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in an apparatus previously described.” When the
spectrum of 0.3 mAM o-benzylbenzophenone in cyclo-
hexane is measured several minutes after the flash ex-
citation, it deviates only to a small extent from the
initial absorption (Amax 338 and 342 mu, e 140).1°
However, 50 usec. after the flash excitation the absorp-
tion spectrum is markedly different with a new maxi-
mum at 300 mu and a minimum at 344 my (Fig. 1). By
studying the optical density at various wave lengths
with kinetic spectrophotometry two transient inter-
mediates were identified separately. A fast transient,
the absorption maximum of which at 500 my is very
similar to the triplet-triplet absorption of benzo-
phenone,!! was assigned as the n — =* triplet of o-
benzylbenzophenone (II). Its rate of decay measured
at 436 mu and 480 mu follows first-order kinetics with
k= 19 % 0.2 X 10% sec.7! which further substantiates
the triplet assignment.'' The slow transient, detected
by the decay of optical density at 405 my, is tentatively
identified as the enol (1II). The decay is also of first
order with 2 = 94 = 0.6 X 1072 sec.”1,

The interconversion relationship of the two inter-
mediates was established by following the variation of
the optical density at 345 mu. The optical density at
345 mu decreases to a minimum value immediately
after the flash (Fig. 1), then it increases rapidly to a
maximum a few msec. thereafter with a first-order rate
constant, £ = 3.2 X 103 sec. 7! (£509,), which is of the
same order of magnitude as that of the triplet decay.
The maximum optical density attained at this wave
length is approximately (0.1 unit higher than the final
absorption. The decay of this maximum absorption to
the final value also follows first-order kinetics with & =
8.7 X 10~ %sec.™ !, which is the same as the decay of the
slow transient within experimental error. The above
observations establish that (1) the fast transient is
converted into the slow transient, 7.e., then — = * triplet
is the precursor of the enol, and (2) the enol is not
formed directly from the n — =* singlet. If then — #*
singlet were the immediate precursor of the enol,
there would be a strong absorption at 345 mu immedi-
ately after the flash.

Our observations demonstrate that photoenolization
of o-benzylbenzophenone, an intramolecular photo-
chemical reaction analogous to the type II process, in-
volves a reaction triplet intermediate. Although the
enolization may occur theoretically within the lifetime
of the singlet excited state, it is actually slower than
the interstate crossing of the singlet to the triplet
(reaction 3). This work supports the theory that the
triplet state may be a reactive state in other similar in-
tramolecular photochemical reactions.!? 13
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The Synthesis of the Anomeric
7-p-Ribofuranosyladenines and the Identification of the

Nucleoside from Pseudovitamin B;s!
Sir:

The final identification of the nucleoside moiety of
vitamin B, as 1-a-D-ribofuranosyl-5,6-dimethylbenz-
imidazole was achieved by comparing its picrate with a
synthetic specimen.? Later a nucleoside was isolated
from pseudovitamin By, and identified as 7-pb-
ribofuranosyladenine.? Although the configuration of
the glycosyl linkage of this nucleoside was thought to
be a,* this point has not been established by chemical
means in the years since the isolation of the nucleoside.

Using a recently developed method?® for the synthesis
of 7-glycosylpurines, we have now synthesized both
7-B-p-ribofuranosyladenine (I) and 7-a-p-ribofuranosyl-
adenine (II) and established the identity of the nucleo-
side from pseudovitamin By, and I1.
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3-Benzyladenine (I1I), prepared by the benzylation of
adenine in N,N-dimethylacetamide in the ahsence of
base,” was allowed to react with benzoic anhydride to
give NS-benzoyl-3-benzyladenine (IV), which was con-
verted to its mercury derivative (V) in the usual manner.?
The mercury derivative V was coupled with tri-O-
acetyl-p-ribofuranosyl chloride by refluxing a xylene
suspension of the two materials for 1 hr. Removal
of the acyl groups from the blocked nucleoside VI was
accomplished by refluxing for 30 min. a methanol solu-
tion of it containing sodium methoxide. A 519 yield
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TABLE I
— ~———Ultraviolet spectrad~ ——
[a]®D 0.1 HCI 0.1 NaOH
M.p., (g./100 ml. Amax, e X Amax, e X
Compound® o b H:0) Rf® mp 10-3 mp 10-3
1 246 —84.9+0.2 0.19 272 13.6 270 9.8
(0.351)
11 220-222 0 .15 273 13.3 271 9.9
(0.397)
Nucleoside from y- 218-222 of 157 273 13.6 271 9.8
B’ (0.262)
Adenosine® 233 —60.4 .20 260 14.2 260 14.3
(0.7)
9-a-D-Ribofuranosyl- 201 +24 (17 257
adenine” (0.65)
111 275-277 .75 275 17.5 272 12.2
v 216 .89 300 28.2 231" 17.0
333 17.9
v 278
VII .31 278 14.3 281 11.5
o Satisfactory elemental analyses (C, H, N) were obtained for each compound except VII, which was not analyzed. % Melting
points below 260° were determined on a Kofler Heizbank; those above 260° were determined in a capillary and are uncorrected. °© What-
man No. 1 paper, water-saturated butanol. ¢ Determined with a Cary Model 14 spectrophotometer. ¢ Data from ref. 3. 7/ Tem-

perature not specified. ¢ Caled. from Ragenosine.

of crude 3-benzyl-7-8-p-ribofuranosyladenine (VII)
was obtained as a brown glass. The benzyl group of
this nucleoside VII was removed by hydrogenolysis
using 59, palladium-on-charcoal catalyst in a mixture of
ethanol and water at 80° and 47 p.s.i. of hydrogen.
The resulting nucleoside, obtained in 319, yield, was
identified as 7-8-p-ribofuranosyladenine (I) by its
ultraviolet spectrum (showing sugar attachment at
N-7) and application of the trans rule® (indicating the
configuration of the glycosyl linkage formed by this
coupling must be 819).

Coupling of the same dipurinyl mercury V with 5-O-
benzoyl-p-ribofuranosyl bromide 2,3-cyclic carbonate!?
followed by deblocking of the resultant nucleosides with
methanolic sodium methoxide gave a mixture of 3-
benzyl-7-3-p-ribofuranosyladenine (VII) and 3-benzyl-
7-a-p-ribofuranosyladenine (VIII) which could not be
separated but could be debenzylated catalytically as
described earlier for the B-anomer. Partition chro-
matography of the resulting mixture, using a cellulose
powder column and butanol-water (86:14), gave first
7-3-p-ribofuranosyladenine (I), which crystallized on
seeding with a crystal of material obtained from the
first coupling described earlier, and then 7-a-p-ribo-
furanosyladenine (II}, purified through its picrate,

Properties of the anomeric nucleosides and some of
their precursors are given in Table I, along with those
of the nucleoside from pseudovitamin Bj; adenosine,
and its «-anomer. The samples of the B-anomer I
prepared by the two different coupling reactions were
identical, whereas the properties of the a-anomer II
are in good agreement with those reported for the
nucleoside from pseudovitamin Bi..® The optical
rotations of the anomers (8, —84.9 £+ 0.2°; «, 0°) con-
firm the assignment of a- and -configurations and agree
well with the relative values for adenosine and its
a-anomer (—60.4° and +24°).

(9) B.R. Baker, Ciba Found. Symp., Chem. Btol. Purines, 120 (1957).

(10) No true exceptions to the frans rule have been reported in the syn-
thesis of purine nucleosides.’! In rare instances a minor amount of
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of thereaction. In ourreaction only one anomer could be detected.
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(14) R. S. Wright, G. M. Tener, and H. G. Khorana, J. Am. Chem. Soc.,
80, 2004 (19538).

h Data from ref. 14.

i Elemental analyses show that V is a dipurinylmercury.

It is now possible to state with certainty that the
nucleoside moiety of pseudovitamin By, is in fact 7-a-D-
ribofuranosyladenine. Synthesis of the nucleosides
from other By, vitamins is in progress.
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A Two-Stage, Two-Center Decarboxylation!
Sir:

The elusive question of simultaneity in multicenter-
type reactions continues to receive its most critical exami-
nation in studies of Diels—Alder reactions.? Suggestions
that a range of transition state structures might be acces-
sible?t < are supported by results which clearly demon-
strate the polar ambivalence of such states® and warn
that classical elucidative techniques might well distort
the very phenomena they seek to measure.* The di-
lemma can be avoided by isotopic substitution, prefer-
ably at the reaction sites but also?d % at adjacent atoms.
Interpretations of these latter, a-hydrogen isotope
effects have been rendered ambiguous by the discovery®®
of one clear exception to what had been regarded®® as a
universal, though necessarily empirical pattern. Less
equivocal decisions should follow from determination
of primary isotope effects at both reaction sites and we
here report the first such investigation in this area.’

Thermal decarboxylation of the a-pyrone-maleic
anhydride adduct® was chosen for study assuming (a)
that this might legitimately be regarded as a Diels—
Alder retrogression and (b) that the structural sim-
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