Organic Photochemistry. IX. The
Photocycloaddition of 2-Cyclopentenone to

cis- and trans-Dichloroethylene. Evidence for Initial
Attack at Carbon-3 and Rotational Equilibration of
the Diradical Intermediates’

Sir:

We present evidence that in the two-step photocyclo-
addition of 2-cyclopentenone (1) to cis- (2) and trans-
dichloroethylene (3)2 the initial bond to the ketone 1
is formed at C-3, and the diradical intermediates are
completely rotationally equilibrated before ring closure.
It has been suggested that most of the products formed
from the photoaddition of cyclic «,8-unsaturated ke-
tones to unsymmetrical olefins?® can be explained by a
two-step reaction.in which the first bond to the ketone
is formed at C-2.3¢* If our results with the 1,2-di-
chloroethylenes can be extrapolated to other olefins,
this explanation cannot be correct.

Irradiation of the ketone 1 in a ca. 20 molar excess of
either the cis 2 or trans olefin 3 under nitrogen at 20
=+ 1° through a Pyrex filter (A >295 my) with a medium-
pressure mercury arc lamp gave three cycloadducts
4-6 in ca. 809 isolated yields.>¢ No evidence for the
formation of the fourth isomer 7 was observed.’

The structures of the cycloadducts 4-6 were deter-
mined by comparison of their nmr spectra with those of
the four trichloroethylene photoadducts 8-11 of the
ketone 1 (Table I). The stereochemical assignments for
the four trichloro isomers 8-11 were based on the spin-
spin splitting patterns of H, and H; and the magnitude
of the coupling constants Ji; and Jse. The relative
chemical shifts are also consistent with these assign-
ments. The shielding effect of vicinal cis carbon-
carbon and carbon-chlorine single bonds is apparent.
The similarity in chemical shifts of Hy; and H; of ad-
duct 4 suggests cis-hydrogen atoms while the value of
—4.51 implies that they are cis to the cyclopentane ring.
The difference in chemical shifts between H¢ and H;
tor adducts 5 and 6 suggests a trans arrangement with
the lowest field proton, —4.66, being due to Hg which
is trans to the cyclopentane ring. The relative mag-
nitude of the coupling constants is also in agreement
with the stereochemical assignments; J., = 7.3-10.7
cps, Jyans = 1.4-6.8 cps.®

The structure of the trans-dichloro adduct 6 was
confirmed by X-ray diffraction. Single crystals of 6
belong to the space group P2,/c, @ = 6.191 = 0.005,
b = 11172 £ 0.008, ¢ = 11.709 = 0.008 A, 8 = 94.73
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8 Y.=H; X;=X,=Y,=Cl
9, X,=H; X;=Y;=Y,=Cl
10, Yo=H; X;=X;=Y;=Cl
1, X,=H; X;=Y,=Y,=Cl

4, X;=X;=H; Y,=Y,=Cl
5 X=Y:=H; X;=Y;=Cl
6, X;=Y¢=H; X;=Y;=Cl

Table I. Nuclear Magnetic Resonance Data for Di-
and Trichlorobicyclo[3.2.0]heptan-2-ones
6b Jc
Compd=s Hg H-; H, H; 67 1-7 56 1-5
4 —-451 —-451 —-297 —-3.39 7.5 2.2 1.4 83
5 —4.20 —4.53 —-3.11 -3.11 6.8 10.7 4.7
6 —4.66 —4.17 —-2.82 -—-3.34 6.5 6.2 8.2 7.3
8 —-5.12 —-3.25 —-3.64 9.7 7.6
9 —4.66 —3.04 —3.68 6.7 8.1
10 -—-5.24 —-3.6 -—3.6 10.4
11 —4.62 —-3.4 3.4 5.9

o Spectra of 46 were obtained in CCl; solution, 8-11 in CDCl;
solution, at both 60 and 100 Mcps. ?In parts per million from
tetramethylsilane used as an internal reference. °¢In cycles per
second.

= 0.04°, with Z = 4. Data were collected on a Picker
automatic four-circle diffractometer using a 26 scan
and Mo Ke radiation. The structure was solved by
reiterative application of Sayre’s equation® on 209 E’s
and refined by full-matrix least squares to an R factor
of 5.6% for the 1236 reflections above background.
The four-membered ring is puckered (dihedral angle
149.3°), and the five-membered ring has an envelope
conformation with C-4 tilted out of the C-1, C-2, C-3,
C-5, O plane (dihedral angle 153.3°).

The product and olefin compositions for the additions
of cis- (2) and trans-dichloroethylene (3) as a function of
ketone 1 conversion are shown in Figures 1 and 2, re-
spectively. The product distributions extrapolated to
zero conversion by the least-squares method are shown
in Table II. From these product distributions and the

Table II.  Product Distributions from Photoaddition of
2-Cyclopentenone and cis- and trans-Dichloroethylene
Extrapolated to Zero Conversion

Product distribution, %jé———

Starting olefin 40 §e 6¢
cis-2 28.6 = 1.3 19.1 & 1.6 52,4 = 2.3
trans-3 47.8 = 1.3 30.0 = 1.5 22.2 = 0.4

¢ Determined by gas chromatography of the crude reaction mix-
ture with each component corrected for thermal conductivity
variation in the detector. ®Mp 52-52.5°, °¢Mp <25°. <¢Mp
83.5-84°, e Standard deviation.

assumption that the first bond to the ketone 1 is formed
at C-3, one calculates the relative amounts of the di-
radical?® intermediates 12-15 and their partitioning to
the products 4-7 as shown in Scheme I. This parti-
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Figure 1. Product composition from photoaddition of 2-cyclo-
pentenone (1) to cis-dichloroethylene (2): O, %4; ©, %5; @,
% 6. Olefin composition: X, % 2; @, % 3. Ketone 1 conversion
(7). ®.

tioning is consistent with a mechanism in which, within
experimental error, the diradical intermediates (12 and
14, 13 and 15) are completely rotationally equilibrated
before ring closure.!! The alternate analysis assuming
initial bond formation at C-2 is shown in Scheme II.
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(11) Contrary to the conclusion in ref 2a concerning the relative rates
of ring closure and rotation, the only substrates from which identical
product distributions can be expected in two-step cycloadditions of cis
and trans olefins are those which have two like substituents on the sp?
carbon atom to which the initial bond is formed. Since the ketone 1
does not possess this property the product distributions from the addi-

PRODUCT & OLEFIN COMPOSITION, CONVERSION %

0 ISR AN R I S TR S B
0 2 4 6 8 10 12 14 16 18 20
IRRADIATION TIME, HOURS

Figure 2. Product composition from photoaddition of 2-cyclo-
pentenone (1) to trans-dichloroethylene (3): O, % 4; ©, %5: Q,
% 6. Olefin composition: @, % 3; X, % 2. Ketone 1 conver-

sion (%), ®™.

The partitioning of the intermediates 16 and 18 seems in-
consistent with any reasonable mechanism since more
trans product 6 would be formed from the cis olefin 2
than would be formed from the 1rans olefin 3 and vice
versa.

The products of the photoaddition of unsymmetrical
olefins to cyclic «,B-unsaturated ketones may still be
explained by the formation of a = complex.®®
complex could be formed in the rate-determining step
following excitation, with the formation of one of the
less stable diradical intermediates occurring at a later
stage.

This

tions of the cis and trans olefins 2 and 3 are not expected to be the same
even though the intermediates are rotationally equilibrated, i.e., a slow
second step. The results with 2-cyclohexenone and the isomeric 2-bu-
tenes3s have been interpreted as involving a common reaction interme-
diate.’2 This cannot be correct since more than two cis-bicyclo[4.2.0]-
octane derivatives are formed, At least two enantiomeric intermedi-
ates must be involved. Bartlett and coworkers!3 have recently pointed
out the cause of different product distributions from the cycloaddition
of cyclopentadiene triplet to the olefins 2 and 3. These arguments are
analogous to ours above.
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Nucleosides. VI. The Synthesis and
Circular Dichroism Spectra of
5’«(9-Adenyl)-2’,5'-dideoxy-3-D-ribofuranosylthymine
and -adenine
Sir:

In our previous study of 5/-substituted nucleoside
analogs as potential antiviral agents! it was noted that
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