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NUCLEOSIDES & NUCLEOTIDES, 1(1), 45-56 (1982) 

SYNTHESIS O F  ALKY LATING 1 -GLYCOSY L-5-SUBSTITUTED 
1, 2,4-TRIAZOLES1 

Feder ico  G. D e  l a s  Heras and Marfa-Josd Camarasa. 

I n s t i t u t o  d e  Qufmica MBdica. Juan  d e  l a  
Cierva  3. Madrid 6. Spa in  

Abs t r ac t .  A s e r i e s  of a l k y l a t i n g  d e r i v a t i v e s  of 5-subs- 
t i t u t e d  l-glycosyl-1,2,4-triazole having  c y t o s t a t i c  a c t i v i t y  
has  been prepared .  The compounds s y n t h e s i z e d  i n c l u d e  t h e  5 -  
hydroxymethyl, 5-halomethyl, 5 - (  1 - a z i r i d i n o )  methyl, and 5 -  
b i s  (2 -ch lo roe thy l )  aminomethyl d e r i v a t i v e s .  

I n  p rev ious  pape r s  i n  t h i s  ser ies  t h e  s y n t h e s i s ,  cy tos-  

t a t i c  a c t i v i t y  and mechanism of a c t i o n  of halomethyl 1 ,2 ,3-  

- t r i a z o l e  1 2'3'4 py razo le  1 , and imidazo le  A6 a l k y l a t i n g  N- 

- g lycos ides  was r epor t ed .  The s i g n i f i c a n t  I t in v ivot l  c y t o s t a -  

t i c  a c t i v i t i e s  of 4-bromo- and 4-iodomethyl-1-peracetyl gly-  

cosyl -1 ,2 ,3- t r iazo les  1 a g a i n s t  E h r l i c h  carcinoma a s c i t e s  

tumor 2'3 and p-388 Lymphocytic leukemia2 prompted us  t o  ex- 

t e n d  ou r  s t u d i e s  t o  t h e  b i o l o g i c a l l y  1 , 2 , 4 - t r i -  

a z o l e  series. I n  t h i s  paper  w e  d e s c r i b e  t h e  s y n t h e s i s  of a 

series of t r i a c e t y l - F  -D-ribofuranosyl and tetraacetyl-P-D- 

-glucopyranosyl d e r i v a t i v e s  o f  1 , 2 , 4 - t r i a z o l e  s u b s t i t u t e d  a t  t h e  

5-pos i t ion  w i t h  halomethyl,  n i t r o g e n  mustard and a z i r i d i n e  

a l k y l a t i n g  groups.  
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46 DE LAS HERAS AND CAMARASA 

R 

N ,gcH2x 'N 

I 
GI 

-.. 1 , X =Halogen 

GI = GI~COSYI 

p C H 2 X  

GI 

- 2 , X 1 Halogen 

GI I GIYCOS~I 

GI 

- 3, X = Halogen 

GI 1 Glycosyl 

The s y n t h e t i c  r o u t e  s t a r t e d  with t h e  p r e p a r a t i o n  of per- 

acetyl-P-D-glycosy1-1,2,4-triazoles A8. Fusion of 1,2,3,5-  

-tetra-0-acetyl-p-D-ribofuranose with 1 ,2 ,4 - t r i azo le  a t  160nc 

f o r  45 min i n  t h e  presence of p- toluensulfonic  a c i d  a s  c a t a -  

l y s t  gave c r y s t a l l i n e  L& i n  81% y i e l d .  1-(2,3,4,6-tetra-O- 

acetyl+-D-glucopyranosyl)-l,2,4-triazole (4c) was syn thes i -  

zed i n  81% y i e l d  by r e f l u x i n g  a ni t romethane s o l u t i o n  of 1,2,4- 

- t r i a z o l e  and d-acetobromoglucose i n  t h e  presence of ( C N )  2Hg0 .  

A t t e m p t s  t o  o b t a i n  L& by t h e  f u s i o n  procedure u s i n g  d i f f e r e n t  

a c i d s  a s  c a t a l y s t s  and h e a t i n g  a t  d i f f e r e n t  temperatures ,  or 

by t h e  s i l y l a t i o n  procedure lo a f fo rded  much lower y i e l d s  of 

nuc leos id i c  m a t e r i a l .  

The g l y c o s y l a t i o n  p o s i t i o n  was assigned,  i n  bo th  cases ,  

a s  N-1  based on t h e  d i f f e r e n t  chemical s h i f t s  of t h e  two t r i -  

azo le  p ro tons  H-3 and H-5 (TABLE 1). The s i n g l e t  appearing 

a t  lower f i e l d  was assigned i n  each c a s e  t o  H-511. This  as- 

s i g n a t i o n  was confirmed by t h e  d i f f e r e n c e s  i n  chemical s h i f t s  

of i1-3 and 14-5 i n  (CD3)2SO arid C D C 1 3 ,  s i n c e  t h e  chemical 

s h i f t  of t h e  proton ad jacen t  t o  t h e  s u b s t i t u t e d  n i t r o g e n  

(H-5) i n  1 , 2 , 4 - t r i a z o l e s  i s  more s e n s i t i v e  t o  s o l v e n t  changes 

than i s  t h a t  of H - 3 1 2 .  Thus, t h e  A ~ = ~ ~ c D 3 ) 2 s o  -6"D"13 va lues  

f o r  t h e  lower f i e l d  proton, H-5 ,  w e r e  O.5ppm f o r  bo th  & and 

- 4c. The ad va lues  f o r  t h e  h ighe r  f i e l d  proton,  H-3 w e r e  0 .15 

ppm f o r  &I and 0.08 ppm f o r  &. 
Tne P anonieric c o n f i g u r a t i o n  of 4c was determined from 

t h e  coupl ing c o n s t a n t  J = 9132. The anomeric c o n f i g u r a t i o n  1 1 , 2 1  
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1-GLYCOSYL-5-SUBSTITUTED 1,2,4-TRIAZOLES 

TABLE 1. C h e m i c a l  s h i f t  ( c f )  and c o u p l i n g  c o n s t a n t s  (hz) 

of g l u c o s y l  and r i b o s y l - l J 2 , 4 - t r i a z o l e s  A-X. 
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J1' , 2 '  
Compd.  S o l v e n t  H - 1 '  H-3 H-5 CH2X(5) 

DMSO 

C D C l  

DMSO 

DMSO 

C D C l  

DMSO 

C D C l  

DMSO 

C D C l  

C D C l  

C D C l  

C D C l  

C D C l  

C D C l  

C D C l  

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

6.39 

6.09 

6.20 

5.91 

5.72 

6.43 

6.35 

6.33 

5 - 9 0  

6.10 

5.78 

5.79 

5.80 

6.37 

6.30 

8.27 

8.12 

8.19 

8.10 

8.13 

7.97 

8.07 

7.94 

7.93 

7 - 9 0  

8.18 

7.87 

7 - 9 0  

7.87 

7.85 

8.88 

8.38 

8.93 

8.96 

8.46 

4.72 

4.89 

4.79 

4.93 

4.58 

4.60 

4 - 5 0  

4.77 

4.18 

3.63 

4 

4 

9 

4 

8 

3 

8 

9 

8 

9 

9 

2.98 (t ,4,CH2N), 3.60'  ( t ,4,CH2C1) 

;':>'rA 1.36 , 1.85  (2m, 4H, a z i r i d i n e )  -- 

of & cou ld  n o t  be  determined from t h e  p m r  spectrum, s ince  

= 3Hz could c o r r e s p o n d  t o  bo th  a a n d p  anomers  . So, 1 3  
J 1 ' , 2 '  
compound & w a s  deace ty la ted  by t r e a t m e n t  w i t h  me thano l i c  

amrnonia.Comparison of t h e  p h y s i c a l  p r o p e r t i e s  of t h e  r e s u l t i n g  

deprotected 1 , 2 , 4 - t r i a z o l e  r i b o s i d e  &I w i t h  t h o s e  of t h e  known 

1- ( p -D-ribofurano~y1)-1,2,4-triazole~~ i n d i c a t e d  t h a t  bo th  

compounds w e r e  i d e n t i c a l .  

5-Hydroxymethyl-lJ2,4-triazole r i b o s i d e  5a and glucoside 

& w e r e  o b t a i n e d  i n  2 2  and 61% y i e l d  r e s p e c t i v e l y  by t r e a t -  

m e n t  of & and & w i t h  aqueous formaldehyde i n  dioxane a t  105" 

and 115eC, r e s p e c t i v e l y ,  i n  a sealed tube.  Hydroxymethylat ion 
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48 DE LAS HERAS AND CAMARASA 

of t h e  r i b o s y l - l , Z ,  4 - t r i a z o l e  & gave  a l s o  s e v e r a l  p a r t i a l l y  

d e a c e t y l a t e d  5-hydroxymethyl-1,2,4-triazole r i b o s i d e s .  N o  3- 

hydroxymethyl d e r i v a t i v e s  w e r e  d e t e c t e d .  

The 5 - s u b s t i t u t i o n  of  t h e  hydroxymethyl group was d e t e r -  

mined from t h e  pnir s p e c t r a ,  which, i n  t h e  a romat i c  p r o t o n s  

zone o n l y  showed t h e  h i g h e r  f i e l d  s i n g l e t  co r re spond ing  t o  

1-1-3. The sma l l  chemica l  s h i f t  d i f f e r e n c e s  of t h i s  s i n g l e t  i n  

(CD3)zSO and C D C l 3  Ad a . 1 6  for & and 86= 0.13 f o r  & was 

a l s o  i n  agreement w i t h  i t s  a s s i g n a t i o n  t o  H-3,  a cco rd ing  t o  
1 2  

t h e  above mentioned c r i t e r i o n  , 
React ion  o f  2 and & w i t h  t r i p h e n y l p h o s p h i n e  and bromi- 

n e  gave  t h e  5-bromomethyl ana logues  &, a s  an u n s t a b l e  syrup ,  

and & a s  a s o l i d .  This ,  and t h e  a l r e a d y  observed  lower  s t a -  

b i l i t y  of triacetylribofuranosyl-halomethyl-l,2,~-triazole 

i n  r e l a t i o n  t o  t h e  co r re spond ing  t e t r aace ty lg lucopyranosy l  

analogues,  reccomended t o  o n l y  c o n t i n u e  t h i s  s t u d y  w i t h  t h e  

a l s o  c y t o s t a t i c  g lucopyranosy l  series14. Reac t ion  o f  5-hydro- 

x p e t h y l - l , 2 , 3 - t r i a z o l e  & w i t h  t r i p h e n y l p h o s p h i t e  and C C 1  

a f f o r d e d  5-chloromethyl d e r i v a t i v e  & i n  79% y i e l d .  Transha-  

l o g e n a t i o n  r e a c t i o n  of  & w i t h  sodium i o d i d e  gave  iodomethyl  

d e r i v a t i v e  & i n  8 3% y i e l d .  Unpro tec t ed  a l k y l a t i n g  ha lomethyl  

- 1 , 2 , 3 - t r i a z o l e  n u c l e o s i d e s  a r e  u n s t a b l e  , w h i l e  t h e  c o r r e s -  

ponding a c e t y l a t e d  d e r i v a t i v e s  a r e  u s u a l l y  s t a b l e  and show 

s i g n i f i c a n t  c y t o s t a t i c  a c t i v i t i e s 2 '  3. Thus, no a t t e m p t s  have 

been made t o  d e a c e t y l a t e  t h e  a l k y l a t i n g  1 , 2 , 4 - t r i a z o l e  nuc leo-  

s i d e s  of t h e  p r e s e n t  paper .  

4 

3 

Ni t rogen  mustard  and a z i r i d i n e  g roups  have been used  a s  

t h e  a l k y l a t i n g  r e s i d u e  i n  c e r t a i n  a n t i c a n c e r  drugs15 .  They 

have been a l s o  i n c o r p o r a t e d  i n t o  an t i t umor  n u c l e o s i d e s .  

S-[N,N-bis-( 2 -ch lo roe thy l )  aminomethyl] u r i d i n e  i s  a c t i v e  

a g a i n s t  leukemia and 6 - ( l - a z i r i d i n y l ) - 9 -  -D-r ibofuranosy1)-  

p u r i n e  shows a c t i v i t y  a g a i n s t  adenocarcinoma 75517.  I n  o r d e r  

t o  compare t h e i r  c y t o s t a t i c  a c t i v i t i e s  w i t h  t h o s e  of t h e  ha- 

l o m e t ~ ~ y l - 1 , 2 , 4 - t r i a z o l e  g l y c o s i d e s  s y n t h e s i z e d  above,having 

a halomethyl  a z o l e  a s  a new b e n z y l i c  t y p e  a l k y l a t i n g  group,  

v" 
1 6  
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1-GLYCOSYL-5-SUBSTITUTED 1,2,4-TRIAZOLES 49 

w e  prepared o t h e r  a l k y l a t i n g  1 , 2 , 4 - t r i a z o l e  g lycos ides ,  ha- 

ving some of t h e  c l a s s i c a l  a l k y l a t i n g  groups such a s  n i t r o -  

gen mustard and a z i r i d i n e .  Thus, S-[N,N-bis-( 2-chloroethyl)  

aminomethyl&l, 2 ,4 - t r i azo le  (& was prepared i n  q u a n t i t a t i v e  

y i e l d  by t r ea tmen t  of 5-bromomethyl-1,2,4-triazole & with 

b i s  ( 2 - ~ h l o r o e t h y l ) a m i n e ,  f r e s h l y  gene ra t ed  by r e a c t i o n  of 

t h e  corresponding hydrochlor ide with aqueous KOH. The S-azi- 

r idinomethyl  d e r i v a t i v e  % was prepared i n  50% y i e l d  by 

r e a c t i o n  of t h e  5-chloromethyl-1,2,4-triazole & w i t h  a z i r i -  

dine.  

The c j r t o s t a t i c  a c t i v i t y  a g a i n s t  HeLa c e l l s  of a l l  t h e  

a l k y l a t i n g  d e r i v a t i v e s  i-2 r e p o r t e d  i n  t h i s  paper h a s  been 
2,18 

eva lua ted  . The bromomethyl 

CH2Br 
N 

I 
R 

6a 
6c 
- - 

and iodomethyl-1,2,4-triazole 

CH20H 
N 

I 

R 
7c - 

NrkCH2Cl ‘N I 
R 

8 C  ..--. 

CH2 CH2 CI 
/ 

\ 
CH2N 

N q 
\ N  

9c 

I CH2 CH2 CI R 

- 

2, FkAC0u 
AcO OAc 

.-.-. b, R= 

HO OH 

‘N 
I 
R 

1oc - 
C,H~OAC 

C ,  R= 
AcO m 

‘OAc 
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50 DE 1AS HEMS AND CAMARASA 

derivat , ives  f& and & showed s i g n i f i c a n t  I D  

values .  However, c y t o s t a t i c  a c t i v i t i e s  of chloromethyl,  

N,N-bis- (2-chloroethyl)-aminomethyl and az i r id inomethy l  de- 

r i v a t i v e s  f&, & and r e s p e c t i v e l y ,  w e r e  n o t  s i g n i f i c a n t  

( I D s o  = 2 5  ug/ml). 

= 2 .5  pg/ml 
50 

EXPERIMENTAL 

Melt ing p o i n t s  were determined on a :<ofler hot-s tage appa- 

r a t u s  and a r e  uncorrected.  Proton n u c l e a r  magnetic resonance 

s p e c t r a  w e r e  recorded with a v a r i a n  EM-390 or a Perkin-Elmer 

R-12 spectrometer  u s i n g  Me4Si a s  i n t e r n a l  s tandard.  Analyti-  

c a l  t h i n - l a y e r  chromatography was performed on aluminum s h e e t s  

coa ted  with a 0.2 mm l a y e r  of s i l i c a  g e l  60 F25-4 (Merck). 

P r e p a r a t i v e  l a y c r  chromatography was performed on 2 0  x 2 0  c m  

g l a s s  p l a t e s  coated with a 2 mm l a y e r  of s i l i c a  g e l  PF254 

(Merck). Compounds w e r e  d e t e c t e d  with a UV l i g h t  (254  nm)  or 

by spraying t h e  p l a t e  with a e t h a n o l - s u l f u r i c  a c i d  ( 3 : 7 )  mix- 

t u r e  and heat ing.  Column chromatography was performed on g l a s s  

columns f i l l e d  with s i l i c a  g e l  6 0  70-230 mesh (Merck). 

l - ( ~ , 3 , ~ - T r i - 0 - a c e t y l - ~ - D - r i b o f u r a n o s y l ) - l , Z , ~ - ~ r ~ a ~ o ~  

(&). A mixture  of 1,2,3,5-tetra-O-acetyl-f3-D-riboKuranose 

(10.2g,0.03 mol), 1 ,2 ,4- t r iazole  (5.6 g , O . O 8  mol) and a ca- 

t a l y t i c  amount of p- toluenesulfonic  a c i d  was hea ted  a t  160eC 

f o r  45 min. a t  reduced p res su re .  A f t e r  coo l ing ,  t h e  r e a c t i o n  

mixture  was d i s s o l v e d  i n  b o i l i n g  ethanol ,  t r e a t e d  w i t h  char-  

c o a l  and f i l t e r e d .  On c o o l i n g  & c r y s t a l l i z e d  (8.4g,81%), 

m.p. 110-llleC. 

Anal. Calcd. f o r  C H N 0 C,47.70;  H,5.23;  N, 1 2 - 8 3 .  
1 3  1 7  3 7:  - 

Found: C , 4 7 . 4 5 ;  H,5.42;  N,13.20. 

I-(~-D-Ribofuranosyl)-l,2,4-triazole (&). Compound L& 

( 1  g, 0.003 mol) was t r e a t e d  wi th  a s a t u r a t e d  s o l u t i o n  of  

methanolic ammonia. Afte r  s t and ing  a t  room t empera tu re  f o r  
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1-GLYCOSYL-5-SUBSTITUTED 1,2,4-TRIAZOLES 51 

48 h. t h e  s o l u t i o n  was evapora t ed  t o  d r y n e s s  and t h e  r e s i d u e  

c r y s t a l l i z e d  f rmn E t O A c  t o  g i v e  (0.54 g, 88%) m.p. 144- 

145 .  (lit m.p. 143-1452C). 
11 

l-(2,3,4,6-Tetra-0-acetyl-~-D-glucopyranosy1)-1,2,~-tria- 

- z o l e .  (&) . T o  a mix tu re  of  2,3,4,6-tetra-O-acetyl-d-D-glueo- 

pyranosy l  bromide (25 g, 0.061 mol ) ,  mercu r i c  cyan ide  ( 1 6 . 2  g, 

0.063 mol) and 4 a molecu la r  s i e v e s  ( 1  g ) ,  a s o l u t i o n  o f  1,2,4-  

- t r i a z o l e  ( 9  g, 0.132 mol) i n  d r y  n i t rome thane  (652  m L )  was 

added. The r e s u l t i n g  m i x t u r e  was r e f l u x e d  i n  t h e  absence  of  

humidi ty  f o r  2.5 h. Then it was f i l t e r e d ,  w h i l e  s t i l l  ho t ,  i n  

o r d e r  t o  remove t h e  i n s o l u b l e  r e s i d u e  which was washed w i t h  

more h o t  n i t romethane .  The f i l t r a t e  was evapora t ed  t o  d r y n e s s  

a t  reduced p r e s s u r e  and t h e  r e s i d u e  o b t a i n e d  was t r e a t e d  w i t h  

ch loroform and f i l t e r e d  t o  s e p a r a t e  t h e  s o l i d  formed. The 

ch loroform e x t r a c t  was washed w i t h  30% aqueous potass ium i o d i d e ,  

water ,  and t h e n  d r i e d  over  anhydrous sodium s u l f a t e .  On evapo- 

r a t i o n ,  a w h i t e  s o l i d  (23  g )  was o b t a i n e d  which a f t e r  c r y s t a -  

l l i z a t i o n  from EtOAc-hexane gave  & (19.70 g, 81%)m.p.lq5-146 2C.  

Anal. Calcd.  f o r  C H N 0 * C ,  48.11; H,  5-30; N j  10.52 16 2 1  3 9 '  - 
Found: C ,  48.30; H,  5.47; N j  10.71. 

~ -Hydroxymethy l - l - (2 ,3 ,~ - t r i -O-ace ty l -~ -D- r ibo fu ranosy l~  

-1 ,2 ,4 - t r i azo le  (2). A s o l u t i o n  of  & ( 5  g, 0.015 mol)  i n  

d ioxane  (10  m L )  and 35% aqueous formaldehyde (15  m L )  was 

h e a t e d  i n  a s e a l e d  t u b e  a t  1052C f o r  1 6  h. On c o o l i n g ,  t h e  

m i x t u r e  was evapora t ed  t o  d r y n e s s  and t h e  r e s i d u e  p u r i f i e d  

by column chromatography, u s i n g  E t O A c  a s  e l u a n t ,  t o  g i v e  2 
(1.17 g ,  22%) a s  a c o l o r l e s s  syrup .  

- Anal. Calcd.  f o r  C14H19N308: C, 47.05; H ,  5.35; N ,  11 .76  

Found: C ,  46.79; H,  5.78; N,  11.35. 

5-Hydroxy:I ethyl-1-(2,3,4,6-tetra-O-acetyl-~-D-glucopyra- 

n o s y l ) - 1 , 2 , 4 - t r i a z o l e  (&). A s o l u t i o n  o f  & (19.64g, 0.049 

mol) i n  d ioxane  ( 5 0  mL) and 35% aqueous formaldehyde ( 1 3 3  mL) 

was h e a t e d  i n  s e a l e d  t u b e  a t  1 1 P C  f o r  16.5h. On c o o l i n g ,  t h e  
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mix tu re  was evapora t ed  t o  d ryness .  The r e s i d u e  was suspended 

i n  E t O A c  ( 2 5  m L )  and f i l t e r e d  th rough  s i l i c a  g e l  60 70-230 

mesh (Merck), which was washed w i t h  more E t O A c .  F i l t r a t e  and 

washing w e r e  evapora t ed  t o  d r y n e s s  and t h e  r e s i d u e  w a s  p u r i f i e d  

by column chromatography u s i n g  E t O A c  a s  e l u a n t ,  t o  g i v e  & 
(12.88 g,  61%) a s  a c o l o r l e s s  sy rup  which on s e e d i n g  c r y s t a -  

l l i z e d  from EtOAc-Petroleum e t h e r .  Seed c r y s t a l s  w e r e  o b t a i -  

ned from pure  syrupy &, which spon taneous ly  c r y s t a l l i z e d  

a f t e r  s t a n d i n g  a t  room t e m p e r a t u r e  f o r  one  yea r  m.p. 1 3 6 O C .  

Anal. Calcd.  for C H N 0 C ,  47.55; H,  5.39; N ,  9 .78 .  17  2 3  3 10: 
Found: C ,  4 7 . 2 2 ;  H ,  5,73;  N ,  9.42.  
- 

5-Bromomethyl-l-( 2,3,5-tri-O-acetyl-~-D-ribofuranosyl) - 
-1,2,4-tria- (&). To a s o l u t i o n  o f  & (2.17 g,  0.0066 mol) 

i n  anhydrous 1,2-dirnethoxyethane ( S O  mL), t r y p h e n y l p h o s p h i t e  

( 3 d ,  0.0099 mol) was added. The mix tu re  was s t i r r e d  a t  OOC 

f o r  30 min. Bromine (0.49 mL,  0.0099 11101) was added and t h e  

r e s u l t i n g  mix tu re  was s t i r r e d  a t  room t e m p e r a t u r e  for 1 h .  

Then,the s o l u t i o n  was evapora t ed  t o  d r y n e s s  and t h e  r e s i d u e  

was p u r i f i e d  by p r e p a r a t i v e  t l c ,  u s i n g  E t O A c  - hexane ( 3 : l )  

a s  s o l v e n t ,  t o  g i v e  0.60 g of  a syrup ,  t h e  nmr spectrum of 

which showed t h a t  it was a m i x t u r e  o f  &I (major  p roduc t )  and 

some minor components. Th i s  s y r u p  was n o t  chromatographica-  

l l y  homogeneous and was p u r i f i e d  r e p e a t e d l y  by t h e  same 

system. A n a l y t i c a l  t l c  of t h e  sy rup  a f t e r  eve ry  chromatogra-  

phy showed t h e  same by-products  t h a t  have been e l i m i n a t e d  

i n  t h e  p rcv ious  p r e p a r a t i v e  t l c .  m / e  4 2 2  ( M + + l , l % ) ,  420 

( M + - l ,  1%).  

~ - B r o m o m e t h y l - l - ( 2 , ~ , ~ , 6 - t e t r a - O ~ a c e t y l - ~ - D - ~ l u c o p y r a -  

nosy l ) -132 ,4 - t r i azo le  (&). To a s o l u t i o n  of & ( 2  g, 0.0046 

mol) i n  anhydrous 1,2,-dimethoxyethane ( 3 0 m L ) ,  t r i p h e n y l p h o s -  

p h i t e  (2.15 g ,  0.0069 mol) was added. The m i x t u r e  was s t i r r e d  

a t  OOC i n  t h e  absence  o f  humid i ty  f o r  30 min. Bromine (0.96 g, 

0.006 mol) was added and t h e  r e s u l t i n g  m i x t u r e  was s t i r r e d  a t  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
4
3
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



1-GLYCOSYL-5-SUBSTITUTED lY2,4-TRIAZOLES 53 

room t empera tu re  f o r  1 h. Then, t h e  s o l u t i o n  was c o n c e n t r a t e d  

i n  vacuo and t h e  r e s i d u e  was p u r i f i e d  by p r e p a r a t i v e  t l c ,  

u s i n g  E t O A c  - CHC13 ( 1 : l )  a s  e l u a n t ,  t o  g i v e  p u r e  & (1.2 g, 

52%), m.p. 137-138QC (EtOAc-Hexane). 

Anal. Calcd. f o r  C H B r  N 0 C,  41,46: H, 4-50; B r ,  - 17 22  3 9: 
16.24; N, 8.53. Found: C,  41,42; H, 4,49; B r  16-08; N, 8.91. 

~ - Iodomethy l - l - (2 ,~ ,4 ,6 - t e t r a -O-ace ty l -~ -D-~ lucopyranosy l )  

-1 ,2 ,4- t r iazo le  (&). A mix tu re  o f  & (0.151 g, 0.34 m mol) 

anhydrous ace tone  (4mL) and sodium i o d i d e  (0.0757 g, 0.5 m 

m b l )  was h e a t e d  t o  r e f l u x  f o r  5 min. The s o l i d  p r e c i p i t a t e d  

(NaC1) was f i l t e r e d  and t h e  f i l t r a t e  evapora t ed  t o  d ryness .  

The r e s i d u e  was d i s s o l v e d  i n  E t O A c  and t r e a t e d  w i t h  an  aqueous 

s o l u t i o n  of  sodium t h i o s u l f  a t e  t o  d e c o l o r a t i o n .  Then, t h e  or- 

gan ic  phase was washed t w i c e  w i t h  w a t e r ,  d r i e d  ove r  sodium 

s u l f a t e  and evapora t ed  t o  d r y n e s s  t o  g i v e  & (0.152 g, 83%) 

a s  a l i g h t  ye l low s o l i d  m.p. 136-137eC (EtOAc-hexane). 

- Anal. Calcd. f o r  C17H22 I N309: C,  37.86; H, 4.11; I, 

23.52; N, 7.79. Found: C,  38.17; H, 3.99; I, 23.27;  N, 7.82. 

5-Chloromethyl-1- (2,3,4,6-tetra-O-acetyl-~-D-glucopyrano- 

sy l -1 ,2 ,4 - t r i azo le s  (&). To a s o l u t i o n  o f  & (0.85 g, 0.0021 mol) 

i n  anhydrous a c e t o n i t r i l e  (27 mL) t r ipheny lphosph ine  ( 1.07 g, 

0.0039 mol) and C C 1  (20mL) w e r e  added. The m i x t u r e  w a s  s t i r r s d  

a t  room t empera tu re  f o r  30 min and t h e n  evapora t ed  t o  dryness .  

The r e s i d u e  was s t i r red  f o r  30 min w i t h  c o l d  anhydrous e t h e r  

( 5 0  m L )  and t h e  s o l i d  which p r e c i p i t a t e d  was e l i m i n a t e d  by 

f i l t r a t i o n .  The f i l t r a t e  was evapora t ed  t o  d r y n e s s  and t h e  

r e s i d u e  was p u r i f i e d  by p r e p a r a t i v e  t l c  , u s i n g  ch loroform 

a s  e l u a n t ,  t o  g i v e  & (0.69 g, 78.5 %) m.p. 156-76C (EtOAc- 

Hexane) . 

4 

t 

Anal. Calcd .  f o r  C H C 1 N  0 C ,  45.60; H ,  4.95; C 1 ,  - 1 7  22  3 9: 
7.89; N,  9.38. Found: C ,  45.99; H,  4.95; C 1 ,  7.86; N,  9 ,67.  
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5-[Bis(Z-chloroethyl)  aminomethylJ -1-( 2,3,4,6-tetra-O- 

acetyl-~-D-glucopyranosyl)-l,2,4-triazole (9c) .  A s o l u t i o n  

of  & (0. 56 g ,  0.0011 mol) i n  d r y  a c e t o n e  (10 m L )  was t r e a t e d  

wi th  b i s  ( 2 - c h l o r o e t h y l )  amine (0.5 g ,  0.0036 mol) f r e s h l y  

l i b e r a t e d .  Th i s  compound was o b t a i n e d  a s  a l i q u i d  by t r e a t m e n t  

of b i s - ( 2 - c h l o r o e t h y l )  amine h y d r o c h l o r i d e  w i t h  a c o l d  aqueous 

KOH s o l u t i o n ,  e x t r a t i o n  o f  t h e  m i x t u r e  w i t h  e t h e r ,  d r y i n g  

and evapora t ion  of  t h e  o r g a n i c  phase. The ace tone  s o l u t i o n  

of & and b i s - ( 2 - c h l o r o e t h y l )  amine was a l lowed t o  s t a n d  a t  

room t empera tu re  f o r  48 h. Then, t h e  s o l v e n t  was removed and 

t h e  r e s i d u e  was p u r i f i e d  by p r e p a r a t i v e  t l c ,  u s i n g  ch loroform 

a s  s o l v e n t  t o  g i v e  pu re  % (0.67 g ,  97%)  a s  a syrup .  

Anal. Calcd.  f o r  C H C 1  N 0 C ,  45.59; H,5.46; C 1 ,  
2 1  30 2 4 9: 

1 2 . 7 8 ;  N ,  10.12. Found: C ,  45.60; H,  5.61; C1 ,12 .93 ;  N ,  9.79. 

Compound '& was f u r t h e r  c h a r a c t e r i z e d  a s  t h e  cor respon-  

d ing  hydroch lo r ide  which c r y s t a l l i z e d  from E t O A c ,  m.p. 203- 

2040-C. 

Anal. Calcd f o r  C H 
1 2  30 C1,N409. H C 1 .  C ,  42.77; H,  5.30; 

C 1 ,  17 .99;  N ,  9.50. Found: C ,  43.02; H ,  5 .26 ;  C 1 ,  17,63; N ,  

9.50. 

5-  [( 1-Azi r id ino)methyd -1-( 2,3,4,6-tetra-O-acetyl-P- 

-D-glucopyranosyl)-l,2,4-triazole (a). To a s o l u t i o n  o f  

- 8c  (0.6 g ,  0.0013 mol) i n  d r y  ace tone  (10 m L )  a z i r i d i n e  (0.1 

m L ,  0.0019 1 ~ 0 1 )  was added. The mix tu re  was s t i r r e d  a t  room 

t empera tu re  f o r  7 2  h. The s o l v e n t  was evapora t ed  and t h e  

r e s i d u e  was p u r i f i e d  by p r e p a r a t i v e  t l c ,  u s i n g  EtOAc-Hexane 

( 3 : l )  a s  e l u a n t  t o  y i e l d  (0.33 g, 50%) a s  a l i g h t  ye l low 

sy rup  which c r y s t a l l i z e d  on s t a n d i n g  m.p. 144-1460-C. 

- Anal. Calcd.  for C 19 H 26 N 4 0 9: C >  50.21; H ,  5 - 7 6 ;  N >  1 2 - 3 3 .  

Found: C ,  49.88, H, 6.00; N ,  12.05. 
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