
Tetrahedron Letters No.29, pp. 3499-3505, 1966. Pergaaon Premm Ltd. 
Printed in Great Britain. 

g4,cy’ 05’ 1- -TRIACETYL-2,21-ANHYDROCYTIDINE*. 

A POSTULATED REACTIVE INTERMEDIATE IN A CONVENIENT 

SYNTHESIS OF l-S-I&ARABINOFURANOSYLCYTOSINE 

By H. P. If. Fromageot and C. B. Reese 

University Chemical Laboratory, Cambridge, England. 

(Received 23 May 1966) 

In recent years, one of the most rewarding aspects 

of nucleoside chemistry has been the study of the 

pyrimidine anhydronucleosides. The latter, which 

are normally stable compounds, have often proved to 

be valuable synthetic intermediates. Although most 

of the previous work in this field (1) has been 

concerned with uracil (or thymine) derivatives, the 

three possible 2-anhydrocytidines (2,3,4) have al.1 

been prepared. From this work, it appears that 

2,2'-anhydronucleosides are obtained more readily than 

their 2,3'- and 2,5'-isomers (5), and it also seems 

probable (2) that anhydrocytidine derivatives are 

formed more readily than the corresponding anhydro- 

uridines. The present report is concerned with the 

effect of g4-acylation on the ease of formation and 

resultant properties of 2,2' -anhydrocytidine derivatives. 

+ 2,2' -Anhydrocytidine is an abbreviation for 
2,2'-anhydro-1-D-I$arabinofu.ranosylcytosine. 
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An equilibrium mixture of g ,O ,g5'- 4 3' 

triacetylcytidine (I; R=H) and its E ,O ,05' 4 2' -isomer 

(in the respective proportions of 9. 1.5:1) was 

readily prepared from cytidine, in 64% overall yield, 

by -;he orthoester exchange method (6). This material 

was allowed to react with a slight excess of toluene- 

g-sulphonyl chloride, in anhydrous pyridine solution, 

until no starting material remained.(as indicated by 

thin-layer chromatography). The products were then 

concentrated to small volume, dissolved in dichloromethene 

(1 vol.) and extracted with water (6 x 1 vol.) within 

a period of 10 minutes. Wen the combined aqueous 

extracts were allowed to stand at room temperature, a 

precipitate of colourless needles, m.p. 213-214', was 

obtained. 
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The formulation of this product as g4,03',05'- 

triacetyl-p-I&arabinofuranosylcytosine (III; R=Ac) is 

supported by its elemental composition [Found: C, 48.9; 

H, 5.4; N, ll.~$], and by its thin-layer chromatographic 

properties (on Kerck Iieselgel GF254), which correspond 

to those of E4,q2'(and g3'),g5'-tri-acetylcytidines. 

Its ultraviolet absorption spectrum Tin 957: ethanol: 

%ax 246, 300 (log& 4.20, 3.&g), Amin 226, 237 mp 

(log& 3.76, 3.56)] and iO0 kc/s n.m.r. spectrum [in 

(D3C)2SO/D2C: 71.85, doublet, assigned to D(6); 72.61, 

doublet, assigned to i-i(5); 73.60, doublet (5=3.4 c/s), 

assigned to H(1'); 74.92, multiplet, assigned to H(3'); 

75.56, multiplet, assigned to li(2'), X(4'), and E(5l);. 

17.76, 17.78, 17.23, singlets, assigned to methyl protons 

of acetyl groups] are both in accord aith this formulation. 

The n.m.r. spectrum remained unchanged after the solution 

had stood at 33 0 for 24 [ir., thus showing that the 

triacetyl derivative (III; R=Ac) was not susceptible to 

isomerization by acetyl migration. 

,hen the above product was treated with methanolic 

ammonia for 24 hr. at 20°, l-?-g-arabinofuranosylcytosine 

(Iii; R&j, LT... 2ii'-216 O ( untle!ressed by admixture vtiith 
t 

authentic material ) could be isolated in over 906 yield. 

The identity of the free nucieoside has been confirmed 

by its elemental anaiysie -?ound: C, 44.0; iI, 5.0: 

t 
';,e thank Dr. T. Y. Shen (7) for a generous gift of 
this compound. 
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N, 1".3. Cslc. for C9H13N305: C, 44.4; H, 5.4; 

N, lV.3$l, specific rotation (Cal:* = +152O, lit?, 

Cc]23 D = +158'), ultraviolet absorption spectrum [in 

O.OllJ hydrochloric acid: Xmax 280 (1ogE 4.13), Amin 

240 m' (logt 3.13)11 RF ‘9 in two solvent systems*, 

and :Fper electrophoretic mobility in 0.G sodium borate 

buffer (pR 8.5). 

As it seems safe to assume that the tosylation of 

the (equilibrium mixture of triacetylcgtidines leads 

initially to 2'-O_tosyl-PJ4,Q3',(J5'- and 3'-LJ-tosyl- 

lJ4,$',05' -triacetylcytidines, it is likely that further 

chemical change occurs when the dichloromethane solution 

(containing some pyridine) is shaken with water. It is 

suggested that, during this stage, the 2*-tosylate 

(I; R=Ts) undergoea cyclization to give the anhydronucleoside 

(II), which is then hydrolyzed to give the isolated product 

(III; R=Ao), while the 3'-tosylate remains unchanged in 

the dichloromethane layer. This proposed mechanism for 

the formation of the arabinoside (III; R=Ac) requires 

first that the E4-acetylcytosine residue should be more 

nucleophilic than uracil, as 2'-g-tosyl-3',5'-di-g- 

acetyluridine (8) does not cyolize under these conditions 
* 
, 

and eecondly that the anhydronucleoside (II) should be 

coneiderablg more susceptible to hydrolysis at pR 7 than 

-- 
+ Roth Dr. Shen's and our material had R Is 0.64 and 
Cl.67 in ethanol+ aqueodz aibitionium acetate (7,3) and 
isobutyrio acid - ammeniata 0.88) - water (66,1,33), 
respectively. 

4 Ilhis uridine derivative undergoes less than 5% con- 
version to 3',5'-di-O-acet l-2,iCanhydrouridine in 
pyridine/water (q:l;-V./v. 3 solution, in 2 days at 
room temperature. 
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either 2,2’-anhydro-uridine or cytidine. It seems 

reasonable that J4-acylation of 2,2’ -anhydrocytidine 

should make it more liable to nucleophilic attack at 

C(2), but the apparent instability of (II) is never- 

theless surprising. 

1350 OMs %O 
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The availability (9) of crystalline 2’-g-methane- 

sulphonyl-E4,G3’ ,g5’ -tribenzoyl-cytidine (IV) provided 

us with another opportunity to attempt the isolation of 

an N4-acyl derivative of 2,2’-anhydrocytidine. The 

tribenzoyl derivative (TV) was found (by thin-layer 

chromatography) to undergo a slow reaction in aqueous 

pyridine (containing l@ water) solution at room tempera- 

ture, to give z4,03’ ,Q5’ -tribenzoyl-l-g-&arabinofuranosyl- 

cytosine (V) , which could be isolated as a crystalline 

solid, m. p. 198-200’. The extent of the conversion of (IV) 

into (V) was ca. 757: after 11 days, and there was no - 
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ztdication of the existence of an intermediate. Thus 

if the reaction proceeds via an anhydronucleoside, its - 

formation must be the rate-determining step, and further- 

more it must be extremely susceptible to base-catalyzed 

hydrolysis. The tribenzoyl derivative (V) was character- 

ized by elemental analysis [Found: C, 64.9; H, 4.7; 

N., 7.%1, ultraviolet spectroscopy, and its conversion 

into l-p-D-arabinofurenosylcytosine (III; R=H). It 
= 

appears that the mesylate ion undergoes displacement much 

less readily than the tosylate ion, in this reaction. 

There is a possibility that this work will find 

practical'application. In the first place, it has led 

tc a very convenient synthesis of 1-R-I$arabinofuranosyl- 

‘cytosine (III; R=H) (2,7), which has been found to have 

selective antiviral activity (7), and thus potential use 

in chemotherapy. Although the yield of crystalline 

N4,O3',O5'-triacetyl-l-~-~-arabinofuranosylcytosine (III; 

R=Ac) was only 429, based on the 14,03' ,g5'-triacetyl- 

cytidine (I; R=H) content of the equilibrium mixture of 

isomers, no attempt was made to find the optimum conditions. 

Furthermore, the practical aspects of 3.11 the synthetic 

steps involved are very straightforward. Finally, the 

triacetyl compound (III; R=Ac) and the tribenzoyl compound 

(V) have the correct orientation for the preparation of 

the 2'-protected derivative of l-,'-D-arabinofuranosyl- = 
cytosine, required in our oliconucleotide synthesis (10) 

which, in principle, is not restricted solely to ribonucl,e- 

otide units. 
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