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Abstract  - Contrary t o  recen t  suggest ions,  proton coupled carbon-13 

spec t r a  show t h a t  t he  t i t l e  r e ac t i on  occurs on N' of t he  base r a t h e r  

than on the  phosphate d i e s t e r  group. 

Several  syn the t i c  methods have been proposed t o  convert nucleoside 

3' ,5 ' -cyc l ic  monophosphates i n t o  corresponding ( e l e c t r i c a l l y  n e u t r a l )  phospho- 

t r i e s t e r s .  2-5 These r eac t i ons  were genera l ly  reported t o  produce a p a i r  of dia-  

s t e r e o m e r i c t r i e s t e r s 7 - 5  i n  low y i e ld3  and a number of by-products corresponding 

t o  simultaneous s u b s t i t u t i o n  a t  the  endo- o r  exocycl ic  heteroatoms ( o r  groups) of 

t he  base.5 I n  con t r a s t  t o  these observat ions,  it has  been r ecen t l y  repor ted  6 

t h a t  t he  t reatment  of CAI%' triethylammonium s a l t  with ethylene oxide i n  aqueous 

so lu t i on  f o r  severa l  hours g ives  one of t he  d ias te reomer ic  P-(2-hydroxyethyl) 

t r i e s t e r s  a s  t he  major product  s t e r e o s p e c i f ~ c a l l y  and s e l e c t i v e l y  i n  acceptable  

y i e l d s  (approx. 30%). This  f i nd ing  appears t o  be q u i t e  unusual because ethylene 

oxide has been widely used a s  t he  a lky l a t i ng  agent of t he  bases  of nuoleosides  

and n u c l e ~ t i d e s , ~ "  whereas e a r l i e r  a t tempts  t o  convert phosphodiesters  i n t o  

phasphot r ies te r s  by use of e thylene oxide proved u n s u c c e ~ s f u l . ~ ' ~  Supporting 

the  t r i e s t e r  s t r u c t u r e ,  Z i e l i n s k i  repor ted  t h e i r  p e r t i n e n t  'H and 

"C NMR r e s u l t s .  Remarkably however, both hydroxyethyl methylene carbo? atoms 

were shown t o  exh ib i t  unusual ly  low ( c  0.8 Hz) coupling cons tan ts  with phospho- 

r u s  which, according t o  these  authors  r e f l e c t s  a p a r t i c u l a r  s i d e  chain confor- 

mation s t a b i l i z e d  by an  intramolecular  H bond. Although t he  geometric dependence 

of v i c i n a l  7~C00p  coupling i n t e r a c t i o n  i n  a lkoxyl-subst i tuted organophosphorus 

compounds has been the  sub jec t  of extensive scrutiny,9'10noprecedents a r e  known 

2 i n  the  l i t e r a t u r e  where both gelninal ( JCOp) and v i c i n a l  (3~C00p)  coupiings of 

contiguous methylene carbon atoms assume s i m i l a r l y  low values.  I n  add i t i on ,  t he  

resonances of the  hydroxyethyl methylene carbons were repor ted  t o  occur a t  59and 



54 ppm which values are approx. 10 ppm too low to account for the presence of ox- 

ygen substltuents at both ends of the alkoxyl group. These difficulties in the 

interpretation, however, can be eliminated by assumption that the reactlon with 

ethylene oxide occurs on the base rather than on the phosphodiester link.'' In 

order to test this hypothesis, we have repeated the reaction of CAMP with ethyl- 

ene oxide following the procedure given in Ref. 6." The major product proved 

to be identical in every respect with the substance in the paper cited. Its 

broad band proton decoupled carbon-13 spectrumqS revealed that, withm the lim- 

its of resolution (approx. 0.2 Hz), the hydroxyethylene carbons, in fact, show 

no discernible couplings with phosphorus. The site of hydroxyethylsubstitution, 

on the other hand, could be readily identified by recording the proton coupled 

I3c spectrum (in D20) of the same product. Unlike with unreacted cAMp,14 the 

components of the c'-H' and C~-H' doublets now appeared as triplets with split- 

tings of 5.4 and z 4.5 Hz, respectively, which were assigned to three-bond 
2 1 6 1 C -N -C-H and C -N -C-H coupling interaction. This finding unambiguously shows 

1 the hydroxyethyl group to be located at N (1). Alkaline treatment of the prod- 
6 uct (NH4HC0 in D20, pD = 10, 50°, 24 h) afforded N -(2-hydroxyethyl)-cAMP15 & 3 

Dimroth rearrangement16 which provided an independent corroboration for the above 

conclusion. Performing the reaction of CAMP with ethylene oxide at ambient tem- 

perature, we have isolated 1,3-di-(~-hydroxyethyl)-c~~~~~ as the second major 

product in addition to 1. The interaction of ethylene oxide with AMT,' on the 

other hand, afforded I-(2-hydroxyethy1)-AYP-P-0-(2-hydroxyethyl) ester. 8,18 

Our attempts to isolate phosphotriesters from the reaction products provedunsuc- 

cessful also wlth cyclic monophosphates of pyrimidine nucleosides, despite the 

known higher resistance of pyrimidine bases to alkylation with epoxides.7 On a 
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novel  s y n t h e t i c  r o u t e  p e r m i t t i n g  t o  o b t a i n  t h e  d ias te reomer ic  p h o s p h o t r i e s t e r s i n  

high ( > 50%) y i e l d s ,  we w i l l  r e p o r t  i n  a  l a t e r  communication. 

REFERENCES AND NOTEE 

Abbreviat ions  used i n  t h i s  paper:  CAME = 9-8-D-ribofuranosyladenine 3 ' , 5 ' -  

c y c l i c  phosphate;  AMP = 9-6-D-ribofuranosyladenine 5'-phosphate. 

J . G .  F a l b r i a r d ,  Th. Pos te rnak ,  and E.W. Su ther land ,  Biochim. Biophgs. m, 
1967, 99. 

J. N a g y v a r ~ ,  R.N. Gohi l ,  C.R. Kirchner ,  and J.D. S tevens ,  Biochem, Biophgs. 

Res. - e., 1973, , 1072. 

K.K. O g i l v i e ,  S.L. Beaucage, M.F. G i l l e n ,  and D.W. E n t w i s t l e ,  N u c l e ~ c  Acids 
%., 1979, 6 2 ,  2261. 

J. Engels ,  B i o o r g a n ~ c  m., 1979, , 9. 

W.S. Z ~ e l i n s k i ,  S. Hynie, and J. Smrt,  Co l l .  Czech. Chem. m., 1978, 43,  
"4. 

1655. 

B. S i n g e r ,  i n  'P rogress  & Nucleic Acid Research Molecular Blolo@y',  

ed. by W.E. Cohn, Acad. P r e s s ,  New York, 1975, Vol. 12, p. 219. 

H.G. Windmueller and N.O. Kaplan, J. Biol .  Chem., 1961, , 2716. 

J.B. S t o t h e r s ,  Carbon-13 Spectroscopx,  Acad. P r e s s ,  New York, 1972, p .  

378. 

N.K.  Wilson and J.B. S t o t h e r s ,  Stereochemical  Aspects of "C NMR Spectro- 

, "Topics m Ste reochemis t ry ' ,  eds.  by E.L. E l l e l  and N.L.Allinger,  

Wiley-Interscience,  New York,1974, Vol. $, p. 84. 

A f t e r  completion of t h i s  work, we l ea rned  about t h e  paper  by J.B. Hohbs, i n  

'Or~anophosphorus  Chemlst rg ' ,  eds. by D.W. Hutchinson and S. T r i p p e t t  (Spe- 

c i a l i s t  P e r i o d i c a l  Repor t s ) ,  The Chemical S o c i e t y ,  London, 1979, Vol. %&p. 

169, sugges t ing  a  s i m i l a r  exp lana t ion  f o r  t h e  obse rva t ions  made i n  Ref. 6. 

A major a l t e r a t i o n  i n  t h e  procedure was t h e  s u b s t a n t i a l  i n c r e a s e  Ln t h e  re-  

action time (7 t o  10 days)  r e q u i r e d  t o  a t t a i n  t h e  y l e l d  publ ished.  S a t i s -  

f a c t o r y  p u r i f i c a t i o n  of t h e  p roduc t s  could be achieved on a DEAE Sephadex 

A-25(HC03-) column. 

S p e c t r a  were recorded wl th  a  Varian XL-100/15 disk-augmented FT NMR system 

(25.16 MHz). P ro ton  coupled I3C s p e c t r a  were obtained by t h e  gated decou- 

p l i n g  method, us ing  32K d a t a  words. Dioxane served f o r  i n t e r n a l  r e f e r e n c e  



(67.71 ppm). 
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4 .6) ,  92.28 ( c I ' ) ,  119.46 ( c 5 ) ,  139.74 (CE), 147.94 ( ~ 4 ) .  153.43 (C2 d ,  
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