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The reaction of cytidine with 2-acetoxyisobutyryl chloride in acetonitrile a t  80” leads to  the isolation in good 
yield of 2,2’-anhydro-1-(3’-0-acetyl-~-~-arabinofuranosyl)cytosine hydrochloride (4a). By conducting the reac- 
tion at  room temperature an intermediate 5’-0-(trimethyldioxolanone) ether ( 5 )  is obtained and can be cleaved 
to 4a in very high yield. Under different conditions of hydrolysis 5 can be efficiently converted into either 2,2’- 
anhydro-1-(0-warabinofuranosy1)cytosine hydrochloride or 1-(P-D-arabinofuranosyl)cytosine. A variety of base 
analogs of cytidine have also been treated with 2-acetoxyisobutyryl chloride to give related analogs of 4a. The 
reaction can also be extended to other acyl derivatives, since cytidine and 2-butyryloxyisobutyryl chloride give 
2,2’-anhydro-1-(3’-0-butyryl-~-~-arabinofuranosyl)cytosine hydrochloride in good yield. 

Previous papers in this series have outlined the anoma- 
lous reactions of 2-acetoxyisobutyryl halides with uri- 
d i r ~ e , l , ~  a d e n o ~ i n e , ~  and several adenosine analogs.6 In all 
cases the observed products could be explained uia the 
conversion of the 2’,3’-cis diol function to a reactive 2’,3’- 
acetoxonium In the case of the purine nucleosides5-7 
such acetoxonium ions are opened by attack of halide ion 
to form isomeric 2‘,3‘-trans chloro acetates with the 2’-0- 
acetyl-3’-deoxy-3’-halo-~-~-xylofuranosyl isomer predom- 
inating. In the uridine series, however, the acetoxonium 
ion undergoes preferential intramolecular attack by the C I  
carbonyl group of the pyrimidine ring to initially form 
2,2’-anhydro- 1 - (3  ’-O-acetyl-P-D-arabinofuranosyl)uracil, 
which is then opened by halide ion giving a 3’-O-acetyl- 
2’-deoxy-2’-halouridine derivative with overall retention of 
configuration. 

In the cytidine series one might expect a similar type of 
participation by the C Z  carbonyl of the cytosine ring, and 
in this paper we describe some of the reactions of cytidine 
and several cytidine derivatives and analogs with 2-ace- 
toxyisobutyryl chloride. 

The addition of an excess of 2-acetoxyisobutyryl chlo- 
ride (2) to a suspension of cytidine (1) in acetonitrile at  
80” led to the formation of a clear solution within about 5 
min. On continued heating, a crystalline product began to 
separate and after a total of 30 min the remaining materi- 
al was precipitated with ether. Crystallization of the resi- 
due from methanol-acetone then gave crystalline 2,2’- 
anhydro-(3’-O-acetyl-~-~-arabinofuranosyl)cytosine hydro- 
chloride (4a) in 68% yield. The structure of 4, which un- 
doubtedly arises uia the 2’,3’-acetoxonium ion (3), was 
apparent from its analytical and spectroscopic properties. 
Thus the ultraviolet spectrum of 4a showed double maxi- 
ma at  231 and 263 nm typical of the 2,2’-anhydro-l-(@-~- 
arabinofuranosy1)cytosine (4b) chromophore.8 The pres- 
ence of a single acetyl group was indicated by nmr spec- 
troscopy and this function was located at C3, by the 0.9- 
ppm downfield shift of C3 H relative to that in 4b. Fur- 
ther confirmation of this structure via chemical degrada- 
tion to 4b will be presented later in this paper. 

Our interest in 4a became acute with the observation 
that this substance showed pronounced activity against 
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several DNA viruses in tissue culture and against L-1210 
leukemia in mice.9 Subsequent to this aspect of our work 
several new methods for the synthesis of 4b have been de- 
scribedl0 and this compound has been the subject of ex- 
tensive examination as an antitumor agent of low toxici- 
ty.l’ In addition, there has been interest in the pharmaco- 
logical properties of the related 3’-phosphate ester (4c) .I2 

While the preparation of 4a described above was quite 
efficient and simple on a modest scale, attempted scale 
up to a 100-mmol level led to reduced yields of crystalline 
material. This was largely due to the formation of by- 
products, the major ones being tentatively identified as 
cytosine nucleosides containing chlorinated sugars. It re- 
mains uncertain whether these products arise by direct 
opening of 3 with halide ion, or by further reactions of 4a. 
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In order to avoid this problem we have found that the 
reaction of cytidine with 2 a t  room temperature requires 
about 3 hr to give a homogeneous solution. Precipitation 
with ether at  this point then gave a crude product that 
was predominantly the 5’-dioxolanone ether ( 5 ) .  The lat- 
ter showed the usual spectral features of a dioxolanone 
ether (v,,, 1805 cm-I and several nmr singlets a t  1.3-1.9 
ppm due to the chiral ~ u b s t i t u e n t ) ~  and was a mixture of 
diastereoisomers due to the chiral dioxolanone function. 
Without any purification this substance was treated with 
0.05 M methanolic hydrogen chloride a t  room temperature 
for 1.5 hr in order to cleave the dioxolanone ether. Crys- 
tallization of the resulting product then gave 4a in an 
overall yield of 90% from cytidine and with a purity in ex- 
cess of 95%. Trace amounts of cytidine and l-(p-D-arabi- 
nofuranosy1)cytosine could be efficiently removed by a 
further crystallization if necessary. This procedure makes 
4a readily available in high yield and can be readily 
scaled up. It is presumed that 5 is also an intermediate in 
the reaction of cytidine with 2 a t  80” and that the acid- 
and base-labile dioxolanone function is lost either during 
the reaction or during crystallization of 4a from a polar 
solvent such as methanol. 

Crude 5 can also be efficiently transformed into either 
2,2’-anhydro-l-(~-~-arabinofuranosyl)cytosine (4b) or 1- 
(P-D-arabinofuranosyl)cytosine, both compounds being of 
considerable current interest owing to their well-known 
biological activities.11J3 Thus treatment of crude 5 with 
0.3 M methanolic hydrogen chloride at  room temperature 
for 3 days led to the direct crystallization of pure 4b in 
overall yields of 73-80% from cytidine. A similar acidic 
treatment applied to crystalline 4a gave 4b in 89% yield. 
The above constitutes a facile and efficient route for the 
preparation of 4a that has been successfully used on up to 
a multikilo scale. If, alternatively, crude 5 is treated with 
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5 

dilute ammonia, the protecting groups are removed and 
the anhydro bridge is cleaved, giving crystalline l-(P-D-ar- 
abinofuranosy1)cytosine in an overall yield of 73% from 
cytidine. A similar cleavage of the unprotected anhydro 
nucleoside 4b has previously been described by 
others.lO.14 

The facile preparations of 4a and 4b above encouraged 
us to examine the reactions of 2 with a variety of base an- 
alogs of cytidine. A variety of known 5-substituted cyti- 
dine derivatives were prepared as starting materials for 
the above reactions. Included were 5-methylcytidine 
(6a),15 5-fluorocytidine (6b),16 5-chlorocytidine (6c),I7 5- 
bromocytidine (6d),17 and 5-iodocytidine (6e),ls all of 
which were prepared essentially according to known 
methods. I t  should be noted that the 5-chloro and 5 -  
bromo derivatives (6c, 6d) were prepared by Fukuhara 
and Visser17 by reaction of cytidine with chlorine or bro- 
mine in a mixture of acetic acid and pyridine using ultra- 
violet activation. The direct products of these reactions 
were the 2’,3’,5’-tri-O-acetyl derivatives of 6c and 6d, 
which were subsequently hydrolyzed. In our experience 
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the halogenation reactions proceeded readily under the 
above conditions17 except that irradiation was unneces- 
sary and the direct products were free 6c and 6d. 

In addition, 5-bromocytidine (6d) was treated with an- 
hydrous dimethylamine at  loo”, conditions similar to 
those used by Uedalg for the preparation of 5-morpholi- 
nouridine, to give 5-dimethylaminocytidine (6f) in 59% 
yield. Other base analogs of cytidine that were prepared 
include N4, N4-dimethylcyctidine (S),16 6-azacytidine 
(9),20 and 2-thiocytidine (lob). The latter compound was 
prepared by the condensation in nitromethane of 2-thiocy- 
tosine with 2,3,5-tri-0-benzoyl-~-ribofuranosyl bromide in 
the presence of mercuric cyanide and a molecular sieve. 

NH? 
I NMe, ” 2  

I I 

HOC@ H O C T o $  “ O C d  

OH OH OH OH OR OR 
8 loa, R = B z  

b, R=H 
9 

The tri-0-benzoyl derivative (loa) so obtained has pre- 
viously been prepared by Niedballa and VorbruggenZ1 via 
a different route and debenzoylation gave crystalline lobz2 
in high yield. 

The reactions of the cytidine base analogs (6a, 6b, 8, 9, 
and lob) with 2 were carried out in acetonitrile under 
conditions similar to those used with cytidine itself. Some 
of these reactions were done before the benefits of con- 
ducting the synthesis at  room temperature were realized 
and hence it is quite likely that some of the yields could 
be improved. Nevertheless, in each case the corresponding 
2,2’-anhydro nucleoside hydrochloride (7a, 7b, 11, 12, and 
13) was formed and isolated in crystalline form, generally 
in yields of 61-89%. In some cases there was partial loss of 
the 3’4-acetyl function during the work-up and crystalli- 
zation, and in those cases treatment with dilute methano- 
lic hydrogen chloride was extended so as to complete the 
removal. Thus the compounds 7a, 7c-f, 11, and 12 were 
obtained as the free 3’-hydroxy compounds. 

Subsequent to the completion of this work the synthesis 
of 7d and 7e (R = H) has been described via reaction of 
the appropriate 5-halocytidine with partially hydrolyzed 
phosphorus oxychloride in ethyl acetate.23 This method, 
however, requires a purification of the products by ion ex- 
change chromatography. Using this same method the de- 
acetylated derivative of 7b has also been prepared as both 
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We have also treated 5'-chloro-5'-deoxycytidine25 and 
5'-deoxy-5'-iodocytidine, the latter being obtained in high 
yield by conventional treatment of N4-acetyl-5'-deoxy-5'- 
iod0-2',3'-O-isopropylidenecytidine~~ with acetic acid and 
then ammonium hydroxide, with 2, giving the crystalline 
anhydro nucleosides 14a and 14b in yields of 71 and 65%. 
Finally, we have shown that the. basic reaction described 
in this paper is a general one that can be extended to the 
preparation of a wide range of other 3'-O-acyl derivatives 
of 2,2'-anhydro-l-(~-~-arabinofuranosyl)cytosine, Thus 
through reaction of 2-hydroxyisobutyric acid with butyryl 
chloride and then with thionyl chloride, 2-butyryloxyiso- 
butyryl chloride (15) was obtained as a distillable liquid. 
The reaction of cytidine with 15 at  room temperature 
gave, by ether precipitation, the 5'-dioxolanone derivative 
16a which was identified only by its characteristic in- 
frared and nmr ~ p e c t r a . ~  Without purification 16a was 
briefly treated with dilute methanolic hydrogen chloride 
at  room temperature to remove the dioxolanone function. 
The resulting product was readily crystallized, giving 
2 ,2  ' -anhydro- 1- (3'-O-butyryl-~-~-arabinofuranosyl)cytos- 
ine (16b) in 59% yield. 

The formation of the latter compound constitutes the 
beginning of a quite extensive research program, since we 
have demonstrated that variations in the 3'-O-acvl func- 

the chloride23 and formate24 salts and shown to be an 
orally and parenterally active antileukemic agent in mice. 

tion in compounds such as 4a and 16b can leadto  wide 
differences in biological a ~ t i v i t i e s . ~ ~  Details of both the 
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chemical and biological 
scribed in detail shortly. 

extensions of this work will be de- 
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