22

(1972), pp. - Aol ' i formul a
(Va). Addit Fg'&%“ﬁﬁ’%@g‘?ggéé g@%%??ﬁ%aﬁﬁé‘yt%%'vgg il ool tomial OL T @
hydr oxyho st pygp ediasxafiply, & d&ioribel by eColling and R Rdrierin~ descri bed

ket one by net hods known to gersons skilled in the art and usin

conmonl vy~ ac Mgnosdcehasides i 99%). gebr Wittys SonsaNewnYerk; edae92 Gﬁdgs t hose

d i bed by M Hudl,i cky i dugt i in Or | ¢ Chem st CS

Vonogr aph 1 HStersgs fhersine Aol Wil raga i e G Mrlowstl toprepare,, o
149-190. ' qlefins of formul O} Exaffpld g destr {b‘ébgbyap.dggfﬁﬁé aimmo.o%:ﬁeﬂe by

met hods known to persons skilled in the art. npounds of
formul a (I Vjbid,wh@68iandeferchces theyeinayers descaibedlby RibRetter et ahust

et i nedls iy olahgHEp e 068D ARe BEHLR. (WO ADRR CEatPTISRd | n pCT
30 olefins of formula (Va) using procedures described by H. Redlich et al. in
Synthesis, (1992), pp. 1112-1118 or as described by Acton et al. in the
Journal of Medicinal Chemistry, 22 (1972), pp. 518-526, teads to hydroxyl
methyl derivatives of formula (Va). Additionally, hydride reagents may be
20  used to effect inversion of hydroxyl stereochemistry of R® - R'! from such a
described ketone by methods known to persons skilled in the art and using
commonly accepted appropriate practices of carbonyt reduction as those
described by M. Hudlicky in Reductions in Organic Chemistry ACS
Monograph 188 (1996), American Chemical Society, Washington, D.C., pp.
25  149-190.

Compounds of formula (Vb) and (Vc) may be made by methods known

to persons skilled in the art.

30 Compounds of formula (IV), wherein R'is hydrogen or a halo atom,
most preferably chioro or bromo, and R?, R?, and R* are as hereinbefore

defined, may be prepared in accordance with the methods described in PCT
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specification W02/07867 incorporated herein by reference. Alternatively,
conpounds of formula (1V), wherein R err] is hydrogen or a halo atom nopst
preferably cly brono, and R err], Rerr], and R err] ar

her ei nbef ore efsl%ng may be prepared in accordance w tﬁcﬁﬁ%”%ﬁ%ds
described by Leroy 5 Townsend, et al. J. Med. Chem, Vol. 38, 1995, pg.

4098. R?eclﬁcatlon‘\}\ﬁ@ﬂemeﬁirﬁéoxﬁd?mmfﬁy fePSrBHES, Altsthatibaiyei n Rlerr ]

is -NR[err]R err]- wherein R err] gnd Rl err] are as herei nbef or e
defined, nagompopndpeaf farmtya (IV), wherain Rnig hydeagesoomal halo stomyumaest(vi) 10

d
Lg (ra} nbef or Brefesablicehiory ?EEW%E’I&?{&%}@% érF%)farggis %@H’%‘ﬁé%ﬁ%@eﬁ ani ne
i nt b ' | b
onct ad v ¢ AN Blsardd B Becrkan RAURE neflodsiheriBod by Lagdh,, T2, D€
Rlerr] is a¥owasendstidr s Maﬂlomn Y 38384(995013%%98?6 carried out in the

presence of an agent to pronote cycl I zation such as nethyl iodide or a
carbodi i m de such as di cycl ohexyl carbodii m de or 1-cycl ohexyl -3-(2-

nor phol i noet hyl t ho- P-4 ol uen | f onat g1k n \(heps esence of an
aprgt [ cI aroma%ll 2: '\?g @E“@%Bﬁ@ﬁaﬂmé?%@?@ﬂ#y@yr?di ne and
at 25 an eWﬁ\é?é:ﬁ‘iW sﬁaq@fawé 85 HRFahBERR Yefirrsdl Piay 68 bhépared by
reacting a compound of formula (V1)
10

R NH, (vi)

wherein R?, R®? and R* are as hereinbefore defined, with an agent capable of
15 cyclizing the diamine into a benzimidazole. Typically, compounds of formula
(V1) may be reacted with an isothiocyanate of formula (VIf)

20 wherein R" is as hereinbefore defined. The reaction may be carried out in the
presence of an agent to promote cyclization such as methyi iodide or a
carbodiimide such as dicyclohexyl carbodiimide or 1-cyclohexyl-3-(2-
morpholinoethyl)carbodiimide metho-p-toluenesulfonate in the presence of an
aprotic aromatic solvent such as toluene and most preferably pyridine and at

25  an elevated temperature, preferably 75-150 °C.
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Compounds of fornula (VI1) may be prepared by nmethods well known to a
skilled person or readily available in the chemcal literature or obtained.
comercially. 5 Compounds of fornula (1V) wherein R[err] i's

hydr ogen maywhesisai ned commercially or alternatively ghasEear ed
by reacting a conpound of formula (VI) wherein Rerr], Efgrrf’ and .
Rlerr] are as hereinbefore defined with formam di ne or nost preferably

formic acid at alﬂdxﬁmuﬁdmmrefoanutae(wb rﬂ&ﬂbé(ﬂeﬂéﬁed by methdds welidaowal y 80

[err]C. 10 npounds of _fornul a be obt ai ned

comer ci al | ﬁoarskﬂb;d mon or f?ﬁ@%ﬁvéﬂab‘ﬁ 1ﬁéhﬁ§ﬁ§"¥@ﬁ!) ratyre er abteineski | | ed in
the art or readil vai | abl e in the chemcal literature. 15

Al ternativel%’f“‘?% nds of formula (VI) nmay be conveniently prepared

from conmpounds of fornmula (MII1I1) [err] 20 wherein R err],
Rlerr], and Rlerr] are as hereinbefore defined, in the presence of a

reduci ngsagent , Mnmmdsrmfrfofmulae(k\amheretmﬁﬁ is hydrogep mesebe ebtaineth aci d,
nost preferably hydrochl and in the @Oesence of a solvent such as

ooyl o e P Al ar areETauP 178 BeBRamd BoreAsing A s pend ek and 1. &
25 Threl fam%ew(gwgere@wmy%nd R? ald 43 hepem!??‘]f@}e dehilédRith Vel y. such

ortho nnes prepared’i présence of a reducing
agent wﬁhrﬁﬁinﬁa@ﬁmw pﬂeﬁéra&lﬂonmc &did apanmmembefmdfmemo i s
reaction is also
advantageously 80 °C.
10

Compounds of formuta (V1) may be obtained commercially or may be
prepared by methods known to persons skilled in the art or readily available

in the chemical literature.

15 Alternatively, compounds of formula (V1) may be conveniently prepared
from compounds of formula (VIil)

R’ % (vl

20
wherein R%, R?, and R* are as hereinbefore defined, in the presence of a
reducing agent, reduced iron for example, and in the presence of an acid,
most preferably hydrochioric acid, and in the presence of a solvent such as
ethy! alcohol and in the temperature range of 50-78 °C (B. Fox and T.L.

25  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 Raney nickel also in the presence of hydrogen. This reaction is also
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run in the presence of a solvent, ethyl alcohol for exanple, at anbient
tenperature (K. Dinmroth, et al, Og. Syn. Coll. Vol. 5, 1973, p.1130).

Al ternativel.y, such ortho phenyl enedi am nes may be prepared j
presence ofwe9smseérsti ng agent such as sodi um hydrosul fite. Tfﬁlnré%lll;s@”fsﬂi s 5

reaction is effected in the presence of a polar, protic solvent, preferably

a ot erature,
o ef er il H tfe BregdHice! ofboINeAE BRIyl aRfioMor SRambiRy Bt ambleNt o M ) ey be

pr epar edemperature @<. Dirntothyetval, Q. Sym. £allkVbl. 11883, 904138).are readily

avai | able commercially. Aternatively, onpounds, of ., formula (VI11),
wher e RAlternatively ogish ﬁﬂB‘PrPEﬁEﬂe%&\ah%‘?q ﬁ@)’cbens)repemdo‘f‘ithﬁ or bromine atom
and Rlerr] and r r &l | : ; pr epar ed
fromco _ﬁﬁﬂg‘egk Sfrébﬂﬁﬁg @PP%‘SH %rgé?%ﬁhﬁﬁrpfaﬁtse mé‘rcgg%ﬁh'%y

r eacts Onpeyictifn %Feﬁ@étéanﬁ td presehod enatpoldr, pantistsoivesn, refokablyupr o- 1, 4- 15

di azoni abi cycl o 2. 2. 2] octane bi s(tetrafl uoroborate), N chlorosuccinimde or
N- mixtamsofosater andesthamolt Ard pt as elvvated temperpiusei preferablynt such as
acetonitrile or NN-di net hyl formam de and at an el evated tenperature
from 50-B8UX[ err] C. Al ternatively, conpounds of fornmula (Vi)
wherein R err] is -SRerr] (wherein 20 R24 is as herei nbefore defined) may

be prepared from conpounds of formula (VIT1) wherein Rerr] is a halo

atom and R er chmpetinBsof fdrnaule (W) heayebe prdpared byimethdddwvell knowreact i on
wth HSR[errL. This reaction is typically effected in the presence of a
strafy daseskilled pessorver ame readioaiiabigeommeareially Alteraatively. pr esence of a

eV oo BRSPS thls Wiihe R3E' gkt bk b s afBifyL o0 o oL
gg‘ 1) nEyoRSY BPbASIARIESAtS N @nd R® arl Rbareds hersmssiorodeRiiedimdypbaul a (1X),
prepared from compounds of formula (VIII) wherein R?is hydrogen by
reaction with an appropriate halogenating agent such as 1-fluoro-1,4-
15 diazoniabicyclof2.2.2]octane bis(tetrafluoroborate), N-chlorosuccinimide or N-
bromosuccinimide, in the presence of an aprotic solvent such as acetonitrile
or N,N-dimethylformamide and at an elevated temperature from 50-100 °C.

Alternatively, compounds of formula (Vil) wherein R* is -SR? (wherein
20 R%is as hereinbefore defined) may be prepared from compounds of formula
(VII}) wherein R* is a halo atom and R? and R® are as hereinbefore defined by
reaction with HSR?*, This reaction is typically effected in the presence of a
strong base such as sodium or potassium hydride and in the presence of a
solvent such as dimethyisulfoxide, most preferably N,N-dimethylformamide at

25 ambient temperatures.

Alternatively, compounds of formula (VIll) may advantageously be

prepared from compounds of formula (1X),
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[err] wherein R err] is hydrogen, R err] is a protecting
group such as an amde, 5 trifluoroacetam de for exanple, and Rerr],

Rlerr], and R err] are as hereinbefore defined, by reaction with a
nitrating agent h as nitric acid. This reaction is : S63386 a
sol vent sucﬂ%;bglsgﬁfuric acid at tenperatures of -20 to 25 [err]C .

nost preferabl.y at O [err]C. The protecting group, R err], may be

conveniently renoved at the endrdf the reaction sequence with either
acid, 2 normal 10 sulfuric a&i d forjexanpl e, base, sodium carbonate in
met hanol and wat er for € at teppeatures of 25-100 C.

¥s hydrogen and R26 is a
trifTjuoroacetam de for exanple, and R2,
nbef orjfe defined, may be prepared from
inAerr] and Rlerr] are hydrogen and
ereinbefore defined by reaction with
Rt i f{X)or oaceti ¢ anhydri de.

Compounds of fornula (I X) where
protecting group such as an am de
15 Rerr] and R err] are as herg
conmpounds of formula (1X) wHs
Rlerr], Rerr] and R err] arg-4s

an appropriate acylating ageﬁn such as

These reactions are effected in the presence of an aprotic sol vent
such as acetontrile, nost preferably 1,4-dioxane, from-10 to 20 40 [err]C,
advant ageously at 0O [err]C. Al ternatively, conpounds of
formula (MI1) in which Rlerr], Rerr] and Rerr] are as herei nbefore

def i ned wiateineRTrie hedeteh; B isenprtesingafrolip suth as @X)amide,

5 triftuoroacetamide for example, and R?, R?, and R* are as hereinbefore
defined, by reaction with a nitrating agent such as nitric acid. This reaction is
effected in a solvent such as sulfuric acid at temperatures of -20 to 25 °C,
most preferably at 0 °C. The protecting group, R, may be conveniently
removed at the end of the reaction sequence with either acid, 2 normal

10 sulfuric acid for example, or base, sodium carbonate in methanol and water
for example, at temperatures of 25-100 °C.

Compounds of formula (IX) wherein R% is hydrogen and R¥is a

protecting group such as an amide, triflucroacetamide for example, and R?,
15 R®and R* are as hereinbefore defined, may be prepared from compounds of

formula (1X) wherein R% and R? are hydrogen and R2, R® and R* are as

hersinbefore defined by reaction with an appropriate acylating agent such as

trifluoroacetic anhydride. These reactions are effected in the presence of an

aprotic solvent such as acetontrile, most preferably 1,4-dioxane, from -10 to
20 40 °C, advantageously at 0 °C.

Alternatively, compounds of formula (VIll) in which R?, R® and R* are
as hereinbefore defined can be prepared from compounds of formula {X)
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39 [err] wherein R err] is a halo atom fluoro or

chloro atom for exanple, by reaction w th anmoni a. These reactions are
typically effected in the presence of a 5 solvent such as etp%bg fotel | or
1, 4- di oxane WRPAP76L| evat ed t enper at ur es, advant ageousi y err] C.

Conpounds of formula (I X) in which R25 and R26 are hydrogen and Rlerr],
Rlerr] and Rlerr] are as hereinbefore gefi ned may be prepared by nethods
well 10 known to a skilled perspn or rieadi |y available in the chem cal
literature or obt ai ned coMqercially. RY Compounds of fornul a
(X) may be obtained commercially 2 readily prepared by a
person skilled in the art. 15
is a substituent of forrmula (Ib)
by any net hod known to persons

be made according to Schenme | or
gd in the art. 20

R4

wherein R¥ is a halo atom, fluoro or chloro atom for example, by reaction
with ammonia. These reactions are typically effected in the presence of a
5 solvent such as ethyl alcohol or 1,4-dioxane and at elevated temperatures,

advantageously 100 °C.

Compounds of formula (IX) in which R? and R® are hydrogen and R?,
R? and R* are as hereinbefore defined may be prepared by methods well
10  known to a skilled person or readily available in the chemical literature or

obtained commercially.

Compounds of formula (X) may be obtained commercially or may be
readily prepared by a person skilled in the art.

15
Compounds of formula () wherein Z is a substituent of formula (ib)
may be made according to Scheme | or by any method known to persons
skilled in the art.
20
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35 Schene (shown In D gl ucose
derived series): Deoxy Series [err]
[err]

WO 98/56761 " PCT/EP98/03380

Scheme (shown in D-glucose derived series):

Deoxy Series i
N Ct N Cl
: XX LY

. a,b O N O N |
o@ 1HOH H O,O Ct cd RO /\Q}' ¢l

& (65%) 3 (86%) )\

1DorL HO RO

o 2 e '— R=Ac
Tetrahedron Letters (1996, 8147) —» R=H {(Dorl}
/
L » cl
<X
[o] N
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Dorl
Ribo Serles

£ o W .
200t 0— N g — TBSO’\<-:>' e
(50%) Tsso@ (94%) . 1%

HO'

N
(’NID:C' <,N cl 8¢ :O:
a _® 0=\ N a &9 O\ N c

N cl
N Cl v
, 1L
. oar—(NI:[m RNH, 0— N cl
e waws Y
%) . (50-88%) 7
S §=-'_‘,’J‘>P' HO DM R=NHePr (Dorl)
=i-Pr

Dorl R=iPr

key. a) 5,6-dichlorobenzimidazolela, PPh3, DEAD, THF, 12 h.b) 0.1 N HCI, THF, RT, 12 h. ¢} A¢c20, Pyr. d) 2 ¢q.
NBS, rfix THF, 10 min. ¢} 1 eq. Na2CO3, MeOH, EtOH, H20, 2 h. fy TBDMSCL, imid., DMF. g) MsCl, TEA,
CH2C12, 00C, h) DBU, Tol, rflx, 10 h. i) cat. 0s04, NMO, acetone/H20, 12 h. j) NHae-Pr, BOH, reflix).

Compounds of formula (1) wherein Z is a substituent of formula (Vb) or
5 (Vc) may be made according to U.S. Patent no. 5,399,580, U.S. Patent no.
5,634, 535 and WO96/07646, incorporated herein by reference hereto.
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key. a) 5, 6-dichl orobenzi m dazol ela, PPh[err], DEAD, THF, 12 h. b) 0.1 N

HO, THF, RT, 12 h. c) Ac20 Pyr. d) 2 eq. NBS, rflx THF,
10 nin. e) | eg. Na2CO8, MeCH, EtOH, H2O, 2 h. f) TBDVSC, i micdvppoiiiased)
MsCl, TEA, WO98/56761 CH2d 2, 0 oC. h) DBU, Tol, rflx, iHi’E, 00N, i

cat. ™4, NMO, actone/ H2O, 12 h.j) NHerr]c-Pr, EtOH rflux). i
Conpound¥hefcompounds dctprdaihg lttethe investien, aldsteferred to hérdinmgithe (Vb)) or 5
(Vc) may be nade according to U. S Patent no. 5,6399, 58 u. S Pat ent no.
5,534, Sactienmavesient masbe pAEWistered & themapy byany eitable Rutger et o.

h | f d
herei n aliglygling oral Fec%%‘{‘@é’é%?ﬁ%ﬁ%fﬁﬁﬂhaﬁa&% zfa?*%?@#é%e?o?"t hor apy by
any sui taabmw%@w eagmal and pﬁi'dtﬁ!erl&ﬂ(lﬁélaﬂl ?rstmbataneaaﬁahtramcqﬁr (i ncluding

transder nal uccal “and | 1 ngual vagi nal and parenteral
(i ncliudi QObous an&adermalnam@mﬁwm@l), It ill bevappresiated thattheader mal , and

Voo o 5 ot B v ol i

of the infection and the chosen active mgredlent

In general a suitable dose for each of the above-mentioned conditions will be

10 inthe range of 0.01 to 250 mg per kilogram body weight of the recipient (e.g.
a human) per day, preferably in the range of 0.1 to 100 mg per kilogram body
weight per day and most preferably in the range 0.5 to 30 mg per kilogram
body weight per day and particularly in the range 1.0 to 20 mg per kilogram
body weight per day. Unless otherwise indicated, all weights of active

15 ingredient are calculated as the parent compound of formula (1); for salts or
esters thereof, the weights would be increased proportionally. The desired
dose may be presented as one, two, three, four, five, 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

20 administered in unit dosage forms, for example, containing 10 to 1000 mg or
50 to 500 mg, preferably 20 to 500 mg, and most preferably 100 to 400 mg of

active ingredient per unit dosage form.

While it is possible for the active ingredient to be administered alone it is

25 preferable to present it as a pharmaceutical formulation. The formulations of
the present invention comprise at least one active ingredient, as defined
above, together with one or more acceptable carriers thereof and optionally
other therapeutic agents. Each carrier must be “acceptable” in the sense of
being compatible with the other ingredients of the formulation and not

30 injurious to the patient.
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of the infection and the chosen active ingredient. In general a
suitabl e dose for each of the above-nentioned conditions will be 10 in the
range of 0.01 to 250 ng per kil ogram body wei ght of the recipient (e.g.

a human) per _da eferably in the range of 0.1 to 100 ny .pepckipheHiias
body m?wg&%’{sg&l day and nost preferably in the range 0.5 to 30 ng per
ki | ogram body wei ght per day and particularly in the range 1.0 to 20 -
my per kiFommalations indbedsy thaseghuitahle fdapralUrdatals nasektopical (indiudinged, al |
wei ghts of aciive, 1 i ngredient are cal cul ated as_the parent coppound of
formul a (Fgsdesiia q tucegf  and “Subfiiely ,ipaBar ofcpamnifel " dpekaiie

I ncrease |, Ana S§ R Sddal P em@% one,

t wo, thr(ejse"gsgouré,d"%ir']vEed,ﬁésnl1 g&%gé}ehoirr@%gﬁgq%sdsgs é’d(rar?lﬁs ere a@s

appr opr i aadminiétration. s The doghglationsendypyconvenientiy basmresehted in urdlesi red
dose nmay be given on alternative days. These sub-doses may be 20

adni niSst edesagenfoim andi sxybe preparedtly any agtheds welk knowmdn the ast @000 my or
50 to 500 f bl 20, t 00 , d bl 100 t.po 400 f
o B S s B ARG PRl Rh Bb B Bric 0o o
active i ngneHGide tie %Pef%laﬂbpggﬁwgriﬂﬂa ak&st9atidn tHe %étivé’?r?dr@&%*ﬁ't@ with Present

It as a pharnaceuti cal rmu I on. The fornul ations o the present
i nvent i orthexgrrieswhivh tarstifutes ®nactri mere ageessoeningrediedtd.i fredeneral, above,

together with one or nore acceptahble carriers thereof and optionally
ot her t hdhgp&armuationsnate E‘&@ﬁp‘i‘gﬁ?iﬂ i i gpd- mtivaaielvh bEiNging (M sense of

bei ngcO i_hle Wit h < Lngr aedi : f | @t not 30
i nj u%ioours%%)c. e n\#Q% [ %W ﬁﬂ?&flehl%. Wﬂg llﬁ_@%}?éﬁrgﬁ%r ﬁ]‘%w u‘ﬁ@h?ﬁo@gﬁsui tabl e
for oral ,cdrf6isor batRsaNd tHediit Aabedsany bhabing the producansder nal , buccal and
subl i ngual ), vaginal or parenteral (1 ncluding subcut aneous,

I ntramuscul ar, intravenous, intradernmal, and intravitreal)

adm ni stration. The.fornul ati gns pay. convenjent | e presented in unit 5
osage. 1 o sty im@rioan snitpry Pelideinas hathadertioe o RRmMARR. 28 T of

phar macy. FEENOg&finP! Qdfdina furd driRAt WFe BfmUlRE pnesgnt gi nvention
and i ncl uhdéume stepg%f; %(r)i nging into adggé)%i ation the acti 8‘2 isd;gredi ents
with15 pharmaceutically sicCeptablen derivaties therofr andrat deasts saey furthgredi ent s.

I n general, .the formulations are prepared b uniforrﬂe{ and intimately
bri ngi ng thatapettic agesbarapiesantedseparatey from g anatsenas g Hit Q{ﬂ?ﬁﬁ%ar riers
or finely divided solid carriers or both, and then if necessary
shapi ng the product.

Compositions suitable for transdermal administration may be presented as

discrete patches adapted to remain in intimate contact with the epidermis of

20 the recipient for a prolonged period of time. Such patches suitably contain
the active compound 1) in an optionally buffered, aqueous solution or 2)
dissolved and/or dispersed in an adhesive or 3) dispersed in a polymer. A
suitable concentration of the active compound is about 1% to 25%, preferably
about 3% to 15%. As one particular possibility, the active compound may: be

25 delivered from the patch by electrotransport or iontophoresis as generally
described in Pharmaceutical Research 3 (6), 318 (1986).

Formulations of the present invention suitable for oral administration may be
presented as discrete units such as capsules, caplets, cachets or tablets
30 each containing a predetermined amount of the active ingredients; 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
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The present invention further includes a pharmaceutical fornulation as
her ei nbef ore defined wherein a conpound of formula (1) or a 15
pharmaceutical ly acceptabl e derivative thereof and at |east r

t her apeuticwébg%sﬁmjre presented separately from one anot her %ﬁgﬁdﬂo?ﬁgf
parts. _Conpositions suitable for transdernal administration may be:
pr esent esmakion. Thdigutivetingrediart asaydisptbedpresentedeasaibolis) teleatuarycont act
with the epiderms of 20 the recipient for a prolonged period of tine.

Such pat@measteui t ably contain the active conpound 1) in an optionally
buf fered, aqueous solution or 2) di ssol ved and/or dispersed in an
adhesive or 3) dispersed in a polyner. A sui tabl e concentration of the

active cATRERtheyhahtade b edmpRisHoniahBking, bptionallyalivonaYrinorSt As one

particular possibility, the active conmpound nmay be 25 delivered fromthe
pat cl$ byasdessonot ingnedgients. or Compp stablets gvayr &gl ypreparediedyri bed in

Ph tical R h . 6), 318 986). . For,mul gt i f th

b esent SamBrASSHIS 1, awkabls ghachine 1R AQve Paradieftal & dree oS ot ed as
di t ' | ) \ h

Cont ar i T, SAP Y & RoAEP Hrodran6iRR. etonf Hiked it Bfiider Yo.g. 08¢

powder Opoddane @elatins Bydrokyiropyintsthyl Selfulese)) dubricandn irertiediluener non-

aqueous |iquid; or as an oil-in-water liquid emulsion or a water-in-oil
liquid preservative, disintegrant (e.g. sodium starch glycoliate, cross-linked

o P epovidond.” eressaiikee Ragitin. Tatb@oRgRed, B BIEH uBEeERaYe ot fonal | v
with 0“%i§%3f§?ﬁ§agént. aq#sIaea tibletsa§ BeeMade by ﬁ@[ﬂ?ﬁfﬁsﬁﬁduﬁe‘?@ﬂ tpes may be

pr epar ed conpressing In a stitable machine The active ingredients
in a fresewtiemidngompountiomuistendd asitha growmest liquidgdilventein eosuitablel |y ni xed

with a binder (e.qg. povi done, gel atin, hydroxypropyl net hyl cellul ose),
| ubr i canachingr t ﬁ)e dablets may W@B%Mg@i G@teéieﬁ WB@GQ@P (B8 b&odi um
starch col l.ate, cross-l] pQvi r -1 nke odi
car boxy%@?’ﬂ\?’img I ﬁ?ﬂ 8§ef° ﬁ?@ge£&‘:’¥| ecgﬁ%ﬂeoc %?ezapégr rsq?ng’e;géeiér’f . Mol ded
tablgts pBrediSnBderBih TRIMY, NbraeRanmply, ehy&rokmomgmetmwemds@oiﬁpound
moi stened™w th an inert liquid diluent in a suitable

varying proportions to provide the desired release profile. Tablets may

optionally be provided with an enteric coating, to provide release in parts of

the gut other than the stomach.

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

25
Formulations for rectal administration may be presented as a suppository with

a suitable base comprising, for example, cocoa butter or a salicylate.

Formulations suitable for vaginal administration may be presented as
30 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.
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machi ne. The tablets may optionally be coated or scored and may be
formul ated so as to provide slow or controlled rel ease of the active 15
ingredients therein using, for exanple, hydroxypropyl methyl cellulosé in

varying prop, -otsjs%Q'?ﬁ to provide the desired rel ease profile.. Tbhtss/osy
optionally be provi éed wWith an enteric coating, to provide release in parts

of the gut other than the stonach. 20 Fornul ations suitable for
topical administration in the nouth include | ozenges conprising the
active ingredients in.a flavored . , V. I nd . cacia or
£ agacantiharpacafplCrataiAtolsr SulRIE fot ToEte) YgPHRERoR Wngrein 4F¢

basi s S!J‘H%rﬁfr Achadif ARInRY PREfbRIbIP Drésimas asaitdlt a688 'sﬁppéﬁﬁbﬁ&u.t hwashes
conprising the active ingredient ina suitable I1quid carrier. 25

For nul at iSuitable carriers dhcladercocea batten andwihéremptesiatsncamimonhausegposi t ory

W th a suit%ble base conpri cocoa ,butter or a

sal i cyl atthe art. The Wmaf'?%ﬁéayzhg%ﬁ’ﬁ;’g‘giﬁg )?E&Ime, by agmiuee ofthen nay be
For mul ¢ 5qe ComMBSAGH With DGR, v iR cffelts) MRS pUaMIS S b

carriers an sHapitied iholds. the art to be appropriate.
Phar maceutical fornul ations suitable for rectal adm nistrati on wherein the

carrier is a solid are nost preferably presented as unit dose
suppositqries. .. Syitable carriers ipclude.cocoa butter and ot her
o ol FoERRIANS SUleDIRnIoTPRNIGR SdBRERIES < PEbE. aHegUB And

conv ier;,tojn& ds LeX Ll @.: O f4s T Ty X Qymé 4O ith the
softgged or ﬁg%gg& |g§¥csrrfl'?6e];§(t§§ll§f g‘f’?‘f’f&%’ﬂ%ﬂmi‘?ﬁﬁ Iﬁ{hE%‘erﬁ aén}ﬁél? h%glﬁng in

mol ds.  oxidant§obuffess, | sactedestatsbbrd f solutesr whichr séndestntha $omaudlation | ncl ude
aqueous and 10 nonaqueous, isotonic sterile |l%1 ection solutions which may
cont ai n 4satpnic with e laads of dhe fislendedataciients ands aguaousande 8ofhi ch

render the fornulatio .1 SOt oni .t h. bl . the inte d
recipi en[é,qugﬂﬂs a%ﬁ%h@u%ugﬁﬁnﬂéﬁg whioH ﬁa&ew&@%& 8&?&@%@@ p%@q% n%ﬂg/ni ch may
i ncl ude  $RisREMAD HhentE Y Iddomes orldthék@RrosariafateSsystétds wWHicts ares or
other mcroparticul ate systens which are
15 designed to target the compound to blood components or one or more
organs. The formulations may be presented in unit-dose or mutlti-dose sealed
containers, for example, ampoules and vials, and may be stored in a freeze-
dried (lyophilized) condition requiring only the addition of the sterile liquid
carrier, for example water for injection, immediately prior to use.
20 Extemporaneous injection solutions and suspensions may be prepared from

sterite powders, granules and tablets of the kind previously described.

Preferred unit dosage formulations are those containing a daily dose or daily
subdose of the active ingredients, as hereinbefore recited, or an appropriate
25 fraction thereof.

it should be understood that in addition to the ingredients particularly
mentioned above the formuiations of this invention may include other agents
conventional in the art having regard to the type of formulation in question, for
30 example, those suitable for oral administration may include such further

agents as sweeteners, thickeners and flavoring agents.
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15 designed to target the conpound to bl ood conponents or one or nore
organs. The fornul ati ons nmay be presented in unit-dose or nmulti-dose seal ed
contai ners, for npl e, anpoul es and vials, and may be stor ' eeze-
dried (I yopWPI”’?gﬁ? condition requiring only the addition of%’%ﬁg?gs?l e
liquid carrier, for exanple water for injection, inmediately prior to
use. 20 Thefofiowingexamplasraredhiended dbuillusinaticmonly enueare potsintendede pr epar ed
from sterile powders, granules and tablets of the Kkjin revi ously
descri béa fimit the scapesptthesinvantion i aayavar niftiMe gsedieat tqdﬁi&e%ént aining a

daily d I . f ' ' ' . i nbef
Faci 1 od CORERebring oA IRAGEn b fuiplos frerdd s BRIl B ' ©
under st qeRchdia dofvaiiid &f Ay 6fthkolenidrtibinedticdnisouridayl ar |y ment i oned
above the fornulations of this invention may include other agents

convéntional in the art having regard to the type of fornmulation in
question, for go e an;pl e, those suitable for oral adm nistration my

i ncl ude Genrerat Bre re agents as sweeteners, thickeners and flavoring
agents. 40 The
foll owi ng exanples are intended for illustration only and are not intended
to |im tGéherabPRotRdRFe t:NRedDus bP Subatitutyd Nitvoaniliwss tocSubwitwtddent " denot es
a compoundaccording to the tnvention or nultrples thereof or a

physi ol Rhersienediamingsuncti onal derivative of any of the aforenentioned
con‘gﬁunds. General Procedures General Procedure 1: Reduction
of bstituted Nitroanilines to Substituted Phenyl enedi am nes 10

The appr ' ' i i i HARD, | and
Rancy. " 11 afphfREsubethed Mt e (118 L el S e [ a
stirred rigiel (7 - 8 g wetifAtdriohh Milwaukeepwess coinbiredintehstiryett Bgem (bet ween 200
and 300 psig). . The m xture was allowed to stjr at rB overni ght, after
whi ch t ireactonwhichywas pressurized with hydrogen (between 200 and 300 psig).

The mixture was allowed to stir at rt overnight, after which time the reactor
15 was depressurized and the mixture was filtered through Celite and the
solvents were removed in vacuo to yield a solid appropriate for ring closure to

a benzimidazole as describe in General Procedure il.

General Procedure H: Synthesis of Substituted Benzimidazole Bases from
20  Substituted Phenylenhediamines

To the appropriate substituted phenylenediamine dissolved in enough
aqueous 4N HCI to make a 100mM solution was added 1.25 - 1.3
equivalents/phenylenediamine of aqueous 88% formic acid. The resulting

25 solution was refluxed between 3 and 18 h followed by cooling to rt and
neutralization to pH 7, as determined by indicator paper, with either aqueous
sodium hydroxide or ammonium hydroxide. The resulting solid was filtered
into a sintered glass funnel, washed with copious amounts of water, air dried
then vacuum dried at 50 °C for 24 h or longer. Benzimidazoles thus

30 prepared were suitable for coupling to peracetylated ribopyranose.

b



15 was depressurized and the mxture was filtered through Celite and the
sol vents were renoved in vacuo to yield a solid appropriate for ring

closure to a benzi m dazol e as describe in General Procedure II.

CGeneral Pr oced y Synthesis of Substituted Benzim dazol-e Baggpodisese 20
Substi tuted ISH §?é’ﬁ'ed| am nes To the appropriate substituted

phenyl enedi am ne di ssol ved in enough aqueous 4N HCl to nmake a 100MM

sol uti on Geser®rocaduts (H: C(ﬁlplmg of 2dwomat thikbehpimidgzales dr 2.1 ne of aqueous
88% form c acl d. The resuyl sol utio s refluxed between 3 and 18 h
f ol | owed !Eﬂﬁu?ﬁitut ﬂmm'dﬂlfggs with peragetyla %@AE)(_M pH 7, as determnined by

I ndi cat or paper, with either aqueous sodi um hydr oxi de or anmoni um
hydr oxi de. The resulting solid was filtered into a sintered gl ass
funnel, wpgdg spmptrfat@a@ngnﬁdmm rﬁégnwcany stréd dhdéda nitrogehhen vacuum
dried at S50 [err]C for 24 or |lon Benzi m dazol es thus 30 prepared

were $ui tathasphere isoambvery dned 5oy b@mraeé flask papippad wth a stir bar
Ge | P | :  Coupl 2-
inoubet | ARG PENHeRSSENE RS, LRl TS0t (UG SEMERRe) 35 .o

| t 5
P Poepner ettt TMUNER, MIWBRKERANRY tHefuthing buseid WS gBded 1 202 b

and refl mm@mzxmmmtwwrN;@bﬂs(mmeihyihnyb)aoetamde apAltteiresulting | waukee)
acetonitrile (A drich, e%. To the stirring suspension was

added 1 . mixtureques eafeedfent tc?rﬁhaifbpdeéwl ing erlytian wasnattoadstio gaof i et ani de

2ol uitdon Fadodhautian el bHgs Yo Bt fdatobhr dhoratliaiil s 1"

equi val e I wed by 0.50
eaul ve ega&/raﬁ nﬁ*’%‘gfﬁg.%gg? Aot gagiydi%\gﬁsdzum:dam anwmeeth@biyg

trifl uor drifudranetbénesudfoaateNAldiich Miwaukeek ee) 4co &equwateat@qanm ents
o) S condhgrARASBIE A Tl S bRl e
ca. 85 [%ﬁ@&ee}) A0 ribcfard Qra%45n@n ABafAliR N SihdiC 88y St on of

eri by

starting nma product actions were quenched by

pour 159 tHetweeao.s tm24rhtm determined b eartyeesios of skirting materididmat e and
extraction with dichloronethane or ethyl acetate until product was not

appar ent praduetés)hyubldds Reagtipns wege quenched by pouring the reaction into ca.
7% aqueous sodium bicarbonate and extraction with dichioromethane or

ethyl acetate until product was not apparent in the aqueous layer. The
organic layer was dried over magnesium sulfate, fittered and solvent removed
20 using a rotrary evaporator. The products were further purified by silica gel

column chromatography.

General Procedure IV: Bromination of N-1 Benzimidazole Pyranosides
Unsubstituted at C-2

25
Typically a benzimidazole pyranoside unsubstituted at C-2 was dissolved in
enough THF to make a solution between 10 and 30 mM. The solution was
refluxed in a rb with an attached reflux condenser and magnetic stitring under
a nitrogen atmosphere by an oil bath at ca. 85 °C.

30 2 equivalents/benzimidazole pyranoside of N-bromosuccinimide (NBS,
Aldrich, Milwaukee) was added every 15 min to the refluxing solution until

bromination of starting material was complete as evidenced by TLC. The

42



organic |l ayer was dried over magnesiumsul fate, filtered and sol vent
renmoved 20 using a rotrary evaporator. The products were further purified
by silica gel - col utm chr omat ogr aphy. General Prac v

Bromi nati on oWONS%6bnzi ni dazol e Pyranosi des Unsubst i t ut 3%@?@653835
Typi cally a benzi m dazol e pyranosi de unsubstituted at G2 was dissolved in -
enough THrehectiorawas quenthéd by poeating dnto kdldth 3Quedds Sddiugvbicarbomates
refluxed in a rb with an attached refl ux condenser and nagnetic stirring

under angl extractiga with disBleremethapedmth produst waginotappsgentdpthe. 30 2

equi val ent s/ benzi. m dazol e.. ' 0 L1 10 BS,
Al drich, I\ﬁq“\ﬁ&Hﬁé@Ser. ea%@i‘é%gﬁéwﬁﬁg;Wﬁp éso@ﬁ‘é%@e%lh??ﬂ%‘ g‘ol ution until
bromi nat ‘Ehsdi\?aléﬁtaJoﬁdrﬂgs BRAGiéGs ¥ESumBBADoRaRStHRIN HoBRRSe BYwatdr. The
reacti on was quenched by pouring into cold 7% aqueous sodi um bi carbonat e
and extr acfheorganiciageruas dded ovanmagnesiunpsulfates filkeredrasd sglipemtent in t he
aqueous | ayer. The, di chl or onet han%ll_ma.lyﬁr was further shed,_ wi th 4

|

equi val entfeGVEABISING: a RAANY $YapeHH € BF were, nRUfied % water. 5
The organi g. | r | gnesiumsul fate, filtered and sol vent
renoved u?ﬁﬁ&a%eq%mgﬁ@@g%%ﬁpo . The products were further purified by
silica gel colum chromat ography. CGeneral Procedure V: Deprotection
of N-1 2-Bronobenzi m dazol e Acetyl ated 10 Pyranosi des by 1M Agueous

Li t hi um H3eneratRrocedure VTRepipiection ofNe1 R-Bromohenzimidazols Acetylaled

acetyl ﬁte pyr anosi de jﬁ'asol*\_/le |0, enough di oxane to make a

sol ut t8n firapesidenby ANiAguaoys rthium FYAroxide <o it i on was added 1.3

equi val ent s/ acetate to be debl ocked of 15 aqueous 1M Li OH The m xture was
allowed to stir between 0.25 and 1 h foll owed by the addition of
enough pHThepdrppedte NufZ-broridhidzividezole acet@ated pyjariosidevast he resul ting
solution neutral as shown by pH indjcator [ e mxture was

C K ) ] strips. Th
ext r act ed digaolvest inyanoggbidiexaneqdo make aaputiafetween 100 apd 20840M.n t he
aqueous | I Lndi T cet was washed
with 1 eqﬁéetr\?%%&#@?‘o‘&g%\gggeg 1&%%”‘5?‘?@%’%%%?%@9%g?h@é%d %?sul fate,
filtensd ytteds IRNLICHEMTHEMiNRIrOWvas AlRMwAid/tosstitibRtwben 0.5 aAgatls
followed by the addition of enough pH 7 phosphate buffer (VWR, West

Chester) to make the resulting solution neutral as shown by pH indicator

strips. The mixture was extracted with ethyl acetate until product was not
presént in the aqueous layer as indicated by TLC. The ethyl acetate layer
20 = was washed with 1 equal volume of water, then dried over magnesium
sulfate, filtered and solvent removed using a rotary evaporator. Products
were further purified by trituration of the solid in dichioromethane and

collection of the solid by vacuum filtration onto a sintered gtass funnel.

25 General Procedure VI: Deprotection of N-1 2-Bromobenzimidazole

Acetylated Pyranosides by Sodium Carbonate in 4:4:1
Ethanol:Methanol:Water Mixture
Every 100 mg of the appropriate N-1 2-bromobenzimidazole acetyfated

pyranoside was dissolved in 4 ml of methanol followed by the addition of an
30 equivalent volume of ethanol. 2.2 equivalents of sodium carbonate/acetate to
be deprotected was added dropwise to the alcoholic solution in an aqueous

solution one-fourth the volume of methanol previously used. The suspension
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were further purified by trituration of the solid in dichloronethane and
collection of the solid by vacuumfiltration onto a sintered gl ass funnel.
25 Ceneral Procedure VI: Deprotection of N1 2-Bronobenzi m dazol e

Acet yl at ed Pér angsj des by Sodi um Carbonate in 4:4:1 - PCT/EP98/03380

Et hanol : Met¥ Rﬂf@%ter M xture Every 100 ng of the appropriate N-1 .

2- br onob i md I tyl d l.de,. ' lved in 4 M of
et hanowas lpwaad s bruresacs andadr. Mo iiicRaRatol e of ot hanol
2.2 | X | ted

addod oVRRREBNS ARECHPETER] RNDAENOREL ek ceplete, URFsURRERITY BT 0o

one- f ouwk} filtredy diluted with watdraand the sslutios madesresiitral mdthsacstierasiidn
was allowed to stir between 2 and 24 h. Wen TLC indjcated that
depr ot eas demasstratast by pY indigator Rapey r Ahe shidarewas pariianed betweed,spensi on

s eiyEacelalnAnd aldry h@}“ff%ﬁ%ﬁi@*ﬂ@&%‘ﬁvgﬁt%%%a?&fﬂ%%%@m? hecetie
apoat ool AP A B O T e et s | n t he

or gani catetuty extiauts wendidried osehgiagnesiunasulfate dittered andevappeatedi ed over
magnesi um sul fate, fil ted a r.otar ¥%evaporat or.

tered and evapor . on. .
Product@n \ﬂd’ﬂ&afi’lﬁvﬁﬁ@?at@'urﬁ’ﬂoidﬁﬂtswe'ierff’ftgﬁéwwwdoﬁy G'rﬁ‘érat'on ofth& I ting solid

i n dich]aor { | f : ' : filtration

ont o & ERHHTEA i B GoniRane and ool XA e ot Hid BPvII  J 11 08

2- Bj@ogafiofliontd 8'sitdredlglasdfiniiet. O acet yl - bet a- D-ri bopyranosyl ) -1 H

benzi m dazol e As described in General Procedure 111

2- brono-5, 6-di chl or obenzi m dazol e (4.0 g, 15 nmmol),

hK>bis(Erine}h§!si§I% acetamde (Aldrich, 3.7 m, 15 mmol), and

1,2-dic drich Sure Seal, 75 m ) were conbined and 20

refl uxed under nitrogen for 0.5 h. The solution was cooled to room

tenperature and trinethylsilyl triflate (Aldrich, 3.2 m, 16 nmol) was
H?prranose

added. Exampleedi ately, 4.8 g (15 mmol) solid
1,2,3,4~tetra-0Cacetyl-b-D-rib ,%beta-DIr

} ol f @i hfrtri-fA-a Rtk Reta-l0OopYIangSs The sol ution was
then poured into 7%

(3 %

1, 218, 42850Mee Erd qatyl-be

stirr edb&%&ridﬂoﬁé ogen at reflux for O0.5h,
As described in General Procedure lil, 2-bromo-5,6-dichlorobenzimidazote
(4.0 g, 15 mmol), N,O-bis(trimethylsiyl) acetamide (Aldrich, 3.7 ml, 15 mmol),
and 1,2-dichloroethane (Aldrich Sure Seal, 75 ml) were combined and

20 refluxed under nitrogen for 0.5 h. The solution was cooled to room
temperature and trimethylsilyl triflate (Aldrich, 3.2 ml, 16 mmol) was added.
Immediately, 4.8 g (15 mmol) solid 1,2,3 4-tetra-O-acetyl-b-D-ribopyranose
(beta-D-ribopyranose 1,2,3,4-tetraacetate, Aldrich, Milwaukee) was added.
The solution was stirred under nitrogen at reflux for 0.5h, then poured into 7%

25 aqueous sodium bicarbonate and extracted with dichloromethane. The
organic layers was dried with magnesium sulfate (anhyd.), filtered, and
evaporated. The crude residue was purified or{ a silica gel column (5 x 20
cm, 230-400 mesh) with CH,Cl, to give 2-bromo-5,6-dichloro-1-(2,3,4-tri-O-
acetyl-beta-D-ribopyranosyl)-1H-benzimidazole which was fractionated in two

30 parts based on elution. The faster product fraction was impure (1.9 g) and
purified by a second column to give 1.4 g (2.7 mmol) ; the slower product
fraction was (3.0 g, 5.7 mmol) for a total yield of 56%; m.p. 100 - 110 °C; 'H

uy



25 aqueous sodi um bi carbonate and extracted w th dichl oronet hane. The
organic |layers was dried with magnesi um sul fate (anhyd.), filtered, and
evapor at ed. r?&g é#?e residue was purified on a silica gel colcimEposhsase20
cm 230400 %‘g h CHerr]C[err] to give

2-b 5 6-di chl - bet a- D- 1y)-1
Dozt nNMRADMSRicah 89 (5 A6h ARSI 51 59 (Bo Mo b8d2bn of Ut on.

second. cBrEmbrY @ JEC TARHER SATIHE ?H() a4 Bl B S Y 2,

yas (3.048.58 ﬁz)mmb)- 3, 9? (Budrf ng/u@ mpfz f@f@ 3 ,m 98&)@ 3H)U4074er r] C

[err]H err]) [err] 1 H,

595-5(@23!-@):1 1H396Hz 573-570(d 1H396Hz)567
(bs, 2H), 4.13 - 4.09 (dd, 1H 'J= 6.3Hz and J= 5.8 Hz), 4.00 - 3.95
(overfapping dd, 1 H), 2.19 (s, 3H), 1.98 (s, 3H), 1.74 (s, 3H. 5
Anal . Cal B Ry ] i C, 41.25; H 3.27; N,
Aol U S R LRI 1 Featl @ dordeiadC, 41250

2- Br onp- Fofindi Chio13s; H, 3028;N, I}ssbopyr anosyt - 1H benzi m dazol e 3.0 g

(5.7 nmmol) 2- Brono- 5, 6- di chl or o- 1-(2,3,4-tri-0O acetyl - beta-D

ri bopyranosyl)-1 H benzi m dazol e was deprotected as outlined in Ceneral
ProcedurE V bﬁ Eei ng dissolved in 60 m dioxane and the resultant solution
cool ed i bath between 0 and 5 [err]C. To this solution was added

al | 15.BNiE5, 62 dichlorb42b ibebyradodgt-1i4ibehzinidgzaeXt ure was renoved
fromthe enperature for 1h.
The m xt LGQQ/\?? mmol)@-Btﬁrml-Syﬁ-dimhlkﬁﬁ-ﬂ-‘r(Z, #-tritD-acptybbpteaDe buffer and

extracted with eth acet at e, he ethyl acetate |ayer was dried over

magnesi ufbopyraaosy! -éhh?@‘%lmldazlol%\”éé deprotegled asputined incGeperalt ed. The

i ol o) o racasirhl 8 Bl T b PR syling ppdndht Shuaiigh™ - 7

H-benzi Medaralif affse Hath Béménboranaw Tb';ﬁr&%bldﬁﬁn Waeagdéeduiatvwas dri ed

in a vacuum oven at 50 C overnig C (deconposes); [err]H NWR

( DVBEE d[ encg) 22 el (22 mraal)pém-aq UOMZ %se mm):(e wasaemogeﬁirom €=9.2 Hz),
5.19 - 5,17 3.2 Hz), 4.86
>4 64 (ige bath ansigfoneg {5 strt anbiSt ampste BTN ThmiRuEWER, 214

?é[ g?r ?HF?F‘?%H[‘%@ ]1 er rcif&'f@ I"}')h]o%g?ét%cbug g?% pd eﬁtfa%te? w'thNethy' Szetate Found:

36. 18;Thi, etRyl%cetdie [GydiGnas dried over magnesnum sulfate (anhyd.), filtered
and solvents evaporated. The residue was triturated in dichloromethane and

20 1.7 g (4.3 mmol, 75% yield) of 2-bromo-5,6-dichloro-1-beta-D~ribopyranosyl-
1H-benzimidazole was collected by vacuum filtration. The product was dried
in a vacuum oven at 50 °C overnight; m.p. 175 °C (decomposes); 'H NMR
(DMSO-dg) 5 7.96 (s,1H), 7.07 (s, 1H), 5.64 - 5.62 (d, J=9.2 Hz), 5.19 - 5.17
(d, 1H, J=6.4 Hz), 5.13 - 5.12 (d, 1H, J=3.2 Hz), 4.86 - 4.84 (d, 1H, J=6.5 Hz),

25 4.12-4.06 (m, 1H), 3.98 - 3.92 (m, 2H), 3.68 - 3.63 (m, 2H).

Anal. Caled. for C,,H,4N,O,Cl,Br: C, 36.21; H, 2.79; N, 7.04.
Found: C, 36.18; H, 2.91; N, 6.88.

30 Example3
5,6-Dichloro-N-1(1-methylethyl)-1-beta-D-ribopyranosyl-1H-benzimidazole-2-

amine

ys



30 Exanpl e 3 56D|chloro N—l(l met hyl ethyl)-1

- beta- D-ri bopyranosyl -1 H benzi m dazol e- 2- anm ne

2- Brono- 5, 6-di chl or o- 1 - bet a- D-ri bopyr anosyl - 1H benzi m dazol e (0. 15g, 0.29
mrol ) was di‘ﬁ@%"ﬁe’gki n 5 m of absolute ethanol, treated wt pdgfosaisso

| sopropyl am a, Ronkonkoma, NY), heated in a gI ass pressure tube

Seal ed SBramors & deflbie-dohstafhriontatony inberAimansela 0 456 028 C for s
days. Al bt Bssoived in sTJn?of a0 GatGraRER kLA Ry 8l g Of starting

mat er i aI noved on ry evaporator. The
product i@@ rdimammé FrumUR@hRdnkdrna NY), ttatéd @y @ GRissPresdiredbe
56d|chIoEo- r$eth Ieth I 1beta)D e

r i bopyr ammyMuelamrudmmm witha megpetiosty bar. Thedubewras selegi el d) as

Cor e B PR B B, g Péated'if ghicil bath Bt BB S ¥or 343y Afthisgitteg. 47| 6. 45
35, 2 o) C e opgbioto ordrsig of Saring myteril antfthe sigRts yer 7H,( A

Hz), 4. lemovkdéh (acmfmy@papmtmn ‘BH)proﬂu@ﬂresndﬁe&Oaé tritufateﬂ in 3.71 -

3.65 (overl apping dd, 1H) (dd 1H21 3.14 - 3.13 (d, 1 H 15
J=5.1 Hichlerarpe ns_aﬁO(gave 8, wl0bbm~§~l@ymeihwet yl)ﬁx@ﬁigfl%r 4

ﬁeﬁif’ﬁ"di}@nvi' S REBentidble PrertRIPAY 3L B vk BB ke T T

2- brigyTo- ptkh 8bifd?)! msoqmyé 'rﬁVkQ?e?IOfnténs:t%) 31@9Q1m Npﬁ‘HmMR (DMSO-dg)
NObls(trmeth | si acet am de ri ), and
acet oni t& 713 ((sNHi) 7038 &mél)sﬁdﬂ 6755 nid) 1Herle76dﬂ:b)| he3h -a5134r(df fiHxed under

ol e Dot 480508 -8 et T B h Saet i M Teh P B e 18 ool )
25
1, 2, gajf‘?g?r w”ﬁbqq@é%(goz élgo((g\[&%ﬁ)m@ ahobgd? 20- 380 é“émd descri bed

for the @ﬂetSGQQ@I@ ping dd, 1‘{41) 362 Kisoqdqdn1HY, 3. ﬂdacﬂ{ﬁ(d@ﬂﬂB R Baker in
J. Am Chem Soc. 195 77, 18- np 110 [err]C ) was added. The

sol Usi ondsat Ha)i 1.18¢ 1ukush 1hi, tJr-ﬁéeHth reflux for overni ght, then

poured into 7% aqueous sodi um bi carbonate and extracted 30 w th ethyl

acetate. The organic |ayer was dried with nmagnesi um sul fate (anhyd),

filteredgxsndiesyaporated. The crude residue was purified on a silica

gel col x 20 cm 230-400 nesh) with hexanes and a step gradient
2-Bromo-5 6-dichloro-1-(2,3,4-tri-O-acetyl-beta-L-ribopyranosyl)-1H-

benzimidazole

20  As described in General Procedure llf, 2-bromo-5,6-dichlorobenzimidazole
(2.0 g, 7.6 mmot), N,O-bis(trimethylsiyl) acetamide (Aldrich, 1.9 ml, 7.6 mmol),
and acetonitrile (Aldrich Sure Seal, 75 ml) were combined and refluxed under
nitrogen for 0.5 h. The solution was cooled to room temperature and a 1.0 M
solution of stannic chloride in dichloromethane (Aldrich, 15.2 mi, 15 mmol)

25 was added. immediately, 2.4g (7.6 mmol) solid 1,2,3,4-tetra-O-acetyl-beta-L-
ribopyranose (as prepared and described for the D-tetraacetate by H. M.
Kissman, C. Pidacks and B. R. Baker in J. Am. Chem. Soc. 1955, 77, 18-24;
mp 110 °C ) was added. The solution was stirred under nitrogen at reflux for

overnight, then poured into 7% aqueous sodium bicarbonate and extracted
30  with ethyl acetate. The organic layer was dried with magnesium sulfate
(anhyd), filtered, and evaporated. The crude residue was purified on a silica

gel column (2.5 x 20 cm, 230-400 mesh) with hexanes and a step gradient

14



from10 to 20 % ethyl acetate to give 2-brono-5,6-dichloro-1 -(2,3,4-tri-0O
acetyl - beta-L-ri bopyranosyl)-1H benzi m dazole (1.61g, 3.1 nmol, 40 %9; M5

(APl +): mz (rel. |nten5|ty) 524 (0.17, I\/[err]) [err]H NMR 1)
[err] 8.39 (WO 2676 7.91 (s, 1H), 5.95 - 5.92 (d, 1H, J&gili‘insQ 63%{5. 73
- 5.70°(d, 1H, J=9.6 Hz), 5.67 5 (bs, 2H 13 - 4.09 (dd, 1HJ—6.3'
Hz and Jfros 40 o R0 % etinyl -acstats to give 2@ma+5a@¢nqhg:rqd-(2m)4-tn2019 (s, 3H),

3 By ovro. 0RV b e GrbObyibsy)-1H-BemMUGHRIF (R619. 34 Pk AL ME  an
al cohol | i pepinEnahATeion Il t ANIR (BrScklys sBsgstsy - beta- L

ri bopyr enzim azol e 0. 95 'mmol ) ept ot €ct ed

accor di ng. g’tO(sG&H?J@QSP@Q@Mrﬁ-I \U“QL\B 1Hz),05 83 -$.70(d hu=p.OHzE &6 Tm
car bonate i n er. After stirring over nlght at _anbi ent

tenp Ftt(hsez*'g 4. 13t-rf’6091(§wu1"é ¥%8-3 Hreadelr 28H2)r $80cB-82 described in
Ge
2- B(ra(r)ﬁt)@r %Pﬁﬁ'%o‘i% 1ﬁbé516? %’I ?F@b}f&péﬁb@? L 7ﬂ%8h‘2. m dazol e (0 27 g,

0.68 Mol , 72%vyield); M5 (API+): nmiz (rel. intensity) 398 (1.0, M);

[err]H NMR (DMsO-d[err]) [err] 7.96 (s, 1H), 7.07 (s, 1H), 564- 5.62
(d, J=9.Bxa&inple5.19 - 5.17 (d, 1H, J=6.4 Hz), 5.13 - 5.12 (d, 1H,
JSZHz 4.86_-4.84 (d, 1H 4.12 406(m1H) 3.98 -
3.92 (m «Bmmmsﬁsdlchbm-beta—*gmopmnzsyi-1szarmwd 5, 6-Di chl oro-N-1

1- h 8
(2 Br@tnnyéﬁ(t?h%dﬂcw SPO g) (é’%bﬁﬁ-{? ace ré/’T - bet” azth-r%gé glraﬁao'é'yl) 1alr—n|- n(235
benzi ni dﬁﬂcﬂiﬁaﬁésﬁ)-w-ﬂer&ummlzblel@ss&y 9505 weol) Wab depretecteidhanol  and

treated with 8 of |sopro%l amne in a glass pressure tube (Ace)

with a nagpoeding tetGeneral Pragedure Wd‘blfbﬁv@@&ﬁe@ﬂ&i) sqadigmscrew cap and the
T B 515 F SEbb Apr st ySeDe aChpblard bPBaaeC, ' CoL el
S o MOMBIERRISS Mo paNas bl WO bt ] 1
- betis- DgwéQatytrcmnms}ﬂ-dtblﬂdrenbbeﬁaela-nbbpy:&nasylﬂé{-benﬂmda;ole (0.27@,19 mol ,
O0% YT el O nmmol, 4ok Sisid): MS (ABI), iz drer. Thinsity) 508’ (10 %y ¥ NjAS

(DMSO-dg) § 7.96 (s,1H), 7.07 (s, 1H), 5.64 - 5.62 (d, J=9.2 Hz), 5.19 - 5.17

(d, 1H, J=6.4 Hz), 5.13 - 5.12 (d, 1H, J=3.2 Hz), 4.86 - 4.84 (d, 1H, J=6.5 Hz),

4.12 - 4.06 {(m, 1H), 3.98 - 3.92 (m, 2H), 3.68 - 3.63 (m, 2H).

20
Example 6
5,6-Dichloro-N-1(1-methylethyl)-1-beta-L-ribopyranosyl-1H-benzimidazole-2-

amine
2-Bromo-5,6-dichloro-1-(2,3,4-trl-O-acetyl-beta-L-ribopyranosyl)-1H-

25 benzimidazole (1.0 g, 1.9 mmot) was dissolved in 5 m! of ethanol and treated
with 8 mi of isopropylamine in a glass pressure tube (Ace) with a magnetic stir
bar. The tube was sealed with a screw cap and the mixture heated at 100 °C
for 3 days. At this time, TLC indicated complete conversion of starting
material and the solvents were removed on a rotary evaporator. The product

30 residue was triturated in dichloromethane to give 5,6-dichioro-N-1(1-
methylethyl)-1-beta-D-ribopyranosyl-1H-benzimidazole-2-amine (0.070 g,
0.19 mmol, 66% yield) as a white solid; MS (APIl+): m/z (rel. intensity) 376
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(2.0, Merr]); [err]HNW (DVMSO-d[err]) [err] 7.37 (s,1N, 7.33 (s, 1N),.

6.476- 6.45 (d, 1H, J=7.0 Hz), 5.36 - 5.34 (d, 1H J-8.8 Hz), 5.08 -
5.07 (d, 1H, J=2.4 Hz), 4.93 - 4.91 (d, 1H, J=7.7 Hz), 4.84 - 4.82
(d 1H, J=6. 410 3.90(bs, 3H), 3.90 - 3.80 ( g 71 -

. 65 (overl aWBS'P)a“& 3 62 - 59 (overlapping 5 dd, ?E}l‘/ﬁ?ﬁ/@f& 1. 17
(d 1H, J=

2- Br ono- (H,CG Ml)lgﬁ‘ﬂ NMRJ(M@-%) 6r7 3Usﬂ:id) V.3 &, dH) EHTEpGrdin ddythl- 1H-

ben2I m dpzs ?,5%{5?,@5\{@1‘”2%1@ jaj_' Qgﬁs 0@88 ﬁf@%@égrﬂzmg 469%9?3I )mmg)nd
acetonl t‘{Pllsd ?H J=1 A égiMSLng%@a{H }%%%56 3P| ﬂ];e%tﬁs h. To the

nmagnetica itred un 'ni t'roge m)sphere
si | yI at e3lghagEOtss, Adied. 79. 3868 (¢¥brpping dd, B)62 - 3.59 (overlappin
1,2,3,4-tetra- Oacet(M xyl op rar(lose RI o?r 1mll\)/llwaukee)( f ol I%R/\e%l by 15
st an|5| c dchlibh) d&tS-1. %7 »é'ﬁ@Hﬁ) Al dri ch M | waukee). The sol ution
stirred under nltrogen overnlght, and additional stannic chloride
(0.35 M, 4.1 mol) was added the follow ng day. One hour after the
second ﬁ',ﬁg’@nﬁv of stannic chloride, the reaction was poured into
sat ur at s sodium sul fate, and - filtered through a celite pad
whi ch weésBrarabea]6-aichiomh (2 8fdbtrinOzaubtyldista-D-R¥lopyirano$yl)-tHat e | ayers were
separat ed. The chl oroformlayer was washed with 2 X 150 m saturated
sodibenzinidazalenat e then with 1 X 150 m of water. The organi c

Lié‘éérﬁ’f‘éﬁ%*ﬂﬁ? SidchoPRBRAIRALe [T & B MAN O 0t “Col um (2.5 x 20

cm  2304p8)trirRethyIsil} bcéiawwéﬂ& .4 hitP5.8'mMoBNaNd Beslohithire 25 % ethyl 25

acetate to give'the produc
2- br ono-{8|dsichi Suredeal 120 ml}awera comidined &ngl mbgnetically stirred under a

R e N T A T R e
185 (s MO 12 "?*a*fa-@-%éé*@&é@ra#@e R A, 02 (%

d ens] Hstanditichiorbel(¢r4 ﬂrﬁﬁcdr 0.1Bml, Bldri¢h, Rilwatke®. IThe shiutiontirred Found:

C 41.32; H 3.29; N, 5.
under nitrogen overmght 'and additional stannic chloride (0.35 ml, 4.1 mmol)

was added the following day. One hour after the second addition of stannic
chioride, the reaction was poured into saturated agueous sodium sulfate, and
filtered through a celite pad which was washed with chloroform and water.

20 The filtrate layers were separated. The chloroform layer was washed with 2 X
160 ml saturated ag. sodium bicarbonate then with 1 X 150 mi of water. The
organic layer was dried with magnesium suifate (anhyd), filtered, and
evaporated. The crude residue was purified on a silica gel cotumn (2.5 x 20
cm, 230-400 mesh) with hexanes and a step gradient from 0 to 25 % ethyl

25 acetate to give the product, 2-bromo-5,6-dichloro-1-(2,3,4-tri-O-acetyl-beta-D-
xylopyranosyi)}-1H-benzimidazolfe (0.13 g, 0.24 mmol, 26%); 'H NMR (DMSO-
dg) 8 8.47 - 8.42 (bs,1H), 7.91 (s, 1H), 6.07 - 6.02 (bs, 1H), 5.66 - 5.54 (bs,
3H), 4.18-4.13 (m, 1H), 3.95 - 3.89 (m, 2H), 2.02 (s, 3H), 1.99 (s, 3H), 1.77
(bs, 3H).

30
Anal. Calcd. for C45H,,N,O,CLLBr: C, 41.25; H, 3.27; N, 5.34.

Found: C, 41.32; H, 3.29; N, 5.31.
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Exanpl e 8 2- Brono-5, 6-dichloro-1

- bet a- D- xyl opyr anosyl - 1H benzi m dazol e To

2- brono-5, 6-dichloro-1-(2,3,4-tri-0O acetyl - bet a- D- xyl opyr an - 5
benzi m daswpEsET083 g, 0.16 rmol) nmagnetical |y stirring PG boshasho

t etrahydrof uran was added sodi um carbonate (0.1 3g, 1.2 mmol) in 1 m of -~
water. The m xture was allowed to stir at rt for 7 days, then heated at

refl ux for 2 h. The m xture was cooled to rt, neutralized with acetic
acid ( 98 1.0 mol) and stirred for an additional 0.5 h at rt.
The pr nosyl-1H-benzimidazole

di chl o purified on a silica

gel colTdm-Hréme-53, 6@0!&36?0-24(2 %Mnmbbtyﬁbeta-ﬁ@(mnwanowmueet ate (0. 40g,
0.10 nmmol, 63%; mp. 149. 0¥C (deconposes); [err]H NWR (DI\/SOd[err])

[eri5] her&imidazoles(0.083 g,mﬁanm )raego@%callynsﬁrﬂrm aB7-mbole (d, J 5 2 Hz),

3 50 ( 2ebbydahjeRcaddsy Sodigm capdiatdlo B4 1 ZaReT L) Hab poay

Exanpl g, llowed to stir at rt for 7 days, then heated at reflux
6- Chl orogt'ae- rrepﬁ rpoc?.;!eévas?rq O acetyl - beta- D yr| bopyranosyl ) - 1H benzi m dazol

e fapg - The atigufe misfvpb%ddzto&’tmeutralﬁedwﬂyaeeimm@(@ 068pygf, anosyl ) -1 H
20 benzi m dazol e As described in Gener Pr ocedu [
chl or o-bowamef)andstirraiosaa qdptwa! 0.5 h & tho Pr@%tsé%f?mﬁgr siyl)

(AT it a0 Xy Re anepy 1 THnkiaRqt; S purifef ile SiRE "ANE o
for 0. eTkl Urﬁn #2544 @ Bnie3 0400 ﬁféshgemmg]vtnﬁﬁ@myﬁécé@teim%
ER/ triflate (Al drich

trimet was added. | mmedi ately,
2.0 010 I'(ll@lDB 6396); m.poll 496 (eemmeos@s)oldbh\ﬂal( $0rdddpfPanose

é(ESted' i) 7.90 < 0B [k 1hHs5 4815 48 @n &? i Bigdlr S0iEs Wl over ni gnt
t 7 d wth
chlegrg?%éﬁf drﬂ%?%'r gﬁuln ggg i ayef§m12|§§5| ?(Cﬂ% @ﬁ%&g@' E);%gﬁ igt eWI( 1;;mhyd)

fi I1t5ere3143ar312@(/mpgﬂadb§éured by}-mpyauyle residue was purified on a silica
gel colum (5 x 20 cm 230-400 mesh) eluting with a step gradi ent of
025t025%rrethanol in chloroformto

give 0.07 g (0.16 nmol)
5 Chlor@‘&’_ﬂ@.%yl (2 3,4-tri- Oacetyl bet a- D-

R/I[ bop}'r 0P T0L5-fridthy aBotyl %Biﬁbog%réndsf;@ 1Hibar&nﬁi’dhz&>le?47 g &l) 0,
err > [ ‘ ) S,
. 68 (Sand’o'i)Chl&d?G»methyl-(ZS g- taa)(anetwmeta-@nbopwanosyl}zz -5.69 (m 2H), 5.41
-540(m IH), 4.02 - 3.92
20 benzimidazole
As described in General Procedure 1l1, 5- chioro-6methylbenzimidazole (1.0g,

6mmot), N,O-bis(trimethylsiyl) acetamide (Aldrich, 1.3 mi, 5.2 mmol), and 1,2-

dichloroethane (Aldrich Sure Seal, 30mL) were combined and refluxed under

nitrogen for 0.5 h. The solution was cooled to room temperature and

25  trimethylsilyl triflate (Aldrich, 1.3 ml, 6.7 mmol) was added. immediately, 2.0
g (6.3 mmol) solid 1,2,3,4-tetra-O-acetyl-b-D-ribopyranose (beta-D-
ribopyranose 1,2,3,4-tetraacetate, Aldrich, Milwaukee) was added. The
solution was stirred under nitrogen at reflux overnight, then poured into 7%
aqueous sodium bicarbonate and extracted with chloroform. The organic

30 layer was dried with magnesium sulfate (anhyd), fittered, and evaporated.
The crude residue was purified on a silica gel column (5 x 20 cm, 230-400
mesh) eluting with a step gradient of 0.25 to 2.5 % methanol in chloroform to
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5 (m 2H), 2.42 (s, 3H), 2.20 (s, 3H), 1.98 (s, 3H), 1.69 (s, 3H) and

0.090 ¢ (0.21 mol)

6- Chl oro-5-nethyl -(2,3,4-tri-0Oacetyl -beta-D-ri bopyranosyl)-1H '

benmmdazo%gg[sgg.;dH NVR (DVBO-d[err]) [err] 8.36 (s,1 H ., $caErososssd .

7.60 (s 5.99- 5.96 (d, IHJ96Hz)573 5.66 (m 2H), 5.45
20 (s, 3H), 1.98

(s 3H) 3\@%7@(0 é—ﬁ"”éﬂb 5&@@(@6-&&th§@2ﬁ3 6619 gﬁ?tygg)ﬁ*@tﬁm e of the two

I
rze%rglrrzﬁgsbﬁagg%- Elﬂt%n%’m?g%}ell%sr |(AF(>"}F)61§EI?WI f"g’?&"r“%o yranosyl) 1H
benzi nmi Wi28I(Na)p'H NIMR (DMSO-dgr 8360 sy, PI90NE| ¢H), 26818l 114), 5otener al

Procedure |V usi

5- f):m oro d@ﬁw&ﬁﬁ ?J)ES 13H21)~t5r7f2-é~§9:émy2Hbeﬁé1Eﬁﬂpﬁﬁpﬂﬁgnﬁ@ﬂ-ﬁ 92 i o

H- a ran ric

Sur o el 2K 442 A A 220, Tt BB Ta3Hy 155, S Bt B0 g ¢

N-b - . DL K- b
R K g R b D'*f'5‘° - o i (2. 5
x 20 cnbeﬁﬁﬁudmleréHMMW(DM&Dedgbbr&ﬂ&(s:ﬂﬁ)aB06 (s ddﬂ)t 3160(|sg191)5 % met hanol

to give_2-Bronp-5-chl oro-6-net

acetyl - B8O @Qﬁl(ﬂo?ﬁré’rﬁﬁﬁzﬁ ﬁﬁgbé&sﬁ(ﬁﬁ (?é‘i)@ﬁéﬁ'@ ‘tﬁ)@mg’Hbﬂ Q2Ffi ci ent

(o, 102, 20 5 £0 () TR S LSRG 30 i 001y '2) 0,

?éx gﬁ%( ”IO (?H}nm&)*@)l a(rhixtuttlof tHe &b FedioisSme 1% tatdl yisid)3H) . 1. 73 ( 51 3H)

2- Br ono- 5 chI or o- 6- et hyl - 1- bet a- D-ri bopyr anosyl - 1H benzi m dazol e

2- Bronp_5-chl or0-6-met hyl - (2, 3, 4-tri-O acetyl - beta-D-ribopyranosyl)-1H 30

benzi mﬁ%ﬁﬂlg_z_@ 097 g ) was deprot ected as outlined in CGeneral Procedure V
, o 1”_'on cooled in an

: et At THS—S T e d all at once,
0.78 mbenzwmdazole (0. 78 mml) of 1 M aq. LiOH The m xture was renoved
fromthe 1Tce bath and allowed to stir at anbient tenperature for 0.5
h. Ihe hhaditie sompsuad waspreparad accordipg taiGanergiProcpdurepiVagsinglf f er and

magnes: B Lo Tt @G peg BB sbopyr BB B IRRG | e

resi due(w? tg.28 %ﬂbﬁobo hl eitfdHyBFSTRIN @Idrich Sure Sealow%/%uaeép 074 mol ) of

2- brono di chl oro- 1- beta- D-ri bopyranosyl - 1H benzi m dazol e was
col | ectaed ayomoﬁa;ag (11 menolpof N-'hﬁempsmmmmldmﬂwaitwmddechover vacuum oven

at 50 oV - 150 rlC VS, ( AP+)

i nt ensi ?& 9?&“‘5?19%112?”( thb)yé?@é F’réf%%?ﬁ"m [pérqut)zy Q(‘-EI%I'PF 7.67

(s.2) . of a%‘f‘hc(asgel column (2.5 x 20 cm, 230-400 mesh) with dichloromethane
containing 0.5 % methanol to give 2-Bromo-5-chloro-6-methyi-(2,3,4-tri-O-

acetyl-beta-D-ribopyranosyl)-1H-benzimidazole (0.097 g) of sufficient purity

for the next step; 'H NMR (DMSO-dg) & 7.99 (s,1H), 7.66 (s, 1H), 5.93 - 5.90

{d, 1H, J=8.9 Hz), 5.69 - 5.62 (m, 3H), 4.02 - 3.92 (m, 2H), 2.41 (s, 3H), 2.20
25 (s, 3H), 1.99 (s, 3H), 1.73 (s, 3H)

Example 11
2-Bromo-5-chloro-6-methyl-1-beta-D-ribopyranosyi-1H-benzimidazole

2-Bromo-5-chloro-6-methyl-(2,3,4-tri-O-acetyl-beta-D-ribopyranosyl)-1H-

30 benzimidazole (0.097 g ) was deprotected as outlined in General Procedure V
by being dissolved in 5 ml dioxane and the resultant solution cooled in an ice
bath between 0 and § °C . To this solution was added all at once, 0.78 ml

§0



10 1H), 5. 62 - 5.60 (d, J=8.9 Hz), 5.13 (bs, 2H), 4.88- 4.87 (m 1H), 4.13
(bs, 4.00 (bs, 2H), 3.93 (m 1H), 2.40 (s, 3H). Exanple 12
2- Br ono- 6- Chlg%rg(%/s?m?st hyl -(2,3 ,4-tri-0O acetyl - bet a- D-ri bopyrseneydslosdge- 15
benzi m dazol he title conpound was prepared according to General
Procedure |V usi

Chl or o- 5- M%mmqlgofsw 8- iLiQH, cths mitwrewas rerpeysd firasthe)ice hath A8 dazol e

(0.37qg, Q A r ukee),
and a tot ﬁzv% s}xr ag?'}mée'“%f“?’w[‘%g{ ?r?oéulgg{en'ﬁ%t@g \?ﬂé@ﬁxmtgg'@ﬁ"a in ca
.2 20 ecB0 VAl srprs 7 iphosphatéster aetdeémabfedwwnh@u?i atbtatéhTheretiyict from

vvork up by CGeneral Procedure IV was purifi on a silica gel colum

(2.5 x 2oauatatelayerwawdne@oweémgmes!urrum ®f@nhydak filletashand ning 0.5 %
net hanol

By oma3a. seehss 8vapeRird.( The rasidye WS JEed RN ABE, ) - 11+

71 1 O S S A5 o gt 1), 72
1H), 5. 9benzimidazbledRds doliectét bg}wcdurhzt)ltratﬁ)nﬁﬂ'he proufuct mas&iﬂ)ed .20 - 4.10

1 4.05 - 3.97 1 2.41 . 3H), 2.25 04 3H),
(1m78 l(_i)s vaiguum oven atR@ 5G| é\%@i&b@ m.p. 150°+C (flg)ams) MS {ASP-b) m/z (rel (s, 31

2. 51 ono- Arteear LA FEO 23 DRI NMAETEMSRRNS 7 ST LTSSyt ) 1

benzigi daﬁwssoefé\aeg%b @B)]n?\@q.'ﬂegr@@gt oM, a§89u4 BY7MRE 1H), Faemal Procedure V

by being di oxane at rt. 1o this solution was added all at

once, 2. 61H), 400 gbspH), 333 (V) Hd), 20408, 3Me ni xture stirred at anbi ent
tenmperature for 0.25 h. The m xture was diluted with 50 m of pH 7

phosphate buffer and extracted with ethyl acetate. The ethyl acetate |ayer

5 was dré anna%e{ magnesi um sul fate (anhyd.), filtered and sol vents

evapor at he residue was triturated in dichloronethane and

2- br ono- Q—B%@b%—éhloro-s-m@yhg,s,h=tﬁﬂb@g}ibbww-¥wnds)%1—bﬁnZ! m dazol e
was col | rrtration. € product was dried in a vacuum
oven 1&t H@rizémidagolever ni ght yet still cont ai ned 0.2 nol

di chl oro th e as _evidenced b oa an err ~ 0.15 g
(57 95 ° (He 06 ogo0 nE e P e Arsp e LS o FeRRRdieite o 87
[err] 7.7 & . ; b Ta- 20 - 5.15
(m o Gnibfo §"%%th§l4 E%%,ﬁstn, él'&oety'i%@?%t) ﬁb@ﬁ’yréﬁbsﬁﬁHﬁ%ﬁrrﬁﬁggof(éb s
3.98 - 3.(0B7gn0.8Hnmol), 30 ml tetrahydrofuran (Aldrich Sure Seal, Milwaukee),

and a total of 1.2 g (7.0 mmol) of N-bromosuccinimide that was added in ca .2

20 equivalents/benzimidazole every 15 min over 1h. The product from work-up
by General Procedure IV was purified on a silica gel column (2.5 x 20 cm,
230-400 mesh) with dichloromethane containing 0.5 % methanot to give 2-
Bromo-6-chloro-5-methyl-(2,3,4-tri-O-acetyl-beta-D-ribopyranosyl)-1H-
benzimidazole (0.33 g, 0.66 mmol, 75%); MS (ES+): m/z {rel. intensity) 526

25 (1.0, M*23 (Na)); '"H NMR (DMSO-d;) & 8.18 (s,1H), 7.62 (s, 1H), 5.97 -
5.904(d, 1H, J=9.4 Hz), 5.78 - 5.60 (m, 3H), 4.20 - 4.10 (m, 1H), 4.05 - 3.97
(m, 1H) 2.41 (s, 3H), 2.25 (s, 3H), 2.04 (s, 3H), 1.78 (s, 3H)

Example 13
30 2-Bromo-8-chloro-5-methyl-1-beta-D-ribopyranosyl-1H-benzimidazole

2-Bromo-6-chloro-5-methyl-(2,3,4-tri-O-acetyl-beta-D-ribopyranosyl)-1H-
benzimidazole (0.097 g ) was deprotected as outlined in Generatl Procedure V

5l



3.75 - 3.70 (m 2H), 2.42 (s, 3H). 15 Anal. Calcd. for
CerrJ]Herr]Jerr]CIBr 0.20 CH err]dJ[err]: C, 40.18; H, 3.68; N, 7. 10
Found: C, 40.16; H, 3.66; N, 7.13 Exampl e 14

6-Chloro-(2,3,4-trji-0O acetyl -beta-D-ribopyranosyl)-1H benzim SRS O
20 Chl oro- (?}9398&5 {41 - -O acetyl -beta-D-ri bopyranosyl)-1 I—l—benz??n'} gzo e

As per General Procedure Ill. 5-chloro-1H benzimidazole (1.0 g, 6.5 mml)

N, O bi s( thyi beingidissonediod mirﬂimcaoe arTo missumﬁo:) wasradsiedhall af 2-

(C)il ggl or oet hanﬁéml&' F’{}Wgégﬁ'@? bf?ﬂé'ﬁm?'ﬁkee ﬁgﬁg@& ed ,at 85 Lterr] C for

(6. 5 | DBSFatgRe f0r0.35 §OUREPIAIE s B %P.”ﬁﬁ"[?? ?h%%ff’ir?omgg' ) and =0
(beta-D-r dpﬁmsphambm‘feﬂarﬁi éxtracted w:thtahylmeatel 6‘ he/sthyli adetatel layeukee) was

added an the m xture was heated in oi| bath at 85 [err]Cfor 24 h
under Sa was ddechovenmagnesiem syitate Gphvidak f ua@d and sqlyentsyapemtedt o 7%

organt o 1 eteRile g EATaed M BhE ARt aft FroRoreteiolTS 7T L, ca and

evapor at §fleth{R¢-vetalirribEsranSspAH-Bohifridsk ol was dollb&ted by vadifhm col um (2.5
X 20 cm 230-400 nesh) with [err]C[err] and an increasing

52 filtration. The prbidact was dmdharaoraduummmmat 50°0. aveﬁmghtp'ebstler t he
title corrpounds e of r rrers oners were
separ at e®oblaipgg ?Omo&dlchloron‘@g}ﬁnepa%gg W‘Fr:%aﬁéﬁ’sﬁjgn‘gtﬁ

369- 7A2- bi{d-g& o f1 d 10%

et haéél W&ZP V\§5 at e pﬂ{?ﬁa?% /1n7$n Ca 8ecm§a§e§és@ur ﬁgm%@ %@ Wi t?’]
signal dgtRZEI(9MH!T. EQLKSHMH; 5.6Nl 6183 (7 181,4=9. BIH@5 20-5. 15(m 2H)

acetyl -beta-D-ri bopyranosyl )- 1H benzi m dazol e el uted first (RT = 18.8 mn)
and 0. 13 4Pk 881d al Medrtbiin), 480, dH)oh.05f (hshd HoB88nt 3.90dm. [ IH)NVR

DVEO- d 4 1H), 7.94-7.91 (d, 1H, J8.7 Hz), 7.71
(7 70 (Ezl%rﬁrﬂa"ﬂl('@iﬁg}r'rzl“f( g”‘és v 7.27 (dd, 1|(—|, J=1.9 He, J8?7 Hz) ,
6.02-6.00 (d, 1H, J=9.1 Hz), 570-10 5.67 (m 2H), 5.48 - 5.34 (m1 H)

4.04 - 3.93 (m 2H), 2.20 (s, 3H), 1.98 (s, 3H), 1.69 (s, 3H).
6- ChilSr 0-Anal.Ldietir for G,5td gNyO, OIBr8-.28 CHyQby CadOsh8; H,13:88; N, 7.10enzi ni dazol e
eluted fromthe chiral columm Iﬁét (RT =28.9 mn) and 0.20 g was
obt ai ned FRuDE; CedB88: &ti3R0:dY. 4-heé solvent. [err]H NVR (DMBO-d[err]) [err]
8.43 (s,1H), 8.10- 8.09 (d, 1H, J2.0 Hz), 7.64 - 7.62 (d, 1H, J=8.8
Hz), 7.25 - 7.23

Example 14

6-Chloro-(2,3,4-tri-O-acetyl-beta-D-ribopyranosyl)- 1H-benzimidazole and 5-
20  Chloro-(2,3,4-tri-O-acetyl-beta-D-ribopyranosyl)-1H-benzimidazole

As per General Procedure 1ll. 5-chloro-1 H-benzimidazole (1.0 g, 6.5 mmol),

N,O-bis(trimethisilyl)acetamide (1.6 ml, 6.6 mmol), in 50 ml 1,2-

dichloroethane (Aldrich Sure Seal, Milwaukee) were heated at 85 °C for 0.75

h under a nitrogen atmosphere then allowed to cool to rt. Trimethylsilyl

25 trifluoromethanesulfonate (1.4 ml, 7.2 mmol) and 2.0g (6.3 mmol) solid
1,2,3,4-tetra-O-acetyl-b-D-ribopyranose (beta-D-ribopyranose 1,2,3,4-
tetraacetate, Aldrich, Milwaukee) was added and the mixture was heated in
an oil bath at 85 °C for 24 h under a nitrogen atmosphere. The reaction was
then poured into 7% aqueous sodium bicarbonate and extracted with

30 dichloromethane. The organic layer was dried with magnesium sulfate
(anhyd), filtered, and evaporated. The crude residue was purified on a silica
gel column (2.5 x 20 cm, 230-400 mesh) with CH,Cl, and an increasing
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15 (dd, 1H, J=2.0 Hz, J=8.7 Hz), 6.03 - 6.00 (d, 1 H J=9.5 Hz), 5.76 -
5.60 (m 2|—|) 5.50 - 5.40 (m 1H), 4.04 - 3.93 (m 2H), 2.20 (s, 3H),
1.98 (s, 3H) (s, 3H). Exanpl e 15 20 P98§/03380
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Example 16
20  2-Bromo-5-chloro-(2,3,4-tri-O-acetyl-beta-D-ribopyranosyl)-1H-benzimidazole

The title compound was prepared according to General Procedure IV using 5-
chloro- (2,3,4-tri-O-acetyl-beta-D-ribopyranosyl}-1H-benzimidazole (0.17 g,
0.41 mmol), 30 m! tetrahydrofuran {Aldrich Sure Seal, Milwaukee), and a total
of 2.6g (7.0 mmot) of N-bromosuccinimide that was added over 2 h. The

25 product from work-up by General Procedure IV was purified on a silica gel
column (2.5 x 20 cm, 230-400 mesh) with dichloromethane containing 1.0 %
methanol fo give 2-Bromo-5-chloro- (2,3,4-tri-O-acetyl-beta-D-ribopyranosyl)-
1H-benzimidazole (0.15 g, 0.31 mmol, 76%); MS (ES+): m/z (rel. intensily)
511 (0.25, M*23 (Na)) 'H NMR (DMSO0-dg) § 8.02 - 8.00 (d,1H, J=8.7), 7.68

30 (d, 1H, J=2.1 Hz), 7.30 - 7.27 (dd, 1H, J=1.9 Hz, J=8.9 Hz), 5.96 - 5.93 (d,
1H, J=8.9 Hz), 5.67 - 5.62 (m, 2H), 5.55 - 5.45 (m,1H), 4.20 - 3.90 (m, 2H),
2.20 (s, 3H), 1.99 (s, 3H), 1.73 (s, 3H).
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Exanpl e 17 20

2-Brono-6-chloro-(2,3,4-tri-0 acetyl -beta-D-ri bopyranosyl)-1H benzi m dazol e
The title conpound was prepared according to CGeneral Procedure |V using 6-
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Example 17
20  2-Bromo-6-chloro-(2,3,4-tri-O-acetyl-beta-D-ribopyranosyl)-1H-benzimidazole

The title compound was prepared according to General Procedure IV using 6-
chloro- (2,3,4-tri-O-acetyl-beta-D-ribopyranosyl)-1H-benzimidazole (0.20 g,
0.41 mmol), 30 mi tetrahydrofuran (Aldrich Sure Seal, Milwaukee), and a total
of 0.30g {0.17 mmol) of N-bromosuccinimide that was added over 0.5 h. The
25  product from work-up by General Procedure IV was purified on a silica gel
column (2.5 x 20 cm, 230-400 mesh) with dichloromethane containing 1.0 %
methanol to give 2-Bromo-6-chloro- (2,3,4-tri-O-acetyl-beta-D-ribopyranosyl)-
1H-benzimidazole (0.11 g, 0.22 mmol, 54 %); MS (AP+): miz (rel. intensity)
511 (0.10, M"23 (Na)) 'H NMR (DMS0-d¢) 5 8.16 (s,1H), 7.60 - 7.58 (d, 1H,
30 J=8.7 Hz), 7.28 - 7.26 (dd, 1H, J=1.9 Hz, J=8.6 Hz), 5.95- 5.92 (d, 1H, J=9.7 .
Hz), 6.67 - 5.60 (m, 3H), 4.13-4.09 (dd, 1H, J=5.3 Hz, J=9.2 Hz), 4.00 -3.90
(overlapping dd, 1H) 2.20 (s, 3H), 1.98 (s, 3H), 1.74 (s, 3H).
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As per Ceneral Procedure Ill. 5,6-difluoro-1H benzimdazole (1.0 g, 6.5
mmol ), N, Obis(trinethlsilyl)acetamde (1.6 mM, 6.5 mol), in 50 m 1, 2-

di chl oroethane (Al drich Sure Seal, M| waukee) were heated at for
2.5 h 25 uny@s¥56% r‘f?trogen at rmsphere then all owed to cool to&?n.k%sp&ﬁo
Trimethylsilyl, trifluoronmethanesul fonate (1.4 M, 7.2 mvol) and 2.0g -
(6.3 mmol) sol id 1,2,3,4-tetra-0O acetyl -b-D-ri bopyranose

(beta-D-rd bomse 1,2,3,4- ‘tetraacetate,” Aldrich, MIwaukee) was
added an ure was heated in an oil bath at 85 [err]C for 24 h
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20 Example 19
5,6-Difluoro-1-{2,3,4-tri-O-acetyl-beta-D-ribopyranosyl)-1H-benzimidazole

As per General Procedure [il. 5,6-diflucro-1H-benzimidazole (1.0 g, 6.5
mmot), N,O-bis(trimethisilyl)acetamide (1.6 ml, 6.5 mmol), in 50 ml 1,2-
dichloroethane (Aldrich Sure Seal, Milwaukee) were heated at 85 °C for2.5h
25 under a nitrogen atmosphere then allowed to cool to rt. Trimethyisilyl
trifluoromethanesulfonate (1.4 mi, 7.2 mmol) and 2.0g (6.3 mmol) solid
1,2,3,4-tetra-O-acetyl-b-D-ribopyranose (beta-D-ribopyranose 1,2,3,4-
tetraacetate, Aldrich, Milwaukee) was added and the mixture was heated in
an oil bath at 85 °C for 24 h under a nitrogen atmosphere. The reaction was
30 then poured into 7% aqueous sodium bicarbonate and extracted with
dichloromethane. The organic layer was dried with magnesium sulfate

(anhyd), filtered, and evaporated. The crude residue was purified on a silica
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25 2-Bronp-5,6-difluoro-1 -(2,3,4-tri-0Oacetyl -beta-D-ribopyranosyl)-1H
benzi m dazole (0.88g, 1.8 mmol), 20 m dioxane and 7 m (7 mmol) of 1 M
aqueous Li C]—I was used to prepare 2-brono-5, 6-difluoro-1-beta-D

ri bopyranos enzi m dazol e (0.23g, 0.63 mml, 35 %yi.el ng to
Gener al Pro 39{557_ ; M5 (ESt): mz (rel. intensity) 388 (1. d*@r@?/@{%
(Na)); [err]H30 NVR ( DVSO- d[ errepkgerr 7.83 - 7.79 (m 1H) .73 - 7.68
(m 1H) gebcdemn (8.%% 2()d;m,1230-400 m with-@hi,Cl4 and an mcmstng, 1H J=9.4 Hz),
3.97 - 3.
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aade. 199 {otithecty B 57, 40pgsfarss Gy ™ OO M 2 el e

1,2,3,4-tetra-O acetyl-b-D-ri bopyranose (beta-D-ri bopyranose
1,2,3,4-tetraacetate, Aldrich, MIwaukee) was added. The sol ution was
sti rred&a?e A0t rogen at reflux overnight, then poured into 7%

) \ th di chl oronet hane. The

aqueous,_sodi um_bi ¢
or gani c2tBIoA0-1 iltered, and 15

eva rgbg@_ﬁ%g{éude reS|due was purlfled on a silica gel colum (5 x 20
eluting with 0.5 % nethanol in chloroformfoll owed by
pur i 1 cqhé ifle Yonipddindtve4S prapdiredrabETa Mgl 16 GaarapPRBedanRy I\Casihy! dge system

eluting with 1:1 m xture of ethyl acetate and hexanes to give 1.3 g (2.8
mol, 5 6-dnﬁu%o-a)-f(z,a,zmrungmejyldmta@rﬂbgpnranosyl) -1H-benzimidazole
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3H)15 1. équiyalendpbrtiond5 Thexaroglet fR8n work-up by General Procedure lV was
2- Brono-5, 6-di chl gro-4-f| orolgg34tr| Q acet I-beta D-ri bopyranosyl)-1
H Pwitied o d:slisecge! columm 25 20Cmo 3009 igphexan ding to

e RO B 5 Ao BT .o,
77% yield); MS (ES+): m/z (rel. intensity) 514 (1.0, M*23 (Na)); 'H NMR
(DMSO-dg) 6 8.26 - 8.21 (m, 1H), 7.73 - 7.69 (m, 1H), 5.93 - 5.91 (d, 1H,

20 J=9.0 Hz), 5.69 - 5.62 (m, 3H), 4.11 - 3.90 (m, 2H), 2.20 (s, 3H), 1.98 (s, 3H),
1.73 (s, 3H).

Example 21
2-Bromo-5,6-difluoro-1-beta-D-ribopyranosyl-1H-benzimidazole

25  2-Bromo-5,6-difluoro-1-(2,3,4-tri-O-acetyl-beta-D-ribopyranosyl)-1H-
benzimidazole (0.88g, 1.8 mmol), 20 ml dioxane and 7 ml (7 mmol) of 1 M

aqueous LiOH was used to prepare 2-bromo-5,6-difluoro-1-beta-D-
ribopyranosyl-1H-benzimidazole (0.23g, 0.63 mmol, 35 % yield) according to
General Procedure V; MS (ES+): m/z (rel. intensity) 388 (1.0, M*23 (Na)); H

30 NMR (DMSO-dg) 8 7.83-7.79 (m, 1H), 7.73 - 7.68 (m, 1H), 5.62 - 5.60 (d, 1H,
J=0.4 Hz), 4.10 - 4.08 (d, 1H, J=9.4 Hz), 3.97 - 3.95 (bs, 2H) 3.67 - 3.65 (d,
2H, J=8.2 Hz).
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30 benzim dazole (1.3 g, 2.8 mol), 30 mM tetrahydrofuran (Al drich Sure
Seal , M | waukee), and a total of 5.0 g (28 mmol) of N bronbsuccini m de
t hat was . added in 5 ca. equivalent portions over 35 nm n. p poRioSsHect

f r om wor k- upwWpp8/56761 General Procedure |V was purified on a silica
gel colum (2.5 x 20 cm 230- 400 nesh) with 0.5 % net hanol in

di chl oronet hanne to give 1.5 g (2.8 mmol)

2- bronmp-5, 6-di chl oro-4-fluoro-1 :

- (2,3, 4- tBxan@la@2 y| - bet a- D-r i bopyr anosyl ) - 1H ben2| m dazol e; M5
(AP+): efiyl H NVR 5
(%Od[é@g@m : . J=9.1 Hz), 5.70 -
5.62 (m 4.14 - 410(dd 1H) 4.02 - 397(overlapp|ng dd, 1H),
2.20 (s, %'H"“"f?é%g 3H), 1.75 (s, 3H) Exanpl e 24 10
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15 General Procedure . 165 C (foans) (ESH): (rel. intensity)
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C, 34.47.TH sclutisi whis sbire under nitrogexeatnbfu2bverbight, then poured into

6- Chl or o- 5-f | uor o- 1- éz 3,4-triacetyl-beta-Drj bor)q)(]r ano H?_genm m dazol e
and 5- Chl786 @qaeoua§e ium bizagonate aRd @xirecies; witipd meih%@%r

benzi m dazol e d 0.536g, 3.1
mmol es) MQaE'FGWeédvas dnec{ ﬁltﬁ %@%ﬁﬁ%%@e% %@ﬂ%ﬁ} Sﬁ{a y‘% %Q{ee Seal , g35 m).

BSA (Al dre!\/éBoragg? bldrudé ré:éiQe wﬁmﬁm‘fiﬁed bredislicage! sdldath ¢gx20he ni xture

refluxedlna CO|I bat h hour .

2,3,4-Tr |amasﬂ-40@h'&eslbr)|e'jutmgosltme 5% methanolm@‘gj?ro@ounf@w bY eq.) was

dr 'ed pun?i%at?gr; l)fl'lg IIO?agteOt!nléglUTfl pllie)(s(:s%%es C roma ograw?\y car{}%g% JSF&I’XaCUO The

eluting with 1:1 mixture of ethyl acetate and hexanes to give 1.3 g (2.8 mmol,
44%) of 5,6-dichloro-4-fluoro-1-(2,3 4-tri-O-acetyl-beta-D-ribopyranosyl)-1 H-

20 benzimidazole; MS (ES+): m/z (rel. intensity) 485 (1.0, M*23 (Na)); '"H NMR
(DMSO-dg) 5 8.57 (s,1H), 8.28 (s, 1H), 6.07 - 6.04 (d, 1H, J=9.6 Hz), 5.74-
5.67 (m, 2H), 5.49 -5.40 (m, 1H), 4.04 - 3.92 (m, 2H), 2.20 (s, 3H), 1.98 (s,
3H), 1.71 (s, 3H)

25 Example 23
2-Bromo-5,6-dichloro-4-fluoro-1-(2,3 4-tri-O-acetyl-beta-D-ribopyranosyl)-1H-

benzimidazole

The title compound was prepared according to General Procedure IV using
5,6-dichloro-4-fluoro-1-(2,3,4-tri-O-acetyl-beta-D-ribopyranosyl)-1H-

30 benzimidazole (1.3 g, 2.8 mmol), 30 mi tetrahydrofuran (Aldrich Sure Seal,
Milwaukee), and a total of 5.0 g (28 mmol) of N-bromosuccinimide that was
added in 5 ca. equivalent portions over 35 min. The product from work-up by
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car bohydrate was dissolved in 1, 2-dichl oroethane (15 m) and added to the
reaction by cannula. Trifluoronethyltriflate (Al drich, 668[err]L, 3.4
nmmoles, 1.1 eq) was carefully added and the reaction refl uxed

overni ght. Thep 5@ao&i ON Was cool ed to room tenperat ure POTVERSHIZEED
with brine (3 X) until the pHwas ~7. 5 The dichl oroethane solution was .
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fol |l owed by neat’ et acetate 1
( DVMSO- d[ %bﬂo)‘nd—ﬁ[ﬁ-ﬂilchloro-4~ﬁld#8~1(-(2 S,HrtriﬁGJddety!-h@tﬂ-Drnﬁb g’I)H! HAr -
J=7Hz), 8.15 (d, H Ar-H 10 J=10 1H,, Ar-

(d, 1H, Abenzingidanele) MSs(AR+) nm(rewn)ensdy) 5ﬁ4)(023 M(&%(Maél) H@R m7 Sﬁ) ,
0.5 5™ Bhidnafe1 BLTHBE 4 S50 W, 5o, HoASSTAL Be fnZaf; S
SHBr gﬁgt Gtﬁﬁ or g]@dﬁt‘ %bil W&%%Png Eggtﬂgb S’Z?g%pyr argosyl )-1H

benzi m d3H)| ¢.751d, 2H)3rorm 5 chI or o- 6- quoro 1 (2,3,4-triacetyl -beta-D-

ri bopyranosyl)-1 H benzi m dazol e

6- Chl oro-5-fluoro-1-(2, 3,4-triacetyl -beta-D pyranosyl)-1H benzi m dazol e and
20 5- Chl m&or 0-1 -(2,3,4-triacetyl -beta-D pyranosyl)-1H benzi m dazol e
(0. 39q, es) were dried by boiling with toluene. Excess tol uene was

renoygd DIBNARLS,6-dichidroLUMicTS. 1-SaaED SRRbyrahbsyL1H Wanzasidasoland t he
sol ution TtTh, 0.31g, 1.8

mol es, 2-Brome§,8-dichbrodefibraid(2, &,éeim@mc:egﬂ-bateeﬂ-rih%pyfamsymﬁd- TBe
Eﬁfﬁi O A IS 5 A RO e e LR s o §Z” or gant ¢
sol uti on gﬁ SoGs LSH was ﬁ&ﬁ#@gﬁﬁ)%rﬁﬁﬁdmgxrﬁq @5%51-58@5‘3 I'n vacuo.

The resi 3 was pur| ogr ap silica gel eluted .

W th ribep ngmhoaﬂetmbehhmmtémwgw B)mmbhetep¥0feld) acedrdigiiong fracti ons
were 30 ed and sol vents renoved. The (Jroducts were obtained in an

appr &Xi nﬁeéieyaflPrpce@weon B A&y Ce ((Wars: )1 M. (ESnr mix teeRintenai®d[ err]) [err]
8.34 438 (1.0, M*23 (Na)); "H NMR (DMSO-dq) 57.94 (s, 1H), 5.72 - 5.69 (d, 1H,

J=0.2 Hz), 5.28- 5.26 (d, 1H, J=6.2 Hz), 5.22- 5.20 (d, 1H, J=3.5 Hz), 4.93-

4.91 (d, 1H, J=8.6 Hz), 4.16 - 4.11 (m, 1H) 4.05 - 3.95 (bs, 2H), 3.69 - 3.60

(m, 2H).

20
Anal. Calcd. for C,,HoN,O4FCLLBr: C, 34.64; H, 2.42; N, 6.73.
Found: C, 34.47; H, 2.48; N, 6.69.

Example 25
25  ©-Chioro-5-fluoro-1-(2,3,4-triacetyl-beta-D-ribopyranosyl)-1H-benzimidazole

and 5-Chloro-6-fluoro-1-(2,3,4-tracetyl-beta-D-ribopyranosyl}-1H-

benzimidazole

6-Chloro-5-flucrobenzimidazole (Maybridge, 0.536¢, 3.1 mmoles) was siurred

in 1,2-dichloroethane {(Aldrich, Sure Seal, 35 mi). BSA { Aldrich, 388uL, 1.5
30  mmoles, 1 eq.) was added and the mixture refluxed in a 90°C oil bath 1 hour.

2,3,4-Triacetyl-beta-D-pyranoside (Aldrich, 1.0g, 3.1mmoles, 1eq.) was dried

by boiling in toluene. Excess toluene was removed in vacuo. The

1%



(d, 1H, Ar-H, J=7Hz), 8.22 (d,1H, Ar-H, J=10Hz), 7.86 (d,1H, Ar-H, J=7Hz),
7.69 (d, 1H, Ar-H, J= 10Hz), 5.95 (m 2H, H1'), 5. 7(m 6H), 4.1(m 2H),

4.0(m egv09fg§"§?ps with ethyl acetate), 2.2 (s, 6H acet gepg 9;,,0%0(5

6H, acet at (s, ethyI acetate) 1.70 (s, 6H, acetate) 1.1
(t, ethyl acetate).

5
2- Br omo-G@rbenysirateswas disseived lBe1t & W‘P'@Gﬁlﬁf@d&@nﬁ andiaddeditaitbezol e and 2-

2 Br oo "B9GAPR caniier Thn SRR LABRGT Kokl SAPRRETS 11y 1o

benzi ni @f}%@s éét@ftﬂlyfé'daab‘étdiﬂté)féacﬁorﬁ refRixed Jevéﬁw@atflﬁélraaaﬁdﬂ whst a- D-

pyranosyl )-1 H benzim dazol e (0. 14q, 28 mmol es) were di ssolved in di oxane
( Al dri clcooledrto) roopn tempenam}r@rand WSSMWathé)rI(IAI(BM)mtll theogH gvas0~B8 ol es,

3 h Th
ol ubi onhe Uit ipEans ot W e B804 fiered 'aha Sohvntpii of 't he

t to, Z.Wi,th 1IN HC tracted
Wh ot ﬁ&‘ﬁ*’aﬁ'@ (b VEEfS.d e pldtuets 1 %W%%{‘ﬁ?@? RS SADRWERY and sol vent s
removed d N\%&Sq?a HY BnRRgbIsigel elute %hfétﬁﬂexane g@%@hagﬁphy on 30 g

e R SRS 11
3(/:jell f R A8 NOATARE A2 (i AL SIS LA ARl O T, 7.90

J=1Qbk) J-—TIOS&),(ZIBIIfd i -M-HJJ#EH&)) 7.69. (G THD Ar2H, J+H0H2), 6 (@( RHS H-4H, OH),
overlaps with ethyl acetate),

4.8
3.65 (m1') 57(1"01@"*)15 (("s Zf'at%‘ﬁ (ﬁbé’t“‘hl é‘)é(ﬂl overigps withigthylacet ate) . 25

5 6. b §m28t%tet 224057, 2B | BT R o BBh PR R M ERRIEN D) ozl e

was A1 hcutatel), 1194 V4, ey abothit Ioro benzi m dazol e (Townsend and
Revankar 8§ Chem Re?/ % '/yg 389)é)lr;y the procedure used in exanple 25.
The t|tIe conpound was prepared fromthe triacetyl product by the

t hod | 26. M5 (APCH(-)): 1/z 317 H NVR
?M%dﬁéﬁﬁé%] 8.43 (s,1H H2). 7. oy T )%s, TH ir-H),[e;.rlgz(s, 1H,
A -H . 3 Bfhrh8:6-dhlord35 Hiuord 1994 4-tRaddt eta Hib&hPranosyl)-1H-

benzimidazole and 2-Bromo-5-chloro-8-flucro-1-(2,3,4-triacetyl-beta-D-

ribopyranosyl)-1H-benzimidazole

6-Chloro-5-fluoro-1~(2,3,4-triacetyl-beta-D-pyranosyl)-1H-benzimidazole and

20  5-Chloro-8-fluoro-1-(2,3,4-triacetyl-beta-D-pyranosyl)-1H-benzimidazole
(0.39g, 0.91 mmoles) were dried by boiling wittt toluene. Excess toluene was
removed in vacuo. THF (Aldrich, Sure Seal, 13 ml) was added and the
solution heated to reflux in a 85°C oil bath. NBS (Aldrich, 0.31g, 1.8 mmoles,
2eq.) was added and reaction refluxed for 7 minutes. The reaction was

25 cooled and poured into cold saturated sodium bicarbonate solution. The
products were extracted with ethyl acetate. The organic solution was dried

with MgS04, filtered and solvents removed in vacuo.

The residue was purified by chromatography on 40 g of silica gel eluted with
ethyl acetate/hexane (1:2, viv). The product containing fractions were

30 combined and solvents removed. The products were obtained in an

approximately 1:1 ratio in 30% yield, 0.14g. 1H NMR (DMSO-dg) & 8.34
$3



4.86(brs, 1H, OH), 4.0(m overlaps with ethyl acetate), 3.8 (m1H, 3.7
(m 1H), 3.6 (m1H), 1.95 (s, ethyl acetate), 1.14 (t, ethyl acetate).
Exanpl e 29 4,5,6-Trifl uorobenzi m dazol e

2,3,4-Trifluoro-6-nitroanline (Maybridge, 30g, 156 nmol es) ' din
et hanol (200¥@P¥567¢kter (10 nl) was added fol |l owed by Raneym%igaégﬁ/@}#gl yst

10 (39, wet). Reduction under 50 psi Herr] was continued for 4 hrs. The .
react i on(d,1H, Ar-vh9=THz),e8.22 (dit, tAred s.bﬂ@drhr),s? B8ridvet) ArrHydeadz), The resi due
was di ssol ved in 1l eq.) was

el TR 85 i Atz 012 595230 kﬁ??(ghtem\ﬂﬁém,fzm)tw(mon e

\(I:vglsl gg{ g@%&'ﬁso‘ﬂﬁ? %ﬁigﬁ%)&g? ‘sl 8995;2& g?]gl’?g ogr g%%;é)oﬁﬁl i ca gel

(5009) e(slbﬁ@yl\acétat@)t hﬂoeacsmtaaémé)anaz( ; éthyl acetat®)V) . The product

contai ning fractions were conbi ned and so vents renmoved I n vacuo. The
product was obtained in 71%yield, 19g. M5 (APCH(+)): m+l/z 173,

I[g)e(rr]:—ll\gg&q\/s%d[err]) [err] 831(5 1H H2), 7.49 (m1H H7). 20
anpl e
1- (rzrp3 45 HrhA . - f‘zHéL%?\'aZZmdaZO' e

and é 'du

H- benzi nBrhnolsechloro-6—ﬂﬁbm-pﬁbétmb-nﬁopwmq:ﬂx&ﬁ%beszmdamleed to the title
conpounds by th used | n exa e 25. The products were
obt ai ne021310510’@10h@f©‘f’5'ﬁ3®0‘17‘(2 aé-tnapﬂtytbe Pﬁ?ﬁanq%l&'l@"r rati os were

anal 19, Reatmidgold 2nd 28R FrhBR o dr A % RS PbetlrtE [ precent
wher eas ?ﬁahegylgf#ﬁeb&izght&z& &Jﬂﬁ@@ﬁ@mﬁoﬁazw@% ¥RSolved in dﬂ%%ved VB
( APCH( +) 431, [err]H N err])[err] 8.56 (s, H 2,

(7-f 1 uor{@idmch, &gnj), Lighiash l(mdrm)efdemwﬁratez(/\idrwhr 0. %ﬁgl 088 mmblas ( m 1H H7,
4- 30 2H, o] 6.02 (d,
(1. OH, H—é 3y was ¢ %ﬁ%w W%fef (é ﬂmgﬁpd %}@S’(tﬁy(th%f '°"5q'gla ﬁoﬂif , 5. (25

(m 0. 2H) 61
) apswwéfﬁ"é?‘af foom temperature for 1 hr. The pH of the reagtion was adjusted .,
acetiat e)to 7 with INLHZ3. Tise priducts werd exteacted with dthyl stclidde (@) dtied, 1. 14 (t,

ethyl acetate).
with MgSO4, filtered and solvents removed in vacuo. The residue was

purified by chromatography on 30 g of silica gel eluted with ethyl acetate/
hexane (2:1, v/v). The product containing fractions were combined and

solvents removed in vacuo. The products were obtained in an approximately

20 1:1 ratio in 50% yield, 0.14g. MS (FAB+): m+1/z, 381, 1H NMR (DMSO-dg) &
7.90 (d,1H, Ar-H, J=7Hz), 7.85 (d,1H, Ar-H, J=7Hz), 7.79 (d,1H, Ar-H,
J=10Hz), 7.68 (d,1H, Ar-H, J=10Hz), 5.6 (m, 2H, H-1"), 5.2(brs, 4H, OH), 4.8
(brs, 2H, OH), 4.1 {m, 2H}, 4.0 (m, overlaps with ethyl acetate), 3.65 (m,
4H),1.95 (s, ethyl acetate), 1.14 (t, ethyl acetate).

25

Example 28
5,6-Dichloro-1-beta-D-ribopyranosyl-1H-benzimidazole

5,6-Dichloro-1-(2,3,4-triacetyl-beta-D-ribopyranosyl)-1H-benzimidazole was

prepared starting with 5,6-dichloro-benzimidazole (Townsend and Revankar,
30 Chem. Rev. 1970, 70:389) by the procedure used in example 25. The title

compound was prepared from the triacetyl product by the method of exampte

bo



Example 31 5

2-Brono-1-(2, 3,4-triacetyl -beta-D-ri bopyranosyl)-4,5,6-trifluoro-1 H

benzi m dazo -Brom) 1-(2,3,4-triacetyl -beta-D-ri bopyra

trifluoro- 1%%@%% m dazol e The products of exanple 30%@‘%}8&&% erted
to the title conpounds by the rrethod used in exanple 26. MS (El (+))-:

g‘rté{ gg)S) N?r(%\ﬁé%lﬁ%%%gqfﬂmuﬁ 0 anal (58)%8 Jlé (QWH é-hglh?%’ (4 fl Hore

J=5Hz 2 1 OAf- 3 2 0 2H) ,
4.1 () @ﬂ-{ (NF%H979@%sﬁ~loefefi' gﬁps ﬁ'e‘t-‘%ﬁ‘]%”zaat él)(ﬁrs Z‘QWP "6H,

acet at e)4 86(tsr§ 1, Ob¥), 4. 8¢rat avenapsiwib ettsyl aeeum) 8£89¢m,t1ﬂ). 3% 70 (s, 6H,

acetate .1 t thyl acetate le 32

2- Br onoz(’f‘-jw&*giﬁl»?ﬁgpygg %Z%}hy a@e@atg},t} 14 (fu gyl @Cﬁatﬁ)nm ni dazol e and 2-
Bro 1 -(beta-D-ribopyranosyl)-5,6,7-trifluoro-1 H benzi m dazol e The
products of exanple 31 were converted to the title conpounds by the 20

met hod UBetmple Zxanpl e 27 Partial purification by chromatography
resulted—l‘n_%_riflo of 1.7 for the 7- fl uoro/ 4-fl uoro conpounds.
[err] H MvRE-Difsprgbenzimidazale] 7.75 (m 1H, H 2, (4-fluoro anal og)),

s EE&Q #%QH"%W&“@” u&r@f%@‘lﬁ&q@ﬁ ﬁ'ég%@ig‘el?swﬁs%dv@ﬂg 55 (g 0 15
anal yo Sttaoi(@00h. Webor (40 ni Has ckiedfoldydd b Remeyickeh tahh) 2 1

C[ eno] H(8gr webeRetucti®alindereS@dsi 5 Was tontilhisd & 4 W¥s. The redctRf Found
C-38.19, H3.10, N-6.81. Exanpl e 33
62 was filtered andtbegihwaits removed in waate. The rdsidudividsudisselted in

2 A AT L) A BRI M T4 Vs s, TRETREL RbS
refluxed overnight. After filtration, the pH was adjusted to 7 with NaOH (5N).
The crude product ( 24g) was collected by filtration and purified by
15 chromatography on silica gel (500g) eluted with ethyl acetate/hexane (7:1,
viv). The product containing fractions were combined and solvents removed
in vacuo. The product was obtained in 71% yield, 19g. MS (APCH(+)): m+1/z

173, THNMR (DMSO-dg) & 8.31 (s,1H, H-2), 7.49 (m,1H, H-7).

20 Example 30
1-(2,3,4-Triacetyl-beta-D-ribopyranosyl)-4,5,6-trifluoro-1H-benzimidazole and

1-(2,3 4-Triacetyl-beta-D-ribopyranosyl)-5,6,7-trifluoro-1H-benzimidazole

The product of example 6 was converted to the title compounds by the
method used in example 25. The products were obtained in a ratio of 1:5, 7-
25 F/A-F isomers. Isomer ratios were confirmed by NMR- NOESY correlation. In
the case of the 4-fluoro analog, NOE from the 7-H into the sugar protons was
clearly present whereas in the case of the 7-fluoro analog no NOE was

observed. MS (APCH(+)): m+1/z 431 ,1H NMR (DMSO-dg) 6 8.56 (s, 0.2H,

H-2, (7-flucro analog)), 8.53 (s,1H, H-2, (4-fluoro analog)), 8.1 (m,1H, H-7, (4-
30  fluoro analog)), 7.65 (m, 0.2H, H-4, (7-fluoro analog)), 6.02 (d, 1.2H, H-1,
J=10Hz), 5.7 (m, 2H), 5.55(m, 0.2H), 5.45 (m, 2H), 5.25 (m,0.2H), 4.0 (m,

bl



ri bopyranosyl)-1H benzi m dazol e 5 a)
4-Chloro-2,3-difluoro-6-nitroaniline 2,3-Difluoro-6-nitroaniline
(15.4 g, 88.7 mmol ), N-chlorosuccinimde (14.9 g, 111. 4 mol ) and

N, N-di met hyl f or mami de (250 nl) were conbined and were . h 8093880~ 90
[err]C for s&Rt4 ‘ﬁours, after which time the mixture was poﬁ‘?{gg%

into ice water. The product was extracted with ethyl acetate which was then

10 washaveriaps witlt ethy! acatatept 28 (a.3:6bluacelat)um Boﬁﬁdﬂa acetate)j over

2yl o186 4o By ade 'tttﬁieﬁfﬁ?ﬂ#ﬁ AR A PUPCoReL a9 7.3

2.2 Hz, 1H, Ar- , 7.65 (br s, 2H, NH[err]) 15 b)

6- Chl oro-4, 5-di f uoroben2| m dazol e 4- Chl oro- 2, 3-di fl uoro-6-nitroanline
(69, 28. EE_@g]lgiesm was converted to the title corrpound by the net hod
used in xarrp e M5 ( APCH : err]H NVR (DVBO-d[err])

flueroctiior o- 4, 5-di fl uoro- 1
(234t h Dt ARQSyl ) - Ik o YAR al-e and
5- Chlorok‘ﬁ— QI8 At 2 Broaeat-{2.3 tlachtyt, ?""r‘“'b-"‘" fosyl ) -1

H- benzi mtﬁmicﬂ'bﬂH-benzfﬁﬁléaﬁl@dUCt of exanpl e 33b was converted to the title
conpounds~by the———— Tetrhod used in exanple 1. The products were obtai ned
i n a rat iTheoprotiuéts of-exanpleB0-weresomveded ke thetitie campeunds by thenf i r ned by

NMR- NCESY correlation. In the case of the 4-fluoro anal og, NOE from

the 7-H indétotisedis@xanipdd 065 MBEI(+)): mai£603, Pragar (DMISOsge) § N t he case
of the 7-fluoro anal og no NCE wa observed. M (APCH(+)): mtNa/z 469,

[err 1ol NERI& DBSOHJHeT r () fljoro taha&gw 7(5(m,10.26H-4, (7-fiudrd)anab),(m 1H, H 7,
(4-fluoraqg anal (7-fluora 30 anal%g()"%, 6.1 (m

{45k, BT To B s tzbR)T (. B5thn 5.8 (rAH) o530 12k, &

5,25 oy Y 5l 8 bpagord b oS5 6 and 7 (o 3400
acetate), 1.97 (s, 6H, acetate), 1.95 (s, ethyl acetate), 1.70 (s, 6H, acetate),
1.14 (t, ethyl acetate).

15

Example 32
2-Bromo-1-(beta-D-ribopyranosyl)4,5,6-trifluoro-1H-benzimidazole and 2-

Bromo-1-{beta-D-ribopyranosyl}-5,6, 7-trifluoro-1H-benzimidazole

The products of example 31 were converted to the title compounds by the

20  method used in example 27.
Partial purification by chromatography resulted in a ratio of 1:7 for the 7-

fluoro/4-fluoro compounds. 'H NMR (DMSO-dg) § 7.75 (m, 1H, H-2, (4-fluoro
analog)), 7.65 (s, 0.15H, H-2, (7-fluoro analog)), 5.63 (d, 1H, H-1', J=9Hz),
5.25 (brs, 0.15H, OH), 5.2(m, 1.15H, OH), 5.15 (d, 1H, OH), 4.95 (d, 0.15H,

25 OH), 4.85(d, 1H, OH), 4.1(m, 1.15H), 4.0 (m, 2.3H), 3.65 (m, 2.3H). Analysis:
(C1oH1oBIFsN,0,-1/10H,0-2/10 C,H,0,), Calculated: C-38.19, H-2.95, N-
6.96. Found C-38.19, H-3.10, N-6.81.

Example 33

b2



5

2- Brono-6-chloro-4,5-difluoro-1-(2,3,4-triacetyl -beta-D-ribopyranosyl)-1H
benzi m dazol e and 2-Brono-5-chloro-6, 7-difluoro-1-(2, 3,4-triac - -D
ri bopyr anosyW-98/5¢36benzi ni dazol e The products of exanpl e 33C%§$’é¥98%§§8%
converted to the title conpounds by the nethod used in exanple 2. Partial -

pur i f i catp-QRIgHY-45-MRIr6d: H5 for the

7-fl uorola- uoro _conp [err]H NMR

( DVBO- d[ denzimidarelp emcb@ﬂhioroﬁ 7-d|f1wro|4j2,3$=maggwabeta:a~o anal og)), 7.82
(d, 02H H4 J=6 ,”_‘ fluoro’ analog)), 5.95 (m 1.2H), 5.7 (m
2.4H), 5rF H, 4.2 (m 0.2H), 41(m 1.2H), 4.0
(m overlaps wi th ethyl acetate) 3.9 (m 0.2H), 3.5 (t, 0.4H), 2.2
(s, 3.4H, acetate), 1.97 (s, 3.4H, acetate), 1.95 (s, ethyl acetate), 15
1.70 §s, a}Mﬂhimﬂ&dﬁmmdSMtr()amllm hyl acetate). Exanpl e 35

2-Brono-6-chlloro-4,5-ditluoro-1-(beta-Dri boﬂ%‘ anosyl)-1H benzi m dazol e
The pr od@ed-Difluare-frpitoaniing{d5 Aogu&& { smeb, Nighlorosuecipimigedid- 99, t he 20

Erﬁ? Qﬁgt g h e e Rt aimRlyloringfie AR RNRR etBoRellalwere (o 11y

5. Grdatel toldrb-eb“t: for«]se%l%) hoérsZthéﬂwth tm%'the] nftktare wasdodréd 1H O
J 3Hz) 4.85 (d .0 (m 2H + ethyl acetate),

3 65 (m ir#b)ice wa@a (l‘bﬁ mom)rtt veaseema;;ted mtmzetnﬁ aoetateemm;zh veacethane) .
36 55 .6 B 5,
B TR0 Shyashes Wity walar. §afyr@ﬁ)35 SaurBon spdumERiondS, died aver ) - 1

H benzi

(35, 55, oL Esimspiate: fitered ar he solvents were remoyed in vacuo fo igave

2H pyr anadellow, Mécbﬁ@bilﬁl-qim%DMSO-ds)S 8.03 (dd, J= 7.3, 2.2 Hz, 1H, Ar-

2R 4-Jerr]-R 7R, 8-a-S-per hydro-7- hydr oxy- 2- phenyl pyrano(3 2- D)l 3)dioxin
(Tetraheﬂ)oﬂﬂﬁe(brerﬁl;'l NbDB, 8147 and references cited therein) (2 50 g,
10.6 5 mmol), triphenyl phosphine (Aldrich, 4.16 g, 15.87 muvol as 99%
and 5, 6- di chl orobenzi m dazol e (Townsend and Revankar, Chem Rev.

197045 70} 2%9@hlorp-4,5-8ﬁlﬁoi‘cﬁ;e?\rzﬁﬂi9§§olﬁi ted therein) (3.00 g, 15.87 mmol) were
stirred amhydrous

4-Chloro—2,3—diﬂuoro-6-nitroanline (6g, 28.8 mmoles) was converted to the
title compound by the method used in example 6. MS (APCH(-)): m-1/z 187,

TH NMR (DMSO-dg) 5 8.36 (s,1H, H-2), 7.61 (m, 1H, H-7).

20  ¢) 6-Chloro-4,5-difluoro-1-(2,3,4-triacetyl-beta-D-ribopyranosyl)- 1H-
benzimidazole and 5-Chloro-8,7-difluoro-1-(2,3,4-triacetyl-beta-D-
ribopyranosyi)-1H-benzimidazole

The product of example 33b was converted to the title compounds by the
method used in example 1. The products were obtained in a ratio of 1:6, 7-
25 F/4-F isomers. Isomer ratios were confirmed by NMR- NOESY correlation. in
the case of the 4-fluoro analog, NOE from the 7-H into the sugar protons was
clearly present whereas in the case of the 7-fluoro analog no NOE was

observed. MS (APCH(+)): m+Na/z 469,1 H NMR (DMSO-dg) 8 8.57 (s, 1.15H,

H-2), 8.2 (m,1H, H-7, (4-fluoro analog)), 7.8 (m, 0.15H, H-4, (7-fluoro
30 analog)), 6.1 (m, 1.15H, H-1"), 5.7 (m, 2.3H), 5.55(m, 0.15H), 5.45 (m, 1H),

63



tetrahydrofuran (50 m) at O[err]C (external ice bath) under nitrogen as a
sol ution of diethyl azodicarboxylate (Aldrich, 2.60 m, 15.87 mpl as
979 in 10 tetrahydrofuran (10 m) was added over 30 min. The reaction

m xture was WO 9 56fd1l owed to warmto roomtenperature, stirrescEpdsassss,
then diluted vmtsf,1 chl oroform (300 m) and washed with saturated

(Soat um 305 0 15F) Bt 2:300 25 S4B, aciehi 08 AfTca Tnaer T educed
i 0,
oSS Cedle) 3T DA S S0 15, W ih 300 T of 80% aaveous

with 100 m of water and extracted with diethyl ether (4 X 100 ni).

The aqueous phase was concentrated and purified by flash chromatography
on sili cExgaipled4 The title conpound was eluted with 5-25% methanol -

chlorpfo - NMR ( DVBO- d6,
20 0 =5.5 Hz, 1 H),
4.87 (bs benznmldéé&e aﬂd@demo—F&l@robB 7—d‘1‘ﬂi}oro-41 @53 @Qﬂaéétyﬂ-BeQdZD- 1H), 3.91
(dd, J= T279—277 fz, . 3. 71-2.53(m 4f), 2728-2.25 (m 1H),

1.97-1. 89b¢mramosgl)—1 H-benznmndmble The pmdubtaof@m;wzee@ae C 49 23 H,
4.45; N, 8.83: §36 25 thyipc 49.31; 22. 26.
t e

by  (3sceryested i thedite compounds 6"%%‘896&?9%’? ﬁgsamp{eey %wa 0- 2H-
(ﬁéa2536éffﬁ@3%foﬁed§z+ﬂpoﬂ?a}@éf‘?gp¥ f%s%ﬁdqg%t*aﬁé F 1 %ol i P-fiorors-
OO Riore g e %ﬁ%wzsmﬁa 524" %@ﬁ%@%@ e 8230l T v de

ﬁﬁdi? ?‘eaucéa ﬂi%@ MidGanhi 2 60[%ﬁfﬁﬁugﬁg%%@w‘éﬁiui"?,ﬁ”t”“ .
Et hanol analog)) 635 (n,M )zl-iyvaés?mdadm WGK’J“W?)(G LHNSB.1 ?@eoczml grgimand t he

m xture was ag ain coevaporate t ol uene until acetic acid

odor wasO.ﬂHs)eﬁﬂ(mTﬁe?lwb) 140/\&9 overfapswejﬁi elbyl acedate)h L8 ((oy BfZH);rﬁ(&(lo m) and
washed s Sgi.Vv (50 m ur epus sodi um
bi car bonﬁf"gﬁ 2 &?4\& e%}tp},y % w4t acetate ﬁnégkﬁ dgé\ﬁ %ig' was dri ed
(sodjaum f ) t4i f rough flash silica get 60
(3x 4H(H:|rr)§b},IO @hlgr‘%1t v%%?hawf1 ngc%ﬂt gféééjcgfégpor ation of the sol vent s
under reduced pressure Ieft an off-white sem solid residue (1.37 g).

A solution of this solid in anhydrous tetrahydrofuran (20 m) was refl uxed

10 undeExXampld@n whil e N-bronosucci nimide (A drich, 1.22 g, 6.83 mmol)
was 2-Bromo-6-chloro-4,5-difluoro-1-(beta-D-ribopyranosyl)-1H-benzimidazole '

The product of example 34 was converted to the title compound by the

20 method used in example 27. The title compound was isolated by

chromatography. MS (FAB+): m+1/z 399, 1H NMR (DMSO-dg) 8 7.8 (m, 1H,
H-7), 5.64 (d, 1H, H-1', J=9Hz), 6.20 (d, 1H, OH, J=6Hz), 5.14 (d, 1H, OH,
J=3Hz), 4.85 (d, 1H, OH, J=6Hz}, 4.1 (m, 1H), 4.0 (m, 2H + ethyl acetate),
3.65 (m, 2H), 1.95 (s, ethyl acetate), 1.14

25 (t, ethyl acetate).

Example 36

(38,5S,6R}-2-Bromo-5,6-dichloro-1-(tetrahydro-5-hydroxy-6-(hydroxymethyl)-
30  2H-pyran-3-yi)-1H-benzimadazole

bY



added in one portion. After 10 mn. at reflux, the yellow solution was

cool ed to roomtenperature, diluted with chloroform (75 m), and
washed with - sat urat ed aqueous sodi um bi carbonate (3 x 50 ml). The
organi c | ay V0886761 dried (sodiumsulfate), filtered, andPESHFFEHPI3EE ed
under reduced pressure, 15 affording 1.95 g (86% of the title corrpound "as

a brown gum vms;ﬁsmmsamchlormv(/tetm?vurd-srﬁydmxypsu(wdr@ﬁ%meﬂwyl)lH
(DVMSO-d6,,,200 MHz) [err 8. 45 ach 1 (m 1H),
(m 1H) ,2H-pysan3 gd)-mbmmld@zg@ (m 2H), 2.31 (s, 6H) 20 )

Eﬁidr giyrfg'tBl ?% Wﬁﬁ’%—@%)ﬂ& 863?1?6t e °(3r§/B f §¥,d|§§ﬂ
, 6R) - 5, §Tkrahkardr Lettdrs! 1%@1@7%&%@@?%@5&@58 &@d;f@gﬂygygg)gg A6

pyran 3-yl)-1H benzi m dazol € (part 1767 mol)

was 5 mmst), mmenylphbsphmetmmmn dt16ag,015. Bl(mmbl)awg%)%nacﬁ gtion of sodium
i n water f or hours at room

'f 2%2?2@9@5@% agote (Tﬁwnﬁe%ﬁﬂg %Vaﬂbﬁfé&?r]eﬁl Rew WQNQQ 38%n adj usted

The r osi BUAEETPaE et Qreq%‘rn?é%"% 857 AP s apipusg Yﬁc\ljgcuo,

fford |
28605813F2$’?'f"é”bﬁf§?r‘?? oD s T e bt Rl g PO sl | o1 ).

1H— NVR (abiizsthylicy zozlmarhM»lat[ee(Nqnchaizm ml7 1%381 mmdldsegz%) in 5. 07 (d, J=
& 1H, 4.26 (m 1H), 4.04 (m
1 3. fﬂ%"%ﬁﬁﬁém ml_&wﬁafjaf' ?M?r 30 mln The reaction pybgure wascd. for
a,
ey iy e, o T S, L
Exanpl e chloroform (308l SndRyashed witis bhtarsted dq@é@h@ BHARIH BIBaﬂSBnaJte
-(tetrahydro- 5 h dr oxy- 6- ydr oxyme 2H pyr an- 3-yl
H benzi vd The omnway@r Mt&scéﬂe@f(s()élgm Slﬂ%late) f!ltered and the
d 5- - 6-
Chyar oxs %@ﬁ ?V%Sffaﬁﬁ%‘?n rppeidet fﬁ%ﬁ&ﬁ% 'a {BhaHm Wasfragtedi ous
L 20.0
exanp! ewith 80 mt 0P80 t)eél]%daéé%'d&f B 1. (fhd ré&%hon]mﬁ&faor )

mol ) in absolute ethanol (20 m) was re que under nrtrogen 4 h at
was diluted with 100 ml of water and extracted with diethyl ether (4 X 100 mi).

The aqueous phase was concentrated and purified by flash chromatography

4. 81

on silica gel 60. The title compound was eluted with 5-25% methanol-
chloroform as a white solid (2.20 g, 65%); m.p. 197°C; 1H-NMR (DMSO-d8,

20 200 MHz) 8. 8.56, 8.09, 7.99 (s, each 1H), 4.92 (d, J=5.5 Hz, 1H), 4.87 (bs,
1H), 4.69 (t, J=6.3 Hz, 1H), 4.25 (d, J= 12 Hz, 1H), 3.91 (dd, J= 12.9, 2.7 Hz,
1H), 3.71-2.53 (m, 4H), 2.28-2.25 (m, 1H), 1.97-1.89 (m, 1H).

Anal. Calcd. for C13H14N203CI2: C, 49.23; H, 4.45; N, 8.83; Cl, 22.36.
25 Found: C, 49.31; H, 4.48; N, 8.80; Cl, 22.26.

b} (38,58,6R)-2-Bromo-1-(5-acetoxy-8-acetoxymethyl)-tetrahydro-2H-
pyran-3-yl}-1H-benzimidazole
To a stirred solution of (3S,58,6R)-5,6-dichloro-1-(tetrahydro-5-hydroxy-6-
30 (hydroxymethyl)-2H-pyran-3-yl)-1H-benzimidazole (part a of this example,
1.00 g, 3.47 mmol} in anhydrous pyridine (10 mi) was added acetic anhydride
(1.30 mi, 13.9 mmol). After 12 hours the reaction mixture was concentrated

bs



whi ch point TLC (silica gel plates devel oped with 5% net hanol - chl or of orm
15 indicated conplete conversion to |lower Rf product. 1 N sodium hydroxide
(2.10 ML) was added and the reaction m xture was concentrated under -
reduced pressure. The residual solids were chromatographed on _silica_ gel

60. The titWOBGPAund el uted with 10% net hanol - chl orof orm

foam after evaporation of solvents (0.60 g, 75%; mp. 130[err]C

[ er r] ] 39@91’3(%@&&{ ﬁ&es%@re %e@aé’&ahﬁ%% C}olh@nb"i@a(\@%asd&l %ﬁ\%nwz) [er r]

H) , 4 66(0(1115 nﬂrl)vaszamd((mlthlaegternal iea coolmg)(and tihe, mikturd3vas Againd Hz, 1H)

8 % 8 f’ﬂ% ﬁpof’ﬂ@?d w'thztglveﬂﬁa(ﬁleﬁtﬁ@&ehé apfd@%qm % 12T$espl s éH) 50. 41;

1 65, rebissdivelin ciforotpym @85 rfhapfieBfieg sysihshbig Wan iy sy 1100 <

- (t etsr al(ggdral Ssdtiuited ugtiedlny sodiupnisitinbiohate (50 ml) and brine (50 ml).

2H pyran 3-yl)-1H benzi nadazol e he title conpound was

pr epar ed hgomm layetwas dsied{pedium sulfate) thag sucmn-[ltered thrajighc ose- deri ved

o1 ) iR g e ey WS v P adersiel EVandRi R BE B | o

oot oo B REed Do fof an BB il solR ERidet Yoo nat of the

enant i orﬁesotuaaamﬁtms 36)id in anhydro@m&traf@dfofdranf(@ﬂ rﬂlmﬂﬁ&ed}\lzm C, 39.42;
H 3.31; 7.07; total halo Found: C, 39.70; H,
3. 430 Nunﬁeowtrqg%w %No@rem%ycwm@? (ésiﬂch 1@2 9,68@%9!)

3R 5R, 6-
E hydr ox%@gf@ ij?ggﬂoﬁltgﬂ é“‘@%?ﬁf‘o %}z"?g}‘@l’a@ g&&%&,@ﬁ@f@? E?{g%(afrsg)r(r%ound was
pr epar edo rdorhitenpigufd HiletedWwith BRICPORBANI (PHRI), and washed with

saturated aqueous sodium bicarbonate (3 x 50 ml). The organic layer was

1

dried {sodium sulfate), filtered, and concentrated under reduced pressure,

15 affording 1.95 g (86%) of the title compound as a brown gum which was used
without further purification; 1H-NMR (DMSO—dé, 200 MHz) 3: 8.45,7.98 (s, -
each 1H), 5.00 (m, 1H), 4.81 (m, 1H), 4.45-3.81 (m, 5H), 2.30 (m, 2H), 2.31 -
(s, 6H).

20 ¢ (38, 53, 6R)-2-Bromo-5,6-dichloro-1-{tetrahydro-5-hydroxy-6-
(hydroxymethyl)-2H-pyran-3-yl)-1H-benzimadazole

(38,58,6R)-5,6-Dichloro-1-{tetrahydro-5-hydroxy-6-(hydroxymethyl)}-2H-
pyran-3-yl)}-1H-benzimidazole (part b of this example, 0.80 g, 1.67 mmol) was
stirred in 1:1 methanol-ethanol (10 ml) with a solution of sodium carbonate

25 (0.200 g, 1.68 mmol) in water (b ml) for 5 hours at room temperature followed
by 2 hours at 60°C. The pH was then adjusted to 5 with glacial acetic acid
and the solvents evaporated in vacuo. The residual solid was siurried in
water, filtered and dried in vacuo, affording the title compound as a white
solid (0.500 g, 90%); m.p. 286-288°C; [«]20D 47.2° (¢ 0.125, 1:1 EtOH-

30 CHCI3); 1H-NMR (DMSO0-d6, 200 MHz) 8: 8.60, 7.93 (s, 1H each), 5.07 {(d,
J=4.4 Hz, 1H), 4.97 (m, 1H), 4.86 (t, J= 4.9 Hz, 1H), 4.26 (m, 1H), 4.04 (m,
1H), 3.74-3.39 (m, 4H), 2.18 (m, 2H).

tt



(exampl e 37), starting from L-glucose-derived 2S, 4-a-S, 7S, 8-a- R per hydro-7-
hydr oxy- 2- phenyl pyrano(3,2-D)1,3)dioxin ((Tetrahedron Letters, 1996, 8147
and references cited therein): mp. 98-99[err]C, [[err]]20D -23.2[err

0.28, EtOH):WO9/56764L NVR (CDCl 3, 200 MHz) identical to that BFLER st ¢

enantiomer (exanple 37). 20 Anal . Calcd. for Cl6H19C12N3CG3 . 3.0 H2O:
C, 45.08; H, 5.91; N, 9.86; d, 16.63. Found: C, 45.00; H, 5.87; N,
9.79;

(3R 4S, 5@% %def%éfwﬁé%éﬁgé% e, 3&"&'%@@ :N.47.87 whotgl dralogers -
E ::bédggxa QWZ)%?Fﬁg%,ﬁgfq%%{g){( ( (H?er f%ﬁ@ﬁ?ﬁﬁ@?ﬁ%ﬂ ‘?%H)%t hyl)- 30

t et rahydro- 5- hydr oxy- 2H pyran- 3-yl ) - 14 benzi m dazol e To a stirred
suspenS| on of (3S,5S,6R)-5,6-dichloro-1- (tetrahydro-5-hydroxy-

6-(h droxyrret hyl ) - 2H pyran-3-yl ) - 1H benzi m dazol e (exanple 36, 1.50 g,

4.73 rm%)? r%} M. of dry DMF at OC was added i m dazole (0.40 g, 5.68

nol ) f 8 y tert-butyidinmethylsilyl chloride (0.81 g, 5.20 mmvl ). The

it oo ERo ey o 2SR GERAMATER Iy SR BB 1) e o
or gani ¢ (hygrexymethyd)2i-kgymane3-yholH-benzimifiaicte filtered and the solvents were

renoved under reduced pressure. Purification by flash chromatography on
silica gel 60 eluting with 50% et hyl acetate-hexanes afforded the title

I TA B 38 G AT e b 5 5
711, i 2 S RSl oty g 1 0 (7

3 32 3 2xample, 2Ep0, 2089nmol)archeyclofropyl amine (ARitich, 850(mi, 20t0 . 0. 91 (s,
0. 97, Cal cd. for CI9H280 2N2CBSi

o 40 Hp '%%bg%’u"‘#%i*%g"gg??%“')dva@mﬂ@ggé gndengitregen foddih at, 52.20; H,
?3276R) g’%é? foinfirLc é@ﬂ@% geLpiates e‘pé'%p?‘{ with 8% mathagel-ehierofary | )
15 indicated complete conversion to lower Rf product. 1 N sodium hydroxide
(2.10 ML) was added and the reaction mixture was concentrated under

reduced pressure. The residual solids were chromatographed on silica gel
60. The title compound eluted with 10% methanol-chloroform as a white
foam, after evaporation of solvents (0.60 g, 75%); m.p. 130°C; [¢]20D +24.8°

20 (c 0.25, EtOH); 1H-NMR (DMSO-d6, 200 MHz) 8: 7.77 (s, 1H), 7.44 (s, 2H, ),
4.96 (d, J=5 Hz, 1H), 4.83 (t, J= 5 Hz, 1H), 4.66 (m, 1H), 4.22 (m, 1H), 3.92
(m, dd, J= 13.9 Hz, 4 Hz, 1H), 3.71-3.55 (m, 3H), 3.33 (m, 1H), 2.79 (m, 1H),
2.12-1.75 (m, 2H), 0.75-0.48 (m, 4H).

25  Anal. Calcd. for C16H19CI2N30 . 0.5 H20: C, 50.41; H, 5.29; N, 11.02; CI,

18.60. Found: C, 50.29; H, 5.29; N, 11.00; Cl, 18.66.

Example 38
30 (3R,5R,68)-2-8romo-5,6—dichloro~1-(tetrahydro-5~hydmxy-G-(hydroxymethyl)-
2H-pyran-3-yl)-1H-benzimadazole

b3



oxy) met hyl ) - 2H pyran- 3-yl ) - 1H benzi m dazol e To a stirred sol ution of
(3S,55,6R) -5,6-dichloro-1-(6-((tert- 20 butyldi methylsilyl)oxy)nethyl)-

t et r ahydr o- 5- hydr oxy- 2H pyran-3-yl)-1 H benzi m dazole (part a of this
exanpl e, 1.3& o %61'38 mmol) in 20 M. of anhydr ous net hylAgsmglsast de
at O[err]C 9 3/3 ed triethyl amne (1.50 M, 10. 74 mmol ) fol |l owed by

d i ddi.fi f th | f | ,chloride (0.4 M., 5.37 ).

The' r eac iU COTEPPHRE AR PrRPRISAES SFRHOBOH BHRTAIR, BRrtgHf o er (50 ML)
d ext Gfbedy I o)~ j ned

g? gaﬁixcr g(‘% ract séa\}ee??%’/aﬁgg’&@é% :é(/}{ I {/6( ﬁf%% t'tzfpg'? 83' pyrarféig%gﬁi um

chl ori de Dyne)dioxire((Tefahédrond etters, O06( 811 4T apd eefesatidstited thateéin):

Filtration and renoval of solvents under reduced Eressure af forded the

crude  mM.pn286+2878C( []8BD 0. 16 (20:82; 1! MeQH/GHGER); idk-NMBL{ED&IA. i n t ol uene
25 : ted wit , 8- di bj I . 4. 0] undec- 7- 1.40 M., 8.95
gn"ml ;Vg;naag Mhrzﬁaﬁfae‘ﬂg\%ﬂ&m?mltﬁéfoéfgg%n%ﬁ%m?éﬁ%'ﬁerﬁail 5r<(a was cool ed

to room tenperature, diluted with ethyl acetate (100 M) and washed

wi th saturated ~aqueous ammoni um chl oride (50 M.) then brine

(50 M) . Ahat Calgdnfoe C13H13BCIZNRO3: OL3R421id] 8.3 N 7107 ¢otal haloggh a pl ug of
flash silica itional ethyl acetate (50 M.), and

el , washing with add
ha® S0l VRS, 16:90. domst . 39. (i dbr3.45: N, 7.020lebalhalegan as Clat T 8bai ng 1. 30 g

(94% of the title conpound as a tan oil; 5 1H NWVR (DVMSO d6, 200 MHz)
[err]:8.39, 8.14, 7.98 (s, each 1H), 6.25 (bd, J=10.5 Hz, 1H), 6.10
(bd, 1¢=10.2 Hz, 1H), 5.15 (m 1H), 4.28 (m 1H), 3.84 (m 4H), 0.91
(s, 9H), 0.11, 0.97 (s, each 3H). c)

(3I?, 4S, 58xarmpld 306- ((tert-butyl di met hyl silyl)oxy)-tetrahydro-4,5- 10

di hydr oxy- -3-yl)-5,6-dichlorq-1H benzi m dazol e To a stirred
sol ﬁti on{ﬁ%ééggé’ Pﬁ:&qu@-(qyc n ?ﬁﬁ%m&éﬁpé%tf a .é@sghY@fOIX‘%l ) in

30 M. of P 31 -[Iaﬂ-éjf?z?n yl mor phol i ne N-oxi de (0.42 g,
3.45 m‘mf Is @o&r}gae bg{-/' @%&?WZ r oxi e&f(dg.sg]o M. of a 2.5% solution in

tert- butanol). The reaction was stirred 24 h then treated with an

additional 0.6 M. 15 of osmumtetroxide solution and stirred an
addi 13 onZheiflercomprundbwas peepared in thesame mannes @sdba enandamand

s
(157 e a0 e g, ity (1)
Hz, 1H), add 5&fefencebHitedahemeif)nm.pHH8-98°05[c(20D 128.2° & 028, BIOMY , 3. 66

1H), 3.48 1H), 0.90 (s, 9H), 0.96, 0.07 (s, each 3H).
(m 18 B [0, 200 Mz Renfloat to hat of the snantomes (eaxarmple 37).

20
Anal. Calcd. for C16H19CI2N303 . 3.0 H20: C, 45.08; H, 5.91; N, 9.86; C|,
16.63. Found: C, 45.00; H, 5.87; N, 9.79; Cl, 16.70.

25 Example 40
(3R,48,58,6R})-2-Bromo-5,6-dichloro-1-(tetrahydro-4,5-dihydroxy-6-
(Hydroxymethyl)-2H-pyran-3-yl)-1H-benzimidazole

a) (38,58,6R)-5,6-dichloro-1-(6-(({tert-butyldimethylsilyl)oxy)methyl)-

30 tetrahydro-5-hydroxy-2H-pyran-3-yl)-1H-benzimidazole
To a stirred suspension of (3S,5S,6R)-5,6-dichloro-1- (tetrahydro-5-hydroxy-
6-(hydroxymethyl)-2H-pyran-3-yl}-1H-benzimidazole (example 36, 1.50 g,

69



Anal . Calcd. for Cl19H28C 2N2O4Si . 1.0 H20: C, 49.03; H, 6.50; N, 6.02; d,

15.23. Found: C, 49.03; H 6.54; N, 5.98; d, 15.13. 25 d)
(3R, 4S, 5S, 6R) -5, 6-di chl oro- 1- (tetrahydro-4, 5-di hydroxy-6- . 0
(hydr oxymet hyw® 9886764, r an- 3-yl ) - 1H benzi ni dazol e A sol ut i JFTgFPos/338

(3R 4S,5S,6R-1-(6-((tert-butyl di methylsilyl)oxy)-tetrahydro-4, 5-

di hydr oxys i3 R in35 ML 6 dry DBl 00C was 88ded tﬂxi@éi@lbe(o(%ts.SBOf this 30
exanple, 1.08 g, 3.00 mol) in THF (100 ML) and "IN HCl (3 3 was stirred

over ni ght mnidty follewed mynteri-mutyldimethylsilyhchlotide (@81 @ 8§20 madoi.edher essur e
and the crude residue purified fl ash chromat ography on sj)ica gel 60.
The | Creaction was flleledhigWANT 16 FoRTB doTIPRFAGHSRECHANSTOGR 866t oom aq
white cryg: [ gl e LY AP QAL | 04 g, 88%;
wht e ol et GGAML) 4 IRV kRl OlOtOL 9043 g 5
each 1) , oy fafer wasdribdrtver Soliund sdffate, filteret andrthe. solvénts Were 4. 73 (d,
1H), 4.58 (m 1H), 4.15 (m 2H), 3.96 &;m 1 3.70-3.39 (m 4H).

.5
Anal . Cal retmovest ugisHedacedipoessure.s Puptication sflash chiomategraphy on 78, d

19.69. Foupd: C 43 63; H 0 7.53,, Q. 19.94. . 10,
(3R, 4S, 52&&#@ 9ol 60 8 rng,vgtmég?ﬂ %tpg[ q_c_ettat,?éfgn%ﬁdgggt rded the titls’ )

(acet oxy r p M| h I ind0 a
stirred rs]%% ’ﬁ%%ﬂa %? %ﬁﬂ%%0@229@52@| %ﬁﬁ%%ﬁyﬁ?g%ﬁgtﬁ?gﬁag‘n

di hydr oxymé@terintdmax v 155 °C; 2tH-pIMR DRSD)d6] BOD diEE)NS o 56) 8.00p800 d of this
exanpl e, 0.600 1. ' drous pyridi ne was added acetic

g, 80 nmmol)_ in anh (50 mé
15 iy ok eech 2HI490, (d2d=5.6 1 H)vd-88{mn A Hiok28 (T HleddT @M i xt ur o was

oesous ol EBR TN FLEBBLAEINAE SAEFRIA 200 LR AU TBY o) ana
the . {Y_bﬁﬂgg m@?;-gl?_g_ign (_gogmﬁqua’t@qrgv(g,téh&pg“gne (2x) until acetic acid

odor wa absent. ‘The oi |l was redissolved in chloroform (500 M) and
washed 20 successively with 0.1 N HCO (100 m), saturated aqueous sodi um

(sodi um shiale Calocier ¢ Tor2alENEE 4 8B RaRBEPRBE: (B BeM, of 11 ash
ili , | ] . X f A4, [ f th I

tnder' adtiead 1 oL dp20; 7 N BT, BRI 07867 o, L. 80 rmmol)
whi ch was di ssol ved i n anhydrous

b)  (3S,6R)-5,6-Dichloro-1-(3,6-dihydro-6-(({tert-butyldimethylsifyl)
oxy)methyl)-2H-pyran-3-yl)-1H-benzimidazole
To a stirred solution of (3S,58,6R)-5,6-dichloro-~1-(6-({tert-

20  butyldimethylsilyl)oxy)methyl)- tetrahydro-5-hydroxy-2H-pyran-3-yl)-1H-
benzimidazole {part a of this example, 1.51 g, 3.568 mmol) in 20 ML of

anhydrous methylene chioride at 0°C was added triethyl amine (1.50 ML,
10.74 mmol) followed by dropwise addition of methanesulfonyl chiloride (0.42
ML, 5.37 mmol). The reaction was stirred 10 minutes then poured into ice-
25 water (50 ML) and extracted with methylene chioride (2 x 50 ML). The
combined organic extracts were washed successively with saturated
ammonium chloride and brine (50 ML each), then dried over sodium sulfate.
Filtration and removal of solvents under reduced pressure afforded the crude
mesylate (1.83 g) as a white foam which was d@ssolved in toluene (25 ML),
30 treated with 1,8-diazobicyclo[5.4.0Jundec-7-ene (1.40 ML, 8.95 mmol) and
heated at reflux for 48 h, The reaction mixture was cooled to room
temperature, diluted with ethyl acetate (100 ML) and washed with saturated

b3



25 tetrahydrofuran (Aldrich Sure Seal, 15 m ), heated to reflux under

nitrogen with stirring, and N-bronosuccinimde (Adrich, .0.670 g, .
3.78 nmmol ) was added in one portion. After 10 mn. at reflux, TLC on
silica gel plates devel oped with 10% et hanol - chl or of or r?éq‘}ﬂ»p%ﬁ&ﬁg t he

reaction wasWO9%56np| ete. The yel | ow sol ution was cool ed to toom
tenperature, diluted with 30 chloroform (200 M.) and washed w th saturated
aqueous suieous @mraohivmachkloride (50 Mb) thaobiing (S0Tkk.).oTbairganiayer was dri ed

e T oo SO B
si | i ca_gelyofifbnaFLithi BBotitd (5020 12iBARE!sofVar Y Rl Bvaparatedf dipidfed a vel | ow

f oam after renobva fturation 1n and

fl | trati ead@eatpidssuie aﬂf@dmwneu@otga%)eommwecomahwas@walmu (0.98 g,
83%; mp. 196- 19w{err éDIVBOd % LG £ .27, 8.00 (s,
each S5 1HNMR (@ GZQQMHZ)Gﬁ 39:8 1M9%(81¢ap 1H)-6.26 (bd, 1H), 5.09

,(Ag]al s J—AE% bz B*bﬁ%%@&@nzhg@)? He ﬁi& szblg)ﬁpr ﬁé?ééghmegﬁgﬁgg% otal hal ogen

as o 1gmlﬁH)FQ9ﬁCts §H), 921 P.oT (s, 2akAi3Hy. S- 16; total halogen as O,

(3R, 4S, 5S, 6R) - 2- Brom) 5, 6- dICh| oro-1-(tetrahydro-4, 5-di hydr oxy- 6-

hyd hyl 3 H- d 3R 4S
R B b o RS e bigdert aumq%s;@ﬂsd@ﬁgm(tatsem&yrffeény|)

tetr ydr o- 2H- I this exanple, 0.810
28 1.53 %ﬁ%ﬁzﬁ%ym VB@% I F'( Bdidim agzﬁ'& (100 M) and
treat ed Wotéﬂstlrred saluﬁ@htdftwm@fnwh brafqnusluxamwe (1033-633014 rhpfol) ol ) i n
wat er (1OBEMI.Q§ ter h at room tenperature, LC anal ysi s indicated
agc

a single3 elosierwater (8 1 )wge|added%-mmorptwhnen\bbmds)(om@, pH was

avapor al é&fm&z‘@w aeniimerosi i BadMie 2% el W, uniit (ne
sol I ds A{orrfemé%c‘ﬁ nm;ageéhrl%u?4 Rinds kb&leadyfidn fg_dgnfgat 66 Muerm ght in

vacuoa et|t e conpound as a Ite sol 81 %;

m p. 12070269161111{1 [tehru&i:djé@&utxd:ﬁ&nﬁcstlﬂ'eﬂf‘an Eddim)nal mmwﬁhé mﬁmoue 200
M—Iz)8:830 8.28 (s, each 1 H), (d, J= 4.2
He, , mixtgige was cpacgntyated and ﬂmﬂ@twaph?d m)sﬂica gﬁéBPmT‘Wﬂe 4.33-4.00

57 855  Bepofr e85y btvanot iqretBih as it gl S oBr O 20201 C
H 3.2, bvafordfionio?salventd @ornga81%);, mig. 148-130°C; 1H-NMR (DMSO-d6,
200 MHz) §: 8.52, 8.01, 7.98 (s, each 1s), 5.49 (d, J=4 Hz, 1H), 4.68 (d,
20 J=6.7 Hz, 1H), 4.58 (m, 1H), 4.18 (m, 2H), 3.95 (m, 1H), 3.84 (m, 2H), 3.66
(m, 1H), 3.48 {m, 1H), 0.90 (s, 9H), 0.96, 0.07 (s, each 3H).

Anal. Calcd. for C19H28CI2N204Si . 1.0 H20: C, 49.03; H, 6.50; N, 6.02; Cl,
15.23. Found: C, 49.03; H, 6.54; N, 5.98; Cl, 15.13.

25
d) (3R,45,55,6R)-5,6-dichloro-1-(tetrahydro-4,5-dihydroxy-6-

(hydroxymethyl)-2H-pyran-3-yi)-1H-benzimidazole

A solution of (3R ,4S,5S,6R)-1-(6-((tert-butyldimethylsitylJoxy)-tetrahydro-4,5-
dihydroxy-2H-pyran-3-yl)-5,6-dichioro-1H-benzimidazole (part c of this

30 example, 1.08 g, 3.00 mmol) in THF (100 ML) and 1 N HCI (3 ML) was stirred
overnight. The reaction mixture was concentrated under reduced pressure

and the crude residue purified by flash chromatography on silica gel 60. The

Jo



30 Example 41 (3R, 4S, 5S, 6R) -5, 6- Di chl oro-2- (cycl opropyl am no) -1

- (tetrahydro-4,5- di hydr oxy- 6- (hydr oxynet hyl ) - 2H pyran 3-yl)-

H benzi m dazol e 80

A sol uti on o $88&764S, 5S, 6R) - 2- Bronp- 5, 6-di chl oro- 1- (tetrahyd 81‘/5?%8/033

di hydr oxy- 6- (hydr oxynet hyl ) - 2H pyran-3-yl )-1 H benzi m dazol e (Exanple 40,"

part e, tifle ¥dthsbund eldfedWith XO%WﬁxeﬁVa?ddll@hbeonﬁfﬁs@w}ﬁbdfryﬁblhné 50 M., 36 5

mmol ) in absolute ethanol (10 M) was refluxed under nitrogen for 24 h. 1 N

sodi urnt Isy{id,gaft&fé?vapovaﬁqﬂ %f soleenisl 05940, B8%h)k M.pad 60-I823Ck f bir-NMER s
ﬁﬁféf}gt :&awﬁ‘im%t% RO NHZEE 8 Bh B RU'G; %ﬁ%elﬁﬁﬁo‘?ﬁzé A 472 1006
3? 18”0525}; TR BG4 88 B A IS G2, BB (27050 1

y—y%lmg m, 4((] O d6, 200 M—lz) [err]: 7.65, 7.41 (s, each 1H), 7.37
(bs 1H) % 4.91 (m 2H) 4.36 (m 1H), 4.10-3.90 (m 3H),
3.69 (m 3H), 280(m 1H) 2.45 (m 1H), 0.72-0.51 (m 4H). 15

15 00, PuhCaleH. b CAPTCIANGGH 15615 0 g0 856 78 N 778, b ' 42 20
(3S, 4R, 3?9?6??) ﬁ?@@{@ 3dHcﬁgI6@r& Jigg@r?@gwo 4, 5-di hydr oxy- 6-

(hydr ox ran-3-yI')-1H benZim dazol e The title conpound
was prepared in the sane manner as the enantlorrer descri bed in exanple
40 startlngfrongIucose derived 2S,4-a-S, 7S, 8- -R 25

per k) dr @) 7- h{ARA8:5 QRWFW%@@CMO@‘!L(@?@@W@W etrahedron Letters,

1996, 8147 ad refere t rr]C, [[err]]20D

+175 (c %ﬁf)st ﬁﬁb%%@ﬁ%@%i@]ﬁh@?&&éa L@gs identical to

that of T‘ohgstnrred sSfﬂRiBh'd?'lERAS,sS,GR) 5,6-dichloro-1-(tetrahydro-4,5-
dihydroxy-8-{(hydroxymethyl)-2H-pyran-3-yl)-1H-benzimidazole (part d of this

example, 0.600 g, 1.80 mmol} in anhydrous pyridine (50 ml) was added acetic

15  anhydride (2.00 ml, 21.0 mmol). After 12 hours the reaction mixture was
concentrated under reduced pressure, coevaporating with toluene to a
viscous oil. Ethanol (ca. 5 mi) was added (with external ice cooling) and the
mixture was again coevaporated with toluene (2x) until acetic acid odor was
absent. The oil was redissolved in chloroform (500 mi) and washed

20  successively with 0.1 N HCI (100 ml}), saturated aqueous sodium bicarbonate
(100 ml), and brine (50 ml). The organic layer was dried (sodium sulfate) and
suction-filtered through a plug (3x4 cm) of flash silica gel 60, washing with
chloroform. Evaporation of the solvents under reduced pressure left an off-
white foam (0.867 g, 1.89 mmol} which was dissolved in anhydrous

25  tetrahydrofuran (Aldrich Sure Seal, 15 ml), heated to reflux under nitrogen
with stirring, and N-bromosuccinimide (Aldrich, 0.670 g, 3.78 mmol) was
added in one portion. After 10 min. at reflux, TLC on silica gel plates
developed with 10% methanol-chloroform indicated the reaction was
complete. The yellow solution was cooled to room temperature, diluted with

30 chloroform (200 ML) and washed with saturated aqueous sodium bicarbonate
(3 x 50 ML). The organic layer was dried (sodium sulfate), filtered, and

concentrated under reduced pressure. The crude residue was purified by

k4|



30 Anal. Calcd. for C13H3Brd 2N2O4: C, 37.89; H, 3.18; N, 6.80; total

hal ogen as C, 17.20. Found: C, 38.17; H, 3.24; N, 6.76; total hal ogen
as Cd, 17.13. Exanpl e 43 (3S '

, 4R, 5R, 6S) - 5| ;#Sg,;ylor 0- 2- (cycl opropyl am no) - 1- (t et r ahydr 0- 4, ¥T/EP98/03380

di hydr oxy- 6- roxymet hyl ) 2H pyran-3-yl ) - 1H benzi m dazole 5 The

title cogpound was prepared j.n th ape manner_as the epanti gner -
(exanpl efliddhc mﬁtpagﬁn'?}ycﬂﬂ ﬁ‘i'ﬁl‘ Q@ﬁ@@-- @W%M@ﬁg‘gw g@pﬁlmer hydr o- 7-
hydr oxy- LIQRfI t 96, 8147
and 1 of oI PG Rochn 2l feribiai o sveh TR{IRORTn g wate 70 5
MeCH) ;  Lbind HlratiiWRydveRfeditleZeinpdund aslawhiteadrystaliinbablid €@pOBigd i n exanpl e
41. Anal . Calcd. for Cl6H19CI 2N3O4 . 0.60 H20: C, 48.16; H 5.10, N
10. 53, OB3%); m.p1196-199P6uAH-NMR (MMSO-d6: 209 Wklz) & 8.27, BAO (a1 eachr. 65. 15
EXRTTE on T 8808 R oy ¥R 57 R i RS 08 Yo T} 4 55-

6- (hydro - leg - i m dazol e 20 A solution of

( 3(S, ZR, 5%”(?3'#%5%);’ gﬁoﬁg%ﬂdﬁg%ﬁl(%'r%dé? (t'et rahydro- 4, 5-

di hydr oxy- 6- (Hydr oxynet hyl ) - 2H pyran- 3-yl ) - 1H benzi m dazol e (Exanpl e 42,
0.328 g, 0.795 mmul) in isopropylamne (10 m) was heated to 100 oCin a
seal ed t Hpal. &alghifghe 19H 1 RBEIdNSA 1 fo 4 d U 1. HOBN -2 Tnietalhilegeming ¢ he

Cori ds Bl Shot-Bha SoPdphe e aR: BF B N o R OB BB G A3 el e

W t hj@?- 10% net hanol -chl oroformas a white foam after evaporation of
solvents (0.15 g, 5199 ; mp. 122[err]C, [[err]]20D -23.6 (c 0.25, MOH);
IHNWR )  ((OR45dE3,6R)@- 0-8,6rdishlorg-13et(ahydeadib-tiydraxyi8- (bs, 1H),

504 () (3t ety o9 Pof Bt e el - 4 147261 (m 7. 122 (d,

(3R,48,58,6R)-2-Bromo-5,6-dichloro-1-(4,5-diacetoxy-6-(acetoxymethyt)
tetrahydro-2H-pyran-3-yl)-1H-benzimidazole {part e of this example, 0.810 g,

15 1.53 mmol) was dissolved in 1:1 methanol-ethanol (100 ML) and treated with
a solution of sodium carbonate (0.163 g, 1.53 mmol) in water (10 ML). After
0.5 h at room temperature, TLC analysis indicated a single new spot (silica
gel, 10% methanol-chloroform). The pH was then adjusted to 5 with glacial
acetic acid and the solvents evaporated in vacuo. The residual solid was

20 slurried in water until the sofids were free-flowing, then suction-filtered and
dried overnight in vacuo affording the title compound as a white solid (0.510
g, 81%); m.p. 207-209°C; [a]20D -162° (¢ 0.26, EtOH); TH-NMR (DMSO-d6,
200 MHz) 6: 8.30, 8.28 (s, each 1H), 5.26 (d, J= 5.5 Hz, 1H), 5.13 (d, J=4.2
Hz, 1H), 5.05 (t, J= 4.7 Hz, 1H), 5.04 (m, 1H), 4.78 (m, 1H), 4.33-4.00 (m,

25  3H), 3.84-3.68 (m, 3H).

Anal. Caled. for C13H13BrCI2N204: C, 37.89; H, 3.18; N, 6.80; total halogen
as Cl, 17.20. Found: C, 38.08; H, 3.2; N, 6.86; total halogen as Cl, 17.15.

30 Example 41
(3R,4S,58,6R)~5,6-Dichioro-2-(cyclopropylamiho)~1-(tetrahydro-4,5-
dihydroxy-6-(hydroxymethy!}-2H-pyran-3-yl)-1H-benzimidazole

¥z



Anal . Calcd. for C16H21CI 2N30 . 0.30 H20 . 0.20 EtOH C, 48.82; H, 5.66;
N, 10.17; d, 17.16. Found: C, 48.84; H 5.69; N, 10.08; d, 17.07.
Exanple 45 .

()-trans-2- (WOBB/S6T6L 5, 6- di chl or o- 1H benzi mi dazol - 1- yl ) cycl oh&&AFEP8/03380
a) ()-trans-2-(5, 6-D chl oro-1H benzi m dazol - 1-yl ) cycl ohexanol

5, 6- D chl or obenzi m dazol e (Townsend and Revankar, Chem Rev. 1970,

70: 389, and references cited therein) (5.00 g, 26.0 mmvl) was dissolved in

N, N- di meA Bplutionof (BRe1S,6S,6R))-2-Bromeds)Bdictiymdr1-etrafipdross 5- di sper si on, 50 10
) was added. The sol ution was heated to 145 err] and cycl ohexene oxide

(Al dri crdlhvd@xyﬁ-@wdrﬁmn)etma,—?abmé@n&ywbbbenzm azola (EXanapled, The

2 b, L?Qp%%ﬁ 0.900 d B HAE eh gt o PRraRE by Bfe g saMinas o g ve.
titlheg ﬁa%%oﬁité”éthanol £13(§ NAY A fs r@ﬁ@x&?%d&&%ﬁm &h Ror 2743% 43glerr]C 15
Anal or Cl13H14C 2N2G C, 54.75; H, 4.95; 9. 82; 24. 86.

Found: Qodfwngwmxlda (@73 mi) waassided| andthegaaction mtxtut@ was

()-trans-2-(5 D ch oro 1H benzimd cl ohexyl Acetate 20
()- trans‘loﬂcégfrﬁteﬁ ef7eddceq pEssLe. aﬁ’i%f&si‘y“%‘ bdWBFR xanol (part a of

t hi hydri d 3
i pyr i RBrEpnd onfkicaTaal B il MipShhd WES keI T0% M < he-
resi due réihanbi-6flefbform asleiviie foarm| aitarf svaporitibnsetisohvings! ((MG@@JS sodi um
bi carbonate. The chloroformsolution was filtered throu

Cel il0e/ @b} dalp. 244°C (derampasition); R20R3i+6e4 (¢ 0.25, MeduAt-NMRN of f-white

CisteopRESi 20baMbi o1 63; 447 & a4 .37 (s, 1491588 . Fequna:
(5)5 t1r5ans %46'2‘8’%%%5@?@ quh?ﬁgaog%?k(%‘é%gl)n?gg%‘l’ §‘Il)l%/‘P9c(§/r‘CI1gnéxyl

Acet at e 2.45 (m, 1H), 0.72-0.51 (m, 4H).

15  Anal. Caicd. for C16H19CI2N304 . 3.0 H20: C, 43.10; H, 5.74; N, 9.42; Cl,
15.90. Found: C, 43.27; H, 5.56; N, 9.37; Cl, 15.64.

Example 42
20  (35,4R,5R,6S)-2-Bromo-5,6-dichloro-1-(tetrahydro-4,5-dihydroxy-6-
(hydroxymethyl}-2H-pyran-3-yl}-1H-benzimidazole

The title compound was prepared in the same manner as the enantiomer
described in example 40 starting from L-glucose-derived 2S,4-a-S,7S,8-0-R~
25  perhydro-7-hydroxy-2-phenylpyrano(3,2-D}1,3)dioxin {(Tetrahedron Letters,
1996, 8147 and references cited therein): m.p. 207-208°C; [«]20D +175 (c
0.25, EtOH); 1H-NMR (CDCI3, 200 Mhz) data was identical to that of the

enantiomer.

30  Anal. Caled. for C13H13BrCI2N204: C, 37.89; H, 3.18; N, 6.80; total hatogen
as Cl, 17.20. Found: C, 38.17; H, 3.24; N, 6.76; total halogen as Cl, 17.13.

3



(+)-Trans-2-(5, 6-di chl oro- 1H benzi m dazol - 1-yl ) cycl ohexyl acetate (part b
of this exanple, 6.62g, 20.2 nmmol) in tetrahydrofuran (120 m) was
refl uxed whil e N-bronosuccinimde (7.20 g, 40.5 nmol) was added in
one porti ONyq gessreiRef | UX was continued for 10 minutes. The peyiphed3sRS
cool ed and dlquted6 5 with chloroform (200 m). The chloroform solution.
was extracted w th aqueous sodi um bi carbonate, then water, and dried"
(sodium sul fate). Evaporation of vol atiles in vacuo left white
crystals, eigter trituration fromethyl acetate - hexanes (5.77 g,
70%, mp. é[?‘err]C 10 Anal . Cal cd. for C15H15Brd 2N2Q2: C,
44.37; H, 3 K 19. Found: C,
44.41; H, 3. §2'4E%P66§Z%6tg§8§6 roZScyclopropyla%d)gﬁ(leﬁétéﬁro-@Q- d)
()-Trans- Zﬁmbm{ﬁy@mm&twim&-pwmmﬂﬂmmtheycl ohexanol 15
()-Trans-2-(2-brono-5, 6-di chl oro-1H benzi m dazol - 1-yl ) cycl ohexyl acetate
(part cSof this exarrple 500 ng, 1.23 mmol) was dissolved in nethanol half-

saturat ed Wil ABEbAu Plvallorepdel i B AT IAbid bl dratflofer” 0O

t enper at ur 0 our were evaporat e resi dual
solid recru(éia%? stamngfffmr@w@muewdezsum@ 78, 8diR-perypodnd as
white crystals (350 , 200 mp. 186-188[err]C 1H NVR (DVSO d6, 200
MHz) [err] hy&r(ﬁ&-Z-ﬁhéGylpym(&.z-@ﬁc@dmxm ((Tetrahedrondettersc)996484947 (d, J =

Anal szallc@ndff&fef@l%ﬁﬁ%'ﬁﬁcgh?@@) 004NN 20n, 4% 25 By By iCD)
hal ogen {\&R &%&% zggwﬂ%‘g identieat t%gm?{_k%eﬁéd lﬁ\lexgngile gjotal haI ogen

as d, aratlon 0 ant’ioners of

()- Trans 2 (2- brono- 5, 6-di chl or o- 1H benzi m dazol - 1-yl ) cycl ohexanol 30
The enantionmers of (+)-trans-2- brono- 5, 6-di chl oro-1H benzi m dazol -

yl)cycl ohe)@mahICaled.é‘osQﬂﬂ"dtg&ﬁfm B0 H2Qs o e 13 Hcb.dRi Nat 0,58, €,

strunent yspigea, 2 o GEAPEIESR] hod3, B g8, cof um (Chiral Technol ogy

15
Example 44
(3S,4R,5R,6S)-5,6-Dichloro-2-(isopropylamino)-1-(tetrahydro-4,5-dihydroxy-
6-(hydroxymethyl)-2H-pyran-3-yl)-1H-benzimidazole

20 A solution of (35,4R,5R,68)-2-bromo-5,6-dichloro-1-(tetrahydro-4,5-
dihydroxy-6-(Hydroxymethyl)-2H-pyran-3-yl)-1H-benzimidazole (Example 42,
0.328 g, 0.795 mmol) in isopropylamine (10 ml) was heated to 100 oCin a
sealed tube overnight. 1 N sodium hydroxide (0.80 ml) was added and the
reaction mixture was concentrated under reduced pressure. The residual

25 solids were chromatographed on silica gel 60. Title compound was eluted
with 2-10% methanol-chloroform as a white foam, after evaporation of
solvents {0.15 g, 51%); m.p. 122°C; [«]20D -23.6 {c 0.25, MeOH); 1H-NMR
(DMSO-d6, 200 Mhz) & 7.59, 7.39 (s, each 1H), 7.15 (bs, 1H), 5.44 (m, 1H),
4.90 (m, 2H), 4.39 (m, 1H}, 4.14-3.61 (m, 7H), 1.23 (d, J=6.4 Hz, 6H).

30
Anal. Calcd. for C16H21CI12N30 . 0.30 H20 . 0.20 EtOH: C, 48.82; H, 5.66;
N, 10.17; Cl, 17.16. Found: C, 48.84; H, 5.69; N, 10.08; Cl, 17.07.

.



Inc., Exton, Pennsylvania). Using a nobile phase of 90% hexanes-10%
| sopropyl aI cohol and a flowrate of 6.0 mM/mn, the enantioners were

el ut ed ention tinmes of 10.40 and 13.68 mn. Frac
contai ni ng eﬁ&ﬁgﬁ} were pool ed and sol vents evapor at edﬁt’%ﬁ?%tuossso

enanti omer was.shown to be 5 free of the other by analytical chiral HPLC-
on an anal ytical Chiral pak AD anyl ose colum (Chiral Technol ogy Inc.,
Ext on, Pennsyl vania). The enantionmer with d retention tinme of 10.40
mn was | soExaegle 48t er evaporation of solvents and drying at 0.1 mm
Hg, as white powder, mp. 206-207[err]C 1H NVR (DMSO-d6, 200 Mhz)

i dentical with that of the racemate described in 10 part d of this

exanpl e. (-%rans-z-(zﬁr&%% G%tﬂéro-f AlbelnithiiaR0 SRidiondeatigp hexanes: C

44.95; H, 4 total hal ogen as ound: C,
45.00; H4.02; N 7.26; total halogen as d, 27.59. 15 The

t] i th t ent |ated, aft
ovapor at | onab s GINEREC-GE-UIFIPIY Brben Azl MY dRheEader . m p. 201-
202 G h { t
descr 1 bed | osRTcpoRpifftaztft) fifisehd i RBvaritar Chift R%&ﬁg‘éof for
C13H13Br d 27@'@89 and PSfehsntaaesited therén)46.00, 26. Glnmol wasN;hssoWe@in t ot al

hal ogen as O, 27.37. Found: C, 45.67; H, 4.13; t ot al
hal ogen as N-di’metbwy!formazrmdeﬁﬁérml)@ndesodrum hydnde (60% ou dzspersnon 50

()-trans- 2- 6- D|c claopro nQ) i henz dazo
V1] cyel Bhexmayas added. T sofuffontas Beafbehia s} Bpdilish8he oxide
H ben2| m d 09,
> 46 ol ) GRS B 26 RSN we i poltphS BreF s hpurd Hife Soluford?,
et hanol ( 15w§§ heliralizbdoaits 1 N hgdsoohidricacidend eeptateddola purple dbikhdi um
hydroxide (2.4 nl) was added. The residual solid was crystallized

The solid was recrystallized from ethanol to give titte compound as pink

crystals (12.55g, 88%); m.p. 236-238°C.

15
Anal. Calcd. for C13H14CI2N20: C, 54.75; H, 4.95; N, 9.82; CI, 24.86.

Found: C, 54.91; H, 4.84; N, 9.80; CI, 24.93.

b) (¢)-trans-2-{5,6-Dichloro-1H-benzimidazol-1-yl)cyclohexy! Acetate
20  (#)trans-2-(5,6-Dichloro-1H-benzimidazol-1-yl)cyclohexanol (part a of this
example, 6.25g, 21.9 mmol) was stirred in acetic anhydride (3 mi)-pyridine
(50 mi) for 18 h. Volatiles were evaporated and the residue partitioned
between chioroform and saturated aqueous sodium bicarbonate. The
chioroform solution was filtered through Celite/charcoal and evaporated to
25 give title compound as an off-white solid (6.92 g, 97%), m.p. 145-147°C.

Anal. Caled. for C15H18CI2N202: C, 55.086; H, 4.93; N, 8.56; ClI,
21.67. Found: C, 55.15; H, 4.88; N, 8.64; Ci, 21.77.

30 ©) (£)-trans-2-(2-Bromo-5,6-dichloro-1H-benzimidazol-1-yl)cyclohexyl
Acetate

Edy



from et hanol -water to provide title conmpound as off-white powder (0.56 g,
67%, mp. 149-151 [err]C, 1H NMR (DVMSO d6, 200 MHz) [err]: 7.55,7.39 (both
S, each 1,2 aromatic CH), 6.90 (m 1, NH),.4.73 (d, J = 5.2 Hz, 1,

o, 413 2,0CH and NCH) 2.8-2.65 (m 1, CH\H),
By (m Hopssl L OTE OUE (i 4.2 cyel ophopyl 042)%’&"1‘1’9%’°%9

Anal . Cal Cd for C16H19C| 2N30 C, 55.89; H 5.69; N, 12.22; d, "~ 20.62-

Found: C, A
ot C S beteiB s e iroal ot seoOPAAT

cycl ohex andmsnexamnb 6829, 2@)2 l(nmed) inatrahydrofuran (120 mtl) was refluxed

3R*) - 3- (4, 5 or 0- 2- n|I Johex c,e .Di acetate
([err])- ( 1Awhi ezg*bmms)“ SeniRid k@@h@éﬁ’é’\‘/‘ﬁ) qﬁ“%%rwm Be
(Tetrahedrqg Refiux gﬁkgggﬁﬁée&ﬁﬁ% rAhute’d The ddhutibh Was d8ofed B %lld’t@& refluxed

in t-butyl m) wth anhydrous potassium carbonafe

(Al dricls, laﬁ;tﬁcmoréfoﬂd:?(zomrm d‘shé?@%romm amidttdn Wad-extractddowith agoebupbenzene
(9.10 g, 39 mmol as 97% f atiles were evapgrated and the

resi due chr@dﬂ#m@iméﬂa@nt@ﬂ W@@"g%’ﬂd dried (SQQ“{IWSHKBWI){ vapgration of

30% - af t crvaingies o VAGTtel el AR otk 8y gpetgf ™ 7T O

stirred in pyEndisns 7749, 70%), mpces7aeardydride (8.4 nl) for 2 days.
Vol atiles 25 were evaporat ed and the residue chronat ographed on silica

gel. Title conpound was eluted with chloroformto give, after
T, b, 176 /s Gaca: Tor C1SHARTCINBOEE 537 Ho AT L o Ot 44§°42’
H 448, N 6. 9%,8en 46 (1 %26.38. FOURE: cC44.21; R%3.65" N6.84; tdtal faidgen ©

17. 41.
as Cl, 26.19.

d} (£)-Trans-2-(2-bromo-5,6-dichloro-1H-benzimidazof-1-yl)cyciohexanol

15  {#)-Trans-2-(2-bromo-5,6-dichioro-1H-benzimidazol-1-yl)cyclohexy! acetate
{part ¢ of this exampfe, 500 mg, 1.23 mmol) was dissolved in methanol haif-
saturated with ammonia (at 0°C) and the solution stirred at room temperature
for 18 hours. Volatiles were evaporated and the residual solid recrystallized
from methanol-water to give titie compound as white crystals (350 mg, 78%),

20  m.p. 186-188°C; 1H-NMR (DMSO-d6, 200 MHz) é: 8.23, 7.93 (both s, each 1,
2 aromatic CH), 4.99 (d, J = 4.7 Hz, 1, OH), 4.3-4.1 (m, 2, OCH and NCH),
2.4-1.3 (m, 8, 4CH2).

Anal. Calcd. for C13H13BrCI2N20: C, 42.89; H, 3.60; N, 7.70; total
25 halogen as Cl, 29.21. Found: C, 42.99; H,3.68; N, 7.61; total halogen
as Cl, 29.14.

e) Separation of the Enantiomers of (x)-Trans-2-(2-bromo-5,6-dichloro-
1H-benzimidazol-1-yl)cyclohexanol

30 The enantiomers of (+)-trans-2-(2-bromo-5,6-dichloro-1H-benzimidazol-1-
yl)cyclohexanol were separated on a Rainin preparative chiral HPLC

instrument using a 2 cm Chiralpak® AD amylose column (Chiral Technology

*L



b) ([err])-(1rR*, 2S*, 3R*)-3-(5,6-D chloro-1H benzi m dazol -1-yl)-1, 2-
cycl ohexanedi yl D acetate ([err])-(1R*, 2S*,

3R*)-3-(4, 5- hl oro-2-nitroanilino)-1,2-cycl ohexanediyl ' e
(part a of Yvﬁ é%érrpl e, 5.65 g, 13.9 mmol) in n-propanol (ZEST&AP?&E%E&
shaken with Raney nickel (A drich, ca. 0.50 g) under hydrogen (50 psi) -
for 2 h n %W\Qé}l I f eft the 5, 6-
di am nobenmé %)Et'og‘ géﬁﬁ erm%?é{géﬁggﬁﬁ%?ﬁ?i %o%q%engéggbr#) and 4
drops of "@‘o??ﬁﬁ&ﬁlddhbl andai fibwveate of 6o thi/amid, theceremitiomers wasrerelitédat r oom
t enperature days. Vol at| | es were evaparated in vacuo and the residual

10 materi anthBtﬂﬂﬁlpBém&ﬁ] eli1®A0and t3168 anin. rradtigns spptaining eachdaeali th 2%

T e Sl P 83y Si s bbanas S ffidnerigEd sy 1651 e C
18.41. s géela;g;% Gther BySnalyticafietlital HWLG oh’an Shalytical Thiralak® AD C)

()-(1RrR*, 3-(2-Brono-5, 6-di chl oro-1H benzi m dazol -1 -yl)1 , 2-

cycl ohexang a}ds&mahe(%srai Tect(r)olaégwnc JABton, Pennsylvama) The
3R*)-3-(5,6-Di chloro-1H benzj m dazol cycl ohexanedi yl
di acet at e epantiorpenvith @ re %@Hﬂ!@e °§1§é‘%d‘"mwe isaiated, SNRARArEYYT ved in

dry N, N-di . 6

ni %/rogen V\ﬂ”ﬁ;@%ﬁétgram&ﬁlgf%%‘l (Fiﬁwhﬂéﬁg%n%%p 586.00 eg-lq

portions Okw] 5@M9®Jd@t Qbemmﬁeemwmttndt mﬂhéaswnawhéémbeasndue was
chromat ographed on silica gel. Title conpound was eluted wth ethyl acetate

as an tgf - paittdeofghiscanigleds g, 499, mp. 71-79[err]C. 25
Anal . Calcd. for CL7H17BrCl 2N2O4: C, 43.99; H, 3.69; N, 6.04; total
hal ogen as C, 22.92. Found: C, 44.04; H, 3.83; N, 6.01; total hal ogen

as G, 22.85.

3R*) - 3 (2- Brom)Aég%C%\%%Iféegﬁ%ﬁ?gg@?m%)azo]z? ?_hﬁ)samfs C. 44.95; H, 4.25;
cycl ohexangdi ol 731 total halogen as Q[ 27.74) -Rolurd; C285,00; H,4.02; N, 7.26;
3R*) - 3- ( 2- Br ono- 6- di chl or 0- 1H benzi m dazol- 1- yl)-1,2-

cycl ohexanedi yl tc&alahﬁé@gma%&ﬂ? 89%f this exanple, 700 ny, 1.51 mol) was
di ssol i;fd in ethanol (12 m)-nethanol (12 m)-water (3 m). Sodium
car bon

- The enantiomer with a retention time of 13.79 min was isolated, after
evaporation of solvents and drying at 0.1 mm Hg, as white powder, m.p. 201-
202°C; 1H-NMR (DMSO-d6, 200 Mhz) identical with that of the racemate
described in part d of this example.

20
Anal. Calcd. for C13H13BrCI2N20 . 0.285 hexanes: C, 45.46; H, 4.41;
N, 7.21; total halogen as Cl, 27.37. Found: C, 45.67; H,4.13; N, 7.17,;
total halogen as Cl, 27.07.

25 Example 46
(+)trans-2-{5,6-Dichioro-2-(cyclopropylamino)-1H-benzimidazol-1-

yljcyclohexanol

(£)-trans-2-(2-Bromo-5,6-dichioro-1H-benzimidazol-1-yl)cyciohexyl acetate

30 (Example 45, part ¢, 1.00 g, 2.46 mmol) and cyclopropylamine (5.0 mi} were
refluxed in absolute ethanol (15 ml) for 3 days. The solution was cooled and 1
N sodium hydroxide (2.4 ml) was added. The residual solid was crystallized

3



(160 ng, 1.5 mmol ) was added and the m xture was stirred vigorously for 3
h. 5 Volatiles were evaporated in vacuo and the residual solids were

slurried in wat er. The solid was recrystallized fromethanol to-give
title conpoyylledssre: white powder (260 ng, 45%, mp. 197; '\

dec.: 1H NVR (DWED 6, 200 Miz) [err]: 8.26 and 7.92 (%%'?’ﬁﬁ@?d&esgch 1,
2 aromatic CH),. 4.84.6 (m 3, OCH and 20H),.4.26-4.20 (m 1, NCH),

4.17- 3. 98 {rBin dthafblElvate? 1@ rovid@tifercorhpoin® ad Off-wiil) povid g4, (m 4, 2
CH2), 1.60-1.53 (m 4, 1, 1/2 CHMZé Anal . Calcd. for
C13H13Br O 8KBjom.fe, 14941 54°C; AH-NMFS (DMSOrd6,720Q MHg) 5: 7.85, 7.39 (both 8 ogen as

G 37 95,9 1.2 araate NP0 N D AT BRRHE S e 08,
3% -3 ( 2 BhosoBHand NCHI2ER 85qm. 10k, 2.21a%pand 118-1:2m, 8, 4

, 2-cycl ohe enantioners of )(') - (1R

3R*) - 3-5 2- GH2)0.359-.45 ¢inl, 41 B -c§tlopropyl CH2).

benzi m dazol - 1-yl ) -1, 2-cycl ohexanedi ol were separated on a Rainin 20
preparative chiral HPLC instrunment using a 2 cm Chiral pak AD anyl ose

colum (Chiral . . t Adr.- b Bg. @ obi | e phase
of 90% hexanes-%Sg%i%y%ﬂpgfsg?%‘?&k}aﬁ@gﬁé'ﬁvﬁ'g%'ehjéﬂ'ggoéh /mn, the
enant i onersp\ger e el UFhdvict, /68.80;eM6178) N, i12622: @1, 28,628 and 19. 25 nin.
Fractions containing each peak were pool ed and sol vents evaporated. Each 25

enanti omer was shown to be free of the other by analytical chiral HPLC on

an anal yti cal Chiral pak AD anyl ose colum (Chiral Technol ogy Inc.,
Exton,10 Pennsyl vani a). After evaporation of solvents and drying at 0.1
nm Hg, bot p!e@;ﬂantiomsrs were isolated as white powders, mp. 200C
dec.; 1 H (DMSO-d6, 200 Mhz) identical with that of the racemate

descri bed i(8)-gR*" 28* (BRYB-(2-Brame:Gebrdichloro-1H-bendimidgrob-148)-1,2-
([err])-(1r*, 2S*,

3R*) - 3- [ 5, eyaphanasediop- (cycl opr opyl ani no) - 1H benzi ni dazol - 1- yl]-1

, 2-cycl ohexanedi ol ()-(1R*, 2S*,

3R*) - 3-(2-Bronp-5, 6-di chl oro-1H benzi m dazol -1-yl)-1,2- 5 cycl ohexanedl yl

di acetpf e 41164 pay.(1Rr ORSTBR*)-3408-Dichlope2omiitbaniling)- 1R syclohexanedigh ed as in
exanpl e 46.” The sol uti on was cool ed and 1 N sodi um hydr oxi de
Diacetate

(+)-(1R*, 28*, 3R*)-3-Aminocyclohexane-1,2-diol hydrochloride (Tetrahedron
Letters 1984, 25: 3259) (6.42 g, 38.3 mmol) was refluxed in t-butyl alcohol (50
mi) with anhydrous potassium carbonate (Aldrich, 16.2 g, 0.115 mole as 98%)
20 and 1,2 4-trichloro-5-nitrobenzene (9.10 g, 39 mmol as 97%) for 2 days.
Volatiles were evaporated and the residue chromatographed on silica gel.
Elution with 1% methanol-chloroform gave the major product as a yellow
powder (4.77 g, 39%), after crystallization from ethanol-water. This material
was stirred in pyridine (45 mi) - acetic anhydride (8.4 ml) for 2 days. Volatiles
25 were evaporated and the residue chromatographed on sifica gel. Titte
compound was eluted with chloroform to give, after crystaliization from ethyl
acetate-hexanes, orange crystals (4,30 g, 71%), m.p. 178-180°C dec.

Anal. Calcd. for C16H18CI2N208: C,47.42: H, 4.48; N, 6.91; Cl, 17.50.
30 Found: C, 57.50; H, 4.47; N, 6.90; CI, 17.41.

¢



(one equival ent) was added. Volatiles were evaporated in vacuo and the
residual solid was crystallized fromnmethanol to provide title conpound as

of f - wh er (271 ny, 76%, mp. >250[err]C, 1H NVR (DVMSO d6, 200
M) [err]: %5’98;%8%@ 7.44 (both s, each 1, 2 aromatic CH), 7PEHEBY#S30,
L _NY,.4.66 (d, 3 6.2 He, 4.56 (d, J = 2.7 Hz, 1,

3.9 (m 2 NG+ Vet W] {m 6 3 co).
0 9520, 48 (lr’r? (%n%§ gﬂié 32ﬂopyl °'(°n11'§]b°" azdl ﬁly'}'&?ﬁ f or
Cl6H19C ZNB@CI&;QWWI Dtbcéiatw N 11. 83; CI 19 69. FOUI’ld C,

53.81: H,5.44: N
([err])- (1Rfi)‘2($R*.423’) 3R*a-§(ésmfﬁommmmm1b%mlﬂhmdiyj - 20

| | oh d
{Ref}f) f{ % BSRE [IArE 0 of this exar Tt 5,95 8.1 39 PMA Y RIPROALIZSY. whe
( |
25" (5 5 ?ﬁ*’?g%B?‘%%‘*‘%?“W’?‘Sﬁ‘éﬁ?'%m“’r??%ﬁ BfdrobBn (50 Bsl)y oM e,
75[err] C. Tfmeﬁh(ﬁlltmﬁohdhmugﬁ Céelﬂeandmpo-tlamcﬂs@&eﬁﬂle@thﬁ%63 ][rm)l)l ihn
| ONn S Sstirre or r.

hens"S. { C LepmimehanaicreoiBmegiala. TiothylprBelonats CamAN and { he
eact i on g cabl e ho Bk i A\ire Bt o R S ESRESERLPT 200 1. O

N 30 sodi I OXI extracte acet at e,

dried tehigeraiues 661 2/ dags! Vaolakes Weré %Klﬁﬁorawm@m@rﬁrfcﬁmé&esﬂ%! resi due
was purified by col umm chromtoraPTy eluting with ethg
t @% (7.46 g,

acet at elbhexmaterial chmategmphed on silica gel. Title cqmpoundc elutasbwit

[ort] s o7 Betprokplhyf pdtarg 88 B 18I 87 5550 . YEB-462%C ) 03 10

(s, 1H), 2.36 (d, 1H, J = 7), 2.09 (m 2H), 1.89-1.81 (m 2H), 1.57-
1.48 (m 1H), 0.95 (t, 2H, J =8), 0.01 (s, 9H); M5 (ES) MNa = 264. 5
(b) (O)-(1Rv, 3S«ma|582)cd(aarmmmwmamommmmmwm)?(zu,z;r,avneu,hw-

hexahydr o- bfanﬁ_? 1, 3- d'é’d%' 5y2 ani nd{e_lgmN 17 Cl 18 35 5R*)(2-nitro-4, 5-
15
c) (£)-{(1R*, 28*, 3R*)-3~(2-Bromo-5,6-dichloro-1H-benzimidazo!-1-yl)-1,2-
cyclohexanediyl Diacetate
(£)-(1R*, 28*, 3R*)-3-(5,6-Dichloro-1H-benzimidazol-1-yi)-1,2-
cyclohexanediyl diacetate (part b of this example, 1.58 g, 4.10 mmol) was
20 dissolved in dry N,N-dimethylformamide (6.4 ml) and maintained at 65°C
under nitrogen while N-bromosuccinimide (1.46 g, 8.2 mmol) was added in 2
portions over 1 h. Volatiles were evaporated in vacuo and the residue was
chromatographed on sifica gel. Title compound was eluted with ethyl acetate
as an off-white powder (0.95 g, 49%), m.p. 71-79°C.
25
Anal. Calcd. for C17H17BrCI2N204: C, 43.99; H, 3.69; N, 6.04; total
halogen as Cl, 22.92. Found: C, 44.04; H, 3.83; N, 6.01; total halogen

as Cl, 22.85.

30 d) (F)-(1R*, 28*, 3R*)-3-(2-Bromo-5,6-dichloro-1H-benzimidazol-1-yi)-1,2-
cyclohexanediol

13



di chl orophenyl ) - (2, 2-di net hyl - hexahydr o- benzo-1 , 3-di oxol - 5-yl ) am ne 10

4- Met hyl nor phol i ne N-oxide (4.85 g, 41.42 mol) was added to ()-{1-[2-
(trimethylsilyl)ethyl]oxycarbonyl am no}cycl ohex-3-ene (part a of this-
experiment ( 41.42 mol) in acetone:water (9:1, 83 n I um
t et roxi de (13)‘9‘3%8{6?’@11.4 mmol ) was added and the reaction was)”g?'ﬂl‘}%(&%?gr
15 hr and concentrated. The residue was purified by colum '

chrorratograp * Sbkitq Wt Wla. -H%-lﬂé i 2 4diph $_as a

m xture of i8¢ *?s’%'%w?%gzgﬁ&s’sga&g@%q e&gy’?cﬁf?ﬁ%gl’?aken up in
acet one (192:yfrlo)1e6tadediylrd|dcetaw1madr(aef tms examla;am wid, st enrb@ WS ng, 3. 82
nmol ) was added. The reactio at reflux for 19 hr, cool ed,

and concent rdéffS&!VedTﬁeefFé%‘Pldﬂlg Wb&g’eébﬁﬁqi |(é%l mi)—watqgﬂ co).uPediurm earkeBateaphy

o, 7699 . 160 8 25 FAEO S SR 4l e e N il igBRSUSH hf . > 20

tetraet hyl aWﬁﬂéWéré‘@%ﬁ@raMWa@:ub%r@ﬁh@ residuiSsonds werdafiurried in added.
The m xture was heated at reflux for 19 hr, cool ed, and concentrat ed.

The residue w:Mer tTdieesohdeamLatrthalhﬁd fram ethanelrid ﬁ)&&tﬁ@cmmpoandmat e (8.06
, 98.32 - 43 g,
R
R Mm)xwfe%avc@ft i sPEROF 120 Asa L0 Bl o () 0y acetat e

dried with gnesi um'su tered, and e residue

was purifie@dnly20H), 42@J4L2m(rﬁhr N@Hpgmmae(mm @CW)tﬂpzqtmg (m 1 112
acet at e: hexanes (1'4) give the title corrpounds (8.5 8l%. Rf =

0.24 (112 eQOH2), &cﬁét—‘ht'/é (neﬂaae%bﬁ) 1:60-353 (Rvid, (o2 8H2300 |sz) [err] 8.26
(s, 1H), 7.92 (d, 1H, J =7), 6.99 (s, 1H), 4.34 (m 1H), 417(q,1H
J=28), 3.78 (m 1H), 2.41 (d, 1H, J =14), 2.15-2.00 (m
1.97-1.88 (M 1Hanal.84ad. oy
82 “hpal Ceed: RECHIHIRGARER: C a8 B A A 2%2‘1*833
acet at e: hexanes) halogen aslCi, RFFR8, Gtxtirisl: GGAd. 18;i2), 34 S, fﬁ77(3d tot&, ha]ogeﬁ’) 8. 27
(s, 1H), 6.89 (s, 1H 4.29 (q, 1H, J =5), 4.16 (q, 1H J = 6), 3.66
(m 1H). 2.10 (nPs&#)27.9201-1. 67 (m 4H), 1.57 (s, 3H), 1.36 (s, 3H);
M5 (ES),MH = 361. 5 (c)
([err])-11R*, 3S*,5R*)-4,5-Di chl oro- N-[ 2, 2- di net hyl - hexahydr o-
benzo(1, 3) depxol sé wdtmhebﬁﬁ@EnénﬁorﬁemﬂeE(m* 28", ﬁan)es-(wmﬁmo-s 6-21 g,
100 wt% was added to ()-(1R*, 3S*, 5R¥)-

dichloro-1H-benzimidazol-1 -yi)-1 2-cyclohexanedxot

The enantiomers of (+)-(1R*, 25*, 3R*)-3-(2-bromo-5,8-dichloro-1H-
benzimidazol-1-yl)-1,2-cyclohexanediol were separated on a Rainin

20 preparative chiral HPLC instrument using a 2 cm Chiralpak® AD amylose
column (Chiral Technology Inc., Exton, Pennsylvania). Using a mobile phase
of 80% hexanes-10% isopropyl alcohol and a flow rate of 6.0 mi/min, the
enantiomers were eluted with retention times of 14.28 and 19.25 min.
Fractions containing each peak were pooled and solvents evaporated. Each

25 enantiomer was shown to be free of the other by analytical chiral HPLC on an
analytical Chiralpak® AD amylose column (Chiral Technology inc., Exion,
Pennsylvania). After evaporation of solvents and drying at 0.1 mm Hg, both
enantiomers were isolated as white powders, m.p. 200°C dec.; 1H-NMR
(DMSO-d6, 200 Mhz) identical with that of the r.acemate described in part d of

30 this example.

Example 48
Fo



10 dichl orophenyl (2, 2-di met hyl - hexahydr o- benzo- 1, 3- di oxol - 5-yl ) am ne and
()- (1S,

5R*)-(2-nit i chl oro- phenyl) - (2, 2-di et hyl - hexahydro-b -

1, 3-di oxol - %9?/?3’%&&% (part b of this exanple, 1.21 g, 3.35 W}’”f"ﬁsw

met hanol (17 m) at rt under an argon atnosphere. The reaction was"
fitted wth ek 8,620id z@@ﬁ»p@wfnbwmzmeawmedwth
hydr ogen, %115 Sal iﬂ‘gf odastl ¢ hie reaction was purged with
nitrogen, #iji1,giydiohexanediobugh Celite, and concentrated. The residue was

purified by colum chromat ography eluting with et hyI acet at e: hexanes
(3:2) to give the title conpound (720 ny, 65% . Rf 029(32ethy|

e 85 kS s .
(1d 4 1H35 J l_y&féhexé’n&ﬁ%ﬂdlﬁé‘etétﬁ F%@W)mg (1 ﬁ?ﬁmé@ and cz'cfdiiro;%h‘émlrib ﬁgré S[ 1%* H),

d)
35, 5R*) Bescted aslio examnple 48 hersolutwn mmuplﬁd)and 1 N sodium hydroxude
benzo[ 1, 3] QI oxol

()- (1R*, 3540 Wﬂﬁ'\fg}%ﬂ)‘)&lﬂﬁﬁggﬁf—’% gfﬁﬁﬁﬁfﬁﬁvaﬂ%ﬁ?&%ﬁ‘r\@mti‘%)du oxol - 5-

yl ] -benzen Y/ ) was
Vaken up. 1 reTHRELRIAWETelypRilach R haRYRGIVRS td Slrund 8/oMTT b
80[err] C  whitef sowder (27 1angl 789 enbr a280RC; TirbNMR (DMSOwS, 00 MHHZXB:by
colum 30 chromatography eluting with nethanol:ethyl acetate (1:99)

t
give the ti7t62 7.44 (bQibrﬂaGaﬁh 16 @azomatig CH) 7)00-6:054mp 128 H)ed 166 (daéét at e?

1H- NI\/E (7%%)@12(8“00%45% Z]H8136,4) 1H), 7.88 (s, 1H), 7.81 (s,

14CH,. 36- 2. 26
1, 2 4339 (m! 3‘12@@Haﬁd3@bm %%grelsgm r?cﬁ&ﬁ% rﬂ}6 Hz TN

(m

3H); M5 (ES)79vBHS{m4,. 2CH2 of cyc(oe)‘o;(m (1R*, 28*
4R*) - 4- (5, 6-Di chl or o- 1H benzi m dazol -1 -yl )cycl ohexane- 5 1, 2-di ol
i di

Pyridi ni um para-tol uenesul fonate (33.6 ng, 134.7 mml) was added to ()-
5,6-dichloro-1 @IW e 1,3 lA- 1H
benzi n? azol e (A&é} ?c%bg%fl#1§p§§perl ngne §:¥§B b%‘goilﬁpgg%é‘ l i n met hanol
19.69. Found: C, 53.81; H,5.44; N, 11.60; Cl, 19.98.
Example 49

(x)-(1R*,28* 4R*)-4-(2-Bromo-5,8-dichloro-1H-benzimidazol-1-
20 yleyclohexane-1,2-diol

(a) (x)-{1-[2-(Trimethyisilyl)ethylJoxycarbonylamino}cyclohex-3-ene

Diphenylphosphoryl azide (8.58 ml, 39.64 mmol) was added to triethylamine

25  (5.52 ml, 39.64 mmol) in toluene (80 ml) and the reaction was heated to
75°C. Then, {x)-cyclohex-3-enecarboxylic acid (5.00 g, 39.64 mmol) in
toluene (20 ml) was added dropwise and the reaction was stirred for 1 hr.
Then, 2-(trimethylsilyl)ethanol (6.53 ml, 47.56 mmol) was added and the
reaction was stirred at 60°C for 17 hr. The reaction was cooled and 1.0 N

30  sodium hydroxide added. The mixture was extracted with ethyl acetate, dried
with magnesium sulfate, filtered, and concentrated. The residue was purified

by column chromatography eluting with ethyl acetate:hexanes (1:9) to give

4



10 (7 m) and the reaction was heated at reflux for 19 hr and

concentrated. The resi due was purified by colum chromat ography

el uting with nmethanol : et hyl acetate (1:9) to give the title conpound
(184.4 ny, %{5@ =0.19 (1:9 met hanol : et hyl acetate); 1H NVR

(CD3OD, 300 81 8 36 (s, 1H), 7.91 (s, 1 H, 7.8 ?EEP%”M 70

(tt, IH J =12, 4), 4.11 (d, 1H J =3), 3.79-3.73 (m 15 1H), 2.26 (dq;-

iﬂ) JN; %Egh@hﬂe 306&?0%&‘27(4@9,27'&)‘)?) RPS014PR -4 Bthy? BretateBBxand®; 1H- (M

()1 1R:, SSNIBRYCOICIB 300 M2 65,0745 (D, 201 21,69 o S H I (o, J =
3 0a ol ) Sheb 80 dacth 345 (AR T %o fmazr, 1,851 81 (. 30, 1.6 £ ™

(5, oo 3R i M OLSB o oL Qﬁdﬁcﬁ QRIPIS LRSI I I 284 oF) U and e

reactiop was stirred for 15 mn. The m xture was poured into ice water, 25
saturated sodi um bi carbonat e added, extracted with et hél acetate, dried

Wi t _hf_ ; bﬂn)gneét)dr?ﬁé’@Sét@*)ﬁ(?-lWM d&zlt&brophemﬂ)'@iﬂ imethyé r esi dﬁe was
P55 to ohexahySbento, 3l auihe A (h, By bR G S "
Scat at 29h@%ﬁi%?bhémz%@"“%%ﬁ%‘%mq ﬁ?'dx%'yg‘v‘ﬁﬁf” he | ) 740 (s,

1H, 496492(m 1H) 50448(m1 ). 39433(m 1H), 2.39

dt, 1 H J =14 216192 5 8 3 MS
EES) VY —4-;Mgthyimorphoime N-oxid g«;g% g. |4_t|)1 42 mmol) was ala')ded to (+H¥1 -[2- D

§/I))((:;1/§r oﬁe gﬁgqﬁ&&%ﬁw%@&&én\ﬁ%ﬁ(ﬁggﬁn? @gﬂysm]‘mnate (part f of

this exanpbgperirhent (guzoo% a1 W%r}\of) in acél%ﬁe@ﬁ’éiéﬂ(gﬂ 83 mi), then osmium
()-[1R*, 3S*,5R*] - 2- -di chl oro-1-(2, 2-di net hyl -
hexahydr o- mmel(m}iimdlh%mql)wasw@ldgdrambthelreacetmwas Stll‘redl’id)ls'l%xarrpl e,

187.7 , 446. th 9 ni th ated at
refl uxn:’%]orhrlﬁn Foa t%ﬁé@ﬂ??&p F"(Wﬁé p%"é@?‘g% %a%ﬁlﬁ]@\éas ol 5mﬁa10

TSl o O g e S LT
Miz) [err]g 793%) ( §he ;urbdudt W& taken Ub)in atefthe( {182 mMiland pynﬂiBuuM)parai— 12 (s,
1H) 3.86 4y, 2.54 (dt, 1H. J = 13, 2), 2.38 (dq, 1H
J = 13, 5)tohgenp§uyog@te (960 8 mg, 3.82 mmol) was added. The reaction was
heated at reflux for 19 hr, cooled, and concentrated. The residue was purified:
by column chromatography eluting with ethyl acetate:hexanes (2:3) to give
20 the acetonides (9.20 g, 76%). The residue was taken up in acetonitrile (146
mi} and tetraethylammonium fluoride hydrate (5.37 g, 32.08 mmot) was
added. The mixture was heated at refiux for 19 hr, cooled, and concentrated.
The residue was taken up in dioxane {146 ml) and potassium carbonate (8.06
g, 58.32 mmol) was added. Then, 2-fluoro-4,5-dichioronitrobenzene (6.43 g,
25  30.62 mmol) was added and the reaction was heated at 70°C for 66 hr. The
mixture was cooled, brine added, extracted with ethyl acetate, dried with
magnesium sulfate, filtered, and concentrated. The residue was purified by
column chromatography eluting with ethyl acetate:hexanes (1:4) to give the
titte compounds (8.54 g, 81%). Rf = 0.24 (1:4 ethyl acetate:hexanes); 1H-
30  NMR (CDCI3, 300 MHz) 8 8.26 (s, 1H), 7.92 (d, 1H, J =7), 6.99 (s, 1H), 4.34
{m, 1H), 4.17 (q, 1H, J = 8), 3.78 (m, 1H), 2.41 (d, 1H, J = 14), 2.15-2.00 (m,
1H), 1.97-1.88 (m, 1H), 1.84-1.62 (m, 2H), 1.55 (s, 3H), 1.40-1.32 (m, 1H),
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(m 4H); M5 (ES) MtH = 381. 15 Exanpl e 50
()-(1RrR*, 25*, 4R*) - 4- ( 2- | sopr opyl am no-5, 6-di chl or o- 1H benzi m dazol - 1-

yl ) cycl ohexangobgze#i ol 20 Isopropylamne (99.5 ny, 1.68 ded
to ([err])- (1R, 25%, 4R*) - 4- (2- "R ez

br ono- 5, 6-di chl oro- 1H benzi m dazol - 1-yl ) cycl ohexane-1, 2-di ol (Exanpl e 49,
part g, 64.1036ys, 388 .MS(ES) MiNa 38 dRf % 8,15 (114 ethyliacetate: bexanes); vvas

ool od, sat IHNME (CBCTC3hP ST o e TBlaictr) BT (s 166, GBI SCI ™
nas pur 11 o 4 TR 4T o, 30 OB AR INR T Im REN A €En,

acetate (1l:(H9)4Hp 1BVE, B 136|83H M8 NMH#%NQ ng, 79%. K 0.24
(1:19 net ha(ﬁgl e}t)hyl ?cergte) ( ) QBSP (CD3CD, 300 M—Iz) [err] 7 46 (s,

1H),7:§1 (s, 4.44 (tt, 1H J=134 4,11 H),405(h

(g, 1n, 0 ﬁﬁf*w 354 RT4% R'é‘ﬁ%o-zNi%«# ('I;ef%@ﬁ*e@ﬁx& \E (BS) et
=358. nzglgzk 3)dsofé14 lﬁeﬁéene-1 2-diamine

([err])-(1S* Brorm 6- di chl or o- 1H benzi m dazol - 1-yl) -
cycl ohexane-1 ., 2-di ol

15%, 2R, 4R*) 4- b d -
i)Rg; i of tFtane) bS] 29 G0 Witk bwas Ac B dog nIR sas PR SH B e sS- 35+
n|
di chl o ophé‘ﬁ@f’é@eﬁyg'(%’gfq]'"Tetm}hgﬁam’dmb%%nzz 5" 113?'%)5%3(56 %mtqe) and ‘1(2 and ()-
10 (1S*, 3JRs¥, 3R*, 5R*?]-|(2-mtro-4 5-dlchloro ghenyl) (2,2-dimethyl-hexahydro-benzo-

5R*)-(2-nitro- 4, 5-di ¢ orophen di net hyl - hexahydr o-'benzo-
1, 3- di oxol mﬁiqmwrw)war(pa@%wthxpmnweﬂ % gg 3. 3omorol riromethanohet hanol

(100 m) & 17 st RaplRr 3nH0ed HERCHR S I Pa P eV ER SRR, then
11 btk ey s Sk g,
chr omalisgr afibwedltotstinfpr b et resetibn Wurge@m&ﬂwm:(r&g%)f eved)i ve t he

through Celite®, and concentrated. The residue was purified by column

chromatography eluting with ethy! acetate:hexanes (3:2) to give the title

compound {720 mg, 65%). Rf = 0.29 (3:2 ethyl acetate:hexanes); 1H-NMR

(CD30D, 300 MHz) 6 6.74 (s, 1H), 6.58 (s, 1H), 4.36 (q, 1H, J = 5), 4.18-4.12

20 {m, 1H), 3.57-3.47 (m, 1H), 2.33 {d, 1H, J = 15), 2.00-1.86 {m, 2H), 1.74-1.59

(m, 2H), 1.52 (s, 3H), 1.33 (s, 3H), 1.30-1.22 (m, TH); MS (ES) M+H = 331.

(d) (2)[1R* 38*, 5R*)-5,6-Dichloro-1-(2,2-dimethyl-hexahydro-
benzo[1,3]dioxol-5-yi)}-1H-benzimidazole

25
()-(1R*,38*, 5R*}4,5-Dichioro-N-[2,2-dimethyl-hexahydro-benzo(1,3)dioxol-5-
yi}-benzene-1,2-diamine (part ¢ of this experiment, 720 mg, 2.17 mmol) was
taken up in triethyl orthoformate (11 ml) and the reaction was heated at 80°C
for 14 hr and concentrated. The residue was purified by column

30 chromatography eluting with methanol.ethy! acetate (1:99) to give the title
compound (673.1 mg, 91%). Rf = 0.23 {ethyl acetate); 1H-NMR (CD30D, 300
MHz) & 8.37 (s, 1H), 7.88 (s, 1H), 7.81 (s, 1H), 4.71-4.63 (m, 1H), 4.49-4.45
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benzi m dazol ediol (2.88 g, 49% as well as the other isoner. The residue
was taken up in triethyl orthoformate (49 ml) and the reaction was heated
at 80[err]C for 17 hr and concentrated. The residue was purified by

col um 20 raphy eluting with methanol:ethyl acet ate‘;f(g'ljm

gi ve the resmdw@g%i as a mxture of ortho ester isonmers (3 ‘J’%)S%#f
Part of the residue (1.04 g, 2.91 mmol) was taken up in 1.0 N

hydr ochl or i {radiH), 4 80024 (Mo fith) 22502.44 (4 1H), 2.36-2(26) (mantH), Ref2-24Adt i on was

stirred for 16 hr. Then, sat odi.um. car pon s add t he

m xture was (Ektzl"ﬁci@a W?l‘"\@ak‘sﬂl ngi "b 10% @d?’%‘s-tmsigs)ﬁ s@‘ﬁm sul f at e,
filtered, and concentrated. The residue was purified by col um

chr omat ography eluting with nethanol :ethyl acetate (1:9) to give the

title conpoggy ({BR(RMZE",a60)-4- a‘s-swwo&efmwnmmn Mlbhexaieat e) 1H
NVR ( CD3CD, le3)(:)10 Mﬁ [err] 8. 35((5 1H), 7.92 (s, 1H), _/}&)Té:g (s 1H), 4.48
(tt, 5 1A,2-gliot 12,4), 3.99 (d, 1H, J 3) 3.79 (dt 1H, J = 11,4), 2.29
(g, 1H, J= 30 12). 2.18 (dg, 1H, J = 13, 4), 2 08 .97 (m 2H); 1.86-1.66
(m 2H); M (ES) M+H = 301.

i yoyel oﬁéfaﬁgﬁ"ﬁafﬁﬂﬁeﬁé% AP IS “@??1““?5”2‘”% RRISN s
added to () 5(6-GichRiro- 1, 2d&néﬁxy5hexé!1ydm-benzo[1 ,3]dioxol-5-yt}-1H-

di chl or o- 1H- benzi_m dazal ycl ohexane-1_ . 2-diol (part of this exanple,
689.2 ny, 2beozimidazoled n@&%‘;? @!ﬁe)éﬂﬁfmwe 45968 mg.)1 ggmmoi?m methanol

di meth m cetic
anhydr”j@ (%g%if)h'rd'ﬁl’ ﬂ?es%ﬂan%s agé? %F%rfpga %gﬁﬂﬁg’gd s§ﬁ%@@€%m§1‘ hr. The
m Xture was rg8ighe hes rﬁ’bdfwchdlumri@hhﬂﬁatograpﬁytm@tﬁtgaﬁltwméthﬁmm%thﬁne 10
chloride, dried with magnesiumsulfate, filtered, and concentrated. The

resi due was apetaté (£8) twgwe therfitle Rempatnd ( ity mg, Wb % Rfitth18{ kP

?Eﬁfeﬁt 5ph|e)r(1?‘!9§ﬁ?é%ﬁ3%]ﬂ 158 JHHRME iﬁ%ﬁﬁﬁﬁmfﬁﬁi‘éﬁ%ﬁﬁ@%‘:’% CRTCI N T
X 1
gggrédm??\t gqlfi@?&sgt(g ﬂ%g‘ém’g?él? ggﬁﬁ%’?#’bﬁ?ﬁ@éng?éma defﬁext rgg': gdmemst h5

et hyl aggt aﬂB{,) ZlQSE{quWHhJ W&Immﬁﬁﬂﬁ ahe2HY, 12,0631 88, (g 1BH)¢ ¢188ehBbat ed.

The resi due was i ed col um chr omat ography eluting with ethyl
acet at e: hexﬁﬁe§H01M§)(E§é'\@j1'|’\‘}e‘ ﬁ”em de (623.2 ny, 68%. The residue was
taken up in dioxane:water (1:1, 9 m), lithium hydroxide nonohydrate (316.6
20 ng, 7.54 mmol) added, and stirred for 3 hr. The m xture was extracted

Cotent ot o RSO 8 e, S nen e 1
el uti ng w t benzoliiBjdioxekdryl)-1H-benzimidazole

20
N-bromosuccinimide (702 mg, 3.94 mmol) was added to (x}-(1R*,2S*, 4R*)-4-
(5,6-dichloro-1H-benzimidazol-1-yl)cyclohexane-1,2-diol (part e of this
example, 673.1 mg, 1.97 mmol) in tetrahydrofuran (20 ml) at reflux and the
reaction was stirred for 15 min. The mixture was poured into ice water,

25 saturated sodium bicarbonate added, extracted with ethyl acetate, dried with
magnesium sulfate, filtered, and concentrated. The residue was purified by
column chromatography eluting with ethy! acetate:hexanes (2:3) to give the
titie compound (187.7 mg, 23%) and recovered starting material (459.6 mg,
68%). Rf = 0.35 (2:3 ethyl acetate:hexanes); 1TH-NMR (CDCI3, 300 MHz) &

30 7.78(s, 1H), 7.49 (s, 1H), 4.96-4.92 (m, 1H), 4.50-4.48 (m, 1H), 4.39-4.33 (m,
1H), 2.39 (dt, 1H, J = 14, 3), 2.16-1.92 (m, 5H), 1.60 (s, 3H), 1.38 (s, 3H); MS

(ES) M+H = 421.
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acetate (1:99) to give the title conpound (326.3 ng, 91%. Rf = 0.26 (ethyl
acetate); 1 HNWR (CD3OD, 300 MHz) [err] 8.01 (s, 1H), 7.75 (s, 1 H, 4.68

(tt, 25 1H_J =13 4), 4.00 (s, 1H), 3.80-3.73 (m 1H), 2.67-2. 4

2H), 2.05-1.Y9%/56768 (1 "0 " 1791-1.86 (m 1H), 1.73-1.62 (mF ?&MES)
MrH = 381. . Exanpl e 52 -
(+-)-(1S*, 2R*, 4R*) 4- (2- | sopropyl am no-5, 6-di chl oro-1 H benzi m dazol -1- 30
yl ) cycl ohexane- 1, 2- di ol | sopropyl am ne (227.8 ng, 3.85 mmol)
was added t{g)([ i JR1.28* 4R3)-44RBromq-5,6-dichioro-1H-benzimidazol-1-

br ono- 5, 6-di.chl oro- 1H He i m dazol - 1-yl ) cycl ohexane- 1, 2-di ol (Exanple 51,
part b, 14e/kVeiphesare-d. 20l i n ethanol (3.9 m) and the reaction was
heated at 100[err]C in a sealed tube for 68 hr. The reaction was cooled, 5
saturated sodi um carbonate added, extracted with ethyl acetate, dred with
magnesi ym sEyridisiam pac-oluenesulfonate. (paité of s exampiss 11 inig, éd. Dynmol)urm
chromat ography el uti ngbvm'th net hanot : ethyl acetate (1: ive the title

1:19
conmpound ( Mas$ addgd toy ol 1RRBSE, AR pa-hromosS Gedirhiesn-1 Eﬁzk%r#%"&é'gb’gt e); 1H

B, 10 . EenyEpeni ity it pefiaitiadbie e £ iy pdmele ) =1
2y, 12 3o B2 i) b mforclo 1) B skt s B, 1
Exa’nrpl e 53 rbflux for 14 hr and concentrated. The residue was phriﬂed by column

%?Zimmlbg’z%t@éfn@to"g{rgéé? %ﬁ@gg%ﬁ'ﬁﬁiﬁ%@eﬁ%%ﬁﬁﬁﬁf@g%?P{é}iéel ol es)
5. 248, 672) spmpound (AL G, 2Y98 RIS 8 fofl dcUEBT ARG 06 3063 g
). N O P s(9s (srayT 70 (i IHAG0 R (0=23, ),4.0286 PGSBS 1 o0.)

was added and reaction heated to reflux for thirtg/ mnutes in a
95[ err] C oi(dt,bidd Rl = 41Dép3/84 (dt, 1H, J = 13, 2), 2.38 (dq, 1H, J = 13, 5), 2.05-1.83

met hoxy- 2, 3-di gage - I gnpent opyranosi de (0.5g, 2.1 mol es) which
can be preﬂ&%é@%b&%%Hééﬁggkgaggg‘Kinoshita, et. al. (Carbohydrate Research
1982, 4Q2, 298-301) was boiled in toluene to remove water. The excess 25

t ol uene was renoved in vacuo and the residue dissolved in 1, 2-

di chl or oet Ieanpté®B0M ) . The carbohydrate sol ution was added to the reaction

fol | oned by trimgth Isi*IyI trifluoronet hanesul fonat 0,5 m, 2.3 mmol es,
1.2 eq(B)-(1RA2S" &R Di4ol2-\RaBrapylanaiporyb-digniaros 1Hy Z!KHE’@?—O'(“E‘OO m) was

added. The yl)cyclohexane-1,2-diol

20 Isopropylamine (99.5 mg, 1.68 mmol) was added to (+)-(1R*,25%4R*)-4-(2-
bromo-5,6-dichloro-1H-benzimidazol-1-yl)cyclohexane-1,2-diol (Example 49,
part g, 64.0 mg, 168.4 mmol) in ethanol (3.4 mi) and the reaction was heated
at 100°C in a sealed tube for 67 hr. The reaction was cooled, saturated
sodium carbonate added, extracted with ethyl acetate, dried with magnesium

25 sulfate, and concentrated. The residue was purified by column
chromatography eluting with methanol.ethyl acétate (1:19) to give the title
compound {47.9 mg, 79%). Rf = 0.24 (1:19 methanol:ethyl acetate); 1H-NMR
(CD30D, 300 MHz) 8 7.46 (s, 1H), 7.31 (s, 1H), 4.44 (it, 1H, J = 13, 4), 4.11
(s, 1H), 4.05 (h, 1H, J =7), 3.82 (dt, 1H, J = 10, 4), 2.41 (dt, 1H, J =13, 2),

30 2.26 (dq, 1H, J = 13, 4), 2.04-1.75 (m, 4H), 1.29 (d, 6H, J = 6); MS (ES) M+H
=358.
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organic |l ayer was coll ected and washed with saturated sodi um bi carbonate 30
foll owed by brine. The organic solution was dried with Mgsi™4, filtered, and
t he sol vent renoved in vacuo. The product was purified by chromatography
on a 2.5 X Igo%gkeRl um of silica gel eluted with chl orof or mpgRidpageisse
(98: 2, v/iv). The product containing fractions were comnbi ned
and the sol vents renoved i n vacuo. A 65 %y| el d of

2- Br onp- 5, éExampledsb- 1- ( 4- deoxy- 2, 3-

(o ah): e &gﬁﬁﬁwﬁjﬁ%?ﬁﬁh059%86';?#"@& 3 ofpound (0. 110,

0.24 5 mwc% 1?%@ gcked by treatment in EEOH Herr]O (1/1, v/iv, 16
m) with err err] (0.1g, 0.95 mmles, 4eq.) at rt for 1 hr: The

product was purified by chromat ography on a 4 X 6 5 c¢m col um of
sili ca el eluted with_ ethyl acet at e/ hexane ( v/ v M5 (GC-d +):
m z, N@H er(t)-(1362RT mﬁmﬁ@ ﬁn@@hloro-iH-bmzmdp)zof&rybpydo 5("!9‘1H

aryl) 792bé %IH aryl), 5.67 (d, 1H, H1', J1', 2'=9 Hz), 10 5. 18(bs,
1H, OH) ¢ 1H, OH), 4.06 (m 2H H2 ,3), 3.8 (m 2H H5),
2.1 (m 1H H4"), 167(m 1H, H4'). Exanpl e 54 15

1-(2,3,4-Tri -0 acetyl xopyranosyl)-2,5,6-trichl orobenzi m dazol e.
A t hree- ne(fkamb)&mkaﬂ(‘lr&m@,(ﬁ/ 4)ovag amed to (&Br(‘bR’SﬁBt*réR*)ﬁ(&m&be# Ged with

362’ ﬁ{ﬁi B e L A R VS L Ve l”rlnélh)e
40
) wadOadadd 1o eh e sg%%"ﬁ‘%‘é’%ﬁ@'éwoﬂm5”46%&{‘?@“%@?}67"%‘% B ©

bis(trinet Wsaiiéxdt%aﬂﬁmmbqsxé&aw phrﬁbmﬁ)g 2007trhmobtinmiethanol ut i on was
added 1,2,3,4-tetra- Oacetyl-[errg xopﬂanomde (M _Fuertes, J.T.

Wtkowskl z(soommammndﬁbsmaggoma n@Sg?he@}e ere@tlovmﬁﬁeqow!thmn 2377,

{ri met nyi sgrogen Baldar FepgadEly FRREEH Bntellod TSR fhan i 4 .

gastight Sﬂlb%% to §8ffor 15 hrl CRfd teAR1dR vas gt wilh Ntrdgfé?f”f fterger ature for

18 hours. The sol vent was evaporated in vacuo toyield a yellow oil
whi ch Jé&s dhinjught@elite®, and mnc@ﬁratedxrﬂmjesghmpms (Msmﬂed:lay cdlar@D0 mMm 2%
met hanol in d| chl or onet hane iate fractjons wer e conbi ned

to yield 3 rqrﬁatquaph,g e&ypn% M@thtmgqhgnol &Ryl acetate (1:99) to give the

benzimidazolediol (2.88 g, 49%) as well as the other isomer. The residue’
was taken up in triethyl orthoformate (49 ml) aﬁd the reaction was heated at
80°C for 17 hr and concentrated. The residue was purified by column

20  chromatography eluting with methanol:ethyl acetate {1:19) to give the residue
as a mixture of ortho ester isomers (3.39 g, 96%). Part of the residue (1.04 g,
2.91 mmol) was taken up in 1.0 N hydrochloric acid:tetrahydrofuran (1:1, 14.6
mi) and the reaction was stirred for 16 hr, Then, saturated sodium carbonate
was added, the mixture was extracted with ethyl acetate, dried with

25 magnesium sulfate, filtered, and concentrated. The residue was purified by
column chromatography eluting with methanot:ethyl acetate (1:9) fo give the
titte compound (753.2 mg, 86%). Rf = 0.19 (1:9 methanol:ethy! acetate); tH-
NMR (CD30D, 300 MHz) & 8.35 (s, 1H), 7.92 (s, 1H), 7.81 (s, 1H), 4.48 (i,
1H,J=12,4),3.99(d, 1H, J=3),3.79 (dt, 1H,J=11,4),2.29 (q, 1H, J =

30 12),2.18 (dq, 1H, J =13, 4), 2.08-1.97 (m, 2H); 1.86-1.66 (m, 2H); MS (ES)
M+H = 301.
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compound as a white foam [err]H NVR (DVSO-d[err]; 200 MHz) [err] 8.012 (s,

1H), 6.013 (d, IH J=9.4 Hz), 5.502 (d, 1H, J=9.53 Hz);
5.426 (s, 1H), 5.051 (d, 1H, J=3.81 Hz), 4.220 (dd, 2 Hz,
J = 22.45 HMOEEIEO (s, 3H), 1.801 (s, 3H). 5 ExF&’CTJ’EF%%”m
1-(a-L- Lyxopyranosyl) 2,5,6-trichl orobenzi m dazol e A 100 m round
bot t om f I aS@ E-WS’QZR* 442 (EBromols, Brdickloas ¢Hybenzirhidazol-1- _

| yxopyr anos 6-trichl oroben2| m dazol e (303 ny, 0.65 nmmol) and this

was di ssol \gd)ﬂ:yclnhéﬁame-'lo?-dmh equi nol ar mi xture of ethanol and water. To the
10 stirred solution was added anhydrous sodi um carbonate (212 ng, 2.0
nmol ) and the reaction mxture allowed to stir at roomtenperature for

3 hours. a]eft}g{a"ﬁf% tﬁgﬁ reswf gfz d&fd@g&i%@)e 15, e?:g 5b.e sol vent

evaporated cuo sso thyI

acetate Sancﬂléﬂﬂbﬂ)-\m&m#lidizol- -yl)symlonemnem Q-dnolt(bawa efrthlsseatampleHCCB
solution, and sat. NaC sol ution (1 each The organic | ayer was

dri ed over G2 mg, QJWG'ETBOQHHWQWGEW'@(Z?’ mik abmtded in vacuo to

T ot e 98 Mok B2 ko, plohtey TS, 2 @

7.98 5: 9 d
[1€rHr] A Z%r&@dnﬂlg‘)(d:ﬁ 0?@!2 5(1(% n%ﬁ&l) afkd ﬁ‘?fréa‘étnoﬂb#a(s%ﬂ‘e@@aﬁd hrS.Zmﬁz )( Y ous

20 (m 1 hhzxt@*e@@db Guencheld, wih somumlcmpnate egragted withinethylene 64 Hz, J =

Z1(2) ?g 19, :;hirmde ré?lledrwc?h;m?snesmhgulf%éﬂﬁr%d Eﬁ?dl édncgghéﬁﬁﬁghlzogngl cﬁl oro-1
- (3 - deoxy- Feidie WAY QUi BY bolufirf dnrbridtSinaph s eRikbwith Ethy!

benzi m daz
2, 4- Di - O AcqiethtelhckanBb Y@y tSgivedky adetatty (B3 mef, 95%)aThe rédidue Waspyr anose

3- Deoxy- 3- G- hydroxynet hyl - 1. 2-i sopropyl i dene-a-D-ri bof uranose (2.8 13.7
taken up in tetrahydrofuran (20 ml) and N-bromosuccinimide (706.2 mg, 3.9
mmol) was added to the mixture at reflux. After 15 min, the mixture was

15 poured into ice water, saturated sodium bicarbonate added, extracted with
ethyl acetate, dried with magnesium sulfate, filtered, and concentrated. The
residue was purified by column chromatography eluting with ethyl
acetate:hexanes (1:1) to give bromide (623.2 mg, 68%). The residue was
taken up in dioxane:water (1:1, 9 ml), lithium hydroxide monohydrate (316.6

20 mg, 7.54 mmol) added, and stirred for 3 hr. The mixiure was extracted with
ethyl acetate, dried with magnesium sulfate, filtered, and concentrated. The
residue was purified by column chromatography eluting with methanol:ethyl
acetate (1:99) to give the title compound (326.3 mg, 91%). Rf = 0.26 (ethyl
acetate); 1H-NMR (CD30D, 300 MHz) 3 8.01 {s, 1H), 7.75 (s, 1H), 4.68 (tt,

25 1H, J=13, 4), 4.00 (s, 1H), 3.80-3.73 (m, 1H), 2.67-2.43 (m, 2H), 2.05-1.98
(m, 1H), 1.91-1.86 {m, 1H), 1.73-1.62 (m, 2H); MS (ES) M+H = 381.

Example 52
(+-)-(18* 2R* 4R*)-4-(2-Isopropylamino-5,6-dichloro-1 H-benzimidazol-1-
30 yi)cyclohexane-1,2-diol



90 WD 98/ 56761

PCT/ EP98/ 03380 nmol es), which can be prepared by the nmethod of Acton,
Goerner, and etc. (J. Med. Chem (1979), 22(5), 518-25) was dissol ved
in d|oxane( 0.1 NHA (75 m) and heatedlnacq.&

oi | bath over %679{Fhe pH of the reacti on was very car e?’ y adiahsted
to 5 with 0.1 N NaOH Most of the water 5 was renoved by evaporation in

vacuo. Et hanigbpyspsylsmnined22N8 rag2p.86ahmal) was added/ar(;u)-(q SXPR* AR YaB(2
residual water. Tol uene was added and evapor The reS| due was

di ssol vedhl Sbf@mO §5ﬁ~d‘§h@é°‘("5bb%z'mm9df‘d)§ gjﬂh@ﬁﬁ%'] 2‘4'03 el 5’0, ) and
SCirrod at FEBBe 4R SiPE 3834 BB L Bha R (IS and M reacticl B8 ' P ormved i n

vacuo. Tol Ueﬁtgatéé%t Frbh*’@ma%éd@@ tabd féreﬁ’@MEdThél résfstion wasodled, renove
resi dual pyridine, acetic anhydride, and acetic acid. The product was

I sol at ed Dy siturzted egdxaphgarbonatedaddpdlextractedlmthmhw acétaten dgied withut ed with
h / et hyl -3, Vl/v )

" gl ol iR, Tojesog ok Bty Sk (1 1
H2), 4.1(d, 5 3.2

1H ) H5) ( ggrﬁbaﬁgrégp)ég?utma wﬁ{hzﬁugglapweg{zl § a%tgféﬁ é% gl&é‘thé"{)t’i_’é (t,

1,2,4-tr] aCQidfh &mb? - Bnig, rm%)owmmm mrmaﬁaubma Faddlate); 1H-
2,4-Di - O acet I-l anh dro-3 deoxi 3- C- hydr oxynet %3% ierr] D-I‘I bopyranose

(0.5g, 1.5 €03@PD, aoawﬂz)e&a?ﬁi (mddt)i €-3rlsy diH). o1 § =akd 4)

e ac'daéﬁgéﬁ 0 £ B B St e 2t Tl 392050

win 2 m ol TSGR R PIRKRS 160, FRETRND IR Y, 200, 3 V%2 o1

with 2 mnor reatlon

products werezsxaraqt\ed??qms (E9)an+1 2358. The organi c sol ution was
dried with magnesi um sul filtered, and the sol vent renoved in
vacuo. Tol uene was added to the resi due and evapor at ed i n vacuo (3X)
to renove reExamgbﬁﬂater The desired product; 1,2, 4-triacetyl-3-

deoxy- 3- C- hydr ox [ n] xture of 30
anoner s &l orfy2 LY =\
colum of sidd ﬂg& @I ut ed W|th hexane/ et hyI acet ate (7:3, v/v). The
m xture —-wasr—d?e%—-l n the next step without further purificati-on.

91 2-Bromo-5,6-dichloro-benzimidazole (0.5g, 1.9 mmoles) which can be

prepared by the method of Townsend and Drach (US Patent 5,248,672) was
added to 1,2-dichiorosthane {Aldrich, Sure Seal, 35 ml). N,O-
20 Bis(trimethylsilyl) acetamide (0.23 mi, 0.95 mmoles, 1 eq.) was added and the

reaction heated to reflux for thirty minutes in a 95°C oil bath. 4-Deoxy-1-
methoxy-2,3-diacetyl-D-erythro-pentopyranoside (0.5g, 2.1 mmoles) which
can be prepared by the method of Kinoshita, et. al. (Carbohydrate Research,
1882, 102, 298-301) was boiled in toluene to remove water. The excess

25 toluene was removed in vacuo and the residue dissolved in 1,2-
dichloroethane (15 ml). The carbohydrate solution was added to the reaction
followed by trimethylsityl trifluoromethanesulfonate (0.5 ml, 2.3 mmoles, 1.2
eq.). The reaction was heated for 18 hrs. ice water (100 mi) was added. The
organic layer was collected and washed with saturated sodium bicarbonate

30 followed by brine. The organic solution was dried with MgSO4, filtered, and
the solvent removed in vacuo. The product was purified by chromatography

on a 2.5 X 10 cm column of silica gel eluted with chloroform/methanol (98:2,

{4



C.

2- Brono-5, 6-di chl oro-1- (3" -deoxy-3' -C hydroxynethyl -[err]-D-ri bopyranosyl) -
1H benzi m dagglogsgzgy  2- Brono- 5, 6-di chl or o- benzi m dazol e (0. 32&, 1.4

mol es) which can be 5 prepared by the method of Townsend Z&AEEPHBI8Y us

Patent 5,248,672) was added to 12-dichloroethane (Al drich, Sure Seal ;.
20 ). NGyfv). The Biosiitt comtaimingfrastionsaeeieattrisine® ahll thé sofveRfs mol es, 1
eq.) was added and the reaction heated to reflux for thirty mnutes in

a 95[ er r ] Gesnovashinhvacuop AB5TY viels: of 2-Bromo-5,6-dichloro-1-(4-deoxy-2,3-

deoxy- 3- C- hydr thyl - D-ri bopyrano .45 1.4 mmol . leq., ). was 10
boiled in ‘[’%Fﬁ&ﬁé‘%'%b%ggn@egg .°S¥§'3 *égﬁ%@“qagu"!?e}’{és\fﬁa'?%ﬁg\ﬁd I n vacuo
and the residue dissolved injl, 2-di chl oroethane (15 m). The carbohydrate
sol uti on WECLlaydnizo468eMtbhc® portinl ofdhe diagetyl compavipds(0t1g, 0.24
trifluqronethanesul fgn 5 T €S, 74 4 2,€Q..) . 1he reacti on was
heat ed -f or E}ﬁ?e)nw?sﬁgsﬁfogg%@P?]?@agjp?néﬁt'ﬂmhé r(ééctv("oﬁsvﬁg V@@bl ed to RT
and ice 1 mRss {14 IPRE éﬁ, ligct ed and
washed wi ?ﬁa&’@@ ﬁ%g%g@g? e%l’ sodi'ﬁ‘%agb)i%gétr%ggg{re angr%%g erﬁi%?g ni c

sol uti on wetwodrategraphy lon a 4 X 63 coftinhn of sitica geldetuted with ethyl renoved in
vacuo. The product was purified by chronat ograpRy on a 4 X 15 cm

col um of ghdthfehaieines1tt, 8 WMS(GC-Cl+RIher 889 MkPEL AgnaMR @MBO-v/ v) . The

;
product containing fractions were 20 conbi ned and the sol vents renoved in
vacuo. de) & 8BS th ayl)t he2i(s.AH. apdh SR (dabls, Hetl ohpot=thda), by
deprotection of the acetyl groups. The acetyl ated product was
di SsolMed BASHS. i, Q2 (BralEh QLD 4,06 (m, 2R/ A SBITOGFbHP)( 1. 20) was
added and [ ' gy t,, BT overnight. The 25 reaction was
neutral i ze%qgmﬁﬁﬁtﬂa’gg! ?itsgnd.'g?”'? I'kIB;iCI then diluted with sat. Nad (1
vol .). The product was extracted with ethyl acetate (2X). After renoval of
t he solvent in vacuo, the product was isolated by chronmatography on a 4 by
6 cmcolum of silica gel eluted with chl oroform nmethanol (95:5, v/v).
M5 (ES+): Examplerf4, 411, MiHerr]. 1-Br, 2-C pattern was noted. [err]H
NVR ( DMSO- .99 30 (s,1H, aryl), 7.96 (s,1H, aryl), 5.94 (d,1H H1',
J1',2'¥89 Hz), 5.45(bs, 1H OH), 5.25 (bs, 1H, OH), 4.45(bs, 1H OH),
4.25 (m 1H(2,84Tihi-O-acetvi-ooL-lyxepytandsyl)-2,5,6-trichioolven2irhidagdde.) 3.8 (m 1 H,
H5), 3.7 (m 1 H H5), 223 (m 1H H3).

A three-necked 100 mi round bottom flask with a stirrer was charged with

2,5,6-trichlorobenzimidazole{which may be prepared in accordance with the

20 methods described in PCT specifications W092/07867, 354 mg; 1.6 mmol}
and the system evacuated and backflushed with argon. Dry acetonitrile (40
ml) was added to this suspension followed by the addition of N, O-
bis(trimethylsilyl)acetamide {326mg, 1.6 mmol). To the stirred solution was
added 1,2,3,4-tetra-O-acetyl-a-L-lyxopyranoside (M. Fuertes, J.T. Witkowski

25 and R.K. Robins, J. Org. Chem., 40, (1975), pp. 2372-2377, 488mg, 1.53
mmol) followed immediately by the addition of trimethyisily}
trifluoromethanesulfonate (466 mg, 2.1 mmol) via a gastight syringe. The
reaction was continued at room temperature for 18 hours. The solvent was
evaporated in vacuo to yield a yellow oll which was subjected to column

30 chromatography (silica, 40x200 mm, 2% methanol in dichloromethane). The
appropriate fractions were combined to yield 303 mg (42.7%) of the title
compound as a white foam. 'H NMR (DMSO-dg; 200 MHz) & 8.012 (s, 1H),
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Exanpl e 57

2- Brono- 5, 6-di chl or o- 1- bet a- L- xyl opyr anosyl - 1H benzi m dazol e 5 a.
1,2,3,4-tetra- O acetyl -bet a- L- xyl opyranose L-xylose (11.48 g, 76.5
mol ) was ceypogedei th pyridine (Aldrich, 250 nl) and gﬁg&g BYsdasdecd toO
a volunme of 50 m. The solution was cooled in an ice and acetic
anhydride (Aldrich, 30 mM, 321 mmol) was added dropw se .over 30 mn.
After 4 h, 6018 (ddtl, iJoB.4A\Hz), vab02dd tHr d=ib8 dig)e 5426 (5, dRJ, 5051s(d,rr ed
overni ght. Et hanal 00 ded he o stirred 1h. The
reaction E‘ écﬁ@éwl)at‘b%égg@vﬁf ‘H??&["L@ fﬁ“gd&)nﬁ A%mdHand

evapor at ed1 sr \E\gdue was partitioned between ethyl acetate and water. '
The et hyl ace s washed successively with water, 7% aqueous sodi um

bi car bonat e and satur at ed aqueous sodi um chl ori de, then dried over 15
anhydr ous nmagnesi um sul fate and evaporated. The residue was chilled and

t he resfil tw was recrystallized fromisopropanol to yield 13.99 g

(44.0 57% vyi el f 3 4-t et Oacetyl bet a- L- xyl opyr anose.
[e”]H NNRI""H.—L imidazele’ (g 71 fy 5.28 - 5 24 (t, 1

1 55 10 o b Wiy oy TR gy’ (56, 10

2- Brono- 5, @xdpg?&ﬁn@@)—i!&&tﬁctﬂohbanﬂﬁd@tdé {563 md, 008 APNGIRAAG Yhi3 - 1H
benzi m dazol e descri bed in General Pr ocedure 11

2- br ono- 5, waaudmodwb@rﬁq i ghaw equipsolag mixiues ofxthaneluind water. To the

1 2. i i oPtEed Snitiohias & Rritdn sl et B2 o 2.0 oD

refl uxed UQﬁ&"thé‘ rddlcRBR inikiiro BiiGwld 19 B sl fyan;y@ﬁw@%reﬁhb&ffSGrr{eer r1¢ and

trimet hyl si trifluoromet hanesul fonate (Al drich
added. solUtmnd:aatra&qtrahZedmyh(ateﬁc @il andthe sblvent evaporated in vacuo.

L e oo TR S RS San, ™
aqueous SOQME&QN%@/@&?%&@?% Rt nestgglui%rtx har}d sat. NaBPLOLAOR (\dee- The

organi c | ayers wer fum sulfate
33 15 mleach). The organic layer was dried over sodium sulfate and the solvent

evaporated in vacuo to yield, upon vacuum drying, 205 mg (89.1%) of the
titte compound as a white foam. mp 184-184.5°C. 'H NMR (DMSO-d,, 360
MHz) & 7.980 (s, 1H), 7.922 (s, 1H), 5.644 (d, 1H, J=9.26 Hz), 5.489 (d,
1H, J=3.24 Hz), 5.401 (d, 1H, J=3.76 Hz), 5.266 (d, 1H, J=6.52 Hz), 4.245

20 (m, 1H), 3.924 (d, 1H, J = 2.81 Hz), 3.905 (dd, 2H, J =11.64 Hz, J=T72.50
Hz). Anal. Calcd. for C, 40.76; H, 3.14; N, 7.92. Found: C, 40.78; H, 3.28;
N, 7.75.

25 Example 56
2-Bromo-5,6-dichloro-1-(3'-deoxy-3’-C-hydroxymethyl-B-D-ribopyranosyi)-1H-

benzimidazole

a. 2,4-Di-O-Acetyl-1,6-anhydro-3-deoxy-3-C-hydroxymethyl-o.-D-
30 ribopyranose

3-Deoxy-3-C-hydroxymethyl-1.2-isopropylidene-a-D-ribofuranose (2.8g, 13.7

S0



(anhyd), filtered, and evaporated. The crude residue was crystallized from
chl orof orm and hexane to give 1.11 g (56%yield) of 2-brono-5,6-dichloro-1
- (2, wohslskiey O acetyl - bet a- L- xyl opyranosyl ) -1 H benzi n err]H
NMR (CDA [err]) [err] 7.80 (s,1 H), 7.76 (s, 1H), 5. 6?6-%.?4682“3?;%

1H, 5.55 - 5,51 (m 1H), 5.32 - 5 5.25 (m 1H), 4.48 - 4.43 (dd, 1H,6 .

3.69 - 3. Ghmoles)lihichZakbbé prepirid b?.tli@ method of ActodliGoetn®f ahsl, etd)) .
C. 2-Brono-5,6-dichloro-1-beta-L- Xé.l ogyr anosyl - 1H benzi m dazol e

A
et hanol i c (doMedi Ghent. (2979)b28(D), 818126k wasslissaivedsingiexane @) andy pha- E

10 xyl opy, -1 H-benzi m 0l o1 4 mml rotected in
2 TR Bl b SR8 R R A bt iR ¥R BSOS of

sodi um : ey | I adist -wif DArN NAOH! MbsOBEth whferat -
anbi ent te’ﬁ%‘e’%’gﬂ@g, bgrelﬁ”?eadrﬁjxtéﬁggsv\%@treat ed as desscri bed irﬁ Gener al
Pr oced$r e whs temovec:by evdporation in pacubh Ethahol svassaddedang svaporated irf r om

1-chl or obut ane, ethyl acetate aaTd 15 Thexane to iv&a 0.21 ; .933 mmol , 34%
yi el d) of vacypdds) i mepyeresidial water Toluene was added and evapora

Feryy 7" 8% e fashiUs Wl e i By Yok mil AfydroR GHER T ) °0)
(dd, 1H), &&%ﬁc@bcb.)5an6ci_ ag:ééﬂrt]il)anh@dﬁgﬁﬁ@ﬂﬁl, 410 mrriblesy wes adieth The 2H) .

20 Exanple 58 or o-
(1- net hy| aehglion wabstiered-at\R opveraight\WMetharobwas agded apddhe-solvents ani ne

2-bromp-5, 6-di chl.oro-1- (2,3, 4-tr1 -0 acetyl -beta-L-xyl opyranos -1 H

benzi H0daZBMOVe _angu%_@uﬁ%@d Wﬁswﬁ Qé%?%@ﬁgirﬁm?éeﬂf#?ﬂ?%@)ﬁe

et hanol , b ' : \ datic (i Bk , NY),
heat ed i n%'gm&/e%éﬁggg‘b%ﬁhe@esﬁcee‘ﬂ %g@%ﬂ;ﬁ}ﬁ%ﬁ%ﬁ;&@e and gﬁﬂrgrgzd with a
nmagnet i ¢ d&dlatdly chromatdgmphylon adbysthtmccohirmh of sica@el ehpedmithheat ed i n
an oil bath at 85 [err]C for 40 h. At this time, TLC indicated

conpl et e GRBUABAINNY RetAbaV iy, M) MBICGICI &R thiz, 350, N1eNsRT VEANMRET e Tenpved
on a rotary evaporator. The product residue was 30 purified by filtration
t hrough a (BMSOadg)dl 5.24d, 11, H1)nd.Onfm, AHL 6% e T7héndH, Ha2), 4.1(dcAbibf orm t o
give 5,6-dichloro-N 1(1-nethylet hy{j? - 1- bet a- L- xyl opyr anosyl - 1H

benzi 5dafy) 3.85-(ddi mbl, HeB)L 8. 7P (dyl, 4bf, W), 3-38ed i B2 2.8(ar riH HR

(COerr] rr] 7.38 (s,1H), 7.31 (s, 1H), 5.34 - 5.31 (d,
1H), 4. 182&5.(%25‘1'@"9%'&); 3.90 - 3.84 (t, 1H), 3.77 - 3.69 (m 1H),
3.51 - 3.42 (m 2H), 1.30 (d, 3H), 1.28 (d, 3H).

b. 1,2 4-triacety}-3-deoxy-3-C-hydroxymethyl-D-ribopyranose
20  2,4-Di-O-acetyl-1,6-anhydro-3-deoxy-3-C-hydroxymethyl-a-D-ribopyranose

(0.5g, 1.5 mmoles) was dissolved in acetic anhydride (7.5 ml) and
acetic acid (19.5 ml). Concentrated sulfuric acid (1.3 ml) was added and the
reaction was stirred at RT overnight. GC-MS indicated the formation of two
maijor products in approximately a 1:1 ratio along with 2 minor products. Ice
25 (50g) was added to the reaction. The products were extracted with ether (2X).
The organic solution was dried with magnesium suifate, filtered, and the
solvent removed in vacuo. Toluene was added to the residue and evaporated
in vacuo (3X) to remove residual water. The desired product; 1,2,4-triacetyl-3-
deoxy-3-C-hydroxymethyl-D-ribopyranose, was isolated as a mixture of
30 anomers along with a second product by chromatography on 4 by 15 cm
column of silica gel eluted with hexane/ ethyl acetate (7:3, v/v). The mixture

was used in the next step without further purification.
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Example 59 5

2-Brono-5, 6-di chl oro-1-(3, 4-di - O acetyl - 2-deoxy-al pha-D-eryth

pent opyr anosyl ) - 1H benzi m dazol e and 2-Brono-5, 6-di chloro-1 -(3, 4-di-

acetyl - 2-de - D- eryt hr o- pent opyr anosyl ) - 1H benzi m dazgl 380As
Vo F e

descri bed i Procedure IIl, 2-brono-5, 6-dichl orobenzimdazo
(0.52 g, 2.0 nmol), NObls(trlmethyIsHyI) acetam de (Al drich, 053n1
2.2 mol ), and 1, 2-di chl oroet hane (AI dr| ch Sure Seal, 20 nm) were
conbi ned d 8¢ ) . was
cool ed toa% 2 e ‘ Al dri ch,
0.42 m 21}3.5@@1,,)‘53@@39 added Im"redl ately, 0.51 g (2.0 mvol) solid

1,3, 4- tri -Oracet yi-2-deoxy-D- 15 erythro-pentopyranose (as prepared and
descri bed 2Brémo, balichiarasbenzimidazole (0.38%lehnmeleg) whighrande . 1951,

For 0. h PIERBFbBL e memas sbiasitand Bragh (US 5atﬁ%?§e%%dn‘§i@‘°§% w e
maanesi um Mg FLFEApAEReNRf %?2‘3"*925%%@?&2‘ FERD . orude 20" resi due
\S/ai%p? (r)| E:V?Ige{t? ﬁaegzﬁsltylr[])(?eﬁr:)r onet hgﬁ'lamf?g“gr?/bsm eqs)wqu ldan and thﬁ% yi el d)
2- br ono- 5, Bagtiemheated to(refiux far tairy faipytesin IB%B %%‘?%EP%‘ Ps.

Ty 7 50 qeys Chipsyet O Shopainsd P45 9 @ OB 1580 MaS )T G2

300 (et g weksh ThUlecBo i b sirehibo Bbs. 3
5 20 ' il it hReno & rerolo W, A e "n?% 14(%)y| o’

2- br ono- 5, aacutmeemrejdrsspmedﬂn ‘DZ-dlchloroethane (15 ml) The carbohydrate

tyl-2-d ta-D- t t lH-b d | H NVR
T s SO AL

Mo (2 deeopifintdlpl (fadom, bl Meg THo rostigf s 1H.

95 heated for 50 min in an 85°C oil bath. The reaction was cooled to RT and lce

2- Brono- 5, 6-di chl oro- 1- (2- deoxy- al pha- D-er yt hr o- lpent opyr.anosyl,) Jh

benzi risdazwater (100 mi) was added. he organic layer was coliected and washed wif
saturated sodium bicarbonate and brine. The organic solution was dried with

MgSOy4, filtered, and the solvent removed in vacuo. The product was purified
by chromatography on a 4 X 15 cm column of silica gel eluted with
chioroform/methanol (98:2, viv). The product containing fractions were

20 combined and the solvents removed in vacuo.

Isolation of the final product was accomplished by deprotection of the acety!
groups. The acetylated product was dissolved in 15 mt ethanol/ water (1:1,
viv) Na,CO, (1.2g) was added and the reaction stirred at RT overnight. The
25  reaction was neutralized by the addition of 1 N HC! then diluted with sat. NaCl
(1 vol.). The product was extracted with ethyl acetate (2X). After removal of
the solvent in vacuo, the product was isolated by chromatography on a 4 by 6
cm column of silica gel eluted with chloroform/methanol (95:5, v/v). MS (ES+):

m/z, 411, M+H. 1-Br, 2-Cl pattern was noted. THNMR (DMSO-dg) 8 7.99

30 (s,1H, aryl), 7.96 {(s,1H, aryl), 5.94 (d,1H, H-1', J1* 2=9 Hz), 5.45(bs, 1H, OH),
5.25 (bs, 1H, OH), 4.45(bs, 1H, OH), 4.25 (m, 1H, H-2), 4.1(m, 1H, H-4")
4.0(m, 2H, H-6') 3.8 (m, 1H, H-5"), 3.7 (m, 1H, H-5'), 2.3 (m, 1H, H-3)).
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An et hanolic solution of 2-brono-5,6-dichloro-1 -(3,4-di-0O acetyl-2-deoxy-
5 al pha-D-erythro-pentopyranosyl) - 1H benzi m dazole (0.21 g, 0.45 mml) was
depr ot ect ed i fication of General Procedure VI with O.

mol ) of sod?vgr%"géll;r% onate in 1m of water. After stirring ove‘%%?’gﬁ{"}ba?

anbi ent tenperature, the m xture was treated as described in Ceneral
Procedure VI. The crude product was triturated |n ethyl acetate to give
0.11 g 10 (0.29 mml, 65%yield) of

2- br ono- 5, Bxgh tés‘ro 1- (2- deoxy- al pha- D-eryt hr o-

pent opyr anos enzi m dazole. [err]H NWVR Q rr]) [err]8.15 (s,
1H), 7.96 2- roma-§; 6—(1nghlorcrs1mta-l-a< yranosyiath %@W@o l8H), 4.97 (m 1H),
3.97 - 3.90 (m 2H, 378-370(m 2H) 2.42-235(m 1H), 1.83 -

1.79 (m 1H). 15 Exanple 61 5,6-Dichloro-N1(1
-met hyl et hyl ) ol 4 2480 YcalyPBatat RyspYFdioiagnt opyr anosyl ) -

1H benZl m dazofe=—2=anine

0 oo S Eep Sy bl st IO |
Z1 , | SSOl ve I n
PP oatd EbREaFRIP ¢ PASERS ff DR 1Bl Aitie 401 TR S HOMEAE SIS o
Ronkonkors, ﬂmﬁggg xﬁ?gnh?q %{fﬂ&ﬁqﬁe ! r391trH% ﬁs&&ﬂ;g%&sw,s gN\J) and

stirred ngJ e was s 'ed W screw cap and

heated in geraid mat Aftak 4 35 therddction Wasidatmedto tdons témFGratEﬁleCénwdl cat ed
Vv

conplete 25 conversion of starting material and the solvents were renoved
on a riu arstirred overnightr &thanol (120 mékwas added andithe reactipn stirtedth.or orret hane
to give 0.

2r 6t ﬁ:‘ Sh' 2?832 ggqqhgn,}@%shw%qqrfgl) a)téq?o(z éﬁ é'got;lg}t%q Mtg 200 ml ethanol and N d
O PRG0S A ot By S HARHEO L )

4.93 (bs, Thd ettd3f acéta@éwasiwwe(dmuczb&swayaﬂthwﬁteﬁiS?%raqtmd)us Sdddm- 3. 55

d, 1H, 2.41 - 2.29 1H, 1.68- 1, d , 3 1.21
ES, 3||:|)|) bicarbonate an qsg}ggqﬁgdea@;)ous sodium chlondg fhenl_gnedo (s. 30,

2-Bro 56d| hl or.o- r r

benzi gfsd az%l féy rotigma E%‘e%ﬁwgﬁgﬁ%gggﬁﬁp(@ﬁ%? %%g%% nggémtéd %H-d

2- br omo- 5, e%@bi@ Qofd (n?aséheérys&lmffémascg@ gsamol to yleld 13.99 29 g é“

bet a- D- eryt hro- pentopyranosyl )-1 H benzi m dazol e ]
mmol, 57% yaeld) of1,2,3 4-tetra—0-acetyl-beta-L~xylopyranose H NMR
(DMSO-dg) 5 5.79 - 5.77 (d, 1H), 5.28 — 5.24 (t, 1H), 4.89 - 4.82 (m, 2H), 3.98
—3.94 (dd, 1H), 3.67 — 3.62 {dd, 1H), 2.03 (s, 3H), 1.98 (s, 3H), 1.97 (s, 3H),

20 1.96 (s, 3H).

mml) was

b. 2-Bromo-5,6-dichioro-1-(2,3,4-tri-O-acetyl-beta-L-xylopyranosyt)-1H-

benzimidazole

As described in General Procedure ill, 2-bromo-5,6-dichlorobenzimidazole

25 (1.0 g, 3.8 mmol), N,O-bis(trimethylsilyl) acetamide (Aldrich, 1.0 m!, 4.1
mmol), and 1,2-dichloroethane (Aldrich Sure Seal, 25 ml) were combined and
refluxed under nitrogen for 0.5 h. The solution was cooled to 50 °C and
trimethyisily! trifluoromethanesuifonate (Aldrich, 0.8 ml, 4.1 mmol) was added.
Immediately, 1.4 g (4.4 mmol) solid 1,2,3,4-tetra-O-acetyl-beta-L-

30 xylopyranose was added. The solution was stirred under nitrogen at reflux for
0.25 h, then poured into 7% aqueous sodium bicarbonate and extracted with

dichloromethane. The organic layers were dried with magnesium sulfate
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deprotected in a nodification of General Procedure VI wth 0.077 g (O. 73
mmol ) of sodium carbonate in 1 mM of water. After stirring overnight at
anbi ent tenperature, the mxture was treated as described in CGeneral 10
Procedure VI.wDhes/ssraade product was triturated in dichloronet @3%3
hexane to give 0.06 g (0.16mml, 56%yield) of 2-bronp-5,6-dic S {83
deoxy- bet a- D- er yt hr o- ent opyranosyl - 1H benzi m dazole. [err]H NVR ( DVBO .
dlerr]) [e(an]twdélf it@s@ 1800, evaporated, The)crude essiducowes crystallized freno2 (s, 1H),
3.74 - 3.72

(e oy Bhlgroform 5 elane fo Ga( 211 5iTbp o syt &-Hemtdrs & llemsie Bueo

signal), %e(,ﬂ e}f)‘ 1

2- Br ano- 5- (c% g?tgl%- met xylopyraerg%sgga‘{wﬁgggfhé%%zsol? H N R (?DC dazol e and
2- Br ono- 6- &Ml&ﬁ(‘&ﬂ%ﬁﬂt?@(g HH) S.BBet&GD(mL inh}&ﬁﬁlosyﬂ‘l-(hhi-ﬁé))EMdazol e 20

a. 4-Chloro-2-nitro-5-ne t hi oani um net hanet hi ol ate (4.06
g, 58.6G m®RS (m,dhﬂ)cﬁ)4&/\7a%4§d€%eﬂd)e§ 691- 361, 1H) 2.18i (seBh)I 2.80 (8 de.

4,5-Di chl g ﬁd%k mllne(loog, 48.3 mmol , Al drich) was added
portionw s ) ¥ sodi um nmet hanet hiolate (4.38 g, 62.5 25 mml) was
added over several h until starting material was consuned. The

reaction mxture was poured into water (400 m) and the resulting
precipitate 2-Bromweﬁsﬁﬂ:ﬁﬂhImot-‘bbe@L-ﬁcybpymnosﬂ-Medzmdataﬂeg| ve 9.05 g (41.4

| % | T
515 (<. A steangiceolutonol Lbioma’s SgRRIon-148 3 r-O-acetyaphart | ferr]

ol ) B P RhaRI ISR 83 A 54 mmopgivi, Sbbfcleder fad®c® Lo
Al drich) segddiieationbbSenkrdl @r@@éddrsfsﬂl withD.64 g48D3tntdl) 6t Sudigm

and 80 m of water for 1h. The reaction m xture was evaporated, the residue
was di | ut ezhrapnateviaten efwatex: Ater stirng avetnighti 2 aothientiemperature,

di chl h I hed, wi t h_.sat t ed
Chi or | do. EPTBHtSE SASPRIER GOCELRER I APaRIS ERSodiip 1 12 GV URe sol vent

(5)f \A??]er '?I the corrpoung‘%gfj %ﬁ'W@B&QT’@ u?T ef}“é%%%(m 97%6y|7§I ((j)s
1 H), 13. 4heba@ne to givedBi21 g (0.53 mmol, 34% yleld) of 2-bromo-5 6-dichloro-1 -beta—
L-xylopyranosyt-1H-benzimidazole, mp 164 -~ 165 °C. 'HNMR (CD;0D) 6 .
8.04 (s,1H), 7.83 (s, 1H), 5.53 - 5.50 (d, 1H), 4.14 - 4.08 (dd, 1H), 3.93 (bm,
1H), 3.83 — 3.75 (m, 1H), 3.556 — 3.46 (m, 2H).

20 Example 58
5,6-Dichloro-N-1(1-methylethyl)-1-beta-L-xylopyranosyi-1H-benzimidazole-2-

amine
2-bromo-5,6-dichloro-1-(2,3 4-tri-O-acetyl-beta-L-xylopyranosyl)-1H-
benzimidazole (0.25g, 0.48 mmol) was dissolved in 10 mi of absolute ethanol,
25 ftreated with 5 ml of isopropylamine (Fluka, Ronkonkoma, NY), heated in a
glass pressure tube {Ace, Vineland, NJ) and stirred with a magnetic stir bar.
The tube was sealed with a screw cap and heated in an oil bath at 85 °C for
40 h. At this time, TLC indicated complete conversion of starting material and
the solvents were removed on a rotary evaporator. The product residue was
30 purified by filtration through a silica gel pad elufing with 10% methanol in
chioroform to give 5,6-dichloro-N-1{1-methylethyl)-1-beta-L-xylopyranosyl-1H-
benzimidazole-2-amine (0.15 g, 0.40 mmol, 83% vield). 'H NMR (CD;0D) §

9y



c. 5-Chl oro-6-nethylthi obenzi mdazole 10 A solution of

3-chl oro- 4- net hyl t hi o- 1, 2- phenyl enedi am ne (5.0 g, 26.5 mmol) in 75 nm
et hanol was treated with triethylorthoformate (6.6 nl, 39.7 mmol,

Al drich) and YPP¥#PY6t oacetic acid (0.51 m, 6.6 mmol, Al drich)PCTERI$H3380
stirring 0.25 h, the reaction mxture was concentrated under reduced -

pressure. C I z fr 3 thyI
pressure, A geim. 5T G415 SSHTE b Ro s (hIs E G st Y
crop and 1.54743 ey EeEONd 3.42 (m, 2 pxsoT 3H tiads Is!{ was 3.73 g (18.8
mmol , 71% y:?e d) @[((Eadr]r% DI\/ém H? {ue g od S, ’i 7.80 (s, 1H,
752(s 1H), 2.56 (s, 3H).

5Ch|or06rrethylth|01(234tr| Oacetyl bet a- D-ri bopyranosyl )-1H 20

benzi ni dazof ChIoroSmathyIthlol(234tr| Oacetyl bet a- D

ri bopyrgozmm&g A3 waeral Procedure
1] 8—nmol ),

N, O bi s(tri hbyyt 1Hcmmw@zb@ ahd QkBroﬂ\cﬁslﬁLdtcﬁlﬂrJL@ 4-digo! ) , and

1, 2-di chl or ure Sea 100 m )" were conbi ned 25 and

ref | uxed umtmtglrﬁ-deombefaea ely&@jpenmpyrmgﬂzrmrb@azmdazd to 40 C and
trimethylsilyl trifluoronethanesul fonate (Aldrich, 4.0 m, 20.7 mol) was
added. Imrediately, 7.17 g (22.5 muol) solid 1, 2, 3, 4- tetra- O acetyl - beta- D
ri bopyranos & $td | Nﬁdr RiGax refl ux
for %S%Cﬁgg%ﬂ]r e%“lgﬁ(ﬁr%ﬁ)dggﬁggazs%so e|St?rjn‘6tk;'| car ggﬁg%le and extracted

with 309 dl(@@@gmtrhmw) NTO<bis(triraethylsilgly acetamide (Alidriet, 9E8miy&ghesi um
sul fate (anhyd), filtered, and evaporated. The residue was purjfied by

t WO s Ul md 1s?-dichiorgethane! (&Jﬁf@h@erﬁ $RAZY Mikiwers eemhinedaNd and a

0 0.8 |,
2o vi el ) deted udbditi8hbn o8 i e dBia6GL RS dobiel 65¢- G 8pd (9: §) M
[err]H NVR ¢; Qiéﬂrffhbroh@fﬂaheé@lfdrﬁate iAldnchlt)ﬁ!Z')ml 8.2ty wak) . 7.82 (s,
0.6H), 7.72 l(i[é,ﬁi%. ), 7.58 (s, 1H), 6.12- 6.03 (m 1 6H), 5.79 -
7,76 (m 3.4dded. 4dnotediateip®.51g (2.2rmolpsdiR! 1.8,4-8HP-act@72-deoty-D2. 26 (d,

Z %F?)rmug, &wm’rep@n%wm @slperteaa@d@rﬂ dessribedby Rpdlertan and ¥h anosy! ) -

1Hb - ' 1 O— |
bot o D 11 begrieng0 , ChBRE S 95) Adpy Ry o LBl T solufion asD. 20F VL
accor di ng tgirfeRNeidr nitfrQgetiar 50 10/far0.5%, then poured%ﬁtbﬂ%-a@;u@@hbkbﬁimm 1

-(2,3,4-tri - Oacetyl -beta D-ri bopy ranosyl) 1 benzi m dazol e and
6- chl or o- 5-hiearbphats anm-qmasteaiwnh d(ohmremekhaj@t all® organic layer was

dried with magnesium sulfate (anhyd), filtered, and evaporated. The crude

20 residue was purified on a silica gel column eluting with a step gradient of
0.1% to 1% methanot in dichloromethane to give 0.47g (1.0 mmol, 52% yield)
2-bromo-5,6-dichloro-1-(3,4-di-O-acetyl-2-deoxy-alpha-D-erythro-
pentopyranosyl)-1H-benzimidazole; 'H NMR (CD,0D) 3 8.11 (s, 1H), 7.80 (s,
1H), 6.11 - 6.07 (dd, 1H), 5.37 — 6.32 (m, 2H), 4.24 —- 4.19 (dd, 1H), 4.05~

25 4.00(dd, 1H), 2.68 — 2.56 (q, 1H}, 2.32 (s, 3H), 2.20 - 2.15 (m, 1H), 2.01 (s,
3H) ;and 0.13 g {0.28 mmol, 14% yield) 2-bromo-5,6-dichloro-1-(3,4-di-O-
acetyl-2-deoxy-beta-D-erythro-pentopyranosyl)-1H-benzimidazole; H NMR
(CD,0D) § 8.02 (s, 1H), 7.76 {s, 1H), 6.13 - 6.10 (d, 1H), 5.62 (bs, 1H), 5.29
~5.23 (m, 1H), 4.15 - 4.03 (m, 2H), 2.76 - 2.70 (t, 1H), 2.19 (5, 3H), 2.15 - 2.14

30 (m, 1H), 2.00 (s, 3H).

Example 60
95



ri bopyranosyl)-1 H benzi m dazole as a m xture of regioisonmers (0.36 g, 0.79
mml ), 30 mM tetrahydrofuran (Aldrich Sure Seal, M| waukee), and a total of
15 1.68 g (9.4 mol) of N-bronosuccininmide that was added over 2 h. The
product frowgwrder¢ip by General Procedure |1V was purified onpergebssaswgel
colum with dichloromethane and a step gradient fromO - 0.5% net hanol .
This provided .0.18 g (0.34 mmol) of the title conpounds as a m x of

r egi oi soneRBrone5 Gedichiosotg2sdanxyeaiphar-b)-atythropertoiyyranosylydh-- 20

pr epar ati_vg Chi r,EI c?l OD | ot No. S0170DOOCI-HC001 eluting with a nobile
phase of 9 Il oxi de and 10% net hanol at a flowrate of 2.0 mM/mn
and a pressure of 3000 psi at a tenperature of 40 C with signal detection
at 254 nm 2-Bronp-5-chloro-6-nethylthio-1-(2,3,4-tri-0O acetyl -beta-D
ri bopyr anoaylethamblieesvhitivroaizz>bromo-&, &dichioret1 - (ﬂ-dr-csaaetymz:de d 0.047 g
was 25 obtained after evaporation of the sol vent. gerr DVSO-d[err])

[err] 7 79alpha-D4arythro-pentppyeanosyl) H-yenarrwzol%(ma gaMHnm W@s- 5.74

E;ﬂ ~'2’>||:|)|) , ZdQBrO&‘Ls&eém a @oéﬁcett@n %flgen g%lr‘gce%H}et ¥ﬁwga)0 18 ((|t17 1H), 2.64
2- Brom- 6- i) 8f SodBi/bdrbbihAtoTn 1(r & atef] AReRSBIHb VeIAOR: at

ri bopyr anos enzi mdazole eluted fromthe chi um1 | ast (RT 30
7.22 mn) amléht(iémpgratm e mixierd was G’eatmbamdascrcbecbh (Bdamaerabl vent. [err]H
NVR (DVsO-d[ err] )‘_ rJ 827ct( |_t|) & I—{){Tl]i 5.98 - 95(d
1H), 5.78 Prageppre \. The crude product wagfri uzptgﬁ in ethyl goe gg_guvep g 3 98

(2t Broﬂ)0 5- (cqi?%&ﬁh%ﬁ#%l/%éﬁm&@%bré% ggl '86%7? nosﬁﬁ%%e'r?z‘?wwozol e 5 An

ethanol i ¢ gentabyrihos)l)AHbonzimidaroler et wmemmsmdg 5&{52(33 14+)t mgeo acetyl -
bet a- D-ri bopyr anosyl ) - 1H benzi m dazol e (0.047 g, 0.09 mvl) wa

depr ot ect efs, 1h)a5.60¢+ 5i77di dH),d. 128 1), mgﬁc(miuﬂ'é) GLQKAn-taﬂ(D(mSBHQ (0.34
nmol ) of 50|um ar e rring 1 h at anbient
t enper at ure, 8t"h§c7ﬁ&75 Bﬁ'b &é@'ﬁ?gﬁ%ﬂ- {Jé)\,\geﬁ’r'ﬂ%?mn &ner al Procedure V.
10 The product was dried overnight in vacuo to give 2-brono-5-chloro-6-
met hyl thi o-1 -beta-D-ri bopyranosyl - 1H benzi m dazole (0.035 g, 0.09 mol,
8%y|1£5 d) Exambld &1 NIVR (Dl\/BOd[err]) [err] 7.73 (s, 1H), 7.37 (s, 1H), 5.63
5.60 (d, 91 -4.89 (d, 1H), 4.00 - 3.99
(m 2H) ﬁ@@moro-N-ﬂttmethséethyl) 1g22age¢>m-alghm D-prdbrg-gentopyrangsyl) g

2- Br ono- 6- ghl,or 0: 5- \ 1-beta-D-ri bopyranosyl 1H benzi mi dazol e
An et hanol +¢- é%m"?e

2- br ono- 6- chl oro-5-msthy|th| 0-1-(2,3,4-tri-0Oacetyl -

2-bromo-5,6-dichloro-1-(3,4-di-O-acetyl-2-deoxy-alpha-D-erythro-

20 pentopyranosyl)-1H-benzimidazole (0.098 g, 0.21 mmol) was dissolved in 4
ml of absolute ethanol, treated with 2 ml of isopropylamine (Fluka,
Ronkonkoma, NY), heated in a glass pressure tube (Ace, Vineland, NJ) and
stirred with a magnetic stir bar. The tube was sealed with a screw cap and
heated in an oil bath at 85 °C for 24 h. At this time, TLC indicated complete

25 conversion of starting material and the solvenis were removed on a rotary
evaporator. The residue was triturated in dichlqromethane to give 0.062 g
(0.17 mmol, 82% yield) 5,6-dichloro-N-1(1-methylethyl)-1-(2-deoxy-alpha-D-
erythro-pentopyranosyl)-1H-benzimidazole-2-amine. 'H NMR (DMSO-dg) &
7.63 (s, 1H), 7.38 (s, 1H), 5.64 — 5.60 (d, 1H), 5.06 (bs, 1H), 4.93 (bs, 1H),

30 4.02-3.89 (m, 2H), 3.80 — 3.65 (m, 2H), 3.60 — 3.55 (d, 1H), 2.41 - 2.29 (q,
1H), 1.68 — 1.65 (d, 1H), 1.23 (s, 3H), 1.21 (s, 3H).

gt



bet a- D-ri bopyr anosyl ) - 1H benzi m dazol e (0.057 g, 0.09 mml) was
deprotected in a nodification of General Procedure VI with 0.044 g (0.41 20
nmol ) of sodigmpggiponate in 0.5 nm of water. After stirring 1.5 h at

anbi ent tenperature, the mixture was treated as descri beRET/RPISBFSP al
Procedure VI . . The product was dried overnight in vacuo to give -
2-brono-6 1969 met hyl t hi o-1

-beta-D-ri yl - 1H benzi m dazol e (0.042 g, 0.08 mmol, 98%

yield). [@BiorhdEo-dickistoe]-E-deoxy-beta-D-erythrg-pentbdyranosyh-14-, 1H), 5.61 -
5.59 (d, 25 IA), 5.16 -5.12 (m 2H), 4.86 - 4.84 (d, IH), 3.98 (m 3H),
3.68 - 3. benzimidazole 2H), 2.49 (s, 3H). Exanmpl es 64 - 68
100 [err] D- Il yxopyranose [err]

5 An ethanolic solution of 2-bromo-5,6-dichloro-1-(3,4-di-O-acetyl-2-deoxy-
beta-D-erythro-pentopyranosyl}-1H-benzimidazole (0.13 g, 0.28 mmol) was
deprotected in a modification of General Procedure Vi with 0.077 g (0.73
mmol) of sodium carbonate in 1 ml of water, After stirring overnight at
ambient temperature, the mixture was treated as described in General

10  Procedure V1. The crude product was triturated in dichloromethane and
hexane to give 0.06 g (0.16mmol, 56% yield) of 2-bromo-5,6-dichloro-1-(2-
deoxy-beta-D-erythro-pentopyranosyl)-1H-benzimidazole. H NMR (DMSO-
dg) 88.01 (s, 1H), 7.92 (s, 1H), 5.96 — 5.94 (d, 1H), 5.02 (s, 1H), 4.90 — 4.89
(d, 1H), 4.01 (s, 1H), 3.94 — 3.86 (m, 1H), 3.74 — 3.72 (d, 2H), 2.42 - 2.39 {m,

15  1H - partially underneath residualt DMSO signal), 1.90 — 1.87 (d, 1H).

Example 63
2-Bromo-5-chloro-6-methylthio-1-beta-D-ribopyranosyl-1H-benzimidazole and

2-Bromo-6-chioro-5-methyithio-1 -beta—D—ribopyi'anosyl-1 H-benzimidazole
20
a. 4-Chioro-2-nitro-5-methylthioaniline

Sodium methanethiolate (4.06 g, 58.0 mmol, Aldrich) was suspended in 80 mi
dimethyiformamide. 4,5-Dichloro-2-nitroaniline (10.0 g, 48.3 mmol, Aldrich)
was added portionwise. Additional sodium methanethiolate (4.38 g, 62.5

25 mmol) was added over several h until starting material was consumed. The
reaction mixture was poured into water (400 ml) and the resulting precipitate
was collected by filtration and dried to give 9.05 g (41.4 mmol, 86% yield) of
the title compound. *H NMR (CDCl,) & 8.15 (s, 1H), 6.44 (s, 1H), 2.52 (s, 3H).

30 b. 3-Chioro-4-methylthio-1,2-phenylenediamine
A mixture of 9.05 g {(41.4 mmol) 4-chloro-2-nitro-5-methylthioaniline and 28.82
g {165.6 mmol, Aldrich) sodium hydrosulfite was refluxed in 200 mi of ethanol

9




a) Ac[err]Q pyr. b) 2 or 3, BSA, TMSOIf, CHerr]CN. c) Na[err]CJerr],
EtOH Herr]O d) ZNH err], EtOH 60 [err]C.

Schene 1 General Chem cal Procedures: Melting points were determ ned
on a Thomas- g r apparatus and are uncorrected. Silica AR
40-63 m crons ng@&\(ﬁ 400 nmesh (Mallinckrodt) was used for cgfe'mg’&&
chromat ography. . Thin | ayer chromat ography (TLC) was perfornmed on

prescored Si hid 4B nm? water f5F 1 h. ThénaadtRm mixtineavds e@i)orafadctﬁé flsRfuener e

devel oped in the follow ng sol vent - systens: system1 35%
Et OAc/ Hexanewas difuted with waterandedsapted witthdiohieremedisane:/ \7l)he system 3 (10%

MeOH CH / t 4 d /
Corrpoungjgr \r/veg@‘;‘ %’1?31 g, WQ’?&?M??&'@BH@%@H"W pgbﬁ{:ui SO&'?‘E{M n\r{r) Vz)r/ and
by treatment eé’c?@’etr%ﬂ bidusHa &n%ﬁ o Sid AGEAPYhe songdi! 1 g on

otfibfidle. 't
a hot plate. vapo’ra I ons wer carrie ut under rteduce pressure

(wat er asgpi rghgFemvvéduhtier ledubed pmuaé to gnvedt583g<(¢@(1lmmc$f970)@ytel§) unl ess
speci fied otherwi se. NVR spegtra were recorded on either a Br[err]Kker

300 or 500 mfztheruﬂemnmundcﬁémbd8|(cmlﬂtﬁs6aee(S.ewrb) &sB2(5,i1i)d244i1(8es (ppm
relative to:me chem cal shift of the residual DVBO-d[err] (d 2.50 ppm
cont ai ned }in the solvent DVBO-d6. All NWVR assi gnnents reported were
made by hononucl ear decoupl i ng experinents. Unless ot herw se not ed,
all materials 20 were obtained from comrercial suppliers.

Exanpl e 64 5.cril,m2>,.6.,n=ﬂeﬂﬁ¢|th’ab@mwazbld}l yxopyr anose (1): Acet I C
anhydri de (23 e, to a stirred solution of

| yxose (.5 @SOMOWI3)'CWQWQ§M§“Q‘QE? ﬁﬁ?n)él?n‘i*di%wfleé(ﬁa@ga?ﬁ@“wx er 15

et racted wiltifo m Safelveh BrlRRLREN EElV Gk fialiel bty Mol ac: e

washed w th XgHER) drld tnﬂuordacéﬂc Bkl (0B ﬁﬂi M%mblal\%h)f Alftbemngnd the

filtrate was concentrated under reduced pressure. After seveéral
coevapor at i dh25\, the t&dctsenem((t&re(w}as coppentrated 1hder eedlmed pvasswebj’rd?let ed to

cet at o and RERNRGACYSIaliZRs rotR kRSB iR Sitdaceiate gnd hexata i) of the
pure a 330meg, @5 1o § Bf tHeHiR @d&&éun@mﬁﬂb At r8p BRASLSY b ;r’:%’e Y&hd

crop. The total yield was 3.73 g (18.8 mmol, 71% vield). *H NMR (DMSO-dg)

88.49 (s, 1H), 7.80 (s, 1H), 7.52 (s, 1H), 2.56 (s, 3H).

d. 5-Chloro-6-methylithio-1~(2,3,4-tri-O-acetyl-beta-D-ribopyranosyl)-1H-
20 benzimidazole and 6-Chloro-5-methylthio-1-(2,3,4-tri-O-acetyl-beta-D-

ribopyranosyl)-1H-benzimidazole

As described in General Procedure |11, 5-chioro-6-methylithiobenzimidazole
(3.73 g, 18.8 mmol), N,O-bis(trimethylsilyl) acetamide (Aldrich, 4.9 ml, 20.7
mmol), and 1,2-dichloroethane (Aldrich Sure Seal, 100 mt) were combined

25 and refluxed under nitrogen for 0.25 h, The solution was cooled to 40 °C and
trimethylsilyl trifluoromethanesulfonate (Aldrich, 4.0 ml, 20.7 mmol) was
added. Immediately, 7.17 g (22.5 mmol) solid 1,2,3,4-tetra-O-acetyl-beta-D-
ribopyranose was added. The solution was stirred under nitrogen at reflux for
3 h, then poured into 7% aqueous sodium bicarbonate and extracted with

30 dichloromethane. The organic layers were dried with magnesium sulfate
(anhyd), filtered, and evaporated. The residue was purified by two

successive silica gel columns eluting with dichloromethane and a step

38



dryi ng, and fractions 8-40 contained 6.8 g (71 %9 of a m xture of anoners
of 1 [Rlerr] (system1): 0.40 (major) and 0.35 (mnor)] which also
crystallized upon 15 drying. Characteristics of the pure a anoner:

np: 96-98 ocW‘?aﬁf? £ NVR (DVBO-d[err]): d 5.89 (d, 1 H J = 3PPT¢EP98/P+33§9
5.20 (dd, 1H, J 9.1 and 3.4 Hz, H-3)512(t1HJ 3.3 Hz, <.
H2), 5. 1- H5),
5 2h e (mf’gl%dfgﬂt |fﬂanﬂ()-to 50% Hcé’@one:’toa?vér 952'36[%0;? rﬂrgﬂ Wgsé!d'fjoﬂha titie:
Caracteri stccnnpoﬂindﬁas mmgmtmmémamréﬂs? 1p'H NMFB(DMSO—}!QSB46 (s, Exanple

2.5, 6-Tri el BHObBR2i (3t AHib 82 (5. 05G) 182 5., A8k (5 Do Raar 6035
o 20 (nGBRELo TR M AR A SR RO Sl 2R Pl 2475,

addi t i oral n 1 (4.8 g, 15 mol) in acetonltrlle(ZO m)
Haegen, 1repaen)

and TNVSOTf nmol’) were added to the clear solution, and the
m xture was stirred at 55 [err]C for an additional 18 h. A saturated
aqueous sol ution of NaH err i A d the m xture was

diluted with 1BFPMOs5-Ghior: 7 Y _ 2rToORYr3RRSYA shed

‘é“nfjhc‘g’f]‘tcg[] tﬁ gég gé%otecﬁdioeé' 8%-6?‘8%?'6 Hheth
i?b’réfﬁﬁﬁofm——m?@q——amm——rﬁ——r&‘é‘@m o ool %éié%ﬁké“h 9 aradien
i sol at d6 frihe ﬁﬂacompnunem preperad a¢eordingrto ﬁen@almqocedgse gl gsibgvied in a
carbonat e (dlarogmeiS- 15508 GG ackbetaDiboReanabt i " ni i Ur e v
stirred for ,B,daggglaﬁ&gtmrgf_metﬁﬁﬁﬁb_gq )f,t t@%@fzg g.the mxture

was evaporat ryness acetat e (100 m.)
were added ribppyrenosyh tidenZintidazgessca mixture ebq’egcmsomes ngo\mth wat er
(2 x 10 nmL), dried over err] err filtered and eva ted to

dryness. THBmMOoRs Bl tﬁérghxé@ﬁéﬁaé b%frelsﬁfhlwwavm)oae%w @ (50 )

Cryst ol 2ao% it Aot Bf hw@ﬁ%%éﬁ fie3ffop ad Buded qrer PPN 1 5

0. 24: 00
0. 24 gr; yedwt&rcfrﬁm{@%@ﬁ%e}at ﬁraeéddﬂ?HWRjéng § é#z 6h lE_a]i_élihcajgéi 2 (a.

1H, J:oturﬁn thhzdlcﬁ{oeomptbmcam etetn g)adlesat from @~ Q8% methand. Hz,
oo ;] AL ?@%e% 018 (@3§1{5"(ﬂ°') otthe éﬂ%‘z‘m@ﬁf’“&ﬁ‘ﬁ 5ol (Zm( " hH H 5'
and H5"); 0fksontéke THd FafidisdrhbRl Wbl &parided sy sEC it &ehliO CHN
20 preparative Chiralcel OD lot No. S0170D00CJ-HC001 eluting with a mobile
phase of 90% carbon dioxide and 10% methanol at a flow rate of 2.0 ml/min
and a pressure of 3000 psi at a temperature of 40 °C with signal detection at
254 nm. 2-Bromo-5-chloro-6-methyithio-1-(2,3,4-tri-O-acetyl-beta-D-
ribopyranosyl)-1H-benzimidazole eluted first (RT = 5.78 min) and 0.047 g was
25 obtained after evaporation of the solvent. HNMR (DMSO-dg) 8 7.79 (s, 1H),
7.68 (s, 1H), 6.03 - 6.00 (d, 1H), 5.78 — 5.74 (m, 2H), 5.57 {m, 1H), 4.23 —
4.17 (m, 1H), 4.09 —4.01 (t, 1H), 2.64 (s, 3H), 2.26 (s, 3H), 2.04 (s, 3H), 1.80
(s, 3H). 2-Bromo-8-chloro-5-methyithio-1-(2,3,4-tri-O-acetyl-beta-D-
ribopyranosyl)-1H-benzimidazole eluted from the chiral column last (RT =
30  7.22 min) and 0.057 g was obtained after evaporation of the solvent. 'H NMR
(DMSO-dg) § 8.27 (s, 1H), 7.51 (s, 1H), 5.98 — 5.95 (d, 1H), 5.78 - 5.72 (m,
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Exanpl e 66 20 2-Brono-5, 6-di chl oro-1-(a-D-1yxopyranosyl )benzi m dazole (5):
2- Brono- 5, 6-di chl or obenzi m dazole (1.06 g, 4.0 mml) was suspended in
acetonitrile (70 m.) and the m xture was stirred at 35 [err]C. BSA (1.-46

n., 6.0 wm)sk—;gwas added, and the reaction m xture sti r_rg,g:,r[n?,g
additional 5 mn. Corrpound 1 (1.52 g, 4.8 mmol) in acet P f°10
m.) and TVSOTf (1.1 §§) were added to the clear solution,
Bt the m xBEDed o 4ABAF), 208t 3 (teth) 2.2600s, 8h).2i08(s.03H), 1778 h. A
sat ur at ed a&M%?_bs sol ution of NaHCO3 (5 m.) was added and the m xture
was dil utedWmtH-ethyl acetate (20 nlL). The organi c extract was washed
wth water (3 x 5 nL), dried over anhydrous sodiumsul fate, filtered

and concentrated under reduced pressure. The 30 residue was
chr omat ogr afihg«Bromoa5-shidro®-methyitbios tabet-Dxrikichyranosyl-G Eldbenzimidazoteadi ent  of

met hanol (0 -"1I9 1n chl orof e conpound, (.1.15 . I sol ated from
fracti on 8Aﬂlett1ﬂﬁ°‘(°s§ﬁ§‘ﬂ@ﬁ Q€£ %@@]5‘0?0‘8@“@1@%‘B§|m1r&)%4§&%c§w"

carbonat e_( bot-BribgpyHg - BeRaiEioia 0047 BosimE waS! 7 0” ac

stirred 17 Bepn eé%?h'rﬁo@iﬁd:ﬁtohloﬂ’d}éneral Proceaareetvlplwmh aoBe §eo.suxt ure was
evaporated to dryness. Water (30 nl) wa ded to the residue and the

resul ting pmmolpof sodiumesarhasatedn 05 mlmwate)r ﬁeftemmr}mgnbheatmmlum t hen
suspended in b0|I# chl ronet h

conpl ete di EIBPLE ‘B’% r?(yl’?%ée%tegrﬂﬁsqeoﬁcf'bﬁéﬁ‘ ﬁreﬂﬁ{q' rgcgcﬂ.,rgN lon (

220 69 . Bot h
bat Cgs aﬁggm%%ar act er | ﬁ'g\l’%?dd?ﬁsﬁwé% ‘lﬁgesdélﬁ':]&ov.\gt gr
e et garos o i 32 o i,
9.1 Hz, H 1%&% !B’elqil'@. ?MNME@MSO—%§ B et3 (so1EhchdRdeaite 6&3~A316Q ,
n o) OO AR AR B 1 U 2ot 43P Ta1E) 2 90 109 (3 2P0 e S‘ndl“

H-5"); Anal H 0 CHN
Exar%le nal 11§, @ 91 L1381, BHR 28013 gy 1 CLerrl . Heerr] O

5, 6- Di cf8 or o- 2-i sopropyl am no- 1- (a- D-|1 yxopyr anosyl ) benzi m dazol e (6)

Compound 4 (300 _ny, .di,ssaol ved, i n et hanal niL

| sopr opy! angn@-@wrmﬁtchlwg%w Labﬁiavﬁ?—nhoMaana«lﬁH-éar}zm\)ldaaglﬁask Was
An ethanolic solution of 2-bromo-6-chloro-5-methylthio-1-(2,3,4-tri-O-acetyl-

lH J=

beta-D-ribopyranosyl)-1H-benzimidazole (0.057 g, 0.09 mmol) was
deprotected in a modification of General Procedure Vi with 0.044 g (0.41

20  mmol) of sodium carbonate in 0.5 ml of water. After stirring 1.5 h at ambient
temperature, the mixture was treated as described in General Procedure VI.
The product was dried overnight in vacuo fo give 2-bromo-8-chloro-5-
methyithio-1-beta-D-ribopyranosyl-1H-benzimidazole (0.042 g, 0.08 mmol,
98% yield). 'H NMR (DMSO-dg) 8 7.79 (s, 1H), 7.49 (s, 1H), 5.61 - 559 (d,

25  1H), 5.16 ~5.12 (m, 2H), 4.86 — 4.84 (d, 1H), 3.98 {m, 3H), 3.68 —3.65 (m,
2H), 2.49 (s, 3H).

Examples 64 - 68
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seal ed and the reaction mxture stirred at 60 [err]C for 2 days. The
m xture was 20 decanted and evaporated to dryness. The residue fromthe

evapor ati on was di ssolved in ethyl acetate (50 nmL) and t d
with water W89%566k) . The organic extract was dried 0\?5&?@3%%%
sulfate, filtered and the filtrate was evapor at ed under reduced
pressure. The residue vvas bpected to silica OAC chromat ography [ 2 X
15 cm eluent: gradie t haneot—(5-- &wg}ﬁ di chl or onet hane] .
Fractions that contai ned maj or spot [Rf ( em 3): 0. 24] were

evapor ated and the r esulHOl ng®dol i d was suspémied 9A% boiling

chl oroform Methanol was added until conplete dissolution of the solid.
Conmpound 6 crystal | i zemHykspgnamaséri s sol ution (2601 ng, 81% . Al attenpts to
obtain 6 free of chloroformfailed. 30 Rerr] (system3): 0.24; np:
214-218 [err]C (deconp.); [err]H NNR(DIVBOd[err]) d 7.55 and 7.36 (2
s, 2 H H4 and H7), 1 b, J . 8 , A5ch.3 (m 3 H,
HIl', OH+4 and OH3'), 4. : , 4.2 (m 1H H2"),
104 4.1-3.9 (m B8 J<) '+ dhd erReHEs)yB), 3.7 (m 2 H,
H5,5"), 1.21 (d, 6 H, : Hiz): Anal .

. 1) Exanple 68 5
2- Cycl ohept yl am no-5, 6-di chl or @~ Q‘o"pyrano benzi i dazol e (7)
Conpound 4 (200 ny, 0 57 mmol§° wa® |ssol ved in BPharfdt (4 ni).
Cycl oheptylam ne (3.6 nL, 28 mml) was added, the flask was seal ed and
the reaction mxture stlcr[r_jﬁdiai [ r]Cfor Zilé §°P mxture was
decant ed and evapor datp-ff yngss at 65 [€r T hi gh vacuum The
resi due was 10 dissol vé sethg{Raeet ate (20 nlL), and crystal s of

cycl ohept yl ammoni um OGN B 268, g&%m\qsg,\, QyNgnggratl on. The organic

extract was dried ov%%gf,mzo d)gqugm., il'teréd and the filtrate was
evapor at ed under reduced pressure. The residue was subjected to silica
gel chromatography [2 X 15 cm Scheand - gradi ent of nethanol (0 - 6%
in dichloromethane]. Fractions that 15 contained the major spot [Rf
(system 3): 0.30] were evaporated and the resulting solid was

suspended &EnbQ bh@auéﬁx%@é&f@&*mamngwmwremrmmed aadeTthomas! _
conpl ete dissolution of the solid. Conpound 7 &sta ized from this

sol uti ¢n (Ho6vermppatatty and are mbo(reytedeﬁﬂls;l ged). 3 AMO—&iﬁslet@ﬂS?éOr] C
7y 6. 4 AQmesh (MARCKPA3 wasg used foripaldrd shiomaBarashy. TRRIAYET Gy 4 ang
OF3'), 4. &?o{n%tog]rafihy \}I'EC)&MQS b'érfo%@ oh présc%ré&“SﬂFcﬁlP’{ 7U'F2f)lbtes
(Analtech, Newark, DE). TLC plates were developed in the following solvent
systems: system 1 (35% EtOAc/Hexanes, viv), system 2 (50%
10 EtOAc/Hexanes, viv), system 3 (10% MeOH/CH,Cl,, viv), system 4 (15%
MeOH/CH,Cl,, v/v). Compounds were visualized by illuminating with UV light
(254 nm) or/and by treatment with 10 % methanolic sulfuric acid followed by
charring on a hot plate. Evaporations were carried out under reduced
pressure (water aspirator) with the bath temperéture not exceeding 50 GC,
15 unless specified otherwise. NMR spectra were recorded on either a Briker
300 or 500 MHz instrument. Chemical shifts are expressed in d values (ppm)

relative to the chemical shift of the residual DMSO-ds (d 2.50 ppm) contained
in the solvent DMSO-dg. All NMR assignments reported were made by

homonuclear decoupling experiments. Unless otherwise noted, all materials

20  were obtained from commercial suppliers.
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4.0-3.9 (m. 3 H H3, H4 and CH(CH err])[err]), 3.7 (m 2 H H5 ,65"),
2.0

.0-1,9 (bs, 2 H,  cycl oheptyl), 1.7-1.4 (m 10 H, cycl oheptyl), Anal.
(derr]Herr]C[err]Nerr]dJerr]) CH N 25 Exanple 69 Human -
Cyt onmegal ovi [LuUs y HCW strain AD169 was grown on nonal ayers of
human enbryo%gszaifa cells (MRC5 cells) in 96 well plat BSTER: 8%103 80

i nfection of the cells at a ratio of 30 approximately 0.01 infectious
virus particles per cell, the conpounds to be . tested were added to
selected wells at six different concentrations, each in triplicate.

The sane cob¥ample64ons of conpound were also applied to wells

cont ai ni ng I [ s ~0f | Afiected cel | 9.in order to assess conpound
cyt ot oxi Ci tmg -{f—gcéﬂl';lﬁ-@fp,gy@ ﬁ’a)f 5 days, and the mi ni num
cytot oxi ¢ dR§@n¢A§ﬁh A \RRAFILf 28T iGNy %@%ued%%@tﬁ@d woumef bCs0 for
antiviral ect was estimated from neasurenents of In each wel |

5 by bl.'ottlynqsa(mchJMmmyln@yadmel(goan\ﬂrbpbrﬁech;maima Adtemibdr, to the

met hod of Gadler (Antim crob. (t:; ts Chenot her . 24, 370-374).
Exanpl e the reaction mixture was popad into ice water (200 mL) and extracted with

BC;O[ é(r)r] M dlc%lor%methane (1x 300 mL). The organic e%&ggﬁ%éw\%ﬁmed with water (1
6 [err] M 15¢ 584mnL), dried over Na2804, filtered and the filtlt@whs dohtbntrated udgermpl e 70
Hepatitis B Virus Assay he activity of conpounds agai nst Hepatitis B
Virus was aredességpressuze. A&essevaretjcaevapams vAth teluadie (3 Yad0imiL); thbi al
Agents and Chepot her a 447, 1993.

Repr e el a R RcyaT shbipsieiile sisa ael eheshatsaiadh 6 X 15 50H g3 o ¢ he
i nventi on wefgtdd\of Syl 26statePdndn&@tine (11, Jrf) "Bd¥btion 7 contained 1.6 g

{17%) of the pure a anomer of 1 [R; (system 1): 0.40] which crystallized upon

v(IJ

drying, and fractions 8-40 contained 6.8 g (71%) of a mixture of anomers of 1
[R¢ (system 1): 0.40 (major) and 0.35 (minor)] which also crystallized upon

15 drying. Characteristics of the pure a anomer:;
mp: 96-98 GC; 'H NMR (DMSO-d;): d 5.89 (d, 1 H, J = 3.1 Hz, H-1), 5.20 (dd,
1H,J=9.1 and 3.4 Hz, H-3), 5.12 (t, 1 H, J = 3.3 Hz, H-2), 5.1-5.0 (m, 1 H,
H-4), 3.92 (dd, 1 H, J = 11.6 and 4.9 Hz, H-5), 3736 (m, 1 H, H-5"). Anal.
(C43H1500) C,H.

20 Caracteristics of the mixture of anomers: mp: 87-89 GC.

Example 65
2,5,6-Trichloro-1-(a-D-lyxopyranosyl)benzimidazole (4):

2,5,6-Trichlorobenzimidazole (3.0 g, 13.6 mmol) was suspended in

25 acetonitrile (250 mL) and the mixture was stirred at 55 4C. BSA (4.9 mL, 20
mmol) was added, and the reaction mixture stirred for an additional 15 min.
Compound 1 (4.8 g, 15 mmol) in acetonitrile (20 mL) and TMSOTf (3.8 mL,
20 mmol} were added to the clear solution, and the mixture was stirred at 55
aC for an additional 18 h. A saturated aqueous solution of NaHCO; (10 mL)

30 was added and the mixture was diluted with ethyl acetate (100 mL). The
organic extract was washed with water (3 x 10 mL), dried over anhydrous

sodium sulfate, filtered and concentrated under reduced pressure. The

{0



Exampl e 71: Tabl et Formul ati on 25 The follow ng fornulations A B and

C are prepared by wet granul ation of the i ngredients with a sol ution
of povidone, followed by addition of magnesi um stearate and

conpr essi on. WO %6760y myl ation A © PCT/EP98/03380
ng/ t abl et Active Ingredient 250

Lact ose B. Presidue was subjected to srlica gel chromatogragi[5 X 1539%' Ql%ﬁt B. P.

16 Sodi um Starch d yco Magnesi um

Stearate  gradient of methanol (0 1%) in dichigromethane]. The compound 4.99),

ooltabl et I Wg@%rp%fr?mo%ﬁt[& (system 1): 0.16], was dissolved in a solgtion
IéSCt 0s epg\/ Fgfo ethapol and water (9:1, viv, 150 mL) and sodi&ﬁocarbogét\é' ®% gbp 3 211 Star ch
G ycol | & e mmol) was then added. The 28action rivbtireswasTsiRisR IS h, then acetic
|5:0r mul at i ond¢id (ImlL) was added and the mixture was evaporated to ggl%ess. Water ng/ t abl et
Active | ngr&%i I%EB and ethyl acetate (100 mL) were added %53 gwe residue. The organic
extract was washed with water (2 x 10 mL), dried over Na,SO,, filtered and
evaporated to dryness. The residue was suspended in boiling
10 dichloromethane (50 mL) and methanof was ad.ded until complete dissolution.
Compound 4 crystallized from this solution (2.47 g, 44%).
R (system 3): 0.24; mp: 170-172 GC (decomp.): 'H NMR (DMSO-dg): d 8.00
and 7.97 (25,2 H, H-4 and H-7), 5.64 (d, 1 H, J =9.2 Hz, H-1"), 5.50 (d, 1 H,
J =2.9 Hz, D,O exchangeable), 5.41 (d, 1 H, /= 3.6 Hz, D,0O exchangeable),
15 5.28(d, 1H,J=6.4Hz, OH-2), 42 {m, 1 H, H-2), 4.02 (d, 1 H, /= 11.9 Hz),
3.92 (m, 1 H), 3.8-3.6 (m, 2 H, H-5" and H-5"); Anal. (C;,H;,CI;N,0,.1/4 H,0)
C,H,N.

Example 66
20 2-Bromo-5,6-dichioro-1-(a-D-lyxopyranosyl)benzimidazole (5):

2-Bromo-5,6-dichlorobenzimidazole (1.06 g, 4.0 mmol) was suspended in
acetonitrile (70 mL) and the mixture was stirred at 35 0C. BSA (146 mL, 6.0
mmol) was added, and the reaction mixture stirred for an additional 5 min.
Compound 1 (1.52 g, 4.8 mmol} in acetonitrile (10 mL) and TMSOTf (1.15

25 mL, 1.5 mmol) were added to the clear solution, and the mixture was stirred
at 35 GC for an additional 17 h. A saturated aqueous solution of NaHCOj3 (5
mL) was added and the mixture was diluted with ethyl acetate (20 mL). The
organic extract was washed with water (3 x 5 mL), dried over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure. The

30 residue was chromatographed on a silica gel column [3 X 15 cm, eluent:
gradient of methanol (0 - 1%) in chioroform]. The compound (1.15 g),

isolated from fractions 8-21 [R; (system 1): 0.18], was dissoived in a solution
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Lact ose B. P. 200 St arch

50 Povi done 5 25 Magnesi um
Stearate _ 4 '

359 30 whesdekd owing fornulations, D and E, are prepar e?(ﬁ%}, /43860
conpr essi on of he adm xed |ngred| ents. The | actose in formulation E
Is of the direct onpression type (Dairy Crest-"Zeparox").

For nul at i onopethanol and water (9:1, viv, 46 mL) and sodium carbonate (1 5 g, 14 mr@l)t abl et
Q,C:tllsve ' ngr ed' ac}ded The r%gon mixture was stirred 1 f‘éo’chen acetic ( ?d Starch
400 FaaE diddhdthtOmixture was evaporated to dryness. Water (30

ng/ t abl et Active | ngredi ent P i ( mlz)‘_)v(s)las

Lact ose B. Padded to the residue and the resulting precipitaté™as washed @k 10 mL)
100 15
For mul at§ onWith rogie waler clieRstsReadecnaiing dishloromethane. Methanol was

added until complete dissolution of the solid. 5 crystallized from this solution (
220 mg, 26%), and also from the aqueous layer {150 mg, 18%). Both
batches had same NMR. Characteristics of § crystallized in water.
Ry (system 3): 0.25; mp: 169-171 GC (decomp.); HNMR (DMSO-d;): d 7.99
10 and7.95(2s,2H,H-4andH-7),5.63 (d, 1H, J=9.1 Hz, H-1), 549 (bs, 1 H,
D,0 exchangeable), 5.41 (bs, 1 H, D,O exchangeable), 5.22 (d, 1 H, J=6.2
Hz, OH-2"), 4.24 (m, 1 H, H-2'}, 4.0-3.8 {m, 2 H, H-3' and H-4'), 3.8-3.6 (m, 2
H, H-5' and H-5"); Anal. (C;H4;BrCi,N,0,.H,0) C,H,N.

15 Example 67
5,6-Dichloro-2-isopropylamino-1-(a-D-lyxopyranosyl)benzimidazole (6)

Compound 4 (300 mg, 0.85 mmol) was dissolved in ethanol (6 mL).
Isopropylamine (5.5 mL, 65 mmol) was added to the solution, the flask was
sealed and the reaction mixture stirred at 60 (iC for 2 days. The mixture was

20 decanted and evaporated to dryness. The residue from the evaporation was
dissolved in ethyl acetate (50 mL) and then washed with water (3 x 5 mL).
The organic extract was dried over sodium sulfate, filtered and the filtrate was
evaporated under reduced pressure. The residue was subjected to silica gel
chromatography [2 X 15 cm, eluent: gradient of methanot (5 - 8%) in

25 dichloromethane]. Fractions that contained the major spot [R, (system 3):
0.24} were evaporated and the resuilting solid was suspended in boiling
chloroform. Methanol was added until complete dissolution of the solid.
Compound 6 crystallized from this sotution (260 mg, 81%). All attempts to
obtain 6 free of chloroform failed.

30 R (system 3): 0.24; mp: 214-218 GC (decomp.); 'H NMR (DMSO-d;): d 7.55
and 7.36 (2 s, 2 H, H-4 and H-7), 6.47 (d, 1 H, NH, J = 6.8 Hz), 5.5-6.3 (m, 3
H, H-1", OH-4" and OH-3'), 4.94 (d, 1 H, J =7.9 Hz, OH-2'), 4.2 (m, 1 H, H-2'),

loy



20 The formulation is prepared by wet granulation of the ingredients with

a soI ution of povidone followed by the addition of nagnesium stearate
and % PCT/EP98/03380

nyg/ t abl et %; %I ve | ngredient 500

Hydr oxypr opyl net hyl cel | ul ose 112 (Met hocel K4M

Premiun) 4.1-3.9¢np8H B4R, H-4' and CH(CH3)3), 3.7 (m, 2 H, H-5' ,5"), 1.38(d, 6 Hpovi done

2.F CH(CHa)s, J = 6.4 Hz); Anal. (C1sHyeCENGO, 1HIPGRRI B Agar &t ©

Drug rel ease takes place over a period of about 6-8 hours and is conplete
after 12 hours. 5 Exanple 72: Capsul e Fornul ations Formul ation A
A capsul e w{ﬁb\ @g on is prepared by admi xing the ingredients of

formul ati on Din Exangﬁf 1 above and filling into a two-part hard

gel ati s C@Wbbheptylamm dichloro-8-(arRyxopyranasybbenzitidazote ni | ar

%?2:[)5 ul ecqrgpogeg Wgﬁb @ge@pg Jpmol) was dissolved in ethanol (4 mL). 250

Lact ose B. " fldsk was sesfed aHg St arch
GI ycol | at & (E)yclohep tylamine (3.6 mL, 28 mmgg was adtﬁc{igﬁrées sk Stae gr e

the reaction mixture stirred at 60 GC for 2 days. The mixture was decanted

and evaporated to dryness at 65 GC under high vacuum. The residue was

10 dissolved in ethyl acetate {20 mL), and crystals of cycloheptylammonium
chloride were removed by filtration. The organic exiract was dried over
sodium sulfate, filtered and the filtrate was evaporated under reduced
pressure. The residue was subjected to silica gel chromatography [2 X 15 cm,
eluent: gradient of methanol (0 - 6%) in dichloromethane]. Fractions that

15  contained the major spot [R; (system 3): 0.30] were evaporated and the
resulting solid was suspended in boiling dichloromethane. Methanol was
added until complete dissolution of the solid. Compound 7 crystallized from
this solution (150 mg, 61%).
R, (system 3): 0.30; mp: 160-165 GC (decomp.); 'H NMR (DMSO-dg): d 7.52

20 and7.36(2s, 2 H, H-4 and H-7), 6.43 (d, 1 H,NH, J =7.0 Hz), 5.5-5.3 (m, 3
H, H-1", OH-4’ and OH-3'), 4.95 (d, 1 H, J = 8.0 Hz, OH-2"), 4.2 (m, 1 H, H-2)),
4.0-3.9 (m, 3 H, H-3', H-4’ and CH(CH,),), 3.7 (m, 2 H, H-5",5"), 2.0-1,9 (bs, 2
H, cycloheptyl), 1.7-1.4 {m, 10 H, cycloheptyl); Anal. (C;gH,sCl,N;O4) C,H,N.

25 Example 69
Human Cytomegalovirus Assay

HCMV strain AD169 was grown on monolayers of human embryonic lung

cells (MRC5 cells) in 96 well plates. After infection of the cells at a ratio of
30 approximately 0.01 infectious virus particles per cell, the compounds to be

tested were added to selected wells at six different concentrations, eachin

triplicate. The same concentrations of compound were also applied to wells

los



20 420
Formul ation C

ny/ capsul e Active | ngredi ent 250 25
Macr ogel 400Q, 6 350 _

600 . CapOS?J se-émof formulation C are prepared by nelting K éEPg ’8?33‘6e| )
4000 B.P., 30 dispersing the active imr;grt_adient in the nelt and filling the
mel t int o scontainingrmonolayetsaafininfected ceda prs atder to assess compound

109 , .. FO lation D . | ;

mg/ capsul e cytotoxigity.; f;'ggm?@tpg Weig incubated for 5 days, and the minimum 250

Iiggi thin  eviotoxic dose was estimated from microscopic examinatfoh. The rﬁfaﬁ@gs al

Capsul es ofasitRiraléffidt wastestineated épar meabyremtais of HOMVY IDNA M each welir edi ent
in 10 the lecithin and arachis oil and filling the dispersion into soft,
el ast i c5gelhyt biptting anctauantitative specific D hybridization,esimilar to the method

"G/ capsul € ot 2 dier (Antimicrob. Agents Chemother. 1983, 24, 370-374).

Example HCMV
IC50
10
1.0 uM
0.7 uM
22 uM
13 6 uM
15 24 0.9 uM
Example 70
Hepatitis B Virus Assay

The activity of compounds against Hepatitis B Virus was assessed as
20 described in Jansen, R. et al., Antimicrobial Agents and Chemotherapy, Vol.

37, No. 3, pp. 441-447, 1993. Representative [Cs, values for the compounds
according to the invention were in the range of 0.001 - 10 uM.

Example 71: Tablet Formulation

25
The following formutations A, B and C are prepared by wet granulation of the
ingredients with a solution of povidone, followed by addition of magnesium

stearate and compression.

30 Formulation A

mg/tablet
Active Ingredient 250

lob



15 Active | ngredi ent 150. 0 Vitamn E
TPGS _ 400.0 Pol yet hyl ene d ycol 400
NF 200. 5 Propyl ene d ycol USP _ 39.5
20 Four (4yobdrdsogrr ans (kg) of Vitamin E TPGS (obtai ned fror%cggs?t”r{%sr?so

Chem cal Co.) was heated at 50[err]C until liquefied. To the liquified
Vitam n E TPGS, 2.005 kg of polyethylene gl ygqb 400 (PEX400) (I ow

al dehyde, ME@S@@QP' obt ai ned from Uni on Carbi de or Dow Chenmi cal Co.)
heated to w&rgp{\as added and m xed until 18 honogeneous sol ution
was forned.® Sdl tant 25 solution was heated tg 65[err]C. 1.5 kg of
active in g StareeGiycoflaleved in the li queRPed sol ution of Vitanmin E

TPGS and 400. 0. 395 kg of propyl ene glycgl at room tenperature was
added and Magresiumt$teastBonogenous solution was fornmed. The sol ution

was cooled to 28-35[err]C. The sol uti on was t hen de-gassed. The

m xturé was preferably encapsulated at 28-35[err]Cat a fill 30 weight
equi val ent to 150 ng of volatiles-free conpound, 5o Size 12 obl ong,

whi te opaque soft gelatin capsules using a capsule filling machine. The
110 capsul e shells were dried to a constant fill noisture of
3-6% wat er and a shell har dness of 7-10 Newtons, and placed in a

sui t abl e deormutation B Forrmul ation F (Controll ed Rel ease Capsule) 5

The follow ng controlled rel ease capsul e fornul at i‘rtqg!télﬂebr epared by
ext rudi ng ingredients a, b, and c using an extruder, followed by

spher oy zaj | dient extrudate and drying. B8 dried pellets are then
coat egl%vi t}ﬁb%@ gée control ling nenbrane (d)1ﬁ”ld filled into a

t wo- pi ece, Lactbge BPati n capsule. 10 ,

nmg/ capsule (a Active | ngredi ent 0 250

(b) M crbmc?k?bil %Q“ne Cel | ul ose 125 6 (c) Lact ose B. P.

125 15 (d);q5h3 pCel I ul ose 15 13

Sodium Starch Glycollate 20

15 Magnesium Stearate 5

—— ettt

500

Formulation C

20 mg/tablet
Active Ingredient 250
Lactose B.P. 200
Starch 50

Povidone

25 Magnesium Stearate

359

30 The following formulations, D and E, are prepared by direct compression of
the admixed ingredients. The lactose in formulation E is of the direct

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

o3



513 Exanpl e 73: Injectable Formul ation 20 Formul ation A

Active | ngredient 200 Hydr ochl oric
Acid Solution 0.1 Mor 25 Sodi um Hydroxi de Sol ution O. 1Mq s. to pH
4.0to 7.0 _ rile water g.s. to pog/o35s0

The active wr%?sésgfﬁg is dissolved in nost of the water (35 CTZ(B 85 nd the

pH adj usted to betvveen 4.0 and 7.0 with the hydrochloric acid or the SOdI um
30 hydroxide as appropriate. The batch is then made up to volunme with

wat er and filtered through a sterile mcropore filter into a sterile
10 m anberFoinugation D vial (type 1) and sealed with sterile closures and
over seal s. 11
Formul ation B Active | ngredi ent m /tabié‘t 125
ng 5 Ster free pH 7 Phosphate Bgbfer, g.s. to
25 m A};ﬁvl_e rﬁéu ation I ntranuscul ar I njection 10 Active
| ngr edi ent Pregelatinized Starch NF15 200 ng  150Benzyl Al cohol
0.10 g @ ycofurol 75 1.45 g
Water for injection g.s. to 3.00 M—15—

400

Formulation E

10 mg/tablet
Active Ingredient | 250
Lactose B.P. 150
Avicel 100

15

500

Formulation F (Controlled Release Formulation)

20 The formulation is prepared by wet granulation of the ingredients with a

solution of povidone followed by the addition of'magnesium stearate and

compression.
mg/tablet
25  Active Ingredient 500
Hydroxypropylmethylcellulose 112
(Methocel K4M Premium)
Lactose B.P. 53
Povidone B.P. 28
30 Magnesium Stearate 7
700

o8



The active ingredient is dissolved in the glycofurol. The benzyl alcohol is

t hen added and di ssol ved, and water added to 3 ml. The m xture is then
filtered g@rgkl%;l a sterile mcropore filter and sealed in sterile 3 i
anber gl ass v 4 (type 1). 20 Exanpl e 74: Syrup = PCT/EPR8{033se

| ngr edi ent _ 250 ny Sor bitol Sol ution

1.50 g 25 ddycerol 2.00 ¢

Sodi um Benzoat e : 0.005 g Fl avor, Peach

17. 42. 3169 Drug release takes place over apericbofrdbout 6-8 Rauisf arediiswiaraplete sO to
5,00 m 30 The active ingredient is dissolved in a mxture of the

gl ycerol ana@fteit? hgurs: ne purified water. An aqueous sol ution of the
sodi um benzoate is then added to

112 the solution, followed by addition of the sorbital

sol uti ony angxé,i@@ 7Y. tassulb #vphulations The volunme is made up with purified
wat er and nTxed wett Exanpl e 75: Suppository 5

ng/ capsul e suppository Active | ngredi ent

250 Hard Fat, B.P. (Wtepsol H15-Dynamit Nobel) 1770

2020 10 Forpalation An of the Wtepsol HI5 is nelted in a steamjacketed
pan at 45[err]C maxi mum The active ingredient is sifted through a
200[ err] m si eve and added to the nolten base with m xing, using a
Silverson fA uld fofmalatioh s peparstiby admixingthd ingrediestsiofdospalationn i s
achieved. Maintaining the mxture at 45[err]C, the 15 remaining Wtepsol

H15 i s Hddel in Example dahmveiand filling inte atwa-past kard gelatin capsule.
Formulation B (infra) is prepared in a similar manner.

Formulation B

mg/capsule
15 Active Ingredient 250
Lactose B.P. 143
Sodium Starch Glycollate 25
Magnesium Stearate 2
20 420
Formutation C
mg/capsule
Active Ingredient 250
25  Macrogel 4000 B.P. 350
600
Capsules of formulation C are prepared by melting the Macrogel 4000 B.P.,
30 dispersing the active ingredient in the melt and filling the melt into a two-part

hard gelatin capsule.



honbgenous m x. The entire suspension is passed through a 250[err]m
stainless steel screen and, with continuous stirring, is allowed to cool to
45[ err] C. At a terrperature of 38[err] Cto 40[err] C 2.02 g of "the

mxture is fybbsskrkn suitable, 2 nl plastic nolds. ries
are allowed to coof to room 20 tenperature. Exanpl e %@%g@a?&?

ng/ pessary - Active | ngredient 250 25 Anhydrate -
Dextrose Formulation D 380 Pot at o Starch
363 Magnesi um St ear at e 7
1000 30 The above ingredients are nixed direcfng/capsule
\}vhlgrei N Acg\iéa‘lln r'edien%' A conmpound of fornula (1) 25éerr]
Lecithin 100
5 Arachis Oil 100
450

Capsules of formulation D are prepared by dispersing the active ingredient in
10 the lecithin and arachis oil and filling the dispersion into soft, elastic gelatin

capsules.
Formulation E
mg/capsule
15 Active Ingredient 160.0
Vitamin £ TPGS 400.0
Polyethylene Glycol 400 NF 200.5
Propylene Glycol USP 385

20  Four (4) kilograms (kg) of Vitamin E TPGS {obtained from Eastman Chemical
Co.) was heated at 50°C until liquefied. To the liquified Vitamin E TPGS,
2.005 kg of polyethylene glycol 400 (PEG400) (low aldehyde, <10 ppm,
obtained from Union Carbide or Dow Chemical Co.) heated to 50°C was
added and mixed until a homogeneous solution was formed. The resultant

25 solution was heated to 65°C. 1.5 kg of active ingredient was dissolved in the
liquefied solution of Vitamin E TPGS and PEG 400. 0.395 kg of propylene
glycol at room temperature was added and mixed until a homogenous
solution was formed. The solution was cooled to 28-35°C. The solution was
then de-gassed. The mixture was preferably encapsulated at 28-35°C at a fill

30 weight equivalent to 150 mg of volatiles-free compound, into Size 12 oblong,

white opaque soft gelatin capsules using a capsule filling machine. The

tio



Rlerr] is halogen, hydroxy, azido, (Jerr]alkyl, Cerr]al koxy,

Cerr]al kenyl, Cerr] alkynyl, (err]aryl{err]al kenyl, -
C[err]aryIC[err¥aI k%{]y or -NRerr]Rerr] (where Rerr] and R err] may be
t he sane or and are hydrogen, ([err]al kyl, cyanoC epcCi/EPss/ispso,
hydroxyd err]al kyl, hal oC[ err]alkyl, Cerr]cycloal kyl,

C err]al ky r r | kyl ,
Clerr]al kylﬁ%&h %ﬁ% g%y &}'ﬁgg]égbﬁé&?ﬁ%}m%ﬂ% 6’}%% %&%i%ﬁge%[gedreﬁ] al kyl |

([ err] al kyhgrineeswf 7-10 Newtorns;| and praeed in arsutabler edrifhimer] t oget her Wlth t he
N atomto which they are attached rorma 3, 4, 5 or 6 nmenbered heterocyclic
ring), OR[err] (where Rerr] is hydrogen, Cerr]alkyl, ([err]cycloal kyl, or

Cerr]aryl), or er, err) _is hydrogen, (err]alkyl,
hydroxyqekeﬂ'ﬂﬂ.@i%%ﬁd%e ‘ SWel lerrlaryl); Rlerr] is
hydrogei or hal ogen; Rlerrland R err] may be the sane or different
and are hydrogen, halogen, d({err]alkyl, Cerr]aryl, heterocycleC6 l1l4aryl,
([ err] al koXhe fbidwing eontralléd telease GRisele iorrrm!dilenes Bi'@parbdlby é);tdfdikw n,
Clerr]alkyl, errjaryl, or Clerr]larylCferr]al kx Z

subst i t uentngse xeatsrmth a@dag ugipg @nipxtiuder, followed y spheronization of the

114 eLt d;te and drying. The dried pellets are then coated with release-

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

10
mg/capsule
(a) Active Ingredient 250
{b)  Microcrystalline Cellulose 125
(c) LactoseB.P. 125
15 (d) Ethyl Cellulose 13
513
Example 73: Injectable Formulation
20
Formulation A
mg
Active Ingredient 200
Hydrochloric Acid Solution 0.1M or
25  Sodium Hydroxide Solution 0.1M q.s. to pH 40t07.0
Sterile water g.s. to 10 mi

The active ingredient is dissolved in most of the water (35° - 40° C) and the

pH adjusted to between 4.0 and 7.0 with the hydrochloric acid or the sodium
30 hydroxide as appropriate. The batch is then made up to volume with water

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

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



wher ei n: Rlerr] is hydrogen, Cerr]alkyl, haloC[err]al kyl or

d err]al koxy; Rl err] is hydrogen, hydroxy, halogen, {err]alkyl,
hydroxy([ err]al kyl, haloCerr] alkyl or (err]al koxy; Rlerr] is
hydr ogen, IWa9%Ee7s1 hal ogen, C[err]al kyl, hydroxy( err]al kyl pchalposasaso |

al kyl ,- Jerr]al koxy, or Rlerr] and Rerr] together forma ketone or al kene;
Rlerr]- R err]Jmay be the sane or different and are hydrogen, hydroxy, .
hal ogen, ([ err]al kyl, hydroxy([err]al kyl, haloC-err]al kyl, Cerr]al koxy, or

any of and eré] or Rerr] and R err] together forma ketone or al kene;
R err] be the sane or different and are hydrogen, hydroxy,
Cerr] alkyl or hydroxyderr]alkyl; or a pharmaceutically acceptable
derivative thereof, provi ded that a conpound of formula (1) cannot be

2, 5-di netﬂmtlvellng&diem-tri (@ acetyl bet a- D- xyl opyeémygy!l ) - 1 H benzi m dazol e
or5 6-di net hyl -1 - 3,4-t

acet yPb- besfﬁfll?’ﬁym%ﬁ9ﬁaﬂﬁs7y‘m°%$m dazol e-2-thione;  further provided
t hat whe &T% bstituent of fornula (Iaép Rlerr], Rerr], and R err]
cannot aI ﬂ%‘d gen; and b) Rerr] cann e NR[err]R[err] wher e
Rlerr] and Rlerr] together with the N atomto which they are attached form
a 5 nenbered heterocyclic ring containing S further provided that when Z
is a substituent of formula (Ib): a) R err] cannot be NR err]R err] where

Rlerr] and R err t her WI h.the N atomto which they are attached forma
5 menber rpl'mj 'ﬂb&gftﬁamy%a{ ﬂﬁﬁlﬁﬂng S;

115 10

Active ingredient 200 mg
Benzyl Alcohol 0.10g
Glycofurol 75 1.45¢g
Water for injection q.s. to 3.00 ml

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

20
Example 74: Syrup
Active ingredient 250 mg
Sorbitol Solution 1.50¢g

25 Glycerol 2.00g
Sodium Benzoate 0.005¢g
Flavor, Peach 17.42.3169 0.0125 ml
Purified Water q.s. to 5.00 mi

30 The active ingredient is dissolved in a mixture of the glycerol and most of the

purified water. An aqueous solution of the sodium benzoate is then added to

12



2. A conpound of fornmula (11) [err] wher ei n: R err]
I s hal ogen, hydroxy, azido, (Jerr]alkyl, (err]al koxy, ([err]al kenyl, -

Cerr]-

-NR[err] R er

al kynyl | %err]arquerr]al kenyl, C[err]arylerr]al kynyl, or
%’Py%‘ﬁﬁ e Rlerr] and Rlerr] may be the sane or dPET/EPSB38Nd

are hydrogen, (err]al kyl, cyano(ferr] alkyl, hydroxy(err]alkyl, -

hal X | .

ne ok o - L Sopurhrichb it Bokdtion F B¢ bl e 634 e saver,

d err]aryl G vdiaheyis madeupwithysirifiedowaierangl mixetievell. al kyl car bonyl ,
Cerr]arylsulfonyl, or R[err]R [err]together with the N atomto which they

are attached forma 3, 4, 5 or 6 nenbered heterocyclic ring), ORerr]

(where R er I S h)/_ro en . Clerr]al kyl, Cferr]cycloalkyl, or (err]aryl),
or SRlerr] ﬂﬂﬂﬂiﬁéﬂw : Of¥o ydrogen, C[err]al kyl, hydroxy(err]alkyl,

derr

gycloalkyl, or (err]aryl); mg/capsule suppository
Active Ingredient 250
Hard Fat, B.P. (Witepsol H15-Dynamit Nobel}) 1770
2020
10

15

20

30

One-fifth of the Witepsol H15 is melted in a steam-jacketed pan at 45°C
maximum. The active ingredient is sifted through a 200um sieve and added
to the moiten base with mixing, using a Silverson fitted with a cutting head,
until a smooth dispersion is achieved. Maintaining the mixture at 45° C, the
remaining Witepsol H15 is added to the suspension and stirred to ensure a
homogenous mix. The entire suspension is passed through a 250um
stainless steel screen and, with continuous stirring, is allowed to cool to 45°
C. At atemperature of 38° C to 40° C, 2.02 g of the mixture is filled into
suitable, 2 ml plastic molds. The suppositories are allowed to cool to room

temperature.

Example 76: Pessaries

mg/pessary
Active Ingredient 250
Anhydrate Dextrose 380
Potato Starch 363
Magnesium Stearate 7

1000

The above ingredients are mixed directly.

13



Rlerr] is hydrogen or hal ogen; Rlerr] and Rlerr] may be the sanme or

different and are hydrogen, halogen, {err]alkyl, (Jerr]aryl,
heterocycleCferr]aryl, (err]al koxy, haloC[err]alkyl or -SRlerr] (wher e
R24 i s hydroggy rr]aI kyl, Clerr]aryl, or (err]aryl Cerr]mbkpy
R[err]is hydro’g”é% Clerr]al kyI hal oC[ err] al kyl, ( err]al koxy; Pobioasso
Rlerr] is hydrogen, hydroxy, haI ogen, (Cferr]al kyI hydroxy err]al kyl ,

hal o err] ChAKRMS; ([ err]al koxy;

116 Rlerr] is hydrogen, hydroxy, hal ogen ClerrtatkytT—
hydroxy([ err]al kyl, haloCerr] [err]alkyl, C[err]al koxy, or Rerr] and

sR[a(ranrar!)rtS?ﬁ %?ﬁb@ﬁﬁagf?% g‘g y kﬁggroxy, hal ogen g |ﬂ W

hydroxy( err]al kyl, hal oC[err]aI kyI ([ err] al koxy, or a
Rlerr] or Rerr] and R err] together forma ketone or a
phar naceutical |y acceptabl e derivativ&
of formula (11) cannot be 2,5-dirret hyl-1-(2, 3, 4-tri-O

acetyl - bet a- D xyl opyranosyl) 1H bspzaga \e or
zolz- 2-"tl hi one; further provided
annotN al | be hydrogen; and b) R err]

5,6-dinmethyl-1-(2,3,4-tri -0
acetyl - bet a- D- ar abi nopyranosyl ) - be
that: a) Rerr], Rerr], and I%I r
cannot be NR[err]Rerr] where

whi ch they are attached forma 5 nenbered terocyclic ring containing S.

5 z )

wherein:
R'is halogen, hydroxy, azido, C4_galkyl, C4_galkoxy, C,_galkenyt, 02_
salkynyl Ce.14a1yIC, salkenyl, Cq_14aryiCa.galkynyt, or -NR'*R? (where R'®
10 and R%® may be the same or different and are hydrogen, C4_galkyl, cyanoC,.
aatkyl, hydroxyC,_galkyl, haloC,4_galkyl, C4 7cycloalkyl, C4_galkylC4.scycloalkyl,
C,.galkenyl, C4_7cycloalkylCy galkyl, C, galkynyl, Cg.q4aryl, Cg 14arylCy_galkyl,
heterocycleC,_galkyl, C4_galkylcarbonyl, Cg_q4arylsutfonyl, or R'R% together
with the N atom to which they are attached form a 3, 4, 5 or 6 membered
15 heterocyclic ring), or?! (where R%Yis hydrogen, Cy.galkyl, C3_scycloalkyl, or
Ce.14aryl), or SR* (where R? s hydrogen, C4_galkyl, hydroxyC,_galkyl, C3.
seycloalkyl, or Cg g4aryl);
R%is hydrogen or halogen;
R’ and R* may be the same or different and are hydrogen, halogen,
20 Cygalkyl, Cs.4aryl, heterocycleCy.q4aryl, Cy_galkoxy, haloCy_galkyl or -SR**
(where R* is hydrogen, C, galkyl, Cs.14aryl, or Cg.14aryIC, galkyl);

t her eof , provi ded that a corrpound

err] and Rgerr] together with the N atomto

Z is a substituent of formula (1a), (Ib), or (Ic)

AR g

ny




3. A compound of formula (I11) [err] wher ei n: R err]

I s hal ogen, hydroxy, azido, (Jerr]alkyl, (err]al koxy, ([err]al kenyl,

derr] [err%%ﬁl Cerr]arylC[err]al kenyl, CJerr]Jarylerr]al kynyl, or
-NR[err] Rl err e Rlerr] - PCT/EP98/03350
and Rlerr] may be the sanme or different and are hydrogen, Cerr]alkyl, -
cyano( err] [err]ﬁl kyl, hydroxy( err]alkyl, halq@[err]al kyI )
d err]cycl oal kyl ,

C[err]aryIC[err%
C err]aryl sul f ohyl
are attached formwa 23, :
(where Rerr] is hy&drqgegsp &l err]al kgk, Gkerr]cycl oalkylg® or CJerr]aryl),
or SRlerr] (where R[errL I s hydrogen, C[)err]al kyl , hydroxy([err]al kyl,
Cerr] 7cycloal kyl, )C[err]aryl) (b )(lcs

wherein:
R’ is hydrogen, C4.galkyl, haloC4_galkyl or Cy_galkoxy;
S R%is hydrogen, hydroxy, halogen, C4_galkyl, hydroxyC;_galkyl, haloC;4.
galkyl or C.galkoxy;
R is hydrogen, hydroxy, halogen, C4_galkyl, hydroxyC,_galkyl, haloC;.
galkyl, C4.galkoxy, or R® and R’ together form a ketone or alkene;
rE.RM may be the same or different and are hydrogen, hydroxy,
10  halogen, C,_galkyl, hydroxyCy_galkyl, haloC,_galkyl, C4_galkoxy, or any of R
and Rg or R10 and F{11 together form a ketone or alkene;

1
12_R 8

R may be the same or different and are hydrogen, hydroxy, C,.

I
g alky! or hydroxyC,4_galkyl;
This Sheet Has Been Replaced

I

provided that a compound of formula (1) cannot be 2,5-dimethyl-1-(2,3,4-tri-O-
acetyl-beta-D-xylopyranosyl)-1H-benzimidazole or 5,6-dimethyl-1-(2,3,4-tri-O-

15 ora pharmaceutically acceptable derivative thereof, H“\‘

acetyl-beta-D-arabinopyranosyl)-benzimidazole-2-thione;
20
further provided that when Z is a substituent of formula (la):

a) RZ, R3, and R* cannot all be hydrogen; and
b) R' cannot be NR'*R?® where R'® and R together with the N atom to

which they are attached form a 5 membered heterocyclic ring containing S;

25

further provided that when Z is a substituent of formula (ib): ”m 'J"H!_, "l"" "m " l"'
* s

y o —
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REPLALED




Rlerr] is hydrogen or hal ogen; Rlerr] and Rlerr] may be the sanme or
different and are hydrogen, hal ogen, Cerr]al kyl, Cerr]aryl,

het erocycl eC6 14aryl, Cerr]al koxy, halo([err]alkyl or -SRerr] (wher e
Rlerr] is hyihoganre Clerr]alkyl, Clerr]aryl, or (errlaryl ;
Rlerr] is h?/"g‘?ogen61 Cerr]al kyl, halo(err] aI kyl, Clerr]al kogéJ%%di%h’30
Rerr] is hydrogen hyd haI oge d er,‘;] al kyI hydr oxy err] al kyl ,

hal o( err] a) roahabkbé NR%R?? ?and R togémerw]ithlthehwtmw, hydroxy,
hal ogen, C[err]al kyl, hydroxyd er r] al kyl, haloCferr] [err]alkyl,

derr] aI kox\yucmtheR[aee aftagherd é’ﬁ‘r? Stmgmbleeed heﬁemwmeﬂogexmtalainb@te

R err] r] may be the sane or different and are hydrogen, hydroxy,

hal ogen, CR%E r] al kyl, hydroxy( err]al kyl, halo(err]al kyl, Cerr]al koxy, or
any of Rlerr] and Rerr] or Rerr] and R err] together forma ketone or

al kene; or a pharmaceutically acceptable derivative thereof, provi ded
that a somfagthet pedvidied thdtavr(dnll]s & subsiituont oF formulagd)y| - 1- (2, 3, 4-tri -

O acet yl - bet a- D- xyl opx§ anqgyl ) - 1H benzi mi dazoJl e or

5, 6- di net hg) -andwhen BT r R are all hydrogen, then R™ cannot be hydroxy, amino or

O acetyl - bet D- ar abi,nopy ranosyl ) - benzi m dazol e- 2-t hi one; further

provi ded t B&" Wh@)’eﬁk err] and R err] cannot all be hydrogen; and

b h h th
N atom to BiHcE m@“ﬁé‘dﬁ% iska W omnd s ueleratiben slgoic (ing |

gg%gh%ngwﬁm%y g9 p}tafl%efdr iorm a 5 membered heterocyclic ring cont%umng S. 4. A
° 2. A compound of formula (Il}
This Sheet Has Been Rep
VTN
SO i
15 wherein:

R'is halogen, hydroxy, azido, C4_galkyl, C4_galkoxy, C,.galkenyl, C,.

gatkynyl, 06_14ary1C2_6a!keny!, Ce.14arylC,galkynyl, or NR'® R {where R
and R% may be the same or different and are hydrogen, C4_galkyl, cyanoC;.
gatkyl, hydroxyC,_galkyl, haloC4_galkyl, C3.7cycloalkyl, C¢_galkylCs »cycloalkyl,
20  Cy.galkenyl, C4 7cycloalkylCy_galkyl, C, galkynyl, Cg.44aryl, Cg 14arylCq galkyl,
heterocycleCy4_galkyl, Cq.galkylcarbonyl, Cq 44arylsulfonyl, or R'R% together

with the N atom to which they are attached form a 3, 4, 5 or 6 membered

heterocyclic ring), or?! (where R? s hydrogen, C,_galkyl, Cs_scycloalkyl, or
A ' T ‘
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wherein Z is a substituent of Formula (la) or (lb), [err] and
wherei n R[err] is halogen; Rlerr] is hydrogen; Rerr] and Rlerr] are

hal ogen; Rlerr] are hydrogen; R err] is hydroxy or hydrogen;
Rlerr] and R‘E’@%’P’F“?e hydroxy; Rlerr] and Rlerr] are hydr oge®CTA¥a$P338¢

hydrogen, Cerr] al kyl, or hyroxyC[err] al kyl; Rerr] is hydroxy; Rerr]

gﬁér ﬁgcénficggﬂg?ﬂgg%ﬁﬁéﬁ%d%ﬁ vat P{%&?ﬁgr é&%ﬁkwwg}d?éyycoraIMHcﬁf For mul a
(11)  [errLeycloalkyl, or Ce.14aryi); 119
R%is hydrogen or halogen;
R® and R* may be the same or different and are hydrogen, halogen,
5 Cygalkyl, Cg.14aryl, heterocycleCg 44aryl, Cygalkoxy, haloC4_galky! or -SR*
(where R* is hydrogen, C;_galkyl, Cg_s4aryl, or Cg.44arylCygalkyl);
R®is hydrogen, Cy_galkyl, haloC,_galkyl, C4_galkoxy;
R%is hydrogen, hydroxy, halogen, C4_galkyl, hydroxyC4_galkyl, haloC4.
galkyl, C4_galkoxy,
10 R is hydrogen, hydroxy, halogen, C4_galkyl, hydroxyC4_galkyl, haloC,.
galkyl, C4_galkoxy, or R%and R together form a ketone or alkene;
R8.Rr" may be the same or different and are hydrogen, hydroxy,
halogen, C,.galkyl, hydroxyC4_ galkyl, haloC4_galkyl, C4_galkoxy, or any of r®
and R® orR'" and R together form a ketone or alkene;

15 or a pharmaceutically acceptable derivative thereof,

provided that a compound of formula (I1) cannot be 2,5-dimethyl-1-(2,3,4-tri-
O-acetyl-beta-D-xylopyranosyl)-1H-benzimidazole or 5,6-dimethyl-1-(2,3,4-tri-
O-acetyl-beta-D-arabinopyranosyl)-benzimidazole-2-thione;

20
further provided that:
a) R2 R3 and R* cannot all be hydrogen' and
b) R cannot be NR'°R?® where R'® and R% together with the N atom to
which they are attached form a 5 membered heterocyclic ring containing S.
25
3. A compound of formuta (Il}) . ThisS
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wherein Rlerr] is halogen; Rerr] is hydrogen; Rerr] and Rlerr] are
hal ogen; R err] and R err] are hydrogen; R err] is hydroxy or hydrogen
Rlerr] and Rlerr] are hydroxy; R err] and R err] are hydrogen; or a
phar maceut i c eptabl e derivative thereof. 6. A corrpoui;yglr | a
(rrr)y f[err] WOl st wherein R err] is halogen; Rerr] {,1 ﬁsggn;
Rlerr] and R4 are hal ogen; R err] and R err] are hydrogen; R[err] S
hydroxy or hydrogen; Rlerr] and Rlerr] fAre hydroxy; R err]Jand Rerr] are
hydrogen; or a pharmaceutically geceptgble derivative thereof. 7. A
conpound sel ected fromthe group dQnsisting g§
(3S, 4R, 5R, 6S) - 2- Brono- 5, 6-di chl oro- 1 ahro
(hydr oxynet hyl ) - 2H pyran- 3-yl ) - 1H- bd azol
()-Trans-2-(2-brono-5, 6-di chl or 0- 1HNg :
O)-(1rR*, 2S*, 3R*)-3- (2 Br ono- 5x6° di chl*or o- 1 ben2|mdazol 1-yl)- 1 2-
cycl ohexanedl ol ;

R . o Hag Been Rep]aced
2- brom) 5, 6- dICh| oro-1-[err]- Dr|b ranosyl 1H-benzi md?é’%iﬁfﬁ%‘as

4, 5-di hydr oxy- 6-
Rl

[ ne;

wherein:
R' is halogen, hydroxy, azido, Cy_galkyl, C,.galkoxy, Cy_gatkenyl, Cy.
5 galkynyl, Cg.14aryICygalkenyl, Cg 44arylCo galkynyl, or NR'R?® {(where R'™

rR¥ may be the same or different and are hydrogen, C4.galkyl, cyanoC,.

and
galkyl, hydroxyC,_galkyl, haloC,_galkyl, C3 7cycloalkyl, C4_galkylCs_scycloalkyl,
Co.gatkenyl, Cg.7cycloalkylCy galkyl, C, galkynyl, Cg.q4aryl, Cg_14aryiCygalkyl,
heterocycleC, galkyl, C4_galkylcarbonyl, Cg 44aryisulfonyl, or RYR% together

10 with the N atom to which they are attached form a 3, 4, 5 or 6 membered
heterocyclic ring), or*! {where R*is hydrogen, C4_galkyl, C3 ycycloalkyl, or
Ce14aryl), or SR* (where R% is hydrogen, C_galkyl, hydroxyCy_galkyl, Ca.
zeycloalkyl, or Cg_q4aryl);

R%is hydrogen or halogen;

15 R® and R* may be the same or different and are hydrogen, halogen,
C4.galkyl, Cg_q4aryl, heterocycleCg_q4aryl, C4_galkoxy, haloC,_ galkyl or -SR*
(where R* is hydrogen, Cy.galkyl, Cg.14aryl, or Cq.q4arylCgalkyl);

R%is hydrogen, C4.galkyl, h'aloC1,8alkyl, C,.galkoxy;
R®is hydrogen, hydroxy, halogen, Cq_galkyl, hydroxyC4_galkyl, haloC4.

20  galkyl, C;_galkoxy;

L

2-am



2- brono-5, 6-di chl oro-4-fluoro-1-[err]-D-ribopyranosyl -1 H benzi m dazol e;
2-brono-5,6,-dichloro-1-(2,3,4-tri-Oacetyl-[err]-D-ribopyranosyl)-1 H

benzi m dazol g; 2-brono-5, 6-di chloro-1
-[err]-L-ri bSRABERWLy| - 1H benzi ni dazol e; © PCI/EP98/03380
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A phar mac &0 ‘d erivative of a corr?)oun actording to any one
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of a COWPBFB%%ﬁ%&g&%&%&bﬁfdﬂé%%&@tﬁe% virus infection is a

cytonmegal ovi rus |

provided that a compound of formuta (III) cannot be 2,5-dimethyl-1-(2,3,4-tri-
O-acetyl-beta-D-xylopyranosyt)-1H-benzimidazole or 5,6-dimethyl-1-(2,3,4-tri-
10  O-acetyl-beta-D-arabinopyranosyl)-benzimidazole-2-thione;

further provided that:
a) Rz, R®, and R* cannot all be hydrogen; and

b} R1 cannot be NR19R2° where R'® and R%® together with the N atom to

15  which they are attached form a 5 membered heterocyclic ring containing S.

4. A compound of Formula (1)
RJ
N
>—- R!
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13. Use of a conpound according to claim 10 wherein the virus infection is
a Hepatitis B virus infection. 14. A conpound fornmula (XlI):
121 [err] or a pharmaceutically acceptable derivative

t her eof . 131,0 56761 _

2-Bromp-5, 6 AP2F 8L 1-[err]-D-ri bopyr anosyl - 1H benzi ni dazol ePCT/ER03380 -
phar maceutical ly acce[i)t abl e deri vatlve of a corrpound accordin ng to clains 14
or 15. and wherein R’ is halogen; R%is hydrogen; R® and R* are halogen; R® and R’

are hydrogen; R® is hydroxy or hydrogen; R® and R are hydroxy; R%and R"!
are hydrogen; R* is hydrogen, C, 5 alkyl, or hyroxyC, alkyl; R™ is hydroxy;
R™ - R may be the same or different and are hydrogen or hydroxy; or a

5 pharmaceutically acceptable derivative thereof.

5. A compound of Formula (I}

R g g go (")
10
wherein R is halogen; R%is hydrogen: R® and R* are halogen; R® and R’ are
hydrogen; R® is hydroxy or hydrogen; R® and R are hydroxy; R?and R'! are
hydrogen; or a pharmaceutically acceptable derivative thereof.

15 6. A compound of Formula (1lI)
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17. A pharmaceutical formulation conprising 2-brono-5,6-dichloro-1-[err]-D
ri bopyranosyl - 1H benzi m dazol e together with a pharnaceutically acceptable
carrier therefor. 18. Use of a conpound according to clainms 14 or 15 for

t he manuf acWfIW/56T61a nedi canment for the treatnment or prophyl BCTAPSH03380 r al
I nfection. 19. Use of a conpound according to claim 18 wherein the virus
I nfection is a herpes virus infection. 20. Use of a conpound according to
claim 18 wherein the virus infection is a cytonegal ovirus infection. 21.

Use of a cefBmmK’analbodengRE s twwogéw R‘faﬁdm“rﬁehaldgeh o ahB*R"B%BUf acture
of a nedi canent for t he treat nent or prop phy I%(ls of restegoms . Use
of a conpohvdrogen,dkdisdydr@xscoahyckogan.oR aBdR)r are]bydmyfa and K] bfarm

T;g' cament h rtr)gérrll;eortar S érnn?géeu%cafyr ggcgptggle dertva ive Eheer}gg
5
7. A compound selected from the group consisting of
(38,4R,5R,6S)-2-Bromo-5,6-dichioro-1-(tetrahydro-4,5-dihydroxy-6-
(hydroxymethyl)-2H-pyran-3-yl)-1H-benzimidazole;
10 (&)-Trans-2-(2-bromo-5,6-dichioro-1+-benzimidazol-1-yl)cyclohexanol;

(£)-(1R*, 25*, 3R*)-3-(2-Bromo-5,6-dichloro-1H-benzimidazol-1-y1)-1,2-
cyclohexanediol;
2-bromo-5,6-dichloro-1--D-ribopyranosyl-1H-benzimidazole;

15  5,6-dichloro-N-{1-methylethyl)-1-B-D-ribopyranosyl-1H-benzimidazol-2-amine;
2-bromo-5,6-dichioro-4-fluoro-1-B-D-ribopyranosyl-1H-benzimidazole;
2-bromo-5,6,-dichloro-1-(2,3,4-tri-O-acetyl-B-D-ribopyranosyi)-1H-
benzimidazole;
2-bromo-5,6-dichloro-1--L-ribopyranosyl-1H-benzimidazole;

20  2-bromo-6-chloro-5-methyl-1--D-ribopyranosyl-1H-benzimidazole; and
2-bromo-5,8,-dichloro-1-(4-deoxy-B-D-erythro-pentopyranosyl)-1H-

benzimidazote;

or a pharmaceutically acceptable derivative thereof.

25
8. A pharmaceutically acceptable derivative of a compound according to any

one of claims 1to 7.

8. A pharmaceutical composition comprising a compound as defined in any
30 oneofclaims 1to 7 together with a pharmaceutically acceptable carrier

R W

therefor.
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WO 98/56761 PCT/EP98/03380

10. Use of a compound according to any one of claims 1 to 7 for the
manufacture of a medicament for the treatment or prophylaxis of a viral

infection.

5 11. A method of treatment of a virus infection in an animal which comprises
treating said animal with a therapeutically effective amount of a compound as

defined according to any one of claims 1to 7.

12. A method according to claim 11 wherein the virus infection is a herpes

10 virus infection.

13. A method according to claim 11 wherein the virus infection is a

cytomegalovirus infection.

15  14. A method according to claim 11 wherein the virus infection is a Hepatitis

B virus infection. .

15. A compound formula (X1}:

Cl
N
\ Br
This Shest H;as_ Been Replaced
P T
wo £ £
20 HO OH XI)

or a pharmaceutically acceptable derivative thereof.

16. 2-Bromo-5,6-dichloro-1-B-D-ribopyranosyl-1H-benzimidazole.
25
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WO 98/56761 PCT/EP98/03380

17. A pharmaceutically acceptable derivative of a compound according to

claims 15 or 16.

18. A pharmaceutical formulation comprising 2-bromo-5,6-dichloro-1-8-D-
ribopyranosyl-1H-benzimidazole together with a pharmaceutically acceptable

carrier therefor.

19. Use of a compound according to claims 15 or 16 for the manufacture of a

medicament for the treatment or prophylaxis of a viral infection.

20. A method of treatment or prevention of the symptoms or effects of a virus
infection in an infected animal which comprises treating said animal with a

therapeutically effective amount of a compound as defined according to

claims 15 or 16.

21. A method according to claim 20 wherein the virus infection is a herpes

virus infection.

22. A method according to claim 20 wherein the virus infection is a

cytomegalovirus infection.
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