of the area swept out.'? The molecular volumes of the acid
and base molecules may be estimated by Edward’s meth-
0d?5 as 143 and 124 A3 mol~!, respectively; treating these
as spheres, one obtains radii of 3.2 and 3.1 A, respectively.
Hence we obtain —AV¥F, = 12-13 cm? mol~!. The agree-
ment with the experimental value is satisfactory, given the
uncertainties in the calculation.

The values of AVF, (=AV° — AVFF), representing the
volume change due to electrostriction, do not follow the
trend expected from electrostatic theory and shown by
Menschutkin reactions,!” namely, more negative values in
the less polar solvents. The electrostatic model is evidently
inadequate, as was indeed suggested by the trends in k¢ and
K atl atm.

Conclusion

We conclude that the pressure dependence of the rate
constants is consistent with a nearly constant volume of ac-
tivation in the several solvents, in accordance with the
model proposed earlier to account for the large tunneling
corrections. The new technique of photosensitized initiation
of fast reactions in solution by laser flashes appears promis-
ing.
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The Mechanism of Allene Cycloaddition. III.
Thermal and Photochemical Generation of
2,2’-Bis(1,1-dimethylallyl) Biradical from an
Azocyclane Precursor!
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Abstract: Thermal dimerization of 1,1-dimethylallene in triglyme solution for short times at 151 °C gives 1,2-diisopropyli-
denecyclobutane, 1-isopropylidene-2-methylene-3,3-dimethylcyclobutane, and 1,2-dimethylene-3,3,4,4-tetramethylcyclobu-
tane (DMTM) in relative yields of 46, 36, and 18%. Thermal decomposition of 4,5-dimethylene-3,3,6,6-tetramethyl-3,4,5,6-
tetrahydropyridazine gives the same products in the same ratio at 151 °C. Extrapolation of the latter thermolysis results at
five other temperatures to 35 °C gives a product ratio (53, 33, and 14%, respectively), which is the same as that obtained
from direct photolysis at 35 °C of the same compound for short times. The results are interpreted in terms of the title species
being a common intermediate for all three reactions. Although accurate product ratios could not be obtained from the triplet
sensitized photolysis of the same azo compound, nor from the thermal rearrangement of DMTM, it is proposed that the same

intermediate is also involved in these cases.

The possible intermediacy of a 2,2’-bisallyl, or tetrameth-
yleneethane, biradical 1 in the thermal dimerization of al-
lenes (eq 1) has been widely debated since the suggestion

"";C=C=C< —A-> ) | o _

was first popularized by Roberts and Sharts in 1962.3 Our
own interest in the mechanism of this reaction dates from
the same period, when we were using the reaction for syn-
thetic purposes.* The question of the allene cycloaddition
mechanism gained considerable currency during the period
in which the original series of Woodward-Hoffmann orbital
symmetry papers were appearing in 1965. By coincidence,
two very convincing and apparently contradictory docu-
ments relating to this question were received by one of us
(E.FK.) on the same day: a student research report in
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which the stereospecificity of allene cycloaddition was first
established® and the second Woodward-Hoffmann paper,
in which concerted 2 + 2 thermal cycloaddition was de-
scribed as forbidden.® At the time our results were finally
submitted for publication,” we were still unable to account
satisfactorily for the observed stereospecificity, but Hoff-
mann and Woodward were by then developing an extension
of their selection rules which allowed allene cycloaddition to
be viewed as a concerted, 2 + .2, process.® Previously, a
perpendicular or freely rotating biradical 1 had been clearly
implicated in the related thermal rearrangement of 2,° and
allene cycloaddition itself was soon shown to be kinetically
nonconcerted,'? implying the intermediacy of 1 in the latter
reaction also. However, further proof of the stereospecifici-
ty of allene cycloaddition followed,!! which, together with a
striking preference for the more sterically crowded products
observed in the dimerization of substituted allenes,'2 neces-
sitated the development of a “concerted two-step” '3 mech-
anism for allene dimerization. In this view, a bisallyl biradi-
cal intermediate either retains its stereochemical integrity
throughout its existence (presumably via secondary orbital
overlap), or is formed from allene and closed to products in
separate but individually stereospecific steps (presumably
under steric and orbital symmetry control!!2). A series of
rather detailed MO calculations on 1 and its interconver-
sion with its various stable valence isomers was carried
out,' but served only to demonstrate that 1 appears to have
no constraining electronic preference as to either molecular
geometry or = orbital symmetry.

The question of whether a bisallyl biradical 1 is necessar-
ily an intermediate in allene dimerization and, if so, if it is
the same orthogonal or freely rotating species which has
been so elegantly circumscribed by the researches of Ga-
jewski and Shih on the themal rearrangements of dimers
292,124,152 has proven difficult to answer.!S In 1969, we set
out to generate an authentic bisallyl biradical 1 from an in-
dependent source, hoping that a comparison of the ratios of
isomeric dimers 2 produced with those obtained from di-
merization of the appropriate allene and from thermal rear-
rangement of the dimers themselves would lead to an un-
equivocal answer. Although it meant foregoing stereochem-
ical information, we settled on the 1,1-dimethylallene sys-
tem primarily in order to avoid problems with tautomeriza-
tion of the desired azo precursor 3 to a conjugated hydra-
zone, a process expected to be very facile in 4-azoalkenes
bearing an a-proton, e.g., 4.1 Since our results were origi-
nally communicated,'® Beetz and Kellogg have succeeded
in synthesizing a stereochemically labeled azo compound of
type 4 with known geometric configuration (4a, Ry = R3 =
H, Rz = R4 = tert-butyl): they confirm that even trace
amounts of water catalyze rapid 4 — § tautomerization.!6
More importantly, Beetz and Kellogg’s results on the dea-
zotization of 4a are in accord with our conclusions,!® that
both thermolysis and photolysis of these 4,5-dialkylidene-

R, H R,
N RN N fast Ry "N
ll | — (2)
N R A N Ry A N\H
3 R, R,
4 5
7
4a —> — 3)
~

3.4,5,6-tetrahydropyridazines yield the same, effectively or-
thogonal 2,2’-bisallyl biradical. In their case, the torsional
strains induced by the bulky rert-butyl groups apparently
control the direction of ring closure to such a degree that
only one of the four orbital symmetry-allowed!32 cyclobu-
tane products (6) is initially formed, i.e., the one which ap-
pears to have the least hindered transition state for closure.
The striking equivalence of thermal and photochemical re-
sults in their case (and in ours) further suggests that the
common intermediate (1) has become thermally equilibrat-
ed before closure, since any residual excess vibrational or
rotational energy resulting from the exothermic loss of N
from ground and/or excited electronic states might be ex-
pected to lead to observable differences in product composi-
tion.!” This point enables one to assert with reasonable con-
fidence that if the same 2,2’-bisallyl species (1) is involved
in allene dimerization, it is a true biradical intermediate,
i.e., a free rotor, as suggested by theory,'4 rather than a
shall%w energy minimum in an orbitally concerted pro-
cess.

Results

Synthesis of Azo Compounds. The known 1,2-diisopropyl-
idenecyclobutane?® (7), the major thermal dimer of 1,1-
dimethylallene, was itself used as a precursor for the desired
azo compound 3. Addition of 4-phenyl-1,2,4-triazoline-3,5-
dione?' (PTAD) to the terminally tetrasubstituted diene oc-
curs rapidly at room temperature to give the Diels-Alder
adduct 10, which thermally isomerizes cleanly to diene
11.22 Hydrolysis of this hindered urazole requires high tem-
perature and very concentrated base, but proceeds satisfac-
torily; the resulting hydrazine 12 is slowly oxidized to 3in a
stream of air at room temperature. For comparative pur-
poses, adduct 10 was also hydrolyzed to the hydrazine, air
oxidation of which caused immediate evolution of N, and
gave a quantitative yield of dimer 7, presumably via azo
compound 13, The synthetic reactions are summarized in
Scheme L.

Scheme I

= v —
}C= —_—
DMA A RS ]

8 9

7

P'I‘AI/
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| | N—Ph— |  N—FPh
NY NY
0 0
10 1

hydrolysi

l hydrolysis \ ydrolysis
1,\1H
NH air N NH

I o l I1—7
NH
12
13 lair
3

Dimerization of 1,1-Dimethylaliene (DMA). For analyti-
cal purposes, the thermal dimerization of 1,1-dimethylal-
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TableI. Product Distribution from Dimerization of Table II.  Product Distribution from Thermolysis of Azo Compound 3
1,1-Dimethylallene in Triglyme (151°), Sealed Pyrex Tubes (%) in Triglyme, Sealed Pyrex Tubes (%)
Reaction Bath Reaction
time, h 7 8 9 temp, °C time, h 7 8 9
4 48.4 (34.4) 17.2 (220)% 0.02 (40)>  (40)® (20)?
1 47.5 (35.0) 17.5 151 0.3 46.7 36.0 17.3
0.3 46.5 (35.6) 17.8 121 0.5 49 343 16.7
04 46 £ 1 (36 £ 4)* 18 +1 102 0.5 47.3 36.4 16.3
83 5 50.6 344 15.0
@ Extrapolated. © A trace impurity present in DMA appeared as a 46 1000 52.2 33.6 14.2
shoulder on the GLC peak due to 8. Figures for 8 are based on an esti- 35¢ ~53 ~33 ~14

mated 8:9 ratio of 2 (£0.2):1. The 8:9 ratios in duplicate samples of
pure DMA heated without solvent for 1 h were 2.07 and 2.10.

lene is best carried out below 150 °C, since higher tempera-
tures favor the sigmatropic rearrangement of 8.202 At
140-145 °C, the reaction requires several days for comple-
tion, and the ratio of dimers 7, 8, and 9 reported?? have in-
variably been in the range (64 £ 4):(34 £ 4):(3 £ 1%). Al-
though 100% of dimers 7 and 8 and 80% of 9 were recover-
able after reheating for 120 h at 145 °C in dilute benzene
solutions, both 8 and 9 are apparently somewhat unstable
during the dimerization reaction itself; we have observed
that the dimer ratio is time as well as temperature depen-
dent, longer reaction times producing higher proportions of
7 at the expense of 8 and 9. The effect is much less pro-
nounced than that observed by Gajewski and Shih in the di-
merization of methylaliene,'?d which may be due to the
lower temperature employed in our work.

In order to facilitate comparison with the very much fast-
er decomposition of 3 (below), dimerization of DMA was
carried out in a high-boiling solvent (triglyme) at the lowest
temperature and shortest times commensurate with reason-
ably accurate gas chromatographic analysis and extrapolat-
ed to zero time. The results, shown in Table I, are for DMA
conversion of less than 19,

Thermolysis of Azo Compound 3. The product distribu-
tions from the thermal decomposition of 3 at different tem-
peratures are shown in Table I1. The low-temperature reac-
tions were for purposes of comparison with the photochemi-
cal reaction described below. The combined yield of 7, 8,
and 9 at all temperatures was essentially quantitative. The
single sample pyrolyzed at 220 °C in hexafluorobenzene
solvent was originally intended for comparison with the
thermal rearrangement of 9, which was unsuccessful (see
below). Although the results shown for this temperature are
highly approximate, they do support the trend indicated by
the more precise GLC results at lower temperatures.

Photolysis of Azo Compound 3. Direct irradiation of 3
was carried out under conditions as similar as possible to
those for thermolysis, i.e., ca. 5% solutions in triglyme, de-
gassed and sealed in 5-mm Pyrex tubes, at 35 °C, a temper-
ature at which 3 is thermally stable for at least 2 weeks. A
Corning 0-54 filter (cut-off >300 nm) was used with a
high-pressure (550-W) mercury lamp in order to assure
light absorption by only the azo chromophore (Amax 385
nm). Under these conditions, the concentration of 3 de-
creased linearly with time, reaching zero after 12.5 h. Com-
pounds 7, 8, and 9 accounted for >99% of the product after
short photolysis times; however, despite the care taken to
exclude light of the wavelength range corresponding to the
absorption spectra of these products,2° some further photo-
chemistry did occur, necessitating yet another extrapola-
tion, again to zero time. Table III shows the distribution of
DMA dimers produced, with reaction times corrected to
show the actual (average) time of photolysis of the products
themselves.

The photochemistry of the individual dimers 7, 8, and 9
under these conditions was not explored, so it cannot be

4 Duplicate GLC analyses except as noted. © Hexafluorobenzene sol-
vent, analysis by NMR integration. Values are approximate, ¢ Extra-
polated.

Table III.  Product Distribution from Direct Photolysis of 3 in
Triglyme, 300-nm Filter, 34.5 °C (%).

Reaction time, h

Actual Cor? 7 8 9
19.25 13.0 58.5 324 9.1
16.5 10.25 57.2 31.1 11.7
12.5 6.25 55.8 320 122

(114 ~53 ~32 ~15

4@ Corrected for 3, 112 = 6.25 h; see text. & Extrapolated.

stated whether the apparent photorearrangement of 9 to 7
suggested by the data of Table III actually occurs. In fact,
up to 1.5% of dimethylallene, plus four other volatile trace
products are produced, suggesting that 9 and probably also
8 are simply disappearing via an unrelated photodecomposi-
tion, leaving an apparent increase in the proportion of 7.
Gajewski and coworkers noted the disappearance of meth-
ylallene dimers structurally analogous to 9 on prolonged ir-
radiation in solution'®2 and identified all three possible
ring-cleavage products from the low-pressure vapor-phase
photolysis of 1,2-dimethylenecyclobutane;'# in addition, 7
appears to be much less reactive than 8 and 9 toward sensi-
tized photolysis (see below).

Photolysis of 3 in the presence of a triplet sensitizer
(thioxanthone) in hexafluorobenzene-benzene resulted in

-deazotization at a rate similar to that of the direct photoly-

sis described above. However, a number of unidentified
products were produced in addition to 7, 8, and 9, and the
isomer distribution of the DMA dimers produced consisted
of >90% of 7 and <10% of 8 + 9. Subsequently, thioxan-
thone-sensitized photolysis of the product mixture obtained
from direct irradiation of 3 in hexafluorobenzene-benzene
(7:8:9 ratio ~ 56:32:12) rapidly led to this same distribution
of products. Since both 8 and 9 were being destroyed con-
siderably faster than they were formed from 3, further at-
tempts to obtain an accurate initial DMA dimer ratio from
sensitized photolysis were abandoned, and no information
bearing on the multiplicity of 1 was obtained.'®

Thermolysis of DMA Dimers. The thermal and photo-
chemical isomerizations of DMA dimers 7 and 8 have been
described previously;2°* a similar study of 9 was, in fact, the
earliest goal of the present work.'2 The low yields (2-4%) of
9 obtained from DMA dimerization under preparative con-
ditions make it more difficult to study (two alternative ap-
proaches to the preparation of 9 were no more successful in
our hands2%d); nonetheless, its inability to undergo the 1,5-
hydrogen migrations characteristic of 7 and 8 made an at-
tempt worthwhile. Unfortunately, however, 9 does not react
appreciably below 200 °C, a temperature at which expected
product 8 and its further rearrangement products are unsta-
ble.202 At least nine compounds were produced by heating 9
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at 210 °C, only one of which (7) was positively identified.
Isomer 8 was absent. In view of Gajewski and Shih’s results
on the structurally analogous methylaliene dimers,12d:152 jt
seems reasonable to assume that 8 was a primary product;
however, our inability to measure accurate primary ratios
of 7 and 8, produced thermally from 9 for comparison with
DMA dimerization (see above), led to abandonment of this
goal also.

Discussion

The data of Tables of I and II indicate that the dimeriza-
tion of DMA and the decomposition of 3 at 151 °C in tri-
glyme solution both produce dienes 7, 8, and 9 in yields of
46-47, 35-36, and 17-18%, respectively. Data from Tables
IT and III further show that thermolysis and direct photoly-
sis of 3 in triglyme solution at 35 °C also produce the same
ratios of 7, 8, and 9 at this temperature, ~53, 32-33, and
14-15%, respectively. Barring an extraordinary coinci-
dence,??® we believe these data establish a common interme-
diate for all three reactions and that the known behavior of
these reaction types must erase any remaining doubt that
the intermediate is a 2,2’-bis(1,1-dimethylallyl) biradical.

Regardless of the mechanistic details of nitrogen expul-
sion from 3,24 the presence of 8 in the product mixture is
sufficient to establish rotation about the 2-2’ bond, preclud-
ing a concerted ring closure. As discussed above in connec-
tion with the equivalent results of Beetz and Kellogg,'6 the
identity of the thermal and photochemical product ratios
from 3 formed under kinetic control virtually requires that
the biradical intermediate be thermally equilibrated prior to
ring closure, i.e., that ring closure is slow compared to 2-2’
bond rotation. The production of larger proportions of the
minor isomers 8 and 9 from 3 at higher temperatures, noted
in Table 11, is a clear-cut manifestation of this fact and, in
addition, suggests (but does not require) that 1 has a small
but significant energy minimum at or near the perpendicu-
lar (D24) geometry, rather than a freely rotating 2-2” bond.
This is in line with expectations based on extended Hiickel
calculations'* and with current terminology, which de-
scribes 1 as “effectively orthogonal™.!3:16

Although our attempts to obtain a primary product dis-
tribution from triplet-sensitized photodecomposition of 3
failed because of product instability (see above), our super-
stition is that this experiment, if successful, would have
been doomed to give the same distribution as the others re-
ported herein. The triplet is either the ground state of 1 or
lies very close to it,'® and all that would be required to guar-
antee the above result is that intersystem crossing between
these states of very similar energy'# be fast compared to
ring closure—a virtual certainty, given the slowness of the
latter process indicated by the present results. Since each
allyl moiety would be expected to maintain its own geomet-
ric integrity in either state, orbital interaction between the
two allyl radicals need only be reestablished during the act
of symmetry-controlled closure of singlet 1 in order to ac-
commodate the known stereospecificity of formation and
rearrangement of 2.9-12

Experimental Section

General. Melting points were determined with a Hershberg ap-
paratus or with a Fisher-Johns melting point block and are uncor-
rected. Ultraviolet absorption spectra were recorded with a Cary-
14 double-beam recording spectrophotometer using l-cm silica
cells. Infrared spectra were obtained on a Perkin-Elmer Model 700
spectrophotometer or a Beckman Model IR-10 spectrophotometer.
Bands are designated as strong (S), medium (M), or weak (W).
Nuclear magnetic resonance spectra were obtained on Varian
A-60 or HA-100 spectrometers using 5-10% solutions in CCls un-
less otherwise noted. Chemical shifts are recorded in parts per mil-

lion downfield from internal Me,Si as 6 values. Signal multiplici-
ties are designated as singlet (s), doublet (d), triplet (t), quartet
(q), and multiplet (m). Mass spectra were recorded by Sr. Mary
Roger (Brennan) on a Hitachi Perkin-Elmer RMU-6D single fo-
cusing mass spectrometer using a direct inlet system and operating
at 70 eV. Analytical and preparative gas-liquid chromatography
(GLC) was performed on Perkin-Elmer F-11 and Varian Aero-
graph A-90P instruments, respectively.

Materials. Solvents were reagent grade, dried over molecular
sieves, and used without further purification. 1,1-Dimethylallene
(DMA, 3-methyl-1,2-butadiene) was obtained from Chemical
Samples Co. and contained <0.1% of an unknown impurity. 1,2-
Diisopropylidenecyclobutane (7)2° was prepared in 65% yield on a
preparative scale by heating ca. 25% (w/w) benzene solutions of
DMA in sealed 20 X 150 mm Pyrex tubes at 210 = 3 °C for 3
days and separated by distillation through a 60-cm Nester-Faust
Teflon spinning-band column; bp 70-71 °C (25 mm). 4-Phenyl-
1,2,4-triazoline-3,5-dione (PTAD) was prepared by the procedure
of Cookson, Gilani, and Stevens.?!

Diels-Alder Addition of PTAD to Dimer 7. To a solution of 2.57
g (0.014 mol) of freshly sublimed PTAD in 50 ml of acetone at
~77 °C was added 2.0 g (0.015 mol) of 7. On warming to room
temperature, the red color of PTAD was slowly discharged. After
removal of the acetone in vacuo, the residue was chromatographed
on a 2 X 90 cm silica gel column with benzene as eluent, yielding
3.6 g (78%) of urazole 10. Recrystallization from hexane gave long
white needles: mp 137.5-138 °C; NMR 4 1.50 (s, 12 H), 2.43 (s, 4
H), 7.26 (m, 5 H); ir (KBr) 1710 (s) and 1765 ¢cm™! (s); mass
spectrum mje 311 (M%) and 135 (100%). For comparison, the
Diels-Alder adduct of PTAD and dimer 9 was prepared similar-
ly:22 mp 158-162 °C; NMR § 1.15 (s, 12 H), 3.99 (s, 4 H), 7.39
(m, 5 H). The adduct of PTAD and 8 (mp 116.5-118.5°) showed
NMR lines at 6 1.20 (2, 6 H), 1.50 (s, 6 H), 2.25 (t, J = 3.0 Hz, 2
H), 3.85 (t,J = 3.0 Hz, 2 H), and 7.25 (m, 5 H).

Thermal Ring Opening of Adduct 10. A solution of 3.6 g of 10 in
15 ml of p-xylene was sealed in a 15 X 200 mm Pyrex tube and
heated at 180-185 °C for 12 h. After removal of the solvent in
vacuo (hot water bath), the residue was recrystallized from hex-
ane, yielding 2.9 g (80%) of 11 as small white needles: mp 131.5-
133 °C; NMR 6 1.62 (s, 12 H), 4.90 (d, J = 1.0 Hz, 2 H), 5.07 (d,
J = 1.0 Hz, 2 H), 7.23 (m, 5 H); ir (KBr) 915 (m), 3050 cm™!
(m); uv Amax 218 nm (e 25 740); mass spectrum m/e 311 (M*,
100%). The temperature-dependent NMR spectrum of the corre-
sponding product derived from 9 has been described.??

Hydrolysis and Oxidation of Urazole 11 to Azocyclane 3. Uraz-
ole 11 (4 g, 0.0128 mol), potassium hydroxide (64.6 g, 1.152 mol),
30 ml of water, and 30 ml of ethylene glycol were placed in a 500-
ml round-bottomed flask equipped with a gas inlet, magnetic stir-
ring bar, Claisen distilling head, condenser, and distillation receiv-
er, The system was flushed with argon for 1 h, and a slow stream
of argon was maintained as the solution was heated for 1.5 h at
160-170 °C.25 The solution was then cooled to room temperature
and opened to the atmosphere, and the combined receiver and pot
residues were diluted with 30 ml of water. The aqueous layer was
extracted with five 25-ml portions of ether, and the combined ex-
tracts were washed with 20 ml of cold saturated sodium chloride
solution, dried over anhydrous sodium sulfate, and carefully con-
centrated under reduced pressure, keeping the bath temperature
below 30 °C. Flash distillation in vacuo yielded ca. 3 g of a 1:1
mixture of aniline and hydrazine 12 as a pale-yellow oil: NMR
(neat) § 1.12 (s, 12 H), 3.65 (broad s, 4 H), 4.60 (d, J = 1.5 Hz, 2
H), 4.73 (d, J = 1.5 Hz, 2 H), 6.6 (m, 5 H). This mixture was dis-
solved in 100 ml of ether and a slow stream of air was passed
through the stirred solution for 4 days at room temperature. After
drying (N2;S0,) and careful removal of the solvent below room
temperature, the pale-yellow, oily residue of 3 + aniline was taken
up in a minimum amount of pentane and chromatographed on a 3
X 60 cm Florisil column eluted with pentane. Rechromatography
of the volatile azo compound under the same conditions, followed
by careful distillation of the pentane eluent below 25 °C, produced
ca. 1 g (ca. 47% yield from 11) of azocyclane 3 of >99% purity as
judged by its NMR spectrum: é 1.38 (s, 12 H), 4.68 (d, J = 1.3
Hz, 2 H), 4.84 (d,J = 1.3 Hz, 2 H).

Thermolysis of 3. A stock solution of 3 in triglyme (ca. 4% w/w)
was divided in equal volumes of ca. 0.2 ml into clean 5 X 200-mm
Pyrex tubes, which were degassed by four to five freeze-pump-
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thaw cycles, sealed under vacuum, and stored at 6 °C until needed.
Tubes were immersed in an insulated, stirred UCON oil bath pre-
heated to the temperatures shown in Table IT (£1°). Progress of
the reaction at the lower temperatures was monitored by NMR
spectroscopy. When 3 could no longer be detected, the tubes were
opened and the contents analyzed by GLC using a 200-ft capillary
column packed with UCON LB-550-X and operated at 100 °C.
Relative amounts of 7, 8, and 9 (retention times ca. 12, 8, and 7
min, respectively) were determined by paper weight for duplicate
injections.

Dimerization of DMA. The experimental procedure for the for-
mation and analysis of dimers 7, 8, and 9 from DMA was identical
with that described above for 3, except that the DMA concentra-
tion was 50% w/w in triglyme, and the volumes of solution used
were ca. 0.5 ml.

Photolysis of 3. The procedure for direct photolysis of 3 in tri-
glyme solution was identical with that described above for ther-
molysis, except that the bath was maintained at 34.5 + 0.5° and
contained a Hanovia 550-W Hg lamp inside a water-cooled Pyrex
immersion well, shielded from the reactant tubes by a Corning
0-54 glass filter. Analytical procedures were identical with those
described above. Direct photolysis of a 1% (w/w) solution of 3 in
hexafluorobenzene containing a few percent benzene was also car-
ried out, using the same experimental setup described. Analysis by
NMR revealed that a ratio of 7, 8, and 9 similar to that observed
in triglyme solution was formed initially, but that rapid subsequent
reactions of 7 and 8 occurred. The procedure used for sensitized
photolysis of 3 was identical (1% solution of 3 in C¢F¢ + CgHg;
analysis by NMR) except that the solution was saturated (ca.
3-4% w/w) with thioxanthone (ET, 65.5 kcal/mol).26 Results of
these photochemical experiments are described in the text.
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