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(57) ABSTRACT 

The present invention relates to certain beZiInidaZole deriva 
tives and their use in medical therapy particularly for the 
treatment or prophylaxis of virus infections such as those 
caused by herpes viruses. The invention also relates to the 
preparation of the benZirnidaZole derivatives and pharrna 
ceutical formulations containing thern. 
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BENZIMIDAZOLE DERIVATIVES 

FIELD OF THE INVENTION 

[0001] The present invention relates to certain benZimi 
daZole derivatives and their use in medical therapy particu 
larly for the treatment or prophylaxis of virus infections such 
as those caused by herpes viruses. The invention also relates 
to the preparation of the benZimidaZole derivatives and 
pharmaceutical formulations containing them. 

BACKGROUND OF THE INVENTION 

[0002] Of the DNA viruses, those of the herpes group are 
the source of the most common viral illnesses 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 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 distress 
mg. 

[0003] 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 immunocompromised patients 
or penetration of the infection into the central nervous 

system can prove fatal. 

[0004] VZV is a herpes virus Which causes chickenpox 
and shingles. Chickenpox is the primary disease produced in 
a host Without immunity, and in young children is usually a 
mild illness characteriZed by a vesicular rash and fever. 
Shingles or Zoster is the recurrent form of the disease Which 
occurs in adults Who Were previously infected With VZV 
The clinical manifestations of shingles are characteriZed by 
neuralgia and a vesicular skin rash that is unilateral and 
dermatomal in distribution. Spread of in?ammation may 
lead to paralysis or convulsions. Coma can occur if the 

meninges become affected. VZV is of serious concern in 
patients receiving immunosuppressive drugs for transplant 
purposes or for treatment of malignant neoplasia and is a 
serious complication of AIDS patients due to their impaired 
immune system. 

[0005] In common With other herpes viruses, infection 
With CMV leads to a lifelong association of virus and host. 
Congenital HCMV disease is characteriZed by jaundice, 
hepatosplenomegaly, petechial rash and multiple organ dys 
function and is associated With long-term sequelae such as 
hearing loss and mental de?ciency. Infection can result in 
retinitis leading to blindness or, in less severe forms, failure 
to thrive, and susceptibility to chest and ear infections. CMV 
infection in patients Whose immune systems are immature or 
Who are immunocompromised for example as a result of 
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malignancy, treatment With immunosuppressive drugs fol 
loWing transplantation or infection With Human Immuno 
de?ciency Virus, may give rise to retinitis, colitis, esophag 
istis, hepatitis, meningoencephalitis, pneumonitis, 
gastrointestinal disorders and neurological diseases. In addi 
tion, these CMV disease syndromes can affect patients Who 
are not immunocompromised. 

[0006] The main disease caused by EBV is acute or 
cnliionic infectious mononucleosis (glandular fever). 
Examples of other EBV or EBV associated diseases include 
lymphoproliferative disease Which frequently occurs in per 
sons With congenital or acquired cellular immune de?ciency, 
X-linked lymphoproliferative disease Which occurs namely 
in young boys, EBV-associated B-cell tumors, Hodgkin’s 
disease, nasopharyngeal carcinoma, Burkitt lymphoma, 
non-Hodgkin B-cell lymphoma, thymomas and oral hairy 
leukoplakia. EBV infections have also been found in asso 
ciation With a variety of epithelial-cell-derived tumors of the 
upper and loWer respiratory tracts including the lung. 

[0007] HHV-6 has been shoWn to be a causative agent of 
infantum subitum in children and of kidney rejection and 
interstitial pneumonia in kidney and bone marroW transplant 
patients, respectively, and may be associated With other 
diseases such as multiple sclerosis. There is also evidence of 
repression of stem cell counts in bone marroW transplant 
patients. HHV-7 is of undetermined disease etiology. HHV-8 
has been implicated in cancer. 

[0008] Hepatitis B virus (HBV) is a viral pathogen of 
World-Wide major importance. The virus is etiologically 
associated With primary hepatocellular carcinoma and is 
thought to cause 80% of the World’s liver cancer. Clinical 

effects of infection With HBV range from headache, fever, 
malaise, nausea, vomiting, anorexia and abdominal pains. 
Replication of the virus is usually controlled by the immune 
response, With a course of recovery lasting Weeks or months 

in humans, but infection may be more severe leading to 
persistent chronic liver disease outlined above. 

[0009] GB 682,960, GB 690,119 and GB 696,952 disclose 
benZimidaZole glycosides useful as intermediates in the 
preparation of therapeutic substances. Mochalin et. al. (SU 
443035; Zh. Org. Khim. 12(1), 58-63 (1976)) describe the 
synthesis of certain unsubstituted benZimidaZole pyrano 
sides. Gosselin et. al. (Antiviral Chem. Chemothen 5(4), 
243-56, 1994) disclose certain 5,6,ToWnsend et. al. (Chemi 
cal Reviews, vol. 70 no. 3, 1970) discloses certain 1-glyco 
sylbenZimidaZoles. US. Pat. No. 5,585,394 discloses 1-ben 
Zenesulfonyl-1,3-dihyro-2H-benZimidaZol-2-one 
derivatives Which have af?nity for the vasopressin and 
oxytocin receptors. EP 0 521 463 A2 describes certain 
cyclohexanol analogues for antiviral and anti-parasitic use. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0010] It has noW been discovered that certain 6-mem 
bered ring-containing benZimidaZole derivatives are useful 
for the treatment or prophylaxis of viral infections. Accord 
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ing to a ?rst aspect of the present invention, there is provided 
compounds of formula (I) 

(1) 
R2 

R3 N 

\>—R1 
R4 N 

2 
Z 

[0011] Wherein: 

[0012] R1 is halogen, hydroXy, aZido, C1_8alkyl, 
C1_8alkoXy, C2_6alkenyl, C2_6alkynyl, C6_14arylC2_6alkenyl, 
C6_14arylC2_6alkynyl, or —NR19R2O (Where R19 and R20 
may be the same or different and are hydrogen, C1_8alkyl, 
cyanoC1_8alkyl, hydroXyC1_8alkyl, haloC1_8alkyl, C3_7cy 

C6_14arylsulfonyl, or R19R20 together With the N atom to 
Which they are attached form a 3, 4, 5 or 6 membered 
heterocyclic ring), OR21 (Where R21 is hydrogen, C1_8alkyl, 
C3_7cycloalkyl, or C6_14aryl), or SR22 (Where R22 is hydro 
gen, C1_8alkyl, hydroXyC1_8alkyl, C3_7cycloalkyl, or 
C6-14ary1); 

[0013] R2 is hydrogen or halogen; 
[0014] R3 and R4 may be the same or different and are 

hydrogen, halogen, C1_8alkyl, C6_14aryl, heterocy 
cleC6_14aryl, C1_8alkoXy, haloC1_8alkyl or —SR24 
(Where R24 is hydrogen, C1_8alkyl, C6_14aryl, or 
C6_14arylC1_8alkyl); 

[0015] Z is a substituent of formula (Ia), (lb), or (Ic) 

(Ia) 

Rs R9R10 R11 
(lb) 

(16) 

R17 R18 

[0016] Wherein: 
[0017] R5 is hydrogen, C1_8alkyl, haloC1_8alkyl or 

C1_8alkoXy; 
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[0018] R6 is hydrogen, hydroXy, halogen, C1_8alkyl, 
hydroXyC1_8alkyl, haloC1_8alkyl or C1_8alkoXy; 

[0019] R7 is hydrogen, hydroXy, halogen, C1_8alkyl, 
hydroXyC1_8alkyl, haloC1_8alkyl, C1_8alkoXy, or R6 
and R7 together form a ketone or alkene; 

[0020] R8-R11 may be the same or different and are 
hydrogen, hydroXy, halogen, C2_8alkyl, hydroXyC1_ 
salkyl, haloC1_8alkyl, C1_8alkoXy, or any of R8 and 

9 

R or R10 and R11 together form a ketone or alkene; 

[0021] R12-R18 may be the same or different and are 
hydrogen, hydroXy, C1_8alkyl or hydroXyC1_8alkyl; 

[0022] or 
thereof, 

a pharmaceutically acceptable derivative 

[0023] provided that a compound of formula (I) can 
not be 2,5 -dimethyl-1-(2,3,4-tri-O-acetyl-beta-D-Xy 
lopyranosyl)-1H-benZimidaZole or 5,6-dimethyl-1 
(2,3,4-tri-O-acetyl-beta-D-arabinopyranosyl) 
benZimidaZole-2-thione; 

[0024] further provided that When Z is a substituent of 
formula (Ia): 

[0025] a) R2, R3, and R4 cannot all be hydrogen; and 

[0026] b) R1 cannot be NR19R2O Where R19 and R20 
together With the N atom to Which they are attached 
form a 5 membered heterocyclic ring containing S; 

[0027] further provided that When Z is a substituent of 
formula (Ib): 

[0028] a) R1 cannot be NR19R2O Where R19 and R20 
together With the N atom to Which they are attached 
form a 5 membered heterocyclic ring containing S; 
and 

[0029] further provided that When Z is a substituent of 
formula (Ic): 

[0030] a) and When R15 -R18 are all hydrogen, then R1 
cannot be hydroXy, amino or SR22 Where R22 is H; 
and 

[0031] b) R1 cannot be N19R2O Where R19 and R20 
together With the N atom to Which they are attached 
form a 5 membered heterocyclic ring containing S. 

[0032] Particularly preferred R1 groups include halogen 
and —NR19R2O Where R is hydrogen and R is C1_8alkyl 
(particularly C1_3alkyl, With isopropyl being especially pre 
ferred), C3_7cycloalkyl (cyclopropyl is especially preferred), 
C1_8alkylC3_7cycloalkyl or C3_7cycloalkylC1_8alkyl. 

[0033] In certain particularly preferred compounds, R2 is 
hydrogen. 
[0034] Particularly preferred R3 and R4 groups include 
hydrogen, halogen (chlorine is especially preferred), and 
C1_8alkoXy, (particularly C1_3alkoXy, With methoXy being 
especially preferred). In certain particularly preferred com 
pounds, one or both of R3 and R4 are chlorine, desirably 
both. 

[0035] In certain especially preferred compounds, R5 is 
hydrogen. 
[0036] Particularly preferred substituents at R6‘18 include 
hydrogen, hydroXy, C1_8alkyl (particularly C1_3alkyl, With 
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methyl and ethyl being especially preferred) and hydroXyC1_ 
salkyl (particularly hydroXyC1_3alkyl, With hydroXymethyl 
being especially preferred). 
[0037] Preferred compounds of formula (I) are com 
pounds Wherein Z is substituent of formula (Ia). 

[0038] Other preferred compounds of formula (I) are 
compounds Wherein Z is a substituent of formula (Ib). 

[0039] In a further aspect of the present invention, there is 
provided compounds of formula (II) 

<11) 
R2 

3 
R N 

R4 N 

R5 

O 

R6 
R7 

[0040] Wherein: 

[0041] R1 is halogen, hydroXy, aZido, C1_8alkyl, 
C1_8alkoXy, C2_6alkenyl, C2_6alkynyl, C6_14arylC2_ 
salkenyl, C6_14arylC2_6alkynyl, or —NR19R2O 
(Where R19 and R20 may be the same or different and 
are hydrogen, C1_8alkyl, cyano(1_8alkyl, hydroXyC1_ 
salkyl, haloC1_8alkyl, C3_7cycloalkyl, C1_8alkylC3_ 
vcycloalkyl, C2_6alkenyl, C3_7cycloalkylC1_8alkyl, 
C2_6alkynyl, C6_14aryl, C6_14arylC1_6alkyl, heterocy 
cleC1_8alkyl, C1_8alkylcarbonyl, C6_14arylsulfonyl, 
or R19 R20 together With the N atom to Which they are 
attached form a 3, 4, 5 or 6 membered heterocyclic 
ring), OR21 (Where R21 is hydrogen, C1_8alkyl, 
C3_7cycloalkyl, or C6_14aryl), or SR22 (Where R22 is 
hydrogen, C1_8alkyl, hydroXyC1_8alkyl, C3_7cy 
cloalkyl, or C6_14aryl); 

[0042] R2 is hydrogen or halogen; 

[0043] R3 and R4 may be the same or different and are 
hydrogen, halogen, C1_8alkyl, C6_14aryl, heterocy 
cleC6_14aryl, C1_8alkoXy, haloC1_8alkyl or —SR24 
(Where R24 is hydrogen, C1_8alkyl, C6_14aryl, or 
C6-14ary1C1-8a1ky1); 

[0044] R5 is hydrogen, C1_8alkyl, haloC1_8alkyl, 
C1_8alkoXy; 

[0045] R6 is hydrogen, hydroXy, halogen, C1_8alkyl, 
hydroXyC1_8alkyl, haloC1_8alkyl, C1_8alkoXy; 

[0046] R7 is hydrogen, hydroXy, halogen, C1_8alkyl, 
hydroXyC1_8alkyl, haloC1_8alkyl, C1_8alkoXy, or R6 
and R7 together form a ketone or alkene; 

[0047] R8-R11 may be the same or different and are 
hydrogen, hydroXy, halogen, C2_8alkyl, hydroXyC1_ 
saglkyl, haloC1_8alkyl, C1_8alkoXy, or any of R8 and 
R or R10 and R11 together form a ketone or alkene; 
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[0048] or derivative 
thereof, 

a pharmaceutically acceptable 

[0049] provided that a compound of formula (I) can 
not be 2,5 -dimethyl-1-(2,3,4-tri-O-acetyl-beta-D-Xy 
lopyranosyl)-1H-benZimidaZole or 5,6-dimethyl-1 
(2,3,4-tri-O-acetyl-beta-D-arabinopyranosly) 
benZimidaZole-2-thione; 

[0050] further provided that When Z is a substituent of 
formula (Ia): 

[0051] a) R2, R3, and R4 cannot all be hydrogen; and 

[0052] b) R1 cannot be NRlgR2O Where R19 and R20 
together With the N atom to Which they are attached 
form a 5 membered heterocyclic ring containing S. 

[0053] A preferred embodiment of the present invention 
are compounds of formula (III) 

(III) 

[0054] Wherein: 

[0055] R1 is halogen, hydroXy, aZido, C1_8alkyl, 
C1_8alkoXy, C2_6alkenyl, C2_6alkynyl, C6_14arylC2_ 
salkenyl, C6_14arylC2_6alkynyl, or —NR19R2O 
(Where R19 and R20 may be the same or different and 
are hydrogen, C1_8alkyl, cyanoC1_8alkyl, hydroXyC1_ 
salkyl, haloC1_8alkyl, C3_7cycloalkyl, C1_8alkylC3_ 
vcycloalkyl, C2_6alkenyl, C3_7cycloalkylC1_8alkyl, 
C2_6alkynyl, C6_14aryl, C6_14arylC1_6alkyl, heterocy 
cleC1_8alkyl, C1_8alkylcarbonyl, C6_14arylsufonyl, or 
RlgR2O together With the N atom to Which they are 
attached form a 3, 4, 5 or 6 membered heterocyclic 
ring), OR21 (Where R21 is hydrogen, C1_8alkyl, 
C3_7cycoalkyl, or C6_14aryl), or SR22 (Where R22 is 
hydrogen, C1_8alkyl, hydroXyC1_8alkyl, C3_7cy 
cloalkyl, or C6_14aryl); 

[0056] R2 is hydrogen or halogen; 

[0057] R3 and R4 may be the same or different and are 
hydrogen, halogen, C1_8alkyl, C6_14aryl, heterocy 
cleC6_14aryl, C1_8alkoXy, haloC1_8alkyl or —SR24 
(Where R24 is hydrogen, C1_8alkyl, C6_14aryl, or 
C6-14ary1C1-8a1ky1); 

[0058] R5 is hydrogen, C1_8alkyl, haloC1_8alkyl, 
C1_8alkoXy; 
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[0059] R6 is hydrogen, hydroxy, halogen, C1_8alkyl, 
hydroxyC1_8alkyl, haloC1_8alkyl, C1_8alkoxy; 

[0060] R7 is hydrogen, hydroxy, halogen, C1_8alkyl, 
hydroxyC1_8alkyl, haloC1_8alkyl, C1_8alkoxy, or R6 
and R7 together form a ketone or alkene; 

[0061] 
hydrogen, hydroxy, halogen, C2_8alkyl, hydroxyC1_ 
salkyl, haloC1_8alkyl, C1_8alkoxy, or any of R8 and 
R9 or R10 and R11 together form a ketone or alkene; 

R8R11 maybe the same or different and are 

[0062] or 
thereof, 

a pharmaceutically acceptable derivative 

[0063] provided that a compound of formula (I) can 
not be 2,5-dimethyl-1-(2,3,4-tri-O-acetyl-beta-D-xy 
lopyranosyl)-1H-benZimidaZole or 5,6-dimethyl-1 
(2,3,4-tri-O-acetyl-beta-D-arabinopyranosyl) 
benZimidaZole-2-thione; 

[0064] further provided that When Z is a substituent of 
formula (Ia): 

[0065] a) R2, R3, and R4 cannot all be hydrogen; and 

[0066] b) R1 cannot be NR‘lQR2O Where R19 and R20 
together With the N atom to Which they are attached 
form a 5 membered heterocyclic ring containing S. 

[0067] Compounds of formula (I) in Which Z is a sub 
stituent of formula (Ic) provide a further aspect of the 
invention. 

[0068] Preferred compounds of formula (I), (II), and (III) 
are those Wherein: 

[0069] R1 is halogen; 

[0070] R2 is hydrogen; 

[0071] R3 and R4 are halogen; 

[0072] R5 and R7 are hydrogen; 

[0073] R6 is hydroxy or hydrogen; 

[0074] R8 and R10 are hydroxy; 

[0075] R9 and R11 are hydrogen; 

[0076] R12 is hydrogen, C1_8alkyl, or hydroxyC1_ 
salkyl; 

[0077] R13 is hydroxy; 

[0078] RM-R‘l8 may be the same or different and are 
hydrogen or hydroxy; 

[0079] or 
thereof. 

a pharmaceutically acceptable derivative 

[0080] Apreferred compound of Formula (III) is 2-bromo 
5,6-dichloro-1-[3-D-ribopyranosyl-1H-benZimidaZole, rep 
resented by formula (XI): 

Jul. 18, 2002 

(XI) 
C1 

0/1,,“ 
E Olllln Ohm E 

[0081] The compounds of formula (I) including com 
pounds of formula (II) and (Ill) above and their pharmaceu 
tically acceptable derivatives are hereinafter referred to as 
the compounds according to the invention. 

[0082] The compounds according to the invention contain 
one or more asymmetric carbon atoms and thus occur as 

racemates and racemic mixtures, single enantiomers, dias 
tereomeric 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 con?guration. Although the speci?c compounds 
exempli?ed in this application may be depicted in a par 
ticular stereochemical con?guration, compounds having 
either the opposite stereochemistry at any given chiral center 
or mixtures thereof are also envisioned. 

[0083] The present invention includes Within its scope 
each possible alpha and beta anomer of the compounds of 
formula (I) and their physiologically functional derivatives, 
substantially free of the other anomer, that is to say no more 
than about 5% W/W of the other anomer. 

[0084] Compounds of formula (I) in the beta anomeric 
form are preferred. 

[0085] Preferred compounds of the present invention 
include: 

[0086] (3S,4R,5R,6S)-2-Bromo-5,6-dichloro-1 -(tet 
rahydro4,5 -dihydroxy-6-(hydroxymethyl)-2H-pyran 
3-yl)-1H-benZimidaZole; 

[0087] (:)-Trans-2-(2-bromo-5,6-dichloro-1H-benZ 
imidaZol-1 -yl)cyclohexanol; 

[0088] (:)-(1R*,2S*,3R*)-3-(2-Bromo-5,6-dichloro 
1H-benZimidaZol-1-yl)-1,2-cyclohexanediol; 

[0089] 2-bromo-5 ,6-dichloro-1 -[3 -D-ribopyranosyl-1H 
benZimidaZole; 

[0090] 5,6-dichloro-N-(1 -methylethyl)- 1- [3-D-ribopy 
ranosyl-1H-benZimidaZol-2- amine; 

[0091] 2-bromo-5 ,6-dichloro -4-?uoro-1 -[3 -D-ribopyra 
nosyl-1H-benZimidaZole; 
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[0092] 2-bromo -5 ,6,-dichloro- 1-(2,3,4-tri-O-acetyl- [3 
D-ribopyranosyl)-1H-benZimidaZole; 

[0093] 2-bromo -5 ,6-dichloro-1 - [3-L-ribopyranosyl-1H 
benZimidaZole; 

[0094] 2-bromo-6-chloro -5 -methyl- 1 -[3 -D -ribopyrano 
syl-1H-benZimidaZole; and 

[0095] 2-bromo-5,6,-dichloro- 1-(4-deoxy-[3 -D-erythro 
pentopyranosyl)- 1H-benZimidaZole; 

[0096] 2-Bromo -5 ,6-dichloro- 1-(beta-L-ribopyrano 
syl)- 1H-benZimidaZole; 

[0097] 2-Bromo -5 ,6-dichloro- 1-(beta-L-xylopyrano 
syl)- 1H-benZimidaZole; 

[0098] 2-Bromo-5,6-dichloro-1-(2-deoxy-alpha-D 
erythro-pentopyranosyl)-1H-benZimidaZole; 

[0099] or pharmaceutically acceptable derivatives thereof. 

[0100] The term “alkyl”, alone or in combination With any 
other term, refers to a straight-chain or branch-chain satu 
rated aliphatic hydrocarbon radical containing the speci?ed 
number of carbon atoms, or Where no number is speci?ed, 
preferably from 1-10 and more preferably from 1-6 carbon 
atoms. Examples of alkyl radicals include, but are not 
limited to, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobu 
tyl, sec-butyl, tert-butyl, pentyl, isoamyl, n-hexyl and the 
like, With methyl and ethyl being preferred. 

[0101] The term “alkenyl,” alone or in combination With 
any other term, refers to a straight-chain or branched-chain 
mono- or poly-unsaturated aliphatic hydrocarbon radical 
containing the speci?ed number of carbon atoms, or Where 
no number is speci?ed, 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 limited to, ethenyl, E 
and Z-propenyl, 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. 

[0102] The term “alkynyl” refers to hydrocarbon groups of 
either a straight or branched con?guration With one or more 
carbon-carbon triple bonds Which may occur in any stable 
point along the chain, such as ethynyl, propynyl, butynyl, 
pentynyl, and the like. 

[0103] The term “alkoxy” refers to an alkyl ether radical, 
Wherein the term “alkyl” is de?ned above. Examples of 
suitable alkyl ether radicals include, but are not limited to, 
methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobu 
toxy, sec-butoxy, tert-butoxy and the like, With methoxy 
being preferred. 
[0104] Alkenyl and alkynyl substituents may optionally 
contain one or more heteroatoms such as nitrogen, sulfur, or 

oxygen. 

[0105] The term “aryl,” alone or in combination With any 
other term, refers to a carbocyclic aromatic radical (such as 
phenyl or naphthyl) containing the speci?ed number of 
carbon atoms, preferably from 6-14 carbon atoms, and more 
preferably from 6-10 carbon atoms, optionally substituted 
With one or more substituents selected from C1-6 alkoxy, 
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(for example methoxy), nitro, halogen, (for example chloro), 
amino, carboxylate and hydroxy. Examples of aryl radicals 
include, but are not limited to phenyl, naphthyl, indenyl, 
indanyl, aZulenyl, ?uorenyl, anthracenyl and the like. 

[0106] The term “heterocycle” and “heterocyclic” radical, 
unless otherWise de?ned herein, refers to a stable 3-7 
membered monocyclic heterocyclic ring or 8-11 membered 
bicyclic heterocyclic ring Which is either saturated or unsat 
urated, and Which may be optionally benZofused if mono 
cyclic. 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 of nitrogen and sulfur, and the quater 
niZed 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 het 
erocycles include 5-7 membered monocyclic heterocycles 
and 8-10 membered bicyclic heterocycles. Examples of such 
groups include imidaZolyl, imidaZolinoyl, imidaZolidinyl, 
quinolyl, isoqinolyl, indolyl, indaZolyl, indaZolinolyl, per 
hydropyridaZyl, pyridaZyl, pyridyl, pyrrolyl, pyrrolinyl, pyr 
rolidinyl, pyraZolyl, pyraZinyl, quinoxolyl, piperidinyl, 
pyranyl, pyraZolinyl, piperZinyl, pyrimidinyl, pyridaZinyl, 
morpholinyl, thiamorpholinyl, furyl, thienyl, triaZolyl, thia 
Zolyl, carbolinyl, tetraZolyl, thiaZolidinyl, benZofuranoyl, 
thiamorpholinyl sulfone, oxaZolyl, benZoxaZolyl, oxopip 
eridinyl, oxopyrrolidinyl, oxoaZepinyl, aZepinyl, isoxoZolyl, 
isothiaZolyl, furaZanyl, tetrahydropyranyl, tetrahydrofura 
nyl, thiaZolyl, thiadiaZoyl, dioxolyl, dioxinyl, oxathiolyl, 
benZodioxolyl, dithiolyl, thiophenyl, tetrahydrothiophenyl, 
sulfolanyl, dioxanyl, dioxolanyl, tetahydrofurodihydrofura 
nyl, tetrahydropyranodihydrofuranyl, dihydropyranyl, tet 
radyrofurofuranyl and tetrahydropyranofuranyl. 

[0107] Preferred heterocycles include imadaZolyl, pyrro 
lyl, pyrrolinyl, piperidinyl, piperaZinyl, and morpholinyl. 

[0108] The term “halogen” refers to a radical of ?uorine, 
chlorine, bromine or iodine. 

[0109] The term “haloC1_8alkyl” means a C1_8alkyl group 
in Which one or more hydrogens is replaced by halo and 
preferably containing one, tWo or three halo groups. 
Examples of such groups include tri?uoromethyl and ?uor 
oisopropyl. 

[0110] The term “pharmaceutically effective amount” 
refers to an amount effective in treating a virus infection, for 
example a CMV or HBV infection, in a patient either as 
monotherapy or in combination With other agents. The term 
“treating” as used herein refers to the alleviation of symp 
toms of a particular disorder in a patient, or the improvement 
of an ascertainable measurement 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 “pro 
phylactically effective amount” refers to an amount effective 
in preventing a virus infection, for example a CMV or HBV 
infection, or preventing the occurrence of symptoms of such 
an infection, in a patient. As used herein, the term “patient” 
refers to a mammal, including a human. 

[0111] The term “pharmaceutically acceptable carrier or 
adjuvant” refers to a carrier or adjuvant that may be admin 
istered to a patient, together With a compound of this 
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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. 
[0112] As used herein, the compounds according to the 
invention are de?ned to include pharmaceutically acceptable 
derivatives or prodrugs thereof. A“pharmaceutically accept 
able derivative” or “pharmaceutically acceptable prodrug” 
means any pharmaceutically acceptable salt, ester, salt of an 
ester, or other derivative of a compound of this invention 
Which, upon administration to a recipient, is capable of 
providing (directly or indirectly) a compound of this inven 
tion or an inhibitorily active metabolite or residue thereof. 
Particularly favored derivatives and prodrugs are those that 
increase the bioavailability of the compounds of this inven 
tion When such compounds are administered to a mammal 
(e.g., by alloWing an orally administered compound to be 
more readily absorbed into the blood) or Which enhance 
delivery of the parent compound to a biological compart 
ment (e.g., the brain or lymphatic system) relative to the 
parent species. 
[0113] 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, cyclopentanepropionate, digluconate, 
dodecylsulfate, ethanesulfonate, fumarate, ?ucoheptanoate, 
glycerophosphate, hemisulfate, heptanoate, heXanoate, 
hydrochloride, hydrobromide, hydroiodide, 2-hydroXy 
ethanesulfonate, lactate, maleate, methanesulfonate, 2-naph 
thalenesulfonate, nicotinate, oXalate, pamoate, pectianate, 
persulfate, phenylproprionate, picrate, pivalate, propionate, 
succinate, tartrate, thiocyanate, tosylate and undecanoate. 
[0114] Pharmaceutically acceptable salts of the com 
pounds according to the invention include those derived 
from pharmaceutically acceptable inorganic and organic 
acids and bases. Examples of suitable acids include hydro 
chloric, hydrobromic, sulfuric, nitric, perchloric, fumaric, 
maleic, phosphoric, glycollic, lactic, salicyclic, succinic, 
toluene-p-sulfonic, tartaric, acetic, citric, methanesulfonic, 
ethanesulfonic, formic, benZoic, malonic, naphthalene-2 
sulfonic and benZenesulfonic acids. Other acids, such as 
oXalic, While not in themselves pharmaceutically acceptable, 
may be employed in the preparation of salts useful as 
intermediates in obtaining the compounds of the invention 
and their pharmaceutically acceptable acid addition salts. 

[0115] Salts derived from appropriate bases include alkali 
metal (eg sodium), alkaline earth metal (e.g., magnesium), 
ammonium and N—W+4 (Wherein W is CL4 alkyl). Physi 
ologically acceptable salts of a hydrogen atom or an amino 
group include salts or organic carboXylic acids such as 
acetic, lactic, tartaric, malic, isethionic, lactobionic and 
succinic acids; organic sulfonic acids such as methane 
sulfonic, ethanesulfonic, benZenesulfonic and p-toluene 
sulfonic acids and inorganic acids such as hydrochloric, 
sulfuric, phosphoric and sulfamic acids. Physiologically 
acceptable salts of a compound With a hydroXy group 
include the anion of said compound in combination With a 
suitable cation such as Na”, NH4+, and NW4+ (Wherein W is 
a C1_4alkyl group). 
[0116] Pharmaceutically acceptable salts include salts of 
organic carboXylic acids such as ascorbic, acetic, citric, 
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lactic, tartaric, malic, maleic, isothionic, lactobionic, p-ami 
nobenZoic and succinic acids; organic sulphonic acids such 
as methanesulphonic, ethanesulphonic, benZenesulphonic 
and p-toluenesulphonic acids and inorganic acids such as 
hydrochloric, sulphuric, phosphoric, sulphamic and pyro 
phosphoric acids. 

[0117] For therapeutic use, salts of the compounds accord 
ing to the invention Will be pharmaceutically acceptable. 
HoWever, salts of acids and bases Which are non-pharma 
ceutically acceptable may also ?nd use, for eXample, in the 
preparation or puri?cation of a pharmaceutically acceptable 
compound. 

[0118] Preferred salts include salts formed from hydro 
chloric, sulfuric, acetic, succinic, citric and ascorbic acids. 

[0119] Preferred esters of the compounds according to the 
invention are independently selected from the folloWing 
groups: (1) carboXylic acid esters obtained by esteri?cation 
of the hydroXy groups, in Which the non-carbonyl moiety of 
the carboXylic acid portion of the ester grouping is selected 
from straight or branched chain alkyl (for eXample, acetyl, 
n-propyl, t-butyl, or n-butyl), alkoxyalkyl (for eXample, 
methoXymethyl), aralkyl (for eXample, benZyl), aryloXy 
alkyl (for eXample, phenoXymethyl), aryl (for eXample, 
phenyl optionally substituted by, for eXample, halogen, 
C1_4alkyl, or C1_4alkoXy or amino); (2) sulfonate esters, such 
as alkyl- or aralkylsulfonyl (for eXample, methanesulfonyl); 
(3) amino acid esters (for eXample, L-valyl or L-isoleucyl); 
(4) phosphonate esters and (5) mono-, di- or triphosphate 
esters. The phosphate esters may be further esteri?ed by, for 
eXample, a CL2O alcohol or reactive derivative thereof, or by 
a 2,3-di (C6_24)acyl glycerol. 

[0120] In such esters, unless otherWise speci?ed, any alkyl 
moiety present advantageously contains from 1 to 18 carbon 
atoms, particularly from 1 to 6 carbon atoms, more particu 
larly 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 advan 
tageously comprises a phenyl group. 

[0121] 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. 

[0122] Any reference to any of the above compounds also 
includes a reference to a pharmaceutically acceptable salts 
thereof. 

[0123] In a further aspect of the invention there are 
provided the compounds according to the invention for use 
in medical therapy particularly for the treatment or prophy 
laXis of viral infections such as herpes viral infections. 
Compounds according to the invention have been shoWn to 
be active against CMV infections, although early results 
suggest that these compounds could also be active against 
other herpes virus infections such as HSV-l and-2, HHV 6, 
7, and 8, VZV, EBV as Well as against HBV infections. 

[0124] Other viral conditions Which may be treated in 
accordance With the invention have been discussed in the 
introduction hereinbefore. The compounds according to the 
invention are particularly suited to the treatment or prophy 
laXis of CMV infections and associated conditions. 
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Examples of CMV conditions Which may be treated in 
accordance With the invention have been discussed in the 
introduction hereinbefore. 

[0125] 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 effec 
tive amount of a compound 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. 

[0126] The compounds according to the invention may 
also be used in adjuvant effects, for example Kaposi’s 
sarcoma. 

[0127] 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 
introduction hereinbefore, Which comprises treating said 
animal With a therapeutically effective amount of a com 
pound according to the invention. The present invention also 
includes a method for the treatment or prophylaxis of any of 
the aforementioned infections or conditions. 

[0128] In yet a further aspect, the present invention pro 
vides the use of a compound according to the invention in 
the manufacture of a medicament for the treatment or 
prophylaxis of any of the above mentioned viral infections 
or conditions. 

[0129] The above compounds according to the invention 
and their pharmaceutically acceptable derivatives may be 
employed in combination With other therapeutic agents for 
the treatment of the above infections or conditions. Combi 
nation therapies according to the present invention comprise 
the administration of at least one compound of the present 
invention and at least 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 ingre 
dient(s) and pharmaceutically active agent(s) and the rela 
tive timings of administration Will be selected in order to 
achieve the desired combined therapeutic effect. Preferably 
the combination therapy involves the administration of one 
compound according to the invention and one of the agents 
mentioned herein beloW. 

[0130] Examples of such further therapeutic agents 
include agents that are effective for the treatment of viral 
infections or associated conditions such as (1 alpha, 2 beta, 
3 alpha)-9-[2,3-bis(hydroxymethyl)cyclobutyl]guanine ) 
BHCG, SQ-34514], oxetanocin-G (3,4-bis-(hydroxym 
ethyl)-2-oxetanosyl]guanine), acyclic nucleosides (e.g. acy 
clovir, valaciclovir, famciclovir, ganciclovir, penciclovir), 
acyclic nucleoside phosphonates (e.g. (S)-1-(3-hydroxy-2 
phosphonyl-methoxypropyl)cytosine (HPMPC), ribonucle 
otide reductase inhibitors such as 2-acetylpyridine 5-[(2 
chloroanilino)thiocarbonyl)thiocarbonohydraZone, 3‘aZido 
3‘-deoxythymidine, other 2‘,3‘-dideoxynucleosides such as 
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2‘,3‘-dideoxycytidine, 2‘,3‘-dideoxyadenosine, 2‘,3‘ 
dideoxyinosine, 2‘,3‘-didehydrothymidine, protease inhibi 
tors such as indinavir, ritonavir, nel?navir, [3S-[3R*(1R*, 
2S*)]]-[3[[(4-aminophenyl)sulfonyl](2 
methylpropyl)amino]-2-hydroxy-1-(phenylmethyl)propyl] 
tetrahydro-3-furanyl ester (141W94), oxathiolane 
nucleoside analogues such as (—)-cis-1-(2-hydroxymethyl) 
1,3-oxathiolane 5-yl)-cytosine (lamivudine) or cis-1-(2-(hy 
droxymethyl)-1,3-oxathiolan-5-yl)-5-?uorocytosine (FTC), 
3‘-deoxy-3‘-?uorothymidine, 5-chloro-2‘,3‘-dideoxy-3‘-?uo 
rouridine, (—)-cis-4-[2-amino-6-(cyclopropylamino)-9H-pu 
rin-9-yl]-2-cyclopentene-1-methanol, ribavirin, 9-[4-hy 
droxy-2-(hydroxymethyl)but-1-yl]-guanine (H2G), tat 
inhibitors such as 7-chloro-5-(2-pyrryl)-3H-1,4-benZodiaZ 
epin-2-(H)one (ROS-3335), 7-chloro-1,3-dihydro-5-(1H 
pyrrol-2yl)-3H-1,4-benZodiaZepin-2-amine (Ro24-7429), 
interferons such as ot-interferon, renal excretion inhibitors 
such as probenecid, nucleoside transport inhibitors such as 
dipyridamole; pentoxifylline, N-acetylcysteine (NAC), Pro 
cysteine, ot-trichosanthin, phosphonoformic acid, as Well as 
immunomodulators such as interleukin II orthymosin, 
granulocyte macrophage colony stimulating factors, eryth 
ropoetin, soluble CD4 and genetically engineered deriva 
tives thereof, or non-nucleoside reverse transcriptase inhibi 
tors (NNRTIs) such as nevirapine (BI-RG-587), loviride 
((ot-APA) and delavuridine (BHAP), and phosphonoformic 
acid, and 1,4-dihydro-2H-3,1-benZoxaZin-2-ones NNRTIs 
such as (—)-6-chloro-4-cyclopropylethynyl-4-tri?uorom 
ethyl-1,4-dihydro-2H-3,1-benZoxaZin-2-one (L-743,726 or 
DMP-266), and quinoxaline NNRTIs such as isopropyl 
(2S)-7-?uoro-3,4-dihydro-2-ethyl-3-oxo-1(2H)-quinoxalin 
ecarboxylate (HBY1293). 
[0131] 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 preferably the combination therapy involves the joint 
use of one of the above named agents together With one of 
the compounds of formula (I) speci?cally named herein. 

[0132] The present invention further includes the use of a 
compound according to the invention in the manufacture of 
a medicament for simultaneous or sequential administration 
With at least one other therapeutic agent, such as those 
de?ned hereinbefore. 

[0133] In a further aspect of the present invention there is 
provided a method of treatment or prophylaxis of restenosis 
by administration of a compound according to the invention. 

[0134] Restenosis is the narroWing of the blood vessels 
Which can occur after injury to the vessel Wall, for example 
injury caused by balloon angioplasty or other surgical tech 
niques, and is characteriZed by excessive proliferation of 
smooth muscle cells in the Walls of the blood vessel treated. 
Restenosis folloWing 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 proliferation 
of the smooth muscle cells in the coronary vessel treated. 

[0135] Restenosis can occur folloWing a number of sur 
gical techniques, for example, transplant surgery, vein graft 
ing, coronary by-pass grafting and, most commonly, folloW 
ing angioplasty. 
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[0136] Angioplasty is a surgical techniques wherein ath 
erosclerotic stenoses in the peripheral, renal and coronary 

vasculature are opened up by cornpressing and/or tearing the 
plaque on the vessel Walls, typically by means of a pressur 

iZed balloon catheter. Unfortunately, in 25 to 50% of cases, 

particularly those involving the coronary vasculature, the 
treated vessel 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 
folloWing angioplasty, but have met With limited success. A 

number of drugs including anti-coagulants and vasodilators 
have also been tried With disappointing or equivocal results. 

[0137] There is noW a strong body of evidence, from Work 
done both in vitro and in vivo, indicating that restenosis is 
a rnultifactorial process. Several cytokines and groWth fac 

tors, acting in concert, stimulate the migration and prolif 
eration of vascular smooth muscle cells (SMC) and produc 
tion of extracellular matrix material, Which accumulate to 

occlude the blood vessel. In addition groWth suppressors act 
to inhibit the proliferation of SMC’s and production of 
extracellular matrix material. 

[0138] The present invention further includes a process for 
the preparation of compounds of formula (I) and pharrna 
ceutically acceptable derivatives thereof which comprises: 

[0139] A) Reacting a compound of formula (I) 
Wherein R1 is hydrogen and R2, R3, and R4 are as 
hereinbefore de?ned, and RS-R18 are as hereinbefore 

de?ned, With a suitable halogenation agent such as 

N-brornosuccinirnide (NBS); or When R1 is a suit 

able leaving atorn or group, for example, a halo atorn 

such as bromine or an organo (for example alkyl) 

sulphone, or organo (for example alkyl or aralkyl) 
suiphonate such as rnethylsulphone (MeS(O)2—), 
rnethylsulphonate (MeS(O)2O—) or tosylate 
(4-MePhS(O)2O—), With a nucleophile such as 
arnines, alkoxides, rnercaptides; or 

[0140] B) Reacting a compound of formula (IV) 

(IV) 
R2 

[0141] Wherein R1 is hydrogen, a halo atorn, —NR19R2O 
(Wherein R19 and R20 are as hereinbefore de?ned), and R2, 
R3, R4 and R5 are as hereinbefore described With a corn 

pound of formula (Va), (Vb), or (Vc) 
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(Va) 
R5 

0 L 

R6 
R7 

R8 R9 R10 R11 
(Vb) 

O L 

R12 

R13 R14 
(Vc) 

R15 

L 

R16 

R17 R18 

[0142] Wherein RS-R18 are as is hereinbefore de?ned and 

L is a suitable leaving group for example, a halo (for 
example, ?uoro, chloro or brorno), an organosulphonyloxy, 
an alkyl or arylthio (for example, phenylthio) or an aryl or 
aliphatic ester group such as benZoate or acetate, or a 

rnethoxy. Alternatively, intermediates of formula and 
(Vc) Where L is arnino may be reacted With appropriate 
arornatic nitro compounds as described in WO96/07646. 
Thereafter or sirnultaneously thereWith one or more of the 

folloWing further steps may be additionally performed in 
any desired or necessary order: 

[0143] (i) 
group(s); 

removing any remaining protecting 

[0144] (ii) converting a compound of formula (I) or a 
protected forrn thereof into a further compound of 
formula (I) or protected forrn thereof; 

[0145] (iii) converting the compound of formula (I) 
or a protected forrn thereof into a pharrnaceutically 
acceptable derivative of the compound of formula (I) 
or a protected forrn thereof; 

[0146] (iv) converting a pharrnaceutically acceptable 
derivative of the compound of formula (I) or a 
protected forrn thereof into the compound of formula 
(I) or a protected forrn thereof; 

[0147] (v) converting a pharrnaceutically acceptable 
derivative of the compound of formula (I) or a 
protected forrn thereof into another pharrnaceutically 
acceptable derivative of the compound of formula (I) 
or a protected forrn thereof; 

[0148] (vi) Where necessary, separating the enanti 
orners and diastereorners of the compound of for 
rnula (I) or of a protected derivative thereof or of a 
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pharmaceutically acceptable derivative of a com 
pound of formula (I) using methods known to per 
sons skilled in the art. 

[0149] A. Process A may conveniently be used for the 
preparation of a compound of formula (I) Wherein R1 is a 
halogen. Such compounds may conveniently be prepared by 
reacting a compound of formula (I) Wherein R1 is hydrogen 
and R2-R18 are as hereinbefore de?ned With a halogenating 
agent. Halogenation may be effected in a conventional 
manner, for example, bromination using a brominating agent 
such as N-bromosuccinimide (NBS) in an aprotic solvent 
such as tetrahydrofuran (THF) or preferably 1,4-dioxane 
heated to 60-150° C. 

[0150]9 Compounds of formula (I) Wherein R1 is 
—NR R2O (Wherein R19 and R20 are as hereinbefore 
de?ned) may conveniently be prepared from compounds of 
formula (I) Wherein R1 is a halo atom, such as bromo or 
chloro atom, by reaction With an appropriate amine 
HNR19R20, Wherein R19 and R20 are as hereinbefore de?ned. 
Typically, the reaction is effected at an elevated temperature, 
70-80° C., in an organic solvent such as ethanol or dimeth 
ylsulfoxide. Amines of formula HNRlgR2O are commer 
cially available or are readily prepared by a person skilled in 
the art. 

[0151] Compounds of formula (I) Wherein R1 is —OR21 
(Wherein R21 is as hereinbefore de?ned) may conveniently 
be prepared from compounds of formula (I) Wherein R1 is a 
halo atom, such as bromo or chloro atom, by reaction With 
an appropriate alcohol of formula HOR21 (Wherein R21 is as 
hereinbefore de?ned). Typically, the reaction is effected at 
—20 to 100° C., preferably at 25° C., in HOR21 or dimeth 
ylsulfoxide as solvent and in the presence of a strong base 
such as sodium hydride. Alcohols of formula HOR21 are 
available commercially or may be readily prepared by a 
person skilled in the art. 

[0152] Compounds of formula (I) Wherein R1 is —SR22 
(Wherein R22 is as hereinbefore de?ned) may conveniently 
be prepared from compounds of formula (I) Wherein R1 is a 
halo atom, such as bromo or chloro atom, by reaction With 
an appropriate thiol of formula HSR22 (Wherein R22 is as 
hereinbefore de?ned). Typically, the reaction is effected at 
—20 to 100° C., preferably at 25° C., in N,N-dimethylfor 
mamide or dimethylsulfoxide as solvent and in the presence 
of a strong base such as sodium or potassium hydride. Thiols 
of formula HSR22 are available commercially or may be 
readily prepared by a person skilled in the art. 

[0153] Compounds of formula (I) in Which R3 or R4 is an 
aryl or heterocyclic group and RS-R18 are as herebefore may 
be prepared from compounds of formula (I) in Which R3 or 
R4 is a halo atom, such as a bromo atom, by reaction With 
an aryl or heterocyclic trialkyltin (IV) reagent. These reac 
tions are typically effected in the presence of a palladium 
catalyst such as tetrakis(triphenylphosphine)palladium (0), 
palladium (II) acetate, or palladium (II) chloride bis(aceto 
nitrile) also in the presence of a solvent such as N,N 
dimethylformamide and at an elevated temperature, prefer 
ably 90° C. The desired aryl or heterocyclic trialkyltin (IV) 
reagent may be obtained commercially or may be readily 
prepared by a person skilled in the art. 

[0154] The protecting groups may be removed by conven 
tional chemical techniques Well knoWn to a skilled person. 
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[0155] Compounds of formula (I) Wherein any of R6-R18 
is a hydroxy group or RG-R11 is either a hydroxy group or a 
?uorine atom and Rl-R5 are as hereinbefore de?ned may be 
prepared from a corresponding compound of formula (I) 
wherein any of R6-R18 is a protected hydroxy group or 
R -R11 is a protected hydroxy group or a ?uorine atom. 
Conventional protecting groups may be used for R6-R18. 
Advantageously, ester groups such as those described above 
in relation to the esters of compounds of formula (I) may be 
used. These protecting groups may be removed either by 
conventional chemical techniques such as sodium carbonate 
in Water and methanol or enZymatically, for example, using 
pig liver esterase. Alternatively, R6-R18 may include silyl 
ethers such as tert-butyldiphenyl-, tert-butyldimethyl-, and 
triisopropylsilyl ethers Which may be deprotected to give a 
hydroxyl group using an appropriate ?uoride source, for 
example HF/pyridine, Bu4NF or Et4NF 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. 

[0156] Alternatively, the compounds of formula (I) Where 
any of R6-R18 is a protected hydroxy group or RG-R11 is 
either a protected hydroxy group or a ?uorine atom and R2, 
R3, R4 and R5 are as hereinbefore de?ned may be reacted 
With an agent or under conditions Whereby the leaving group 
R1 is converted to the desired R1 group simultaneously With 
removal of the protecting groups. Examples of such agents 
include cyclopropylamine and other primary and secondary 
amines providing that these agents are suf?ciently nucleo 
philic and are not sterically hindered. 

[0157] B. Compounds of formula (I) Wherein R1 is as 
hereinbefore de?ned may be prepared by reaction of a 
compound of formula (IV) Wherein R1 is as hereinbefore 
de?ned and R2, R3, and R4 are as hereinbefore de?ned, With 
a compound of formula (V), Wherein RS-R18 are as herein 
before de?ned and protected When appropriate and L is as 
hereinbefore described. The reaction of compounds of for 
mula (IV) With those of formula (V) may be effected using 
a LeWis acid such as trimethylsilyl tri?uoromethane 
sulfonate, stannic chloride, or boron tri?uoride, the former 
being preferred. The reaction is generally effected in an 
aprotic solvent and at an elevated temperature, for example, 
in acetonitrile at 15-30° C. or 1,2-dichloroethane at 70-90° 
C. Alternatively, the reactions of compounds of formula (IV) 
With those of formula (V) may be effected by applying 
procedures of pyrimidine nucleoside synthesis as described 
and referenced by Tohru Ueda in Chemistry ofNucleosia'es 
and Nucleotides, vol. 1 (Leroy B. ToWnsend, ed.) pp. 1-112, 
Plenum Press, NeW York, 1988 or purine nucleoside syn 
thesis as described and referenced by Prem C. Srivastva, 
Roland K. Robins and Rich B. Meyer, Jr., ibid, pp. 113-281 
or pyranose nucleoside synthesis as described and refer 
enced by P. HerdeWiij n, A. Van Aerschot, J. BalZarini and E. 
De Clerq in Nucleosides and Nucleotides, Volume 10, 1991, 
pp. 119-127, and Us. Pat. No. 5,399,580, incorporated 
herein by reference hereto. 

[0158] The compound of formula (IV) is advantageously 
trimethylsilylated at the Nl-position in the above procedures 
to improve solubility; for example, by treatment With trim 
ethylsilylchloride, hexamethyl disilaZane or, most prefer 
ably, N,O-bis(trimethylsilyl)acetamide (BSA). The silyla 
tion can be effected in a solvent, preferably 1,2 
dichtoroethane or acetonitrile, preferably at 70-80° C. After 
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completion of the silylation reaction, a Lewis acid may be 
added, followed by the addition of the compound of formula 
(V) 
[0159] Compounds of formula (Va) may be purchased, for 
example, from Aldrich (Milwaukee, Ill.) or Pfanstiehl 
(Waukegan, Ill.) or may be prepared by literature methods 
Well knoWn to persons skilled in the art, for eXample J. 
Barbat et al, Carbohydrate Research, 116 (1983), pp. 312 
316; M. Fuertes et al., J. Org. Chem, 40 (1975), pp. 
2372-2377; L. Lemer et al. , J. Med. Chem, 30 (1987), pp. 
1521-1525. 

[0160] Compounds of formula (Va) in Which R5 is as 
hereinbefore de?ned and only one of R°-R11 is an unpro 
tected hydroXyl and L is methoXy may undergo deoXygen 
ation via a phenyl thiocarbonate prepared by reaction of the 
previous free hydroXyl With a chlorothionoformate such as 
phenylchlorothioformate. The intermediate thionocarbonate 
is removed via a reductant, such as tributyltin hydride. This 
reaction is typically effected in the presence of a radical 
initiator, 2,2‘-aZobisisobutyronitrile, for eXample, and in the 
presence of an aromatic solvent, toluene for eXample. This 
intermediate can then eventually be converted to a com 
pound of formula (Va) in Which hydroXyls are protected as 
esters, acetyl esters for eXample, by reaction With an acid, 
acetic acid for eXample, and an acylating agent, acetic 
anhydride for eXample. This reaction is typically effected in 
the acylating agent as solvent at 0-100° C. alternatively, 
deoXygenation may be effected. for eXample, as described 
by P. Collins and R. Ferrier in Monosaccharides (1995), 
John Wiley & Sons, NeW York, p. 213, and references 
therein. 

[0161] Fluorinated compounds of formula (Va) may be 
prepared by methods knoWn to one skilled in the art, for 
eXample, by reaction of an unprotected hydroXyl group of a 
compound of formula (Va) With a ?uorinating agent, diethy 
laminosulfur tri?uoride for eXample. This reaction is typi 
cally 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 for 
mula (Va) may also be prepared in analogous fashion as 
described for like and different carbohydrates by P. Collins 
and R. Ferrier in Monosaccharides (1995), John Wiley & 
Sons, NeW York, pp. 248-262 and references therein. 

[0162] Compounds of formula (Va) in Which R5 is as 
hereinbefore de?ned and only one of R°-R11 is an unpro 
tected hydroXy may be oXidiZed to a ketone by methods 
knoWn to persons skilled in the art, for eXample methods 
described or referenced by R. C. Petter et al. in Tetrahedron 
Letters, 30 (1989), pp. 659-662, S. CZernecki et al. in 
Tetrahedron Letters, 26 (1985), pp. 1699-1702, or M. 
Hudlicky in Oxidations in Organic Chemistry ACS Mono 
graph 186 (1990), American Chemical Society, Washington 
D.C. Such ketone compounds may be treated With appro 
priate Grignard reagents or alkyl metal reagents and carbon 
nucleophiles to effect alkylation to give a neW compound of 
formula (Va), for eXample, as described by P. Collins and R. 
Ferrier in Monosaccharides (1995), John Wiley & Sons, 
NeW York, p. 3092 and references therein. Additionally 
Wittig reagents may be employed to prepare ole?ns of 
formula (Va), for eXample, as described by P. Collins and R. 
Ferrier, ibid, p. 263 and references therein or as described by 
R. C. Petter et al. in Tetrahedron Letters, 30 (1989), pp. 
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659-662. Hydroboration-oXidation of ole?ns of formula (Va) 
using procedures described by H. Redlich et al. in Synthesis, 
(1992), pp. 112-1118 or as described by Acton et al. in the 
Journal of Medicinal Chemistry, 22 (1972), pp. 518-526, 
leads to hydroXyl methyl derivatives of formula (Va). Addi 
tionally, hydride reagents may be used to effect inversion of 
hydroXyl stereochemistry of R°-R11 from such a described 
ketone by methods knoWn to persons skilled in the art and 
using commonly accepted appropriate practices of carbonyl 
reduction as those described by M. Hudlicky in Reductions 
in Organic Chemistry ACS Monograph 188 (1996), Ameri 
can Chemical Society, Washington, DC, pp. 149-190. 

[0163] Compounds of formula and (Vc) may be 
made by methods knoWn to persons skilled in the art. 

[0164] Compounds of formula (IV), Wherein R1 is hydro 
gen or a halo atom, most preferably chloro or bromo, and R2, 
R3, and R4 are as hereinbefore de?ned, may be prepared in 
accordance With the methods described in PCT speci?cation 
WO92/07867 incorporated herein by reference. Alterna 
tively, compounds of formula (IV), Wherein R1 is hydrogen 
or a halo atom, most preferably chloro or bromo, and R2, R3, 
and R4 are as hereinbefore de?ned, may be prepared in 
accordance With the methods described by Leroy ToWnsend, 
et al. J. Med. Chem, Vol. 38, 1995, pg. 4098. 

[0165] Alternatively, compounds of formula (IV) Wherein 
R1 is —NR19R2°, Wherein R19 and R20 are as hereinbefore 
de?ned, may be prepared by reacting a compound of for 
mula (VI) 

(VI) 

[0166] Wherein R2, R3, and R4 are as hereinbefore de?ned, 
With an agent capable of cycliZing the diamine into a 
benZimidaZole. Typically, compounds of formula (VI) may 
be reacted With an isothiocyanate of formula (VII) 

[0167] Wherein R19 is as hereinbefore de?ned. The reac 
tion may be carried out in the presence of an agent to 
promote cycliZation such as methyl 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 an elevated temperature, 
preferably 75-150° C. 

[0168] Compounds of formula (VII) may be prepared by 
methods Well knoWn to a skilled person or readily available 
in the chemical literature or obtained commercially. 

[0169] Compounds of formula (IV) Wherein R1 is hydro 
gen may be obtained commercially or alternatively may be 
prepared by reacting a compound of formula (VI) Wherein 
R2, R3, and R4 are as hereinbefore de?ned With formamidine 
or most preferably formic acid at ambient temperature to 
100° C., advantageously 80° C. 
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[0170] Compounds of formula (VI) may be obtained com 
mercially or may be prepared by methods known to persons 
skilled in the art or readily available in the chemical litera 
ture. 

[0171] Alternatively, compounds of formula (VI) may be 
conveniently prepared from compounds of formula (VII) 

(VIII) 

[0172] Wherein R2, R3 , and R4 are as hereinbefore 
de?ned, in the presence of a most preferably hydrochloric 
acid, and in the presence of a solvent such as ethyl alcohol 
and in the temperature range of 50-78° C. (B. Fox and T. L. 
Threlfall, Org. Syn. Coll. Vol. 5, 1973, p. 346). Alternatively, 
such ortho phenylenediamines may be prepared in the 
presence of a reducing agent such as Raney nickel also in the 
presence of hydrogen. This reaction is also run in the 
presence of a solvent, ethyl alcohol for eXample, at ambient 
temperature Dimroth, et al, Org. Syn. Coll. Vol. 5, 1973, 
p.1130). Alternatively, such ortho phenylenediamines may 
be prepared in the presence of a reducing agent such as 
sodium hydrosul?te. Typically this reaction is effected in the 
presence of a polar, protic solvent, preferably a miXture of 
Water and ethanol, and at an elevated temperature, prefer 
ably re?ux. 

[0173] Compounds of formula (VIII) may be prepared by 
methods Well knoWn to a skilled person or are readily 

available commercially. Alternatively, compounds of for 
mula (VIII), Where R2 is a halogen atom such as ?uorine, 
chlorine or bromine atom, and R3 and R4 are as hereinbefore 

de?ned, may be prepared from compounds of formula (VIII) 
Wherein R2 is hydrogen by reaction With an appropriate 
halogenating agent such as 1-?uoro-1,4-diaZoniabicyclo 
[2.2.2]octane bis(tetra?uoroborate), 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. 

[0174] Alternatively, compounds of formula (VII) 
Wherein R4 is —SR24 (Wherein R24 is as hereinbefore 
de?ned) may be prepared from compounds of formula (VII) 
Wherein R4 is a halo atom and R2 and R3 are as hereinbefore 
de?ned by reaction With HSR24. 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 
dimethylsulfoXide, most preferably N,N-dimethylforma 
mide at ambient temperatures. 

[0175] Alternatively, compounds of formula (VII) may 
advantageously be prepared from compounds of formula 
(IX), 
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(IX) 
R2 

R3 NHR25 

R4 R26 

[0176] Wherein R25 is hydrogen, R26 is a protecting group 
such as an amide, tri?uoroacetamide for eXample, and R2, 
R3, and R4 are as hereinbefore de?ned, 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, R26, 
may be conveniently removed at the end of the reaction 
sequence With either acid, 2 normal sulfuric acid for 
eXample, or base, sodium carbonate in methanol and Water 
for eXample, at temperatures of 25-100° C. 

[0177] Compounds of formula (IX) Wherein R25 is hydro 
gen and R26 is a protecting group such as an amide, tri?uo 
roacetamide for eXample, and R2, R3 and R4 are as herein 
before de?ned, may be prepared from compounds of 
formula (IX) Wherein R25 and R2°are hydrogen and R2, R3 
and R4 are as hereinbefore de?ned by reaction With an 
appropriate acylating agent such as tri?uoroacetic anhy 
dride. These reactions are effected in the presence of an 
aprotic solvent such as acetontrile, most preferably 1,4 
dioXane, from —10 to 40° C., advantageously at 0° C. 

[0178] Alternatively, compounds of formula (VIII) in 
Which R2, R3 and R4 are as hereinbefore de?ned can be 
prepared from compounds of formula 

(X) 

R3 R27 

R4 No; 

[0179] Wherein R27 is a halo atom, ?uoro or chloro atom 
for eXample, by reaction With ammonia. These reactions are 
typically effected in the presence of a solvent such as ethyl 
alcohol or 1,4-dioXane and at elevated temperatures, advan 
tageously 100° C. 

[0180] Compounds of formula (IX) in Which R25 and R26 
are hydrogen and R2, R3 and R4 are as hereinbefore de?ned 
may be prepared by methods Well knoWn to a skilled person 
or readily available in the chemical literature or obtained 
commercially. 

[0181] Compounds of formula may be obtained com 
mercially or may be readily prepared by a person skilled in 
the art. 

[0182] Compounds of formula (I) Wherein Z is a substitu 
ent of formula (Ib) may be made according to Scheme I or 
by any method knoWn to persons skilled in the art. 
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[0184] The compounds according to the invention, also 
referred to herein as the active ingredient, may be admin 
istered for therapy by any suitable route including oral, 
rectal, nasal, topical (including transdermal, buccal and 
sublingual), vaginal and parenteral (including subcutaneous, 
intramuscular, intravenous, intradermal, and intravitreal). It 
Will be appreciated that the preferred route Will vary With the 
condition and age of the recipient, the nature of the infection 
and the chosen active ingredient. 

[0185] In general a suitable dose for each of the above 
mentioned conditions Will be in the range of 0.01 to 250 mg 
per kilogram body Weight of the recipient (eg a human) per 
day, preferably in the range of 0.1 to 100 mg per kilogram 
body Weight per day and most preferably in the range 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 ingredient 
are calculated as the parent compound of formula (I); for 
salts or esters thereof, the Weights Would be increased 
proportionally. The desired dose may be presented as one, 
tWo, three, four, ?ve, siX or more sub-doses administered at 
appropriate intervals throughout the day. In some cases the 
desired dose may be given on alternative days These sub 
doses may be administered in unit dosage forms, for 
eXample, containing 10 to 1000 mg or 50 to 500 mg, 
preferably 20 to 500 mg, and most preferably 100 to 400 mg 
of active ingredient per unit dosage form. 

[0186] While it is possible for the active ingredient to be 
administered alone it is preferable to present it as a phar 
maceutical formulation. The formulations of the present 
invention comprise at least one active ingredient, as de?ned 
other therapeutic agents. Each carrier must be “acceptable” 
in the sense of being compatible With the other ingredients 
of the formulation and not injurious to the patient. 

[0187] Formulations include those suitable for oral, rectal, 
nasal, topical (including transdermal, buccal and sublin 
gual), vaginal or parenteral (including subcutaneous, intra 
muscular, intravenous, intradermal, and intravitreal) admin 
istration. The formulations may conveniently be presented 
in unit dosage form and may be prepared by any methods 
Well knoWn in the art of pharmacy. Such methods represent 
a further feature of the present invention and include the step 
of bringing into association the active ingredients With the 
carrier Which constitutes one or more accessory ingredients. 
In general, the formulations are prepared by uniformly and 
intimately bringing into association the active ingredients 
With liquid carriers or ?nely divided solid carriers or both, 
and then if necessary shaping the product. 

[0188] The present invention further includes a pharma 
ceutical formulation as hereinbefore de?ned Wherein a com 

pound of formula (I) or a pharmaceutically acceptable 
derivative thereof and at least one further therapeutic agent 
are presented separately from one another as a kit of parts. 

[0189] Compositions suitable for transdermal administra 
tion may be presented as discrete patches adapted to remain 
in intimate contact With the epidermis of the recipient for a 
prolonged period of time. Such patches suitably contain the 
active compound 1) in an 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 
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may be delivered from the patch by electrotransport or 
iontophoresis as generally described in Pharmaceutical 
Research 3 (6), 318 (1986). 

[0190] Formulations of the present invention suitable for 
oral administration may be presented as discrete units such 
as capsules, caplets, cachets or tablets 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 emulsion. The active ingredient may 
also be presented as a bolus, electuary or paste. 

[0191] A tablet may be made by compression or molding, 
optionally With one or more accessory ingredients. Com 
pressed tablets may be prepared by compressing in a suitable 
machine the active ingredients in a free-?oWing form such 
as a poWder or granules, optionally miXed With a binder (e.g. 
povidone, gelatin, hydroXypropylmethyl cellulose), lubri 
cant, inert diluent, preservative, disintegrant (eg sodium 
starch glycollate, cross-linked povidone, cross-linked 
sodium carboXymethyl cellulose) surface-active or dispers 
ing agent. Molded tablets may be made by molding a 
mixture of the poWdered compound moistened With an inert 
liquid diluent in a suitable machine. The tablets may option 
ally be coated or scored and may be formulated so as to 
provide sloW or controlled release of the active ingredients 
therein using, for eXample, hydroXypropylmethyl cellulose 
in varying proportions to provide the desired release pro?le. 
Tablets may optionally be provided With an enteric coating, 
to provide release in parts of the gut other than the stomach. 

[0192] Formulations suitable for topical administration in 
the mouth include loZenges comprising the active ingredi 
ents in a ?avored 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. 

[0193] Formulations for rectal administration may be pre 
sented as a suppository With a suitable base comprising, for 
eXample, cocoa butter or a salicylate. 

[0194] Formulations suitable for vaginal administration 
may be presented as pessaries, tampons, creams, gels, 
pastes, foams or spray formulations containing in addition to 
the active ingredient such carriers as are knoWn in the art to 
be appropriate. 

[0195] Pharmaceutical formulations suitable for rectal 
administration Wherein the carrier is a solid are most pref 
erably presented as unit dose suppositories. Suitable carriers 
include cocoa butter and other materials commonly used in 
the art. The suppositories may be conveniently formed by 
admixture of the active combination With the softened or 
melted carrier(s) folloWed by chilling and shaping in molds. 

[0196] Formulations suitable for parenteral administration 
include aqueous and nonaqueous isotonic sterile injection 
solutions Which may contain anti-oxidants, buffers, bacteri 
ostats and solutes Which render the formulation isotonic With 
the blood of the intended recipient; and aqueous and non 
aqueous sterile suspensions Which may include suspending 
agents and thickening agents; and liposomes or other micro 
particulate systems Which are designed to target the com 
pound to blood components or one or more organs. The 
formulations may be presented in unit-dose or multi-dose 
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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. Extemporane 
ous injection solutions and suspensions may be prepared 
from sterile poWders, granules and tablets of the kind 
previously described. 

[0197] Preferred unit dosage formulations are those con 
taining a daily dose or daily subdose of the active ingredi 
ents, as hereinbefore recited, or an appropriate fraction 
thereof. 

[0198] It should be understood that in addition to the 
ingredients particularly mentioned above the formulations 
of this invention may include other agents conventional in 
the art having regard to the type of formulation in question, 
for example, those suitable for oral administration may 
include such further agents as sWeeteners, thickeners and 
?avoring agents. 

[0199] The folloWing examples are intended for illustra 
tion only and are not intended to limit the scope of the 
invention in any Way. “Active ingredient” denotes a com 
pound according to the invention or multiples thereof or a 
physiologically functional derivative of any of the afore 
mentioned compounds. 

GENERAL PROCEDURES 

General Procedure I: Reduction of Substituted 
Nitroanilines to Substituted Phenylenediamines 

[0200] The appropriate substituted nitroaniline (115-145 
mmol), ethanol and Raney nickel (7-8 g Wet) (Aldrich, 
Milwaukee) Were combined in a stirred Parr reactor Which 
Was pressuriZed With hydrogen (betWeen 200 and 300 psig). 
The mixture Was alloWed to stir at rt overnight, after Which 
time the reactor Was depressuriZed and the mixture Was 
?ltered 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 II. 

General Procedure II: Synthesis of Substituted 
BenZimidaZole Bases from Substituted 

Phenylenediamines 
[0201] To the appropriate substituted phenylenediamine 
dissolved in enough aqueous 4N HCl to make a 100 mM 
solution Was added 1.25-13 equivalents/phenylenediamine 
of aqueous 88% formic acid. The resulting solution Was 
re?uxed betWeen 3 and 18 h folloWed by cooling to rt and 
neutraliZation to pH 7, as determined by indicator paper, 
With either aqueous sodium nydioxide or ammonium 
hydroxide. The resulting solid Was ?ltered 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 prepared Were suitable for coupling to 
peracetylated ribopyranose. 

General Procedure III: Coupling of 
2-bromo-1H-benZimidaZoles or 2-unsubstituted 
benZimidaZoles With peracetylated pyranoses 

[0202] The appropriate benZimidaZole Was magnetically 
stirred under a nitrogen atmosphere in an oven dried round 
bottomed ?ask equipped With a stir bar and re?ux condenser 
in anhydrous 1,2-dichloroethane (Aldrich, MilWaukee) or 
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acetonitrile (Aldrich, Milwaukee). To the stirring suspension 
Was added 1 equivalent/benZimidaZole of N,O-bis(trimeth 
ylsilyl)acetamide and the resulting mixture Was re?uxed for 
1 to 3 h. The resulting solution Was alloWed to cool to rt. To 
this solution Was added 1 equivalent/benZimidaZole of a 
peracetylated pyranose folloWed by 0.50 to 1.1 equivalent/ 
benZimidaZole of trimethylsilyl tri?uoromethanesulfonate 
(Aldrich, MilWaukee) or 1.4 to 5 equivalents stannic chlo 
ride/benZimidaZole from a 1 M solution in dichloromethane 
(Aldrich, MilWaukee). The neW mixture Was then heated in 
an oil bath ca. 85° C. betWeen 0.5 to 24 h as determined by 
conversion of starting material to product(s) by TLC. Reac 
tions Were quenched by pouring the reaction into ca. 7% 
aqueous sodium bicarbonate and extraction With dichlo 
romethane or ethyl acetate until product Was not apparent in 
the aqueous layer. The organic layer Was dried over mag 
nesium sulfate, ?ltered and solvent removed using a rotrary 
evaporator. The products Were further puri?ed by silica gel 
column chromatography. 

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

[0203] Typically a benZimidaZole pyranoside unsubsti 
tuted at C-2 Was dissolved in re?uxed in a rb With an 
attached re?ux condenser and magnetic stirring under a 
nitrogen atmosphere by an oil bath at ca. 85° C. 2 equiva 
lents/benZimidaZole pyranoside of N-bromosuccinimide 
(NBS, Aldrich, MilWaukee) Was added every 15 min to the 
re?uxing solution until bromination of starting material Was 
complete as evidenced by TLC. The reaction Was quenched 
by pouring into cold 7% aqueous sodium bicarbonate and 
extraction With dichloromethane until product Was not 
apparent in the aqueous layer. The dichloromethane layer 
Was further Washed With 4 equivalent volumes of aqueous 
sodium bicarbonate then 1 volume of Water. The organic 
layer Was dried over magnesium sulfate, ?ltered and solvent 
removed using a rotrary evaporator. The products Were 
further puri?ed by silica gel column chromatography. 

General Procedure V: Deprotection of N-1 
2-BromobenZimidaZole Acetylated Pyranosides by 

1M Aqueous Lithium Hydroxide 

[0204] The appropriate N-1 2-bromobenZimidaZole acety 
lated pyranoside Was dissolved in enough dioxane to make 
a solution betWeen 100 and 200 mM. To the solution Was 
added 1.3 equivalents/acetate to be deblocked of aqueous 
1M LiOH. The mixture Was alloWed to stir betWeen 0.25 and 
1 h 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 present in 
the aqueous layer as indicated by TLC. The ethyl acetate 
layer Was Washed With 1 equal volume of Water, then dried 
over magnesium sulfate, ?ltered and solvent removed using 
a rotary evaporator. Products Were further puri?ed by tritu 
ration of the solid in dichloromethane and collection of the 
solid by vacuum ?ltration onto a sintered glass funnel. 

General Procedure VI: Deprotection of N-1 
2-BromobenZimidaZole Acetylated Pyranosides by 
Sodium Carbonate in 4:4:1 Ethanol:Methanol:Water 

Mixture 

[0205] Every 100 mg of the appropriate N-1 2-bromoben 
ZimidaZole acetylated pyranoside Was dissolved in 4 ml of 
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methanol followed by the addition of an 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 Was alloWed to stir betWeen 
2 and 24 h. When TLC indicated that deprotection of 
acetates from the pyranoside Was complete, the suspension 
Was ?ltered, diluted With Water and the solution made 
neutral With acetic acid as demonstrated by pH indicator 
paper. The mixture Was partitioned betWeen ethyl acetate 
and Water. The aqueous layer Was repeatedly extracted With 
ethyl acetate until all product Was in the organic layer. The 
combined ethyl acetate extracts Were dried over magnesium 
sulfate, ?ltered and evaporated on a rotary evaporator. 
Products Were further puri?ed by trituration of the resulting 
solid in dichloromethane and collection of the neW solid by 
vacuum ?ltration onto a sintered glass funnel. 

SYNTHETIC EXAMPLES 

Example 1 

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

[0206] As described in General Procedure III, 2-bromo 
5,6-dichlorobenZimidaZole (4.0 g, 15 mmol), N,O-bis(trim 
ethylsiyl)acetamide (Aldrich, 3.7 ml, 15 mmol), and 1,2 
dichloroethane (Aldrich Sure Seal, 75 ml) Were combined 
and re?uxed under nitrogen for 0.5 h. The solution Was 
cooled to room temperature and trimethylsilyl tri?ate (Ald 
rich, 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 re?ux 
for 0.5 h, then poured into 7% aqueous sodium bicarbonate 
and extracted With dichloromethane. The organic layers Was 
dried With magnesium sulfate (anhyd.), ?ltered, and evapo 
rated. The crude residue Was puri?ed on a silica gel column 
(5><20 cm, 230-400 mesh) With CH2Cl2 to give 2-bromo-5, 
6-dichloro-1-(2,3,4-tri-O-acetyl-beta-D-ribopyranosyl)-1H 
benZimidaZole Which Was fractionated in tWo parts based on 
elution. The faster product fraction Was impure (1.9 g) and 
puri?ed 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%; mp. 100-110° C.; 1H NMR (DMSO-d6) 68.39 
(s, 1H), 7.91 (s, 1H), 5.95-5.92 (d, 1H, J=9.6 HZ), 5.73-5.70 
(d, 1H, J=9.6 HZ), 5.67 (bs, 2H), 4.13-4.09 (dd, 1H, J=6.3 HZ 
and J=5.8 HZ), 4.00-3.95 (overlapping dd, 1H), 2.19 (s, 3H), 
1.98 (s, 3H), 1.74 (s, 3H). 

[0207] Anal. Calcd. for C18H17N2O7Cl2Br: C, 41.25; H, 
3.27, N, 5.34. Found: c, 41.35, H, 3.28; N, 5.38. 

Example 2 

2-Bromo-5 ,6-dichloro-1 -beta-D-ribopyranosyl 
1H-benZimidaZole 

[0208] 3.0 g (5.7 mmol) 2-Bromo-5,6-dichloro-1-(2,3,4 
tri-O-acetyl-beta-D-ribopyranosyl)-1H-benZimidaZole Was 
deprotected as outlined in General Procedure V by being 
dissolved in 60 ml dioxane and the resultant solution cooled 
in an ice bath betWeen 0 and 5° C. To this solution Was added 
all at once, 22 ml (22 mmol) of 1M aq. LiOH. The mixture 
Was removed from the ice bath and alloWed to stir at ambient 
temperature for 1 h. The mixture Was diluted With 120 ml of 
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pH 7 phosphate buffer and extracted With ethyl acetate. The 
ethyl acetate layer Was dried over magnesium sulfate 
(anhyd.), ?ltered and solvents evaporated. The residue Was 
triturated in dichloromethane and 1.7 g (4.3 mmol, 75% 
yield) of 2-bromo-5,6-dichloro-1-beta-D-ribopyranosyl-1H 
benZimidaZole Was collected by vacuum ?ltration. The prod 
uct Was dried in a vacuum oven at 50° C. overnight; mp. 

1750 C. (decomposes); 1H NMR (DMSO-d6) 67.96 (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). 
[0209] Anal. Calcd. for C12H11N2O4Cl2Br: C, 36.21; H, 
2.79, N, 7.04. Found: c, 36.18; H, 2.91, N, 6.88. 

Example 3 

5 ,6-Dichloro -N- 1(1 -methylethyl)- 1 -beta-D-ribopyra 
nosyl-1H-benZimidaZole-2-amine 

[0210] 2-Bromo-5,6-dichloro-1-beta-D-ribopyranosyl 
1H-benZimidaZole (0.15 g, 0.29 mmol) Was dissolved in 5 
ml of absolute ethanol, treated With 5 ml of isopropylamine 
(Fluka, Ronkonkoma, NY), heated in a glass pressure tube 
(Ace, Vineland, N] 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 3 days. At this time, TLC indicated 
complete conversion of starting material and the solvents 
Were removed on a rotary evaporator. The product residue 
Was triturated in dichloromethane to give 5,6-dichloro-N 
1(1-methylethyl)-1-beta-D-ribopyranosyl-1H-benZimida 
Zole-2-amine (0.070 g, 0.19 mmol, 66% yield) as a tan 
solid;. MS (EI+): m/Z (rel. intensity) 375.9 (1.0, M’’); 1H 
NMR (DMSO-d6) 67.37 (s, 1H), 7.33 (s, 1H), 6.47-6.45 (d, 
1H, J=7.5 HZ), 5.36-5.34 (d, 1H, J=9.1 HZ), 5.08-5.07 (d, 
1H, J=3.2 HZ), 4.93-4.91 (d, 1H, J=7.7 HZ), 4.84-4.82 (d, 
1H, J=6.5 HZ), 4.10-3.90 (overlapping m, 3H), 3.90-3.80 (m, 
1H), 3.71-3.65 (overlapping dd, 1H), 3.62-3.59 (dd, 1H), 
3.14-3.13 (d, 1H, J=5.1 HZ), 1.19-1.17 (d, 1H, J=6.5 HZ). 

Example 4 

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

[0211] As described in General Procedure III, 2-bromo-5, 
6-dichlorobenZimidaZole (2.0 g, 7.6 mmol), N,O-bis(trim 
ethylsiyl)acetamide (Aldrich, 1.9 ml, 7.6 mmol), and aceto 
nitrile (Aldrich Sure Seal, 75 ml) Were combined and 
re?uxed 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 ml, 15 mmol) Was added. 
Immediately, 2.4 g (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 re?ux 
for overnight, then poured into 7% aqueous sodium bicar 
bonate and extracted With ethyl acetate. The organic layer 
Was dried With magnesium sulfate (anhyd), ?ltered, and 
evaporated. The crude residue Was puri?ed on a silica gel 
column (25x20 cm, 230-400 mesh) With hexanes and a step 
gradient from 10 to 20% ethyl acetate to give 2-bromo-5, 
6-dichloro-1-(2,3,4-tri-O-acetyl-beta-L-ribopyranosyl)-1H 
benZimidaZole (1.61 g, 3.1 mmol, 40%); MS (API+): m/Z 
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(rel. intensity) 524 (0.17, M”); 1H NMR (DMSO-d6) 68.39 
(s, 1H), 7.91 (s, 1H), 5.95-5.92 (d, 1H, J=9.6 HZ), 5.73-5.70 
(d,1H,J=9.6 HZ), 5.67 (bs, 2H), 4.13-4.09 (dd, 1H, J=6.3 HZ 
and J=5.8 HZ), 4.00-3.95 (overlapping dd, 1H), 2.19 (s, 3H), 
1.98 (s, 3H), 1.74 (s, 3H). 

Example 5 

2-Bromo -5 ,6-dichloro-1 -beta-L-ribopyranosyl 
1H-benZimidaZole 

[0212] An alcoholic solution of 2-bromo-5,6-dichloro-1 
(2,3,4-tri-O-acetyl-beta-L-ribopyranosyl)-1H-benZimida 
Zole (0.50 g, 0.95 mmol) Was deprotected according to 
General Procedure VI With 0.61 g (5.8 mmol) of sodium 
carbonate in 5 ml of Water. After stirring overnight at 
ambient temperature, the mixture Was ?ltered and treated as 
described in General Procedure VI to give 2-bromo-5,6 
dichtoro-1-beta-L-ribopyranosyl-1H-benZimidaZole (0.27 g, 
0.68 mmol, 72% yield); MS (API+): m/Z (rel. intensity) 398 
(1.0, M”); 1H NMR (DMSO-d6) 67.96 (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). 

Example 6 

5 ,6-Dichloro-N-1(1-methylethyl)-1-beta-L-ribopyra 
nosyl-1H-benZimidaZole-2-amine 

[0213] 2-Bromo-5,6-dichloro-1-(2,3,4-tri-O-acetyl-beta 
L-ribopyranosyl)-1H-benZimidaZole (1.0 g, 1.9 mmol) Was 
dissolved in 5 ml of ethanol and treated With 8 ml of 
isopropylamine in a glass pressure tube (Ace) With a mag 
netic stir for 3 days. At this time, TLC indicated complete 
conversion of starting material and the solvents Were 
removed on a rotary evaporator. The product residue Was 
triturated in dichloromethane to give 5,6-dichloro-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 
(API+): m/Z (rel. intensity) 376 (1.0, M”); 1H NMR 
(DMSO-d?) 67.37 (s, 1H), 7.33 (s, 1H), 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=6.3 HZ), 4.10-3.90 (bs, 3H), 3.90-3.80 (bs, 1H), 3.71-3.65 
(overlapping dd, 1H), 3.62-3.59 (overlapping dd, 1H), 1.19 
1.17 (d, 1H, J=6.3 HZ). 

Example 7 

2-Bromo-5,6-dichloro-1 -(2,3,4-tri-O-acetyl-beta-D 
xylopyranosyl)-1H-benZimidaZole 

[0214] 2-Bromo-5,6-dichlorobenZimidaZole (0.25 g, 0.94 
mmol), N,O-bis(trimethylsiyl) acetamide (Aldrich, 1.4 ml, 
5.6 mmol), and acetonitrile (Aldrich Sure Seal, 20 ml) Were 
combined and magnetically stirred under a nitrogen atmo 
sphere for 1.5 h. To the silylated base Was added 0.30 g (0.94 
mmol) 1,2,3,4-tetra-O-acetyl-xylopyranose (Aldrich, Mil 
Waukee) folloWed by stannic chloride (1.4 mmol, 0.12 ml, 
Aldrich, Milwaukee). The solution stirred under nitrogen 
overnight, and additional stannic chloride (0.35 ml, 4.1 
mmol) Was added the folloWing day. One hour after the 
second addition of stannic chloride, the reaction Was poured 
into saturated aqueous sodium sulfate, and ?ltered through 
a celite pad Which Was Washed With chloroform and Water. 
The ?ltrate layers Were separated. The chloroform layer Was 
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Washed With 2><150 ml saturated aq. sodium bicarbonate 
then With 1><150 ml of Water. The organic layer Was dried 
With magnesium sulfate (anhyd), ?ltered, and evaporated. 
The crude residue Was puri?ed on a silica gel column 
(2.5 x20 cm, 230-400 mesh) With hexanes and a step gradient 
from 0 to 25% ethyl acetate to give the product, 2-bromo 
5,6-dichloro-1-(2,3,4-tri-O-acetyl-beta-D-xylopyranosyl) 
1H-benZimidaZole (0.13 g, 0.24 mmol, 26%); 1H NMR 
(DMSO-d6) 68.47-8.42 (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). 

[0215] Anal. Calcd. for C18H17N2O7Cl2Br: C, 41.25; H, 
3.27, N, 5.34. Found: c, 41.32, H, 3.29, N, 531. 

Example 8 

2-Bromo-5,6-dichloro-1 -beta-D -xylopyranosyl 
1H-benZimidaZole 

[0216] To 2-bromo-5,6-dichloro-1-(2,3,4-tri-O-acetyl 
beta-D-xylopyranosyl)-1H-benZimidaZole (0.083 g, 0.16 
mmol) magnetically stirring in 7 ml of tetrahydrofuran Was 
added sodium carbonate (0.13 g, 1.2 mmol) in 1 ml of Water. 
The mixture Was alloWed to stir at rt for 7 days, then heated 
at re?ux for 2 h. The mixture Was cooled to rt, neutraliZed 
With acetic acid (0.059 ml, 1.0 mmol) and stirred for an 
additional 0.5 h at rt. The product, 2-Bromo-5,6-dichloro 
1-beta-D-xylopyranosyl-1H-benZimidaZole, Was puri?ed on 
a silica gel column (25x10 cm, 230-400 mesh) eluting With 
ethyl acetate (0.40 g, 0.10 mmol, 63%); mp. 149.6° C. 
(decomposes); 1H NMR (DMSO-dG) 67.95 (s, 1H), 7.90 
7.80 (bs, 1H), 5.48-5.46 (d, J=5.2 HZ), 5.40-5.30 (bs, 1H), 
5.23-5.19 (m, 2H), 3.96-3.90 (m, 1H), 3.85-3.50 (2 over 
lapping bs, 2H), 3.43-3.20 (m, 2H obscured by HOD peak). 

Example 9 

6-Chloro-5-methyl-(2,3,4-tri-O-acetyl-beta-D-ri 
bopyranosyl)-1H-benZimidaZole and 5 -Chloro-6 
methyl-(2,3,4-tri-O-acetyl-beta-D-ribopyranosyl) 

1H-benZimidaZole 

[0217] As described in General Procedure III, 5-chloro 
6methylbenZimidaZole (1.0 g, 6 mmol), N,O-bis(trimethyl 
siyl)acetamide (Aldrich, 1.3 ml, 5.2 mmol), and 1,2-dichlo 
roethane (Aldrich Sure Seal, 30 mL) Were combined and 
re?uxed under nitrogen for 0.5 h. The solution Was cooled 
to room temperature and trimethylsilyl tri?ate (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-ri 
bopyranose 1,2,3,4-tetraacetate, Aldrich, Milwaukee) Was 
added. The solution Was stirred under nitrogen at re?ux 
overnight, then poured into 7% aqueous sodium bicarbonate 
and extracted With chloroform. The organic layer Was dried 
With magnesium sulfate (anhyd), ?ltered, and evaporated. 
The crude residue Was puri?ed on a silica gel column (5><20 
cm, 230-400 mesh) eluting With a step gradient of 0.25 to 
2.5% methanol in chloroform to give 0.07 g (0.16 mmol) 
5-Chloro-6-methyl-(2,3,4-tri-O-acetyl-beta-D-ribopyrano 
syl)-1H-benZimidaZole; MS (AP+): m/Z (rel. intensity) 447 
(1.0, M”23 (Na)) 1H NMR (DMSO-d6) 68.36 (s, 1H), 7.90 
(s, 1H), 7.68 (s, 1H), 5.97-5.95 (d, 1H, J=9.1 HZ), 5.72-5.69 
(m, 2H), 5.41-5.40 (m, 1H), 4.02-3.92 (m, 2H), 2.42 (s, 3H), 
2.20 (s, 3H), 1.98 (s, 3H), 1.69 (s, 3H) and 0.090 g (0.21 
mmol) 6-Chloro-5-methyl-(2,3,4-tri-O-acetyl-beta-D-ri 
bopyranosyl)-1H-benZimidaZole 1H NMR (DMSO-d6) 
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68.36 (s, 1H), 8.06 (s, 1H), 7.60 (s, 1H), 5.99-5.96 (d, 1H, 
J=9.6 HZ), 5.73-5.66 (m, 2H), 5.45-5.40 (m, 1H), 4.02-3.92 
(m, 2H), 2.37 (s, 3H), 2.20 (s, 3H), 1.98 (s, 3H), 1.69 (s, 3H) 
and 0.13 g (0.31 mmol) of a mixture of the two regioisomers 
(11% total yield). 

Example 10 

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

[0218] The title compound was prepared according to 
General Procedure IV using) 5-Chloro-6-methyl-(2,3,4-tri 
O-acetyl-beta-D-ribopyranosyl)-1H-benZimidaZole (0.12 g, 
0.28 mmol), 20 ml tetrahydrofuran (Aldrich Sure Seal, 
Milwaukee), and a total of 2.0 g (11 mmol) of N-bromo 
succinimide that was added over 2 h. The product from 
work-up by General Procedure IV was partially puri?ed on 
a silica gel column (25x20 cm, 230-400 mesh) with dichlo 
romethane containing 0.5% methanol to give 2-Bromo-5 
chloro-6-methyl-(2,3,4-tri-O-acetyl-beta-D-ribopyranosyl) 
1H-benZimidaZole (0.097 g) of suf?cient purity for the next 
step; 1H NMR (DMSO-d6) 67.99 (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 (s, 3H), 1.99 (s, 3H), 1.73 (s, 3H) 

Example 11 

2-Bromo-5-chloro-6-methyl-1 -beta-D-ribopyrano 
syl-1H-benZimidaZole 

[0219] 2-Bromo-5-chloro-6-methyl-(2,3,4-tri-O-acetyl 
beta-D-ribopyranosyl)-1H-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 5° C. To this solution was added 
all at once, 0.78 ml (0.78 mmol) of 1M aq. LiOH. The 
mixture was removed from the ice bath and allowed to stir 
at ambient temperature for 0.5 h. The mixture was diluted 
with 50 ml of pH 7 phosphate buffer and extracted with ethyl 
acetate. The ethyl acetate layer was dried over magnesium 
sulfate (anhyd.), ?ltered and solvents evaporated. The resi 
due was triturated in dichloromethane and 0.028 g (0.074 
mmol) of 2-bromo-5,6-dichloro-1-beta-D-ribopyranosyl 
1H-benZimidaZole was collected by vacuum ?ltration. The 
product was dried in a vacuum oven at 50° C. overnight; 
mp. 1500 C. (foams); MS (AP+): m/Z (rel intensity) 400 
(1.0, M23 (Na)); 1H NMR (DMSO-d?) 67.67 (s, 1H), 7.65 
(s, 1H), 5.62-5.60 (d, J=8.9 HZ), 5.13 (bs, 2H), 4.88-4.87 (m, 
1H), 4.13 (bs, 1H), 4.00 (bs, 2H), 3.93 (m, 1H), 2.40 (s, 3H). 

Example 12 

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

[0220] The title compound was prepared according to 
General Procedure IV using 6-Chloro-5-methyl-(2,3,4-tri 
O-acetyl-beta-D-ribopyranosyl)-1H-benZimidaZole (0.37 g, 
0.87 mmol), 30 ml tetrahydrofuran (Aldrich Sure Seal, 
Milwaukee), and a total of 1.2 g (7.0 mmol) of N-bromo 
succinimide that was added in ca 0.2 equivalents/benZimi 
daZole every 15 min over 1 h. The product from work-up by 
General Procedure IV was puri?ed on a silica gel column 
(25x20 cm, 230-400 mesh) with dichloromethane contain 
ing 0.5% methanol to give 2-Bromo-6-chloro-5-methyl-(2, 

Jul. 18, 2002 

3,4-tri-O-acetyl-beta-D-ribopyranosyl)-1H-benZimidaZole 
(0.33 g, 0.66 mmol, 75%); MS (ES+): m/Z (rel. intensity) 
526 (1.0, M+23 (Na)); 1H NMR (DMSO-d6) 68.18 (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 

2-Bromo-6-chloro-5-methyl-1-beta-D-ribopyrano 
syl- 1H-benZimidaZole 

[0221] 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 General Procedure V by being 
dissolved in 6 ml dioxane at rt. To this solution was added 
all at once, 2.6 ml (2.6 mmol) of 1M aq. LiOH. The mixture 
stirred at ambient temperature for 0.25 h. The mixture was 
diluted with 50 ml of pH 7 phosphate buffer and extracted 
with ethyl acetate. The ethyl acetate layer was dried over 
magnesium sulfate (anhyd.), ?ltered and solvents evapo 
rated. The residue was triturated in dichloromethane and 
2-bromo-6-chloro-5-methyl-1-beta-D-ribopyranosyl-1H 
benZimidaZole was collected by vacuum ?ltration. The prod 
uct was dried in a vacuum oven at 50° C. overnight yet still 
contained 0.2 mol dichloromethane as evidenced by 
microanalysis and 1H NMR; 0.15 g (57%); (mp. 170-175° 
C. (decomposes); 1H NMR (DMSO-d6) 67.76 (s, 1H), 7.62 
(s, 1H), 5.67-5.63 (d, 1H, J=9.3 HZ), 5.20-5.15 (m, 2H), 
4.92-4.89 (d, 1H, J=6.6 HZ), 4.15 (m, 1H), 4.05 (bs, 1H), 
3.98-3.90 (m, 1H) 3.75-3.70 (m, 2H), 2.42 (s, 3H). 

[0222] Anal. Calcd. for C13H14N2O4ClBr 0.20 CH2Cl2: C, 
40.18; H, 3.68; N, 7.10. Found: c, 40.16; H, 3.66; N, 7.13 

Example 14 

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

beta-D-ribopyranosyl)-1H-benZimidaZole 
[0223] As per General Procedure III. 5-chloro-1H-benZ 
imidaZole (1.0 g, 6.5 mmol), N,O-bis(trimethlsilyl)aceta 
mide (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 tri?uoromethanesulfonate (1.4 ml, 7.2 
mmol) and 2.0 g (6.3 mmol) solid 1,2,3,4-tetra-O-acetyl-b 
D-ribopyranose (beta-D-ribopyranose 1,2,3,4-tetraacelate, 
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 dichloromethane. The 
organic layer was dried with magnesium sulfate (anhyd), 
?ltered, and evaporated. The crude residue was puri?ed on 
a silica gel column (25x20 cm, 230-400 mesh) with CH2Cl2 
and an increasing gradient of methanol from 0.25 to 0.5% to 
provide the title compounds as a mixture of regioisomers. 
The regioisomers were separated by HPLC on a semi 
preparative Chiralpak OD lot No. 369-712-30802 eluting 
with a mobile phase of 90% hexanes and 10% ethanol at a 
How rate of 8.0 ml/min and a pressure of 260 psi with signal 
detection at 254 nM. 5-Chloro-(2,3,4-tri-O-acetyl-beta-D 
ribopyranosyl)-1H-benZimidaZole eluted ?rst (RT=18.8 
min) and 0.13 g was obtained after evaporation of the 
solvent. 1H NMR (DMSO-d?) 68.46 (s, 1H), 7.94-7.91 (d, 
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1H, J=8.7 HZ), 7.71-7.70 (d, 1H, J=1.9 HZ), 7.30-7.27 (dd, 
1H, J=1.9 HZ, J=8.7 HZ), 6.02-6.00 (d, 1H, J=9.1 HZ), 
5.70-5.67 (m, 2H), 5.48-5.34 (m, 1H) 4.04-3.93 (m, 2H), 
2.20 (s, 3H), 1.98 (s, 3H), 1.69 (s, 3H). 6-Chloro-(2,3,4-tri 
O-acetyl-beta-D-ribopyranosyl)-1H-benZimidaZole eluted 
from the chiral column last (RT=28.9 min) and 0.20 g Was 
obtained after evaporation of the solvent. 1H NMR (DMSO 
d6) 68.43 (s, 1H), 8.10-8.09 (d, 1H, J=2.0 HZ), 7.64-7.62 (d, 
1H, J=8.8 HZ), 7.25-7.23 (dd, 1H, J=2.0 HZ, J=8.7 HZ), 
6.03-6.00 (d, 1H, J=9.5 HZ), 5.76-6.60 (m, 2H), 5.50-5.40 
(m, 1H), 4.04-3.93 (m, 2H), 2.20 (s, 3H), 1.98 (s, 3H), 1.69 
(s, 3H). 

Example 15 

2-Bromo-5 -chloro -(2,3,4-tri-O-acetyl-beta-D-ribopy 
ranosyl)- 1H-benZimidaZole 

[0224] 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 ml tetrahydrofuran (Aldrich Sure Seal, MilWau 
kee), and a total of 2.6 g (7.0 mmol) of N-bromosuccinimide 
that Was added over 2 h. The product from Work-up by 
General Procedure IV Was puri?ed on a silica gel column 
(25x20 cm, 230-400 mesh) With dichloromethane contain 
ing 1.0% methanol to 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. intensity) 511 (0.25, 
M+23 (Na)) 1H NMR (DMSO-d6) 68.02-8.00 (d, 1H, J=8.7), 
7.68 (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). 

Example 16 

2-Bromo-5-chloro- 1-beta-D-ribopyranosyl 
1H-benZimidaZole 

[0225] 2-Bromo-5-chloro-(2,3,4-tri-O-acetyl-beta-D-ri 
bopyranosyl)-1H-benZimidaZole (0.15 g, 0.31 mmol) Was 
deprotected as outlined in General Procedure V by being 
dissolved in 5 ml dioxane at rt. To this solution Was added 
all at once, 1.2 ml (1.2 mmol) of 1M aq. LiOH. The mixture 
stirred at ambient temperature for 0.25 h. The mixture Was 
diluted With 15 ml of pH 7 phosphate buffer and extracted 
With ethyl acetate. The ethyl acetate layer Was dried over 
magnesium sulfate (anhyd.), ?ltered and solvents evapo 
rated. The residue Was triturated in dichloromethane and 
2-bromo-5-chloro-1-beta-D-ribopyranosyl-1H-benZimida 
Zole Was collected by vacuum ?ltration. The product Was 
dried in a vacuum oven at 50° C. (0.041 g, 0.11 mmol 37%); 
mp. 1200 C. (foams), 150° C. (decomposes); 1H NMR 
(DMSO-d6) 67.70-7.67 (m, 2H), 7.24-7.22 (d, 1H, J=8.7 
HZ), 5.64-5.61 (d, 1H, J=9.2 HZ), 5.16 (bs, 1H), 4.07-4.05 
(overlapping dd, 1H), 3.98 (bs, 1H), 3.87-3.66 (m, 1H), 
3.68-3.66 (d, 2H, J=8.5 HZ). 

Example 17 

2-Bromo-6-chloro-(2,3,4-tri-O-acetyl-beta-D-ribopy 
ranosyl)- 1H-benZimidaZole 

[0226] 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 
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mmol), 30 ml tetrahydrofuran (Aldrich Sure Seal, MilWau 
kee), and a total of 0.30 g (0.17 mmol) of N-bromosuccin 
imide that Was added over 0.5 h. The product from Work-up 
by General Procedure IV Was puri?ed on a silica gel column 
(25x20 cm, 230-400 mesh) With dichloromethane contain 
ing 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+): m/Z (rel. intensity) 511 (0.10, 
M+23 (Na)) 1H NMR (DMSO-d6) 68.16 (s, 1H), 7.60-7.58 
(d, 1H, 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), 5.67-5.60 (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). 

Example 18 

2-Bromo-6-chloro- 1-beta-D-ribopyranosyl 
1H-benZimidaZole 

[0227] 2-Bromo-6-chloro-(2,3,4-tri-O-acetyl-beta-D-ri 
bopyranosyl)-1H-benZimidaZole (0.11 g, 0.22 mmol) Was 
deprotected as outlined in General Procedure V by being 
dissolved in 5 ml dioxane at rt. To this solution Was added 
all at once, 0.86 ml (0.86 mmol) of 1M aq. LiOH. The 
mixture stirred at ambient temperature for 0.25 h. The 
mixture Was diluted With 15 ml of pH 7 phosphate buffer and 
extracted With ethyl acetate. The ethyl acetate layer Was 
dried over magnesium sulfate (anhyd.), ?ltered and solvents 
evaporated. The residue Was triturated in dichloromethane 
and 2-bromo-6-chloro-1-beta-D-ribopyranosyl-1H-benZ 
imidaZole Was collected by vacuum ?ltration. The product 
Was dried in a vacuum oven at 50° C. (0.028 g, 0.077 mmol 
35%); mp. 100° C. (foams), 140° C. (decomposes); 1H 
NMR (DMSO-d6) 67.74-7.73 (d, 1H, J=1.8 HZ), 7.60-7.58 
(d, 1H, J=8.7 HZ), 7.26-7.23 (dd, 1H, J=1.9 HZ, J=8.7 HZ), 
5.64-5.61 (d, 1H, J=9.3 HZ), 5.13 (bs, 1H), 4.12-4.10 (d, 1H, 
J=9.2 HZ), 3.99 (s, 1H), 3.94-3.90 (m, 1H), 3.68 (s, 1H) 
3.67-3.66 (d, 1H, J=3.9 HZ). 

Example 19 

5 ,6-Di?uoro- 1-(2,3,4-tri-O-acetyl-beta-D-ribopyra 
nosyl)- 1H-benZimidaZole 

[0228] As per General Procedure III. 5,6-di?uoro-1H 
benZimidaZole (1.0 g, 6.5 mmol), N,O-bis(trimethisilyl)ac 
etamide (1.6 ml, 6.5 mmol), in 50 ml 1,2-dichloroethane 
(Aldrich Sure Seal, Milwaukee) Were heated at 85° C. for 
2.5 h under a nitrogen atmosphere then alloWed to cool to rt. 
Trimethylsilyl tri?uoromethanesulfonate (1.4 ml, 7.2 mmol) 
and 2.0 g (6.3 mmol) solid 1,2,3,4-tetra-O-acetyl-b-D 
rilopyranose (beta-D-ribopyranose 1,2,3,4-tetraacetate, Ald 
rich, 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 dichloromethane. The 
organic layer Was dried With magnesium sulfate (anhyd), 
?ltered, and evaporated. The crude residue Was puri?ed on 
a silica gel column (25x20 cm, 230-400 mesh) With CH2Cl2 
and an increasing gradient of methanol from 0.5 to 2% to 
provide the title compound as a White foam (1.1 g, 2.6 mmol, 
40%); MS (API+): m/Z (rel. intensity) 524 (0.10, M+1); 1H 
NMR (DMSO-d6) 68.47 (s, 1H), 8.20-8.16 (m, 1H), 7.76 
7.71 (m, 1H), 6.02-6.00 (d, 1H, J=9.5 HZ), 5.75-5.69 (m, 
2H), 5.53-5.40 (m, 1H), 4.05-3.94 (m, 1H), 2.22 (s, 3H), 
2.00 (s, 3H), 1.73 (s, 3H). 
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Example 20 

2-Bromo-5 ,6-di?uoro-1 -(2,3,4-tri-O-acetyl-beta-D 
ribopyranosyl)-1H-benZimidaZole 

[0229] The title compound Was prepared according to 
General Procedure IV using 5,6-di?uoro-1-(2,3,4-tri-O 
acetyl-beta-D-ribopyranosyl)-1H-benZimidaZole (1.1 g, 2.6 
mmol), 60 ml tetrahydrofuran (Aldrich Sure Seal, MilWau 
kee), and a total of 2.8 g (16 mmol) of N-bromosuccinimide 
that Was added in 3 ca. equivalent portions. The product 
from Work-up by General Procedure IV Was puri?ed on a 
silica gel column (25x20 cm, 230-400 mesh) With hexanes 
and an increasing gradient from 5% to 20% ethyl acetate to 
give 1.0 g (2.0 mmol, 77% yield); MS (ES+): m/Z (rel. 
intensity) 514 (1.0, M+23 (Na)); 1H NMR (DMSO-d6) 
68.26-8.21 (m, 1H), 7.73-7.69 (m, 1H), 5.93-5.91 (d, 1H, 
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-di?uoro-1-beta-D-ribopyranosyl 
1H-benZimidaZole 

[0230] 2-Bromo-5,6-di?uoro-1-(2,3,4-tri-O-acetyl-beta 
D-ribopyranosyl)-1H-benZimidaZole (0.88 g, 1.8 mmol), 20 
ml dioxane and 7 ml (7 mmol) of 1 M aqueous LiOH Was 
used to prepare 2-bromo-5,6-difuoro-1-beta-D-ribopyrano 
syl-1H-benZimidaZole (0.23 g, 0.63 mmol, 35% yield) 
according to General Procedure V; MS (ES+): m/Z (rel. 
intensity) 388 (1.0, M+23 (Na)); 1H NMR (DMSO-d6) 
6783-779 (m, 1H), 7.73-7.68 (m, 1H), 5.62-5.60 (d, 1H, 
J=9.4 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). 

Example 22 

5 ,6-Dichloro -4-?uoro-1 -(2,3,4-tri-O-acetyl-beta-D 
ribopyranosyl)-1H-benZimidaZole 

[0231] As described in General Procedure III, 5,6 
dichloro-4-?uorobenZimidaZole (1.3 g, 6.3 mmol), N,O 
bis(trimethylsiyl)acetamide (Aldrich, 1.6 ml, 6.3 mmol), and 
1,2-dichloroethane (Aldrich Sure Seal, 30 mL) Were com 
bined and re?uxed under nitrogen for 0.5 h. The solution 
Was cooled to room temperature and trimethylsilyl tri?ate 
(Aldrich, 0.67 ml, 3.5 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, MilWau 
kee) Was added. The solution Was stirred under nitrogen at 
re?ux overnight, then poured into 7% aqueous sodium 
bicarbonate and extracted With dichloromethane. The 
organic layer Was dried With magnesium sulfate (anhyd), 
?ltered, and evaporated. The crude residue Was puri?ed on 
a silica gel column (5><20 cm, 230-400 mesh) eluting With 
0.5% methanol in chloroform folloWed by puri?cation on a 
Biotage medium pressure chromatography cartridge system 
eluting With 1:1 mixture of ethyl acetate and hexanes to give 
1.3 g (2.8 mmol, 44%) of 5,6-dichloro-4-?uoro-1-(2,3,4-tri 
O-acetyl-beta-D-ribopyranosyl)-1H-benZimidaZole; MS 
(ES+): m/Z (rel intensity) 485 (1.0, M+23 (Na)); 1H NMR 
(DMSO-d?) 68.57 (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). 

Jul. 18, 2002 
19 

Example 23 

2-Bromo-5,6-dichloro-4-?uoro-1-(2,3,4-tri-O-acetyl 
beta-D-ribopyranosyl)-1H-benZimidaZole 

[0232] The title compound Was prepared according to 
General Procedure IV using 5,6-dichloro-4-?uoro-1-(2,3,4 
tri-O-acetyl-beta-D-ribopyranosyl)-1H-benZimidaZole (1.3 
g, 2.8 mmol), 30 ml tetrahydrofuran (Aldrich Sure Seal, 
Milwaukee), and a total of 5.0 g (28 mmol) of N-bromo 
succinimide that Was added in 5 ca. equivalent portions over 
35 min. The product from Work-up by General Procedure IV 
Was puri?ed on a silica gel column (25x20 cm, 230-400 
mesh) With 0.5% methanol in dichloromethane to give 1.5 g 
(2.8 mmol) 2-bromo-5,6-dichloro-4-?uoro-1-(2,3,4-tri-O 
acetyl-beta-D-ribopyranosyl)-1H-benZimidaZole; MS (AP+ 
): m/Z (rel. intensity) 564 (0.02, M+23 (Na)); 1H NMR 
(DMSO-d6) 68.31 (s, 1H), 5.97-5.95 (d, 1H, J=9.1 HZ), 
5.70-5.62 (m, 3H), 4.14-4.10 (dd, 1H), 4.02-3.97 (overlap 
ping dd, 1H), 2.20 (s, 3H), 1.98 (s, 3H), 1.75 (s, 3H). 

Example 24 

2-Bromo-5 ,6-dichloro -4-?uoro-1 -beta-D-ribopyra 
nosyl- 1H-benZimidaZole 

[0233] 2-Bromo-5,6-dichloro-4-?uoro-1-(2,3,4-tri-O 
acetyl-beta-D-ribopyranosyl)-1H-benZimidaZole (1.5 g, 2.8 
mmol), 25 ml dioxane and 11 ml (11 mmol) of 1 M aqueous 
LiOH Was used to prepare 2-bromo-5,6-dichloro-4-?uoro 
1-beta-D-ribopyranosyl-1H-benZimidaZole (0.57 g, 1.3 
mmol, 46% yield) according to General Procedure V; m.p. 
165° C. (foams); MS (ES+): m/Z (rel. intensity) 438 (1.0, 
M23 (Na)); 1H NMR (DMSO-d6) 67.94 (s, 1H), 5.72-5.69 
(d, 1H, J=9.2 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). 

[0234] Anal. Calcd. for C12H1ON2O4FCl2Br: C, 34.64; H, 
2.42, N, 6.73. Found: c, 34.47, H, 2.48; N, 6.69. 

Example 25 

6-Chloro -5 -?uoro-1 -(2,3,4-triacetyl-beta-D-ribopy 
ranosyl)- 1H-benZimidaZole and 5 -Chloro-6-?uoro 
1 -(2,3,4-triacetyl-beta-D-ribopyranosyl)-1H-benZ 

imidaZole 

[0235] 6-Chloro-5-?uorobenZimidaZole (Maybridge, 
0.536 g, 3.1 mmoles) Was slurred in 1,2-dichloroethane 
(Aldrich, Sure Seal, 35 ml). BSA (Aldrich, 388 pL, 1.5 
mmoles, 1 eq.) Was added and the mixture re?uxed in a 90° 
C. oil bath 1 hour. 2,3,4-Triacetyl-beta-D-pyranoside (Ald 
rich, 1.0 g, 3.1 mmoles, 1 eq.) Was dried by boiling in 
toluene. Excess toluene Was removed in vacuo. The carbo 
hydrate Was dissolved in 1,2-dichloroethane (15 ml) and 
added to the reaction by cannula. Tri?uoromethyltri?ate 
(Aldrich, 668 pL, 3.4 mmoles, 1.1 eq) Was carefully added 
and the reaction re?uxed overnight. The reaction Was cooled 
to room temperature and Washed With brine (3><) until the pH 
Was ~7. The dichloroethane solution Was dried With MgSO4, 
?ltered and solvent removed in vacuo. The products, 1:1 
ratio, Were puri?ed as a mixture by chromatography on 300 
g of silica gel eluted With ethyl acetate/hexane (2:1, v/v) 
folloWed by neat ethyl acetate in 33% yield; 0.45 g. 1H NMR 
(DMSO-d?) 68.48 (d, 1H, Ar—H, J=9 HZ), 8.29 (d, 1H, 
Ar—H, J=7 HZ), 8.15 (d, 1H, Ar—H, J=10 HZ), 7.87 (d, 1H, 














































