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Abstract - Contrary to recent suggestions, proton coupled carbon-13
gpectra show that the title reaction occursonN1 of the base rather

than on the phosphate diester group.

Several synthetic methods have been propesed to convert nuclecoside
33,5’-cyclic monophosphates into corresponding (electrically neutral) phospho-
’c:-i-est<ers,.2"5 These reactions were generally reported to produce a pair of dia-
stereomeric‘triestersB_5 in low yield5 and a number of by-products corresponding
to simultaneous substitution at the endo- cor exocyclic heterocatoms (or groups) of
the base.5 In contrast +to these observations, it has been recently reported6
that the treatment of cAMP triethylammonium szlt with ethylene oxide in agueous
solution for several hours gives one of +the diastereomeric P-{2-hydroxyethyl)
triesters as the major product stereospecifically and selectively in acceptable
vielde {(approx. 30%). This finding appears to be guite unusual because ethylene
oxide has been widely used as the alkylating agent of the bases of nucleosides

and nucleotides,7‘8

whereas earlier attempts to convert phosphodiesters into
phosphotriesters by use of ethylene oxide proved unSuccessful.7’8 Supporting
the triester structure, Zielinski et g;.e reported their pertinent g and
130 NMR results. Remarkably however, both hydroxyethyl methylene carbon atoms
were shown to exhibit unusually low (< 0.8 Hz) coupling constants with phospho-
rus which, according +o these authors reflects a particular side chain confor-
mation stabilized by an intrameclecular H bond. Although the geometric dependence
of vicinal 5JCOOP coupling interaction in alkoxyl-substituted organophosphorus

compounds hag been the subject of extensive 5crutiny,9‘10

no precedents are known
in the literature where both geminal (EJCOP) and vicinal (BJCOOP) coupiings of
contiguous methylene carbon atoms assume similarly low values. In addition, the

rescnances of the hydroxyethyl methylene carbons were reported to occur at 59 and
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54 ppm which wvalues are approx. 10 ppm toe low to account for the presence of ox-
ygen substituents at both ends of the alkoxyl group. These difficulties in the
interpretation, however, can be eliminated by assumption that the reaction with
ethylene oxide c¢ccurs on the base rather than on the phosphodiester 1ink. " In
order to test this hypothesis, we have repeated the reaction of cAMP with ethyl-
ene oxide following the procedure given in Ref. 6.12 The major product proved
to be identical in every respect with the substance in the paper cited. Its
bread band proton decoupled carbon-13% spectrum/13 revealed that, within the 1lim-
its of resolution {(approx. 0.2 Hz), the hydroxyethylene carbons, in fact, show
no discernible couplings with phospherus. The sité of hydroxyethyl substitution,
on the other hand, could be readily identified by recording the proton coupled

14

12¢ spectrum {in DEO) of the same product. Unlike with unreacted cAMP, the

6_p2

components cf the 02—H2 and C doublets now appeared as triplets with split-

tings of 5.4 and ~ 4.5 Hz, respectively, which were assigned to three-bond

6—Ni]-C--H coupling interaction. This finding unambiguously shows

c2-N1-C-H ana ¢
the hydroxyethyl group to be located at N/I (1). Alkaline treatment of the prod-

uct (NH HCO, in D50, pD = 710, 507, 24 h) afforded N®- (o-nydroxyetnyl)-cAMP? via

NH.
+ « P
N I "“SN—CH,-CH,~OH
”\9 3.
o o N N
o=|~—o OH
-
1

16 which provided an independent corroboration for the above

Dimroth rearrangement
conclusion, Performing the reaction of cAMP with ethylene oxide at ambient tem-
perature, we have isolated 1,5-di—(2-hydroxyethyl)-cAMPq7 as the second major
product in addition to 1. The interaction of ethylene oxide with AMP,,l on the
other hand, afforded 1-{2-hydroxyethyl)-AMP-P-0~(2-hydroxyethyl) ester. 2218

Our attempts to isolate phosphotriesters from the reaction products proved unsuc-—
cessful also with ¢yclic monophosphates of pyrimidine nucleosides, despite the

known higher resistance of pyrimidine bases to alkylation with epo}cides.l7 On a
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novel synthetic rToute permitting to obtain the diastereomeric phosphotriestersin

high ( > 50%) vields, we will report in a later communication.
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(67.71 ppm).

Relevant proton coupled °C data for cAMP (D,0) : €2 (d, J7(C2,H2) 219.2),
c6 (d, J(C6,H2) 10.8).

Vo wm (D0} : 543,70 (a-CH,), 60.98 (B-CH,), 68.05 (C5* d, J(P,0) 7.3),
72.47 (ca* 4, J(F,C) 3.7), 73.06 (C2* 4, J(P,0) 7.7), 77.98 (C3* &, J(P,C)
4.6), 92.28 (C1'), 119.46 (C5), 139.74 (C8), 147.94 (Cu), 15%.4% (C2 4,
J{C2,H2} 219.2}, 155.12 (C6, 4, t, J{C6,H2) 10.9, J(C6,eH) 4.5) ppm.

J.D. Engel, Biochem, Biophys. Res. Cpmm., 19Y5, &%, 581,

20 MR (B,0) : 547.88 («7-CE,), 54.45 (a-CH), 59.40 (s7-CH,) 1.30
(33~CH2), 68.2% (C5° d, J(P,C) 7.0), 73.30 (C&4* 4, J(P,C) 4.6), 73.56 (C2?
d, J(P,C) 7.8), 78.08 (C3* 4, J(P,C) 4.6), 93.4% (C1*), 120,65 (C5), 141,37
(c8), 147.35 (C4), 149.46 (C6), 149,95 (C2) ppm.

¢ mr (0,0) : 655.69 (a'-CH,), 58.94 (81-CE,), 62.15 (8-CE, 4, J(P,0) 7.5),
65.59 (05 &, J(P,C) 5.4), 67.85 lu-CH, 4, J(P,C) 3.7), 71.20 (C2°), 75.36
(¢3*), 85.12 (C4» 4, J(P,C) 8.3), 89.26 (C1*), 119.8 (C5), 144,5 (C8),

147.8 (C&6), 150.0 (C2) ppn.
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