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S'YNTIDEIS OF,  AND CONI?CRhIkTIONAL STUDIES ON, 2-TRIFLUOROMi2THYL SUBST- 
ITU!L'ED BENZIMIDAZOLY RIB0I"URANOSUIEB 

Zye;munt Kazirnierczuk, Ryszitrd Ptol,wolri, Iech Dudycz David 3hwW 

Department of Biophysics, I n s t i t u t e  of 15xperimental Phy::ics, Universit:; 
of lJmsi~v~, O2-O139 '~larsza~va; and l n s t i t u t c  of Bi.ochcmistry & Biophysics, 

Academy of ' ciences, 02-532 l ' h : jZ~v ra  ( P o l a d ) .  

Abn t ract .  
benzimidazoles were prepared by the  fusion method, ,and t h e i r  confomn- 
ation::, pa r t i cu lmly  aboEt the glycosidic  bond, determined by '11 NIdR 
spectroscopy. 

The l-~-~-ribofurruzosider; of several  2- t r i f  luoromethyl 

Derivativen of 2-trif luoromethylbenzimidezole <we known inhib- 

i t o r s  of photosynthetic processen,' and some of them exhibit nppre- 

c iable  herb ic ida l  anti i n sec t i c ida l  a c t i v i t i e s .  Subst i tuted 2- t r i f lu-  

oromethylbenzimidnzoles 'are a lso  potent decouplers of oxidative phosp- 

horylation in m i t o ~ h o n d r i a . ~  On the other hand, nucleosides of halo- 

geno-substituted benzimidazoles, in  paxt icular  5,6-dichloro-l-p -& 

-ribofmanosy1 benzimidazole (DRB) , me spec i f ic  and rever.> 4 b l e  inhib- 

i t o r s  of nuclear m A  and superinductors of in te r fe ron  

production in  human fibrobl.astsr6 In  a continuation of a program f o r  

the synthesis of halogenobenzimidazole nucleosides w i t h  po ten t i a l  

biological  act ivi ty , '  we describe here the  synthesis  of severa l  new 
nucleosides of 2-trif luoromethylbenzimidazole, and some of the i r  
phys icwhemica l ,  pa r t i cu la r ly  cmformational, properties. 

2 

Results and Discussion 

Syntheses of analogues of 2-trifluoromethylbenzimidazole have 

h i the r to  been based largely on the  method of Phi l l ips ,8  involving 
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276 KAZIMIERCZUK ET AL. 

the reac t ion  of an appropriate pphenylinediamine with trif luoroacet ic  

acid. We have applied t h i s  procedure t o  the  synthesis  of t he  as yet 

unknown 5,6-dif luoro-2-trifluoromethylbenzimidazole, which was obta- 

ined by simultaneous reduction w i t h  tin, and cycl izat ion with t r i f l u -  

oroacetic ac id ,  in an atmosphere of argon, of 1,2-dFfluorol4,5-dinitr- 
obenzene,’ a s  shown in Scheme 1, 

Application of the fusion reaction’ t o  various 2- t r i f luoro-  

methylbenzimidazoles with 1 ,2,3,4-t etracetyl-p-Dcribofuranose gave 

the corresponding 1-p-D-ribofuranosidees in y ie lds  r a g i n g  from 8 t o  

351 (Gcheme 2). In each instance the reaction m i x t u r e  w a s  subjected t o  
deacetylation with sodium methoxylate in  methanol, and the  desired 

nucleoside i so la ted  by chromatography on a s i l i c a  g e l  column. This 

a l s o  l e d  t o  recuperation of unreacted base. The procedure gave cxclus- 

i v e l y  the  1-p-IL anomerr;. The differences in  overal l  condensation 

y i e l d s  may be ascribed, a L  lea:;$ in par t ,  t o  the differences in subl i -  

maxion properties of  the base:;. 

H 

2.N a0 C H5 
AcO OAc ti0 OH 

Y O A c  OAc 
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2-TRIFLUOROMETHYLBENZIMIDAZOLE 277 

O f  par t icu lar  i n t e re s t  w a s  the  observation t h a t  the reac t ion  of 

5( 6)-chloro-2-trifluoromethylbenzimidazole with the  acetylated sugar 

yielded a s h g l e  isomer, ~-chloro-2- t r iP luoromethyl - l -~-D-r ibofur~~o-  

sylbenzimidazole, the otructure  of which was unequivocally es tabl ished 

by means of ‘K 1i.IR spectroscopy. The chlor ine subst i tuent  i n  the mono- 

chloro der ivat ive of t h i s  nucleoxi.de must be exclusively at C( 5) % 

C( 6 ) ,  in accordance with the  appearance in the  NMR spectrum of a 

n w l e  system of s igna ls  of three protons, as f o r  t he  monobromo deriv- 

a t ive  of benzimid~zole-QCD-as~bbinoBide, and in contrast  t o  t he  two 

groups of signals observed with the non-separable mixture of the 5- 
and 6-bromo derivat ives  of benzimidazol -D-riboside.” D i f f  erentat-  

ion between the two possible isomers was hindered by the exis tence of 

i den t i ca l  systems of coupled protons f o r  both, The loca t ion  of the  

chlorine subst i tuent  was finally establ ished by ana lys i s  and cornpas- 

ison of the proton chemical s h i r t s  i n  benzimidazole-priboside, 2-trim 

f 1uoromethylbenzimidazole-p-riboside , benzimidazolelotarabinoside , and 

t h e i r  mono- and di- bromo and chloro der ivat ives  (ref. 1 I, and Table 

2). The effects of a 5- or 6-substituent on the  chemical shifts of the 
protons ortho and ge& t o  the subst i tuent  showed that the  rnonochloro 

der ivat ive must be the 6-chloro. 

7 

During the course of t h i s  invest igat ion,  some d i f f i c u l t y  was 
encountered in the unequivocal i n t e rp re t a t ion  of some of the  

signals in  the  nucleosides. This d i f f i c u l t y  was surmounted by prepam 

ine; the  corresponding N( 1)-methyl analogues o f  5,6-dichloro- and  

5,6-dichlorol2-trifluoro1nethylbenzimida~oles ( see Experimental) The 

use of these methyl der ivat ives  is described below in connection with 

analyses of the  conformations of the nucleosides about the glycosidic  

1 H 

bond, 
Table 1 lists the W spec t ra l  data  f o r  t he  var ious canpounds. 

Solution conformatians of nucleosides 

Table 2 lists the chemical shift data f o r  the var ious compounds, 

and Table 3 the  corresponding coupling constants. 

a m  rw,s. The conformation of the  ribofuranose ring i n  all of 

the nucleosides was determined from the  values of the v i c ina l  proton- 

-proton coupling constants J ( ’ lE ,2*) ,  J ( Z * , 3 ’ ) ,  3(3*,4*)  ( see  Table 3 ) ,  
i n  accordance with the two-state equilibrium model N .-- 3 ,  or 
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278 KAZIMIERCZUK ET AL. 

TABLBLF; 1. Spectral  data  for 2-trifluoromethyl subs t i tu ted  analogues of 
benzimidazole-lT-D-ribofuranoside in aqueous medium over the pH range 
2 12; and f o r  l-methyl+ ,6-dichlorol2-trif luoromethylbenzimidazole 
in methanol. 

Analogue A m a x  'LJ ~ m a x  (Grid h 3 . X  (%ax) 

Parent nucleoside 252 (8700), 278 (5100), 2858 (4000) 

5,6-Dimethyl- 250 (7500) , 285 (5500), 290' ( m o o )  
5,6-Dichloro- 260 (7200), 291 (53001, 301 (4700) 
6-Chloro- 258 (80@0) ,  282 (6400), 291 (55GO)  
5,6-Dif luoro- 249 (7200), 280 (5800), 289 (4800) ................. .... 
l -Methyl-5,6-di~hl~0-  

-2-CF3-benzMdazole 267 ( 6500) 293 (7200), 301 (6500) 

Shoulder a 

C(3')- 4 C(2')&0, of Altona and Sundaralingm.12 The r e su l t i ng  

populations of the conformer S a re  l i s t e d  in Table 3 (;' population 

N = 1001, - S). It will be noted t h a t ,  f o r  all. the  nucleosiden, there  

i s  a marked preference f o r  the S type conformer (70-30'), typ ica l  f o r  

a l l  halogeno bcnzimidazole nuclcosides with n C( 2)-substituent h i the r to  

examined." Similarly the  values of J ( I f , 2 ' )  + J(3 ' ,4 ' ) ,  a n d  of 

J( 2',3'), f o r  a l l  2-substituted benzimidazole nucleosideu, a r e  close 

t o  each other ,  pointing t o  similar angles of pseudorotation and 

puckering pa rme te r s  of the  ring f o r  both conformations. With the a i d  

of the graphical model of Guschlbauer" the parameters are as followsr 

'P = 20'; 

values fo r  nucleosides without a 2-substituent are: 

c 
3P = 160'4 - ST = 38'. For comparison purposes, the m 

'P 5 10'; 
'P = 170'; N fm = 'G = 40 o . 14  

the C(4*)-C(5') bond was based on the  accepted asownption of the 

existence of three c l a s s i ca l  conformers, gauche-gauche, gauche-trans 

and trans-gauche, as i n  the case of purine n ~ c 1 e o s i d e s . l ~  The populnt- 

ion of the gauche-p,auche conformer in each instance was derived from 

the parametrization of tho Kwplus relat ionship15 applied t o  purine 

nucleosides. The closely similar values of the  chemical shifts of 

H(5') and H(5") made i t  impractical, with the  resolut ion of our 

Exocyclic carbinol PTOUPS. The conformation of these groups about 
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2-TRIFLUOROMETHYLBENZ IMIDAZOLE 281 

instrument, t o  determine the  values of J(4’,5’) m d  J (4* ,5” ) ,  but 

only t h e i r  sm. Hence only the  gauche-gauche populations could be 

established: and these were predominant, 75-8G$, a s  f o r  other benzimi- 

dazole nuc l e  oside analogue 6. 

nucleosides with an 8-substituent16 a 2-substituent in benzimidazole 

nucleosides s t e r i c a l l y  favours the 

i d i c  bond. For 2-trifluoromethyl nucleoside analogues one would 

an t ic ipa te  a strong preference f o r ,  o r  even exclusively, t he  

conformation. The procedure we have previously developed f o r  evaluat- 
ion of the conformer populations about the glycosidic  bond in purine 

nucleosides,’6’17 based on a comparison of the  chemical s h i f t s  of the 

 sue;^ protons r e l a t i v e  t o  those displayed b;i model analogue:: f ixed  in 
the and conformations, has also becn applied t o  benzimidazole 

nuc leosides. 7*11 In contrast  t o  purine nucleosides, benzimidazole 

nucleosides exhibi t  a very marked preference f o r  the  conformation m: 
however, because of the small differences between t h e  chemical s h i f t s  

of H(2’) for t he  g& and conformations, quant i ta t ive evaluat ions 

of populations were not feasible .  Supplementary evidence f o r  prepond- 

erance of the  form w a s  furnished by analyses of the  chemical 

s h i f t s  of t he  benzimidazole protons, pr incipal ly  H(7). 

7,11 

Conformation about glycosidic  bond. As in  the case of purine 

conformation about the  glycou- 

11 

As shown in Table 2, t he  chemical s h i f t s  of H(2’) i n  2-trifluoro- 

methyl analogues of benzimidazole nucleosides d i f f e r  from the  comes- 

panding values f o r  other benzimidazole nucleosides with 2-rmbstituents 

by about 0.10 - 0.15 ppm, and axe therefore  in the range character- 

i s t i c  f o r  the  model analogue f ixed in the  form =?&&, 5,7-dibromobenzi- 

midazole-1 -D-ribofuranose, f o r  which bH(28)  i s  4.45 ppm. Further- 

more, the  changes in chemical shift of d1’) f o r  var ious halogeno- 

benzimidazole analogues, r e su l t i ng  from inser t ion  of a 2 d F  subs t i t -  

uent, do not exceed 0.04 ppm. While these facts point t o  a preference 

f o r  the form ant, it is  not supported by analysis  of the chemical 

s h i f t s  of the benzimidazole prot ons,previously applied t o  analogues 

without a 2-trifluoromethyl subst i tuent  ,11 and based on a comparison 

of the  changes in chemical s h i f t s  of 11(4), !1(5), H(6) ruld t1(7), with 

par t icu lar  a t ten t ion  t o  H ( 4 )  and H(7), following attachment of the 

pentose ring. ‘this loads t o  small changes in chemical s h i f t s  of €(4), 

I(?) and 11(6), not e r c c e t l m  0.1 ppm. By contrast  the  chemical s h i f t  

P 
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KAZIMIERCZUK ET AL. 282 

of 1x7) increases  by up t o  0.68 ppm, dependw, on the substi-tucnts a t  

C(5)  and C(6). The difference i n  chemical s h i f t  between II(7) and 11(4) 
may be as 1arp;e as 0.5 ppm. :'his i:; not a consequence of a modificat- 

ion in the  symmetry of t he  molecule, since introduct ion of a' methyl 

group at N( 1) of 5,6-dichlorobenaimidazole l eads  t o  a difference bet- 

men  the  chemical s h i f t s  of I(7) and II(4) of only 0.04 ppm (see Table 
2). It fol lows t h a t ,  in the  nucleosidc, therc  i r i  an addi t iona l  mnrked 

e€fect of the  ::%ar on €I(7), possible only with the  conformation SJ&. 

A methyl mbs t i tuent  at W( 1) of 5,6-dichloro-2-trif luoi~omethylb~nzi- 
midazole leads t o  sl ipJlt ly enhanced deshielding of I(7) and II(4) by 

comp.wison with the corresponding analogue without thc 2-CF subst i t -  

uent, and the difference between the  chemical s h i f t s  of H(7) and H(4) 

i s  then 0.11 ppm (Table 2).  But, following attachment of a sugar 

moiety t o  the 2-trifluoromethyl analogues of benzhidazole ,  the foreg- 

5,6 dichloro analogue). This e f f ec t ,  as previously observed f o r  benzi- 

midazole nucleosides without the 2-trifluoromethyl subst i tuent  , 
point3 t o  a preference f o r  the  form 

nucleosides. The differences between the influence of the  sugar ring 
on the  benzimidazole protons in the  various analogues with C( 5) and 

C(6) subst i tuents  axe l i ke ly  due (as in  the  case of other benzimidazole 

nucleosides) t o  differences in values of the  glycosidic  tors ion  angles 

of the a conformers. 

3 

difference in chemical s h i f t s  va r i e s  from 0.44 t o  0.60 ( f o r  the 

11 

in the  2- t r i f luormethyl  

The non-typical values of the  chemical shifts of €I( 2,) and H( 1 ') 
in the  trifluoromethyl nucleoside analogues me most l i ke ly  due t o  the 

very pronounced inductive e f fec t  of the  t r i f luoromethyl  subst i tuent  , 
which is  par t icu lar ly  signnificant w i t h  the small differences i n  chem- 

i c a l  s h i f t s  between the forms and &. For example, subs t i tuents  

such as benzyl or hydxoxybenzyl at C( 2) do not a f f ec t  the chemical 

s h i f t s  of H(5) and @ 6 ) ,  d i s t a l  from C(2), whereas the  t r i f luoromethyl  

substituent leads t o  a change of 0.2 ppm. 

The benzimidazole nucleosides with a 2-trifluoromethyl subst i t -  

uent exhibit other conformational propert ies  similar t o  those with a 

2-methyl subst i tuent ,  viz. C( 2')- -757, and Eauche-Rauche -86. 
The values of t he  individual  coupling constants do not d i f f e r  by more 

than 0.5 Hz, r e su l t i ng  from minor differences i n  conformer populations 

and angles of pseudorotation NP and P, as w e l l  as tm. It may l ike -  S 
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2-TRIFLUOROMETHYLBENZIMIDAZOLE 283 

wise be concluded t h a t  both c lasses  of nucleosides are predominantly, 

i f  not exclusively, in the a conformation about t he  glycosidic  bond, 

and result ing from the  s t e r i c  e f fec t  of the 2-substituent on the pasent 
nucleosides which exhibi t  a preference f o r  the 

the absence of the subst i tuent  . 
An examination of the CD spectra  of some benzimidazole nucleo- 

s ides  by Miles e t  a1.I8 led  to  the  conclusion that  1-p-hriboL”urano::yl- 

benzimidazole, and some 2-nubstituted der ivat ives ,  a re  -in the  a 
conl‘oymation, However a 2-rneth:,,l :,ubstitiient was clained t o  a l t c r  the 

con:‘ormation t o  &. This wan bancd on an observed pos i t ive  Cotton 

e r fec t  in the  v i c in i ty  of the  250 nm ‘ibsorption band of the 2-meihyl 

derivat ive,  in contra*:t t o  the negative CD band exhibi ted by other 

canalogues, e .P;. 2-chlorc-, 2-dimethylamino- and the parent benzimida- 

zo le  nucl-or dc i t s e l f  ( t h e  CD rcmlt : ,  were ba:,ed on the  u3e of 1- 

~2’-deoxyribofuranosyl-2-methylbenzimidazole, and not the r ibose  

der ivat ive as f o r  t he  other compounds in the  se r i e s ) .  The proposal tha t  

the posi t ive Cotton e f fec t  f o r  the  250 nm band unoquivocally erttabli- 

shes the  conformation as 

f o r  a der ivat ive with such a f ixed conformation, &. 2,5*-0-cycloben- 

zh idazo le  r iboside,  the observed Cotton e f fec t  was zero. To this must 

be added the  frequently c i t e d  conclusions (e.g. r e f s .  19,201 regarding 

the un re l i ab i l i t y  of CD spectra  f o r  establinhement of the conformation 

of purine nucleosides about the glycosidic  bond. 

conformer even in 

I@- 

is not convincing, t he  more no in  tha t  

To remove any possible doubts in  the  present instance,  we examined 

the CD spectra of 2-methyl- and 2-trifluoromethyl- 5,6-dichlorobenzimi- 

dazolc ribofuranosides, and found tha t  both exhibi ted negative Cotton 

e f fec ts  in the  v i c i n i t y  of t he  250-260 nm bands. It follows that the  

conformation of various benzimidazole nucleosides w i t h  a 2-methyl 

subst i tuent  is, in f ac t ,  my as is a l s o  the  case with a 2-trifluoro- 

methyl subst i tuent .  Apar t  from conformational e f f e c t s ,  t he  shape and 

magnitude of t he  CD spectra  a re  also dependent on t he  nature  of subst- 

ituents in the benzimidazole ring. 

Experiment a1 
Melting temperatures (uncorr.) were measured on a Boetius 

microscope hot stage. W absorption spec t ra  were run with a Zeiss 
(Jena, GDR) VSU-2 upectrophotometer. Ci) spectra  were recorded on a 
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Jasco ORD-UV-5 instrument f i t t e d  with a CD attachment, a t  concentrat- 

ions of 2 x loa4 M in  10-m cuvettes. column chromatoefaphy was 

car r ied  out with Nerck (Dwmstadt, GFR) 76-230 mesh silica ge l ;  and 

thin-layer chromatography with Merck s i l i c a  g e l  60 FZ5,-. Elementary 

microanalyses were performed on a Perkin-Elmer Model 240 instrument 

by Dr. I. Cel ler  of the  I n s t i t u t e  of Organic Chemistry. 'H NMR spectra 

were recorded on a Varian-100 at room temperature, on 0.2 M solut ions 

in ( C  %)+30, with ( C 3 ) 4 S i  as in t e rna l  standard, 

21 ground mixture of 0.93 g ( 5  m ~ o l c )  of 2-trifluoromethylbenzimidazole 

and 1.92 8; (6 gmols) of 1,2,3,4-tetraacety1-,s-bribofuranoside ( P h m a  

!hldhof, Dusscldorf, GPR) was heated f o r  one hour at 175-18OoC under 

reduced pressure (20  mm He, water pump). The mixture was taken up in 
50 m l  methanol, t o  which w a s  added 30 m l  of a 1 !A moshanolic solut ion 

of bodium methoxylate, and the  solut ion brought t o  $he bo i l  f o r  5 m i n .  
The cooled solut ion w a s  brought t o  neu t r a l i t y  with ace t i c  ac id  and 
brought t o  dryness under reduced pressure. The residue was deposited 

on a 35 x 3 cm column of s i l i c a  g e l  and eluted with 300 ml methylene 

chloride, 300 m l  of 2:. methanol in  methylene chlor ide,  and 300 m l  of 

10:' methanol i n  methylene chloride. The f r ac t ions  cont:lining the  

nuclcovidc were pouled, brought L O  drylie:::], an?! c:ry:*tnllizcxi from 20 

r n l  water t o  yield 480 mg (30( ) of needle:., m.p. 170-17I0C. Elern. anal..: 

Calculated f o r  C H N 0 F : C ,  49.22' ; H, 3.87%;; N,  8.83:; Found: C ,  

2 

1-(~-I)-ribofurnno~~l)-2-trif luoromethylbenzimidazole.  A f ine ly  

13 13 2 4 3 
49.22' ; H, 3-95:.; N ,  8.69'". 

~ ,6-d ich loro- l - rne t~ lbenzimidnzole .  To 930 mg ( 5 =ole) of 5,6- 
-dichlorobenzimidazole i n  10 ml of 1 N NaOH was added 130 mg (0.5 gnolej  

t r ie thylbenzylmine chloride and 25 r n l  ethylene chloride. The mixture 
was s t i r r e d  f o r  1 h r ,  followed by addi t ion of 850 mg ( 6  p o l e )  of 

methyl iodide. S t i r r i n g  was continued far 20 hr. The organic phaoe was 

washed several  times with water, dr ied over anhydrous N a 2 S 0 4 ,  and 

brought t u  drynetx under reduced pressure. Crys ta l l iza t ion  of the  

residue from 5 K  aqueous meth,mol yielded 820 mg (82%) i n  the  form of 

needles, m.p. 179OC. 

~ . 6 - d i c h l o r e 2 - t r i f l u o r o m e t ~ ~ ~ l - l - m e l ; ~ y l b e n z ~ i ~ a ~ o l e .  The proced- 

ure applied was iden t i ca l  t o  that in the  p r e c e d h  paragraph, and  the 

product was obtained in  757; yie ld  i n  the farm of needles, m.p. 167OC. 
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.'.-. -D-ribofuranose ) -5 6-dime thy l-2-trif luorome thylbenzimidazole . 
A mixture of 1.28 g (6 gmole) of 5,6-dimethyl-2-trifluorome thylbeneim- 

idazole21 and 2.24 p; (7  mmolo) of 1 , ? ,3 ,4~ tc t r aace ty l -~ -Zr - r ibo fu r~o : : c  

was heated f o r  1 h r  a t  180-185°C under reduced pressure (20 mm 1%). 

The mixture was taken up Fn 50 rnl of 0.5 NI sodium methoxylnte i n  
methanol and heated under reflux f o r  10 m i n .  It was brought t o  neutal- 

i t y  with ace t i c  ac id  and deposited on a 25 x 3 cm c o l m  of s i l i c a  gel. 

The nucleoside was i so l a t ed  by e lu t ion  w i t h  400 m l  chloroform, 400 ml 
of 35 methanol Fn chloroform, and 400 ml of lCG methanol in chloroform. 

The f r ac t ions  containing the  nucleoside were pooled, brought t o  

dryness under reduced pressure, and c rys t a l l i zed  from 10 m l  o f  30$ 
aqueous methanol t o  y i e ld  530 mg (25::) in the  form of needles, mop. 

166-167°C. 71em. anal.: Calculated fo r  C 

4.94%; IJ, 8.09%~ Found: C ,  51.887; 13, 5.00$3 I?, 7.88%. 

This was prepared from 1 .27 g ( 5  @ole) 5,6-dichlorol2-trifluormet- 
hylbeneimidazole2* and 1.92 g ( 6  p o l e )  of the  acetylated ribofuranose 

as reported for t he  5,6-dimethyl analogue, above, t o  y ie ld  710 mg 

(357;) of the  nucleoside monohydrate 5x1 t he  form of needles, m.p, 

95-97'C. Elem. anal.: Calculated f o r  C 

3.23%; N, 6.91%; Pound: C,  38.70%; H, 3.23%; N ,  6.84$. 
5,6-diSluoro-2-trif luoromethylbenzimidaeole . To a solut ion of  

4.1 g ( 2 0  &mole) ol' 1,2-difluoro-4,5-dinitrobenzene7 in  80 nl of conc. 

FC1 and 14 ml t r i f l uo roace t i c  a c i d ,  al; 7OoC under an atmosphere 02 

argon, was added 12.5 g of tin granules over a period of 1 hr, 20110- 

w i q  which the mixture w a s  heated under r e f l w  f o r  1 hr. It way then 

cooled, 100 ml isopropanol added, and brought t o  pH 8-9 with the  a i d  

of COnC.MH O I L  The mixture was passed through a Cel i tc  pad, and the  

r e s u l t i n c  c l e w  f i l t r a t o  brought t o  dr:j-ncss under reduced prossurc. 

The residue was taken up i n  1CO m l  water and c l a r i f i e d  by f i l t m t i o n .  

The c l ea r  f i l t r a t e  was brought t o  dryness and the  residue c rys t a l l i zed  

from 50 m l  of 5& aqueous ethanol t o  give 2.84 g (645:) of the  desired 

beneimidazolc der ivat ive in the form of meedlec, m.p. 224OC (sublime:: 

at 20OOC). Xcm. anal.: Calculated for C I N B t N ,  12.61%; Pound: 

H N 0 F t C, 52.05:; 11, 15 17 2 4 3 

1 -(e =D-ribofuranos.vl) -5.6-dichloro-2-trifluoranethvlbenzimidazole. 
I 

€I N 0 F C 1  t C ,  38.53%; 11, 
1 3 1 3 2 5 3  2 

4 

8 5 2 5  
11, 12-48 .  

1 -$9 -D-ribof uranosgl) -5.6-dif luoro-2-trif luorome thvlbenzimi& 

a e .  A mixture of 1.11 g ( 5  rpole)  of 5,6-difluor0-2-trifluoromethy1- 
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benzimidazole and 1.92 p, ( 6  gnole) of 1,2,3,4-tetraacetyl+D-ribo- 
furanose was heated f o r  1 h r  at 17O-18O0C under reduced pressure. The 
mixture was then taken up in 50 m l  of 0.5 M sodium methoxylate i n  

methanol and heated under re f lux  for 10 m i n ,  It w a s  brought t o  neutra- 

l i t y  with ace t i c  acid,  brought t o  dryness, and deposited on A 40 x 2 

cm column of s i l i cage l .  The column was e lu ted  w i t h  200 m l  of ethylene 

chloride, 500 r n l  of 1% methanol in ethylene chlor ide,  and 500 m l  of 

ICE5 methanol in  ethylene chloride. The f r ac t ions  containing the nucle- 

oside were brought t o  dryness, and the residue c rys t a l l i zed  from water 

t o  give 150 mg (8%) of the  semi-hydrate of the  nucleouide in the  form 

of needles, m.p. 17&176°C. Elem. ana1.t Calculated for CI3H,N204EI5= 

1/2 H20: C ,  42.98% H, 3.32%; N,  7.71%; Pound: C,  42.81%; H, 3.28%; 

N, 7.81%. 

1-(~-D-ribof~anosyl)-6-chlorol2-trif luoromethylbenzimidazole. 
1 

A m i x t u r e  of 0.96 g (4.36 =ole) of 5(6)-chloro-Z-~riffuor~ethyl- 
benzimidazole22 and 1.76 g (5.5 s o l e )  of 1,2,3,&tetraacetyl?-D- 

ribofuranose was heated f o r  30 m i n  at 140-15OoC under reduced press- 

ure. The mixture was taken up in  30 m l  of 0.5 MI sodium methoxylate in 
methanol and heated under r e f lux  for 10 m i n .  It was then brought t o  

neu t r a l i t y  with ace t i c  ac id  and solvent removed under reduced press- 

ure. The residue was deposited on a 40 x 2 cm column of s i l i c a  g e l  

and eluted succesively with 200 m l  ethylene chlor ide,  70C ml of 54’. 
iriopropanol in ethylene chloride, and 300 m l  of I@ isopropcmol in 
ethylene chloride, The f r ac t ions  containing the nucleonide were 

pooled, brought t o  dryness, ‘and c rys ta l l ized  from I($ aqueous isopro- 

pan01 t o  y ie ld  0.25 g (16:-) of the nucleosidc in the form of needles, 

m.p. 203-204OC. 3 l e m .  anal.: Calculated f o r  C II N 0 I! C l r  C ,  

44.26% IT, 3.42% N, 7.945%; Pound: C ,  44.09%; H, 3.52%; N, 7.78%:. 
13 12 2 4 3 

Aclinowle&emcnts. This invest igat ion prof i ted  from the  support 

of the Pol ish National Cancer Rosearch Profcram ( Pr60ject PR-6). 
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