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The Direct Formation of a 3’,5’-Cyclic Mononucleotide from an Adenine 
Nucleoside 

By M. HUBERT-HABART and L. GOODMAN* 
(Stanford Research Institute , Menlo Park,  California 94025) 

THE 3’,5’-cyclic monophosphate of adenosine is an inter- 
mediate in the action of many peptide h0rmones.l A 
number of adenine nucleosides, such as 9-(p-D-xylofur- 
anosyl) adenine (I) and 9- (p-D-arabinofuranosyl) adenine 
(111) possess anti-tumour activity2J and we have been 
interested in the biological consequences of converting some 
of these compounds into their cyclic phosphates. The 
direct phosphorylation method of Yoshikawa, Kato, and 
Takenishi4 proved to be especially useful for these syntheses. 

When xylofuranosyladenine (I) was treated with phos- 
phoryl chloride in trimethyl phosphate4 for 2 hr., followed 
by hydrolysis, conversion into the barium salt, and finally 
treatment with Dowex 50 (H), a 38% y.ield of the crystalline 
3’,5’-cyclic phosphate (11) was obta1ned.t Both paper- 
chromatographic and electrophoretic data1 established that 
(11) was the cyclic compound and not the simple 5’-phos- 
phate. The n.m.r. spectrum of (11) (2.5% NaOD) showed 
H-1’ as a sharp singlet quite similar to the appearance of 

t Satisfactory analytical and spectra1 data were obtained for (11), (IV), and (V). We attribute the rather low yields of isolated 
nucleotides [(11) and (IV)] to the difficulty of separating their barium salts from the inorganic barium salts during the work-up pro- 
cedures. 

$ Kindly provided by Dr. M. R. Atkinson, Flinders University of South Australia, on leave a t  Stanford University, who also pro- 
vided useful information on the phosphorylation technique. 
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that resonance in 3’,5’-AMP5 and in contrast with the 
situayion in adenosine, 5’-adenylic acid and xylofuranosyl- 
adenine where H-1’ appears as a well-resolved doublet. 

TVlien 9-(P-D-arabinofuranosyl)adenine was treated simi- 
larly with phosphoryl chloride and trimethyl phosphate* 
a 400,; yield of “spongoadenylic acid” (IV) was isolated as a 
crystdline solid. This was conveniently cyclized in high 
yield with dicyclohexylcarbodi-imide using the procedure 
of Smith, et ~ 2 . ~  The n.m.r. spectrum of (V) as compared 
with that of (IV) clearly showed that cyclization gave the 
2’,5’-cyclic nucleotide (V) in agreement with Wechter’s 
results on the cyclization of N4-benzoyl-uvu-cytidine 
5’-phosphate.7 The pattern of the sugar proton resonances 
in (V) was identical with those reported for uva-cytidine 
2’,5’-cyclic ph~sphate .~  Cohens has described the prepara- 
tion of (IV) in 33% yield by the Tenerg procedure and 
described a by-product cyclic phosphate which accom- 
panies (IV). This latter compound appears to be the 
cyclic: phosphate (V) by comparison of the described proper- 
ties10 with our compound. In our direct phosphorylation 
procedure* on (111), we carefully looked for the presence of 
(V) in the product and found only traces of it. This 
suggests that the larger quantities of cyclic phosphate 

described in Cohen’ss work may have formed during the 
base treatment to convert the 5’-P-cyanoethylphosphate 
into (IV). 

Biological studies with (11) and (V) are in progress. 
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