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XVIII.* SYNTHESIS OF 1- AND 2-GLYCOSYLBENZOTRIAZOLES 
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N i -  and N2-benzot r iazoly l r ibo- ,  - xy lo - ,  and -g lucopyranos ides  were  synthes ized  in a s ea r ch  
for nucleic  exchange ant imetabol i tes  by the condensation of the s i l ve r  or  c h l o r o m e r c u r y  sal t  
of benzot r iazole  with ace tob romo sugars  with subsequent  r e m o v a l  of the protect ing groups .  
The s i lve r  sal t  r e su l t s  in the predominant  format ion  of Nl -g lycos ides ,  while N2-glycosides 
predomina te  in the mix tu re  when the m e r c u r i c  sa l t  is used .  The si te of addition of the sugar  
to the base  and the fl configuration of the g lycoside  cen te r  were  proved on the bas i s  of the 
UV, IR, and PMR s p e c t r a .  The ant i tumorigenic  act ivi ty of the synthes ized  benzo t r i azo ly l -  
g lycosides  was es tab l i shed :  

Benzot r iazole  and a num ber  of i ts  de r iva t ives ,  which are  s t ruc tu ra l  analogs of purine,  have biological  
act ivi ty  [2-5]. An inc rease  in act ivi ty,  a broadening of the spec t rum of biological  act ivi ty,  and a reduct ion 
in toxici ty  can be expected when they a re  g lycosyla ted .  

The synthes is  of Nl -benzot r iazo ly lg lycos ides  including r ibofuranose ,  and gluco- ,  ga lac to - ,  and a rabo-  
pyranose  res idues  by the si lyl  method was desc r ibed  in [6,7]. There  a re  no data on the i r  biological  act ivi ty.  

We have synthesized N 1- and N2-benzot r iazo ly l r ibo-  (IX and XII), -xy lo -  (X and XIII), and -g luco-  
pyranos ides  (XI and XIV). 
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Fig .  1. UV s p e c t r a  in ethanol: 1) 1-  
methy lbenzo t r i azo le ;  2) 1-/7 - D - r i b o -  
pyranosy lbenzo t r i azo le ;  3) 2 - m e t h y l -  
benzo t r iazo le ;  4) 2-/7 - D - r i b o p y r a n -  
osy lbenzo t r i azo le .  

The condensation of the c h l o r o m e r c u r y  (I) or  s i l ve r  (II) 
sa l t  of benzot r iazo le  with acylated halogtycosides  in refluxing 
xylene r e su l t s  in the format ion  of a mix tu re  of i somer i c  acylated 
benzot r iazo ly lg lycos ides .  The s i l ve r  sa l t  gives predominant ly  
Nl-subs t i tu ted  benzot r iazo les ,  while the c h l o r o m e r c u r y  sal t  
gives p r i m a r i l y  N2-glycosides .  The acetyl  protect ing group was 
r emoved  with ammoniaca l  methanol .  

'N~N NH3(CH3OH). 
/ 

~%'~N ' / " 'Ag  ( H g CI) ~ ,  ' 
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AcO OAc HO OH 
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* See [I] for  communica t ion  XVII. 
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The  site of addition of the carbohydrate  residue to the base was established by comparing the UV 
spec t ra  with the spec t ra  descr ibed in [8] for 1 -methy l -  and 2-methylbenzotr iazoles  (Fig. 1). 

It is known that the s t e r eochemis t ry  of the glycoside bond in nucleosides obtained by this path is con-  
t rol led by the 2-acyloxy group of the sugar .  Regardless  of the initial configuration of the atoms attached 
to C1-C2, nucleosides with a t rans  C1-C 2 configuration are  formed in the p rocess .  On the basis  of this, 
one might have expected the formation of nucleosides with the fi configuration of the glycoside center .  In 
fact,  the PMR spect rum of XIV contains a doublet signal f rom an anomeric  proton with a chemical  shift of 
T 4.16 ppm and a s p i n - s p i n  coupling constant of Jla2a 8.9 Hz, which is charac te r i s t i c  for an axial hydrogen 
attached to the glycoside atom of f l -nucleosides [10]. 

The IR spec t ra  of the free benzotr iazolylglycosides  have bands of medium or strong intensity at 890- 
915 cm -1 that cor respond to the deformation vibrations of an axial hydrogen atom attached to the glycoside 
atom of fl - s u g a r s .  

The molecular  rotation of XIII ([M]D-108) coincides with the rotation of f i -methylxylopyranoside [11]. 

The pyranose form of the ring in the benzotr iazolylglycoside is conf i rmed by periodate oxidation [1.9 
and 1.98 mole of sodium periodiate,  respect ively ,  were  expended in the oxidation of 1 mole of the benzot r i -  
azolylr ibosides  (IX, XII) and benzotr iazolylxylosides  (X, XIII)]. 

In acidic and alkaline media,  the Nl-benzotr iazolylglycosides  are  two to three t imes more  stable than 
the corresponding N 2 der ivat ives .  

According to p re l iminary  data, some of the synthesized benzotr iazolylglycosides  have antitumorigenic 
activity in experimental  tumors  of mice and ra t s .  

EXPERIMENTAL 

Leningrad B paper was used for ascending chromatography in the following systems of solvents: 
water-saturated butyl alcohol (A), butyl alcohol-satttrated water (B), or butyl alcohol- acetic acid-water 
(5 : 2 : 3) (C). The chromatograms were developed in UV light. 

The UV spectra of ethanol solutions were recorded with an SF-4 spectrophotometer. The IR spectra 
of KBr pellets were recorded with a UR-10 spectrometer. The PMR spectra of D20 solutions were re- 
corded with a Varian-A60A spectrometer at 40 ~ The external standard was tetramethylsilane. 

I- (2',3',4'-Tri-O-acetyl-~ -D-ribopyranosyl)benzotriazole (III). A 4.5-g (13 mmole) sample of aceto- 
bromoribose in 30 ml of xylene was added to a refluxing suspension of 3 g (13 mmole) of II in 250 ml of dry 
xylene after one-fifth of the solvent was removed by distillation, and the mixture was refluxed for 3 h and 
cooled. The silver bromide was removed by filtration, and the filtrate was vacuum-evaporated. The syrup 
was diluted with a small amount of methanol, 15 ml of petroleum ether was added, and the mixture was al- 
lowed to stand for crystallization to give 1.35 g of Ill as colorless prisms. According to UV spectroscopy, 
the mother liquor contained a mixture of III and VI with predominance of the Ni-isomer. 

Compound IV was similarly obtained (Table I). 

I- (2',3',4',6'-Tetra-O-acetyl-~ -D-glucopyranosyl)benzotriazole (V). This compound was similarly 
obtained. A small amount of absolute methanol was added to the syrupy residue after removal of the solvent, 
and the mixture was allowed to stand for crystallization. CompoundVIII(14%) precipitated initially. 

Compound V crystallized rapidly at room temperature after removal of VIII from the mother liquor. 

2- (2' ,3' ,4' -Tri-O-acetyl-~ -D-ribopyranosyl)benzotriazole (VI). Condensation of 3.5 g (I0 mmole) of 
I with 3.35 g (i0 mmole) of acetobromoribose was carried out by the method described for III. Compound I 
reacted completely in 5-10 rain. The mixture was refluxed for another 20-30 rain, cooled, and the HgCIBr 
was removed by filtration. The filtrate was treated twice with I00 ml of 30% potassium iodide solution, 
washed with water, dried with sodium sulfate, and vacuum-evaporated. The syrup was diluted with a small 
amount of absolute ethanol and allowed to stand for crystallization to give 2.24 g of VI. A mixture of III and 

VI began to melt at 25 ~ lower than the melting point of III. IR spectrum: PC-Harom 3072, 2995; vC_-- O 
1753; YC--O-C 1230; 6CHarom 1080, 1050, 950, 782, 748; 5Ci_ H 920 cm -I. According to UV spectroscopy, 
the mother liquor contained a mixture of VI and III. 
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Compounds VII and VIII we re  s i m i l a r l y  obtained {Table 1). 

1 -~ -D-Ribopyranosy lbenzo t r i azo le  (IX). A solution of 0.5 g of III in 50 ml  of absolute methanol  was 
sa tu ra ted  with ammonia  at 0 ~ for  1.5 h and allowed to stand in the cold for 2 days .  The c leavage  of the 
acetyl  protect ing groups was moni to red  by ch romatography .  The methanol  solution was vacuum-evapo ra t ed  
to a sma l l  volume,  e ther  was added until turbidi ty  was produced,  and the mix tu re  was allowed to stand in 
the cold for c rys ta l l iza t ion  to give 0.25 g of IX. 

Compounds X-XIV were  s i m i l a r l y  obtained (Table 1). IR spec t rum of X: ~OH {broad) 3350; ~C--H a r o m  
2935, 2898, 6 C _ H a r o  m 1030, 995, 840, 790, 760; 5 C I -  H 916 cm - i .  IR spec t rum of XII: uOH {broad) 3400; 
~ C - H a r o m  2935, 2950; 6 C _ H a r o  m 1053, 990, 786, 755; 6C1_H916 cm -1. 

C h l o r o m e r c u r y  Salt of Benzot r iazole  (I). A 5.95-g (50 mmole)  sample  of benzot r iazole  was dissolved 
in a mix tu re  of 50 ml  of 1 N sodium hydroxide in 50 ml  of ethanol,  and the mix tu re  was added dropwise  with 
s t i r r i ng  to a solution of 13.8 g (50 mmole)  of m e r c u r i c  ch lor ide  in 800 ml  of 25% ethanol.  The prec ip i ta te  
was r emoved  by f i l t ra t ion,  washed with 25% ethanol,  and dr ied to give 16.6 g (91%) of I as a white, insoluble 
powder that did not me l t  up to 300 ~ Found: C19.6%. C6H4C1HgN 3. Calculated:  C110.0%. 

Si lver  sa l t  of Benzot r iazole  {II). This  compound [32.4 g (89%)] was s i m i l a r l y  obtained as a white 
powder f r o m  27.2 g {160 mmole)  of s i lve r  n i t ra te  and 19.3 g (160 mmole)  of benzot r iazole  d issolved in a 
mix tu re  of 162 ml  of 1 N sodium hydroxide and 162 ml  of ethanol.  Found: N 17.9%. CsHiAgN 3. Calculated:  
N 18.6%. 
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