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high extinction coefficient.!® Y1 is not formed either
in the benzophenone-cyclohexane or in the decafluoro-
benzophenone-2-propanol system. The I, effect is ap-
parently related to the efficiency of energy transfer from
YI to benzophenone. Triplet sensitization may be the
mechanism of energy transfer since YI undergoes inter-
system crossing!® and has triplet energy similar to that
of benzophenone.

(13) N, Filipescu and F. L. Minn, J. dmer, Chem. Soc., 90, 1544
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Allylic Rearrangement from O° to C-8 in the
Guanine Series
Sir:

Because of our interest in fluorescent derivatives of
the nucleic acid bases!—% we sought to obtain a variety
of O%-substituted guanines (1), which are described as
strongly fluorescent in the case of O%alkyl sub-
stituents.4+® When we attempted to extend the method
of synthesis of OS-alkylguanines (1a)® to the allylic
and benzylic analogs, some unexpected products re-
sulted. For example, when 2-amino-6-chloropurine
(2) was caused to react with sodium 3-methyl-2-buten-1-
oxide (3) (2 equiv) in dioxane at reflux (heterogeneous)
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for 24 hr, none of the expected O°®-substituted guanine
derivative could be detected. Instead, an isomeric
product, CyHisN;O, was isolated in 7497 yield”
This product exhibited the following properties:
(a) the nmr spectrum showed the presence of the 3-
methyl-2-buten-1-yl side chain but the absence of an 8
proton; (b) no cleavage of the side chain resulted when
the product was heated at 100° in 1 N HCI for 24 hr,
indicating that it was not an OS-substituted purine;
(c) the mass spectrum showed major peaks at mje
219 (M)*+, 204 (M — CHy)*, 178 (M — C;Hj)t, 165
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(M — C,Hg)*, and 140 (M — CsH;)*, and no ap-
preciable fragment ion of mje 151 (M — C;Hy)*,
indicating C-rather than O- or N-dimethylallyl sub-
stitution; (d) the uv spectrum showed Ao (pH 1)
248 nm (e 12,400), 276 (8210); (pH 7) 246 (9940),
278 (7420); (pH 13) 276 (9450), indicating an 8-sub-
stituted guanine, e.g.,4a.® The structure of the product
of the reaction of 2 with 3 was established thereby as
8-(3-methyl-2-buten-1-yl)guanine  (4b).? Corrobora-
tion of the assigned structure was obtained by cata-
lytic reduction of 4b to 8-(3-methylbut-1-yl)guanine
(4f) and comparison with a sample of 4f° obtained by
unequivocal synthesis: condensation of 4-methyl-
valeryl chloride with 6-hydroxy-2,4,5-triaminopyrimi-
dine, followed by ring closure of the sodium salt of the
amide intermediate (559 overall yield).

The unusual reaction of 2 + 3 to produce 4b ob-
viously requires an initial displacement step that
places the oxygen of the alkoxide 3 at the 6 position
of the purine ring and subsequent allylic C-O bond
cleavage. In the only previous example of an allylic
rearrangement in the purine series the allyl group
moved from an exocyclic oxygen to a neighboring ring
nitrogen, specifically, 2,6-diallyloxy-7-methylpurine,
when heated at 150°, to 1,3-diallyl-2,6-dioxo-7-methyl-
purine.’ Rearrangement from an exocyclic oxygen
to a ring carbon is unknown with purines, although
two examples of a Claisen-type rearrangement from
O to C have been reported with pyrimidines.!—13
The only example of C-8 alkylation of 8-unsubstituted
purines is the reaction of sodium theophyllinate with
2-butenyl bromide and benzyl chloride.!* There is no
precedent in the purine system for the observed re-
arrangement of the allylic side chain from O°® to C-8.
One formal intramolecular route for visualizing the
overall result is a combined Claisen-Cope rearrange-
ment vig C-5 involving two [3s,3s] sigmatropic shifts. 1517

To answer the question of the generality of this re-
arrangement, we selected other examples representa-
tive of allyl, crotyl, alkyl, and benzyl substitution.
Reaction of 2-amino-6-chloropurine (2) with sodium
allyloxide (2-10 equiv) at reflux in either allyl alcohol
(97°) or dioxane (101°) for 24 hr yielded Of-allyl-
guanine (1¢),® with a characteristic uv spectrum for
Os-alkyl substitution: A% (pH 1) 230 nm (sh)
(¢ 6000), 285 (11,000); (pH 7) 239 (7900), 281 (8400);
(pH 13) 245 (sh) (4900), 283 (8800). When a higher
boiling solvent, e.g., diglyme (150°), was used, the
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product isolated (63 %) was a mixture of 8-allylguanine
and 8-propenylguanine (4¢). When the sodium salt
of 1c¢ was heated in diglyme for 24 hr at 150°, 4c was
also produced in 659 yield. The structure of the 4c
mixture was established by hydrogenation over pal-
ladium on charcoal to 8-propylguanine (4g) (8277
yield) and comparison with a sample synthesized
(45%) in a procedure similar to that for 4f but employ-
ing butyryl chloride and 6-hydroxy-2,4,5-triamino-
pyrimidine. Since the rearrangement of 1lc without
added base required a higher temperature (170°, tri-
glyme) and gave a mixture which contained ca. 5077
of 4c¢ plus four other products, it is apparent that the
rearrangement is favored by proceeding through
anionic species.

The crotyl case gave results intermediate between
those for allyl and dimethylallyl in ease of rearrange-
ment. The reaction of 2-amino-6-chloropurine (2)
with sodium 2-buten-1-oxide (2 equiv) at 100° in either
2-buten-1-0l or dioxane yielded a mixture of O5-(2-
buten-1-yl)guanine (1d) and 8-(2-buten-1-yl)guanine
(4d). The ratio of products was sensitive to the time
of heating (1d:4d = 80:20 (74 yield) for 5 hr to
10:90 (599 yield) for 48 hry and the temperature
(0:100 (709 yield) for 5 hr at 150°). The sodium
salt of 1d was converted at 150° in diglyme in 7379
yield” during 5 hr to 4d as the only isolated product.
The arrangement is thus facilitated by methyl groups at
the v position. No allylic inversion products, i.e.,
8-a-methylallylic products, were formed in the re-
arrangement of the crotyl and dimethylallyl com-
pounds.

The sodium salts of both Of-methylguanine and
O¢f-ethylguanine (1a)® were stable at 162° in diglyme
for 24 hr. The sodium salt of Of-benzylguanine {le)
was likewise stable under these conditions. The re-
action of 2 with sodium benzyloxide (3 equiv) in benzyl
alcohol at 130° for 5 hr followed a different course
from the allyl types in that the product was not the
expected Of-benzylguanine, but N2-benzylguanine (5),
mp 275-276°.1% The formation of N2-benzylguanine
requires at least 3 equiv of sodium benzyloxide and a
trace of benzaldehyde to be present.!*-2! O%-Benzyl-
guanine (le), mp 202-203°, prepared from 2 using 2
equiv of sodium benzyloxide with the exclusion of
benzaldehyde, was convertible to NZ2-benzylguanine
when heated with 2 equiv of sodium benzyloxide and
a trace of benzaldehyde, while N2-benzylguanine was
stable to such treatment.

This study has disclosed an allylic rearrangement
from the O°® to the C-8 position of guanine that occurs
without overall allylic inversion, is partially controlled
by the degree of methyl substitution on the allylic
group and by the temperature, and proceeds with
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greatest facility through anionic species.
tion of the mechanistic details is in progress.

Investiga-
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Photoelectron Spectrum of HBS
Sir:

Molecular photoelectron spectroscopy provides in-
formation on the electronic structures of ions and mole-
cules.! Intercomparison of a series of isoelectronic
species enhances the general usefulness of photoelectron
spectra and facilitates their interpretation. However,
many interesting members of such series are unstable or
reactive and require specialized conditions for observa-
tion. Here we report the spectrum of one such species,
the HBS molecule. HBS is a linear triatomic molecule
with ten valence electrons.?

The 127° sector photoelectron spectrometer with
electron retardation used in this work has been de-
scribed previously.® By reducing the length of the
analyzer entrance slit to 1 cm and by placing a grounded
1 X 4 mm slit between the ionization chamber slit and
the analyzer entrance slit, the resolution was improved
and the scattered electron intensity reduced. The reso-
lution and sensitivity deteriorated somewhat in the
presence of HBS although both could be restored by
cleaning the ionization chamber. The spectra reported
here were obtained with a resolution of ca. 40 meV for
argon (FWHM) during the production of HBS.

HBS was continuously prepared by flowing H.S
(Matheson) over pure boron (Koch-Light) in an §-mm
i.d. quartz tube heated to a temperature ranging be-
tween 1100 and 1150° as described by Kirk and Timms.*
The effiux of the reactor was admitted directly to the
collision chamber of the spectrometer via a 1-cm length
of 1-mm i.d. tubing. The pressure in the reactor was
estimated to be 0.1 Torr while that in the analyzer was
less than 5 X 10-% Torr. Calibration was carried out
using Ar, H,, and H,S as internal standards.

Typical photoelectron spectra observed as a function
of boron temperature are illustrated in Figure 1. At
the higher temperature the production of hydrogen is
evidenced by the band beginning at 15.42 eV. In ad-
dition, at least two new bands appear. These bands
increase with increasing boron temperature and depend
on the H,S mass flow. The ratio of the intensities of
the two new bands at lowest ionization potential is in-
dependent of temperature and mole fraction of H,S.
As it has been shown previously that HBS and H. are
the major constituents of the reactor efflux,?* we assign
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