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Inorganic acid halides (SOC1,, Poc13, FCl; and COCl,) have been reported to react
with N,N'-dimethylformamide (DMF) to form an active reagent, chloromethylsne dimethyl-
ammonium chloride (Vilsmeisr-Haack reagent) (1), which was initially found useful as
formylating, halogenating and dehydroxylating agents (2). The reactions of the reagent
with nucleosides to obtain several halogenated nucleosides such as 6-chloro inosine (3),
4=chloro uridine (4) and 5'~chloro-5'~deoxyuridine (5) derivatives were studied by several
researchers.

Now, the reagent was first applied to cytidine (I), and it was found that the reagent
afforded 2,2'-cycloaytidine (II) in a fairly good yield under rather mild reaction conditions.
This cyclonucleoside (II) bas been appreciated to be a novel intermediste in the chemical
modification of the ribose or cytosine moiety of cytidine (6), but the tediousness in the
preparation of this gyeclonucleoside has prevented the current utilisation of this compound,
E. R, Walwick et al. (7) synthesized II from oytidine by heating 1t with polyphosphoric
acid, followed by dephosphorylation of one of the reaction products, 2,2'-cyclocytidine-
31',5'%diphosphate. However, because of the troublesome purification of the diphosphate
and the poor yield in the enzymatic dephosphorylation of the diphosphate produced, this
method is not satisfactory for the preparation of II, We found an improved and novel
convenlent method to preparate the compound (IT), which will be reported in this paper,

Thionyl chloride was used as the inorganic acid balide and SOC1,-DMF mixture was
directly used in the following reaction without isolating an active species, chloromethylene
di;zsthylamnonitm chloride.
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Thionyl chloride (3.0 ml) was dissolved in 20 ml of DMF and the mixture was set asilde
at room temperature for 30 minutes. To the solution was edded 2.0 g of cytidine (I)
and the mixture was stirred at room temperature for 3 hours, then poured into about 50 ml
of water and the aqueous solution was stirred for one hour to remove sulfur dloxide
evolved from the reagent. Paper chromatography (solvent system, iPrCH-1 M N, OAc (pH 4.0),
7:3) of the aqueous solution revealed three main spots. The slow moving UV-absorbing

substance (Rf, 0.49) corresponded to the starting material; thus the Rf value and the ultre-
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vislet absorption spectrum of the aqueous extract of the spot were coincided with those of
cytidine (I). The major product (IY) having a Rf value of 0.58 and the minor product
(IIT) having a Rf value of 0,67 showed the same characteristic ultraviolet absorption
spectra (A gle‘? 231 and 262 n’:) corresponding to that of the known 2,2'-cyclocytidine
(7,8,9). In order to separate these three compounds, the aqueous reaction mixture was
epplied to a Dowex 50 X 4 (pyridinium form) colum (2.5 X 40 cm). The column was eluted
with 0.1 M pyridinium formate (pH 4.8) to give cytidine (I) in the first 2000 ml-fraction
and the product (II) in the second 2000 ml-fraction. The product (III) was eluted
when the molar concédntration of the buffer was raised to 0.4 M,

The fraction containing the major product (II) was evaporated to dryness after pH
of the solution was adjusted to 4.0 with formic acid in order to avold the degradation of
the product. Crystallization of the residual gum from ethanol gave II (X=HCOO) as
granules which melted at 173-177° (decomp., uncorr.) and weighed 705 mg (yield, 30.4 %).

uv; A ggxl-7 231.5 and 263 m. It was redissolved in 20 ml of water and passed through



No.ll 869

a Dowex 1 (chloride form) column (2 X 3 cm). The combined effluent and washings were
evaporated to dryness and crystellization of the residual gum from ethanol gave II (X=Cl)
as white needles which melted at 262-264° (decomp., uncorr.) and weighed 560 mg.
wv; AP 17 231 (€ ;9%00), 262.5 (£ 510800) m, \ B 177 218 (£3700), 23 (€ 56700) mp,
end Shoulder (pH 1-7) 282 (£;3300) m.  (A12%: -22.0° (¢; 2.0 1n vater).
Paper chromatography; Rf, 0,58 (1ProH-1 M NHLOAc(pH 440), 7:3) end 0.05 (BuCH-H,0, 84:16).
Anal. Caled for 091{1304113'501, C34l.32, H34.63, N3;16,07 §, Found, C;40,96, H3i.53,
N;16.27 4. Other properties of the product (II) were also quite identical to those
of the authentic 2,2'-cyclocytidine hydrochloride (7).

As the further proof of the structure, the compound (II) was converted to 1-g-D-arabino=
furanosyl cytosine by treatment of it with slightly alkaline solutionm. Thus, 100 mg
of the compound (II, X=Cl) was dissolved in 2 ml of 1 N NHLOH and heated at 80° for 5 minutes.
After the mixture was edjusted to pH 1 with hydrochloric acid, it was absorbed to Dowex 50
(4* form) column (1 X 1.5 om) and the well wmshed column wes eluted with 1 N NH, OH.
The effluent was evaporated in yacuo and crystallization of the residue from ethanol afforded
the pure compound (IV), m.p. 208-212° (decomp., uncorr.), 80 mg (yield, 89 %). v )\.‘2:1
B2 APl 2o NPT o, NBET 251 m. (]2 41580 (5 0.5 tn veter).
The Rf values and the paper electrophoretic mobility of the compound (IV) in the solvent
systems containing borate (10,11) were well coincided with those of l-ﬁ-D-arabinofuranosyl
cytosine (12).

Although the structure of the side product (III) which moved fast on paper chromatogram
was not established, judging from the characteristic ultraviolet absorptlon spectrum it
mist have the 2,2'-cyclo structure. This product was found to be obtained when 2,2'-
cyclocytidine (II) was dissolved in SOC1,-DMF.

The reaction mechnism to afford 2,2'-eyclocytidine (II) and its derlvative (III) from

cytidine (I) is now under investigation and will be described elsewhere.

Alknowl ts The suthors wish to express their sincere thanks to Miss S. Asakura
for her technical assistances and to Prof. T. Ukita of Faculty of Pharmaceutical Sciences,
University of Tokyo, for reviewing of the manusecript.



870 No.11

(1) A, Vilsmeler and A. Haack, Ber., 60, 119 (1927),
H. H. Bosshand and H. Zollinger, Angew. Chem., 71, 375 (1959)
(2) L. P. Fieser and M. Fieser, "Reagents for Organic Synthesis", John Wiley and Sons,
inc., New York, London and Sydney, p 284 (1967)
(3) M. Ikehara, H. Uno and P, Ishikawa, Chem, Pherm, Bull. (Tokyo), 12, 267 (1964),
M., Ikehara and H, Uno, Chem. Fharm, Bull, (Tokyo), 13, 221 (19%5),
J, Zemlicka and P, Sorm, Collection Czechoslov. Chem., Commn., 30, 1880 (1965)

(4) J. Zemlicka, J. Smrt and F. Sorm, Tetrahedron Letters, 379 (1962)

(5) R. F. Dods and J, S. Roth, Tetrahedron Letters, 165 (1969)

(6) A. M. Michelson, "The Chemistry of Nucleosides and Nucleotides", Academic Press,

New York and London, p 15 (1963)
(7) Be. R. Walwick, W. K. Roberts and C. A. Delker, Proc, Chem. Soc., 84 (1960)
(8) 1. L. Doerr end J. J, Fox, J. Org. Chem., 31, 1465 (1967)
(9) V. V. Ruyle and T. Y. Shen, J. Med. Chem.,10, 331 (1967)
(10) A. W. Schrecker and I. A. R, Mead, Biochem. Pharmacol., 15, 1443 (1966)

(11) J. F. Codington, Re Fecher and J. J. Fox, J. Am. Chem, Soc., 82, 2794 (1960)
(12) W. K. Roberts and C. A. Dekker, J. Urg. Chem,, 32, 816 (1967) and references
cited therein,



