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A HIGHLY SELECTIVE EPOXY CLEAVAGE 
OF 1-(5'-0-BENZOYL-2',3'-EPOXY-6-D-LYXOSYL)URACIL 
WITH PYRIDINE HYDROCHLORIDE, 

Tadashi Sasaki, Katsumaro Minamoto and Naoto Kidokoro 

Institute of Applied Organic Chemistry, 
Faculty of Engineering, Nagoya University, 
Furo-cho, Chikusa-ku, Nagoya, Japan. 

It is well known that in 2',3'-epoxy-$-D-lyxosyl 

nucleosides,the 3'-position is more vulnerable to the attack 

of nucleophiles, thus yielding 3'-substituted-$-D-arabinosyl 

nucleosides as main products with minor or trace amounts of 

their xylo isomers. In this connection, Fox and co-workers 
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T.  S A S A K I ,  K .  MINAMOTO AND N .  K I D O K O R O  

obtained l-~3'-chloro-3'-deoxy-~-D-arabinosyl)uracil (111) 

in 67% yield from 1- CZ' ,3'-epoxy-~-D-lyxosyl)uracil by treat- 

ment with aqueous hydrochloric acid.6 We now describe a 

highly selective epoxy ring cleavage of 1-(5'-o-benzoyl-2',3' 
1 -epoxy-6-D-1yxosyl)uracil ( I ) ,  with the use of pyridine 

hydrochloride as a nucleophile, to give l-CS'-o-benzoy1-3'- 

chloro-3'-deoxy-~-D-arabinosyl)uracil CII) in nearly quan- 

titative yield. 

Reaction of excess pyridine hydrochloride on I gave a 

monochlorinated compound 11,  the NMR spectrum of  which 

exhibited the anomeric proton signal at 6.25 ppm as a doublet 

(Jl1 , 2 1 =  4 . 0  Hz) ,while the signals of H2' HsI merged in a 

broad multiplet. Compound I J  resisted atmospheric pressure 

reduction (HZ/Pd-C) to the known 1-(3-deoxy-B-D-threo-pento- 

furanosy1)uracil , 7  while hydrogenation in the presence of 

triethylamine gave l-(3'-chloro-3'-deoxy-B-D-arabinosyl)- 

uracil (111),6 the independent synthesis of  which was aban- 

doned €or the sake of economy of material. Although structure 

I1  appeared to be evident on the basis of the coupling 

constant of the anomeric proton, 2'-hydroxyl was mesylated 

to cause a down-field shift of the H2-signal for a more 

convincing structural assignment. The NMR spectrum of IV 

exhibited the expected doublet of doublets at 5 . 2 9  ppm CJl,,,, 

= 4 . 8  Hz, Jzl,315 3.5 Hz, HZl), which was distinctly sep- 

arated from the signal envelope of H3', Hq1 and HgI. Treat- 

ment of IY with excess sodium acetate gave 2,3'-anhydro-l- 

(5'-0-benzoyl-2'-0-mesyl-B-D-arabinosyl)uracil (V), the 

structure of which was supported by its UV spectrum Csee 
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A HIGHLY SELECTIVE EPOXY CLEAVAGE 

the experimental part) and the elimination of a molecule of 

hydrogen chloride instead of methanesulfonic acid in the 

anhydro-bridge formation. 

The use of pyridine hydrochloride in the nucleophilic 

ring-opening of I thus represents an example of the promising 

use of mineral acids in their buffered forms which would 

preclude numerous side reactions expected in the nucleophilic 

reactions of nucleoside derivatives. 

EXPERIMENTAL 

All the melting points are uncorrected. The UV spectra 
were measured on a JASCO Model ORD/UV-5 spectrophotometer. 
The NMR spectra were recorded with a JNM C-60 HL spectrometer, 
TMS being used as an internal standard. WAKOGEL B-5 silica 
gel, supplied by the WAKO Pure Chemical Industries, LTD., was 
used for thin layer chromatography. 

1 - ( 5  -0-Benzoyl- 3 - chloro-3 -deaxy- 6-b-arabinosyl ]uracil (I I) 

-Compound I (470 mg, 1.42 mmol) and pyridine hydrochloride 

(1.1 g, 9.55 mmol) were combined in anhydrous pyridine C34 ml 

and the mixture was heated to reflux for 3 hrs. After cooling 

the solvent was evaporated in vauuo, and the residue was 

taken up in chloroform (60 ml]. The chloroform solution was 

washed with dil. ammonia or sodium bicarbonate solution, and 

then with water with cooling. The solution was dried over 

sodium sulfate and concentrated to give a semi-solid residue, 

which was crystallized twice from methanol to colorless 

needles (470 mg, go%),  mp 234-235'; AE:" nm (E) 227 (15000) 

and 259 (10600); NMR (CDC13) 6 3.70 (lH, br. s, OH, DZO- 

exchangeable), 4.18-4.92 (5HD mD HZl, H3,, H4' and 2H5,), 

5.37 (lH, d, J5,6= 8.0 HZ, H5)' 6.25 (lH, d, J1',21= 4.Q HZ, 

H l I ) ,  7.4-8.6 C6H, m, Ph and %] and 1Q.65 ClH, br. s, NH]. 
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- Anal. Calcd. f o r  C16H15N206C1: C ,  52.40;  H, 4 . 1 2 ;  N ,  7.64. 

Found: C ,  52.54; H, 4.16; N, 7 . 7 1 .  

1- (3'-Chloro-3'-deoxy-~-D-arabinosyl)uracil (111). -A s o l u t i o n  

of I1 (310 mg, 0.83mmol) i n  methanol  (30 m l ) ,  c o n t a i n i n g  t r i -  

e thylamine  (0.24 m l ) ,  was shaken w i t h  6 %  pa l lad ium on c h a r -  

c o a l  (200 mg) under  hydrgen ove rn igh t .  The c a t a l y s t  was 

f i l t e r e d  and t h e  f i l t r a t e  was evapora ted  in vacuo t o  a p a s t e ,  

which was submi t t ed  t o  p r e p a r a t i v e  t h i n  l a y e r  chromatography 

w i t h  t h e  u s e  of s i l i c a  g e l  and a mixed s o l v e n t ,  ch loroform:  

e t h y l  a c e t a t e  ( 1 : 2 ,  v/v) t o  g i v e  75 mg (33.8%) of  p r a c t i c a l l y  

p u r e  c r y s t a l s  (111) which mel ted  a t  175-176' a f t e r  r e c r y s t a l l -  

i z a t i o n  from a c e t o n e ,  l i t ,7  mp 178-179'; Xmax MeoH 259 nm 

(E 9300);  NMR (CDCl, + DMSO) 6 3.86 (ZH, b r .  5 ,  2 H g I ) ,  3.99- 

4.59 (SH, m ,  H 2 , ,  H 3 ' ,  H q I ,  5I-OH and 2'-OH), 5.37 ClH,  d ,  

J5,6= 8.0 H z ,  H 5 ) ,  6.25 ( l H ,  d ,  J l l , 2 1 =  4.0 H z ,  HI , ) ,  7 . 4 -  

8.6 (6H, m ,  Ph and H6) and 10.65 (lH, b r .  s ,  NH ) .  

- Anal. Calcd.  f o r  CgHllN205C1: C ,  41.16; H ,  4 . 2 2 ;  N ,  10.66. 

Found: C ,  41.33; H,  4 . 2 4 ;  N, 10.81. 

l-(5'-0-Benzoyl-3'-chloro-3'-deoxy-2'-O-mesyl-~-D-arabinosyl) 

u r a c i l  (IV).-To a s t i r r e d  i c e - c o l d  s o l u r i o n  of I1 (367 mg, 

1 mmol) i n  anhydrous p y r i d i n e  (6 m l )  was added methane- 

s u l f o n y l  c h l o r i d e  (0.48 m l ,  6 mmol) and t h e  mix tu re  was l e f t  

a t  0' for 2 days .  The mix tu re  was t r e a t e d  with methanol 

(1 m l )  a t  room tempera tu re  f o r  30 min, and evapora ted  in 

uucuo t o  g i v e  a p a s t e ,  which was d i s s o l v e d  i n  methanol  c5 ml) 

and poured i n t o  ice-water (100 ml) with v igo rous  s t i r r i n g .  

The p r e c i p i t a t e  was  f i l t e r e d ,  washed w i t h  water and d r i e d  by 
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A HIGHLY SELECTIVE EPOXY.CLEAVAGE 

pressing on a porous plate. Repeated crystallization from 

chloroform gave 240. mg (54%) of flne needles of mp 139.5-140°. 

AtgH nm ( E )  227 (11200) and 259 (7800); NMR (CDCl, + DMSO) 6 

2.90 (3H, s ,  mesyl), 4.27-4.68 (4H, m, H31, Hq1!and 2Hs1), 

5.29 (lH, dd, J ~ I , ~ I U  4.8 Hz, J21,31= 3.5 Hz, H2,),'5.50 (lH, 

d ,  J5,6= 8.0 HZ, H5), 6-17 (lH, d, J11,21= 4.8 HZ,-H11), 7.27- 

8.0 (6H, m, Ph and H6) and 10.07 (lH, br. s, NH). 

- Anal, Calcd. for C17H17N208SC1: C, 45.90; H, 3.85; N, 6.30. 

Found: C, 46.04; H, 3.74; N, 6.27. 

2,31-Anhydro-l-(5'-0-benzoyl-2'-O-mesyl-B-D-lyxosyl)uracil(V). 

-A mixture of IV (100 mg, 0.225 mmol) and sodium acetate 

(120 mg, 1.47 mmol) in N,N-dimethylformamide (12 ml) was 

stirred at 100-105° for 1 b. The reaction mixture was evapo- 

rated in vacuo to a thick gum, which was dissolved in methanol 

(5 ml) and poured into ice-water (100 ml) with stirring. The 

precipitated product was filtered and the fitrate was con- 

centrated to ca. 20 ml, whereupon another crop of product was 

obtained. The combined product was air-dried and repeatedly 

crystallized from acetone to give 36 mg (39.59) of colorless 

needles (Y), mp 213-215'; $EH nm (E) 227 (225QO) and 250 

(8200, inflection) . 
- Anal. Calcd. for C17H16N208S + 1/2 CH3COCH3: C, 50.80; 

H, 4.38; N, 6.40. Found: C, 50.77; H, 4.41; N, 6.40. 
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