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170 mg (96%) of (&)-disulfoxide 1a, mp 185-189°, undepressed
with authentic la.

T‘reatment of 0.65 mg of a 2:1 mixture of meso:(+)-disulfoxides
(1b and 1la, respectively) under the above reaction conditions gave
no discernible change in the distribution of diastereomers. ’

B. Tri-n-butylphosphine. A solution of 0.20 g (0.60 mmol) of
dichloro sulfoxide 3a and 0.13 g (0.60 mmol) of tri-n-butylphos-
phine in 8 ml of methanol (under nitrogen) stood at room tempera-
ture for 30 min. Work-up (water—dichloromethane extraction) gave
0.125 (68%) of 2a, mp 134-136°.

A solution of 0.20 g (0.67 mmol) of 2a and 140 mg (0.67 mmol) of
tri-n-butylphosphine in 5 ml of methanol (under nitrogen) stood
at room temperature for 2 hr. The crystals that formed were fil-
tered and washed with cold ether (3 ml) to give 115 mg of (£)-1a,
mp 191-193°. The mother liquor yielded an addition 0.04 g of Ia,
total yield 0.165 g (90%).

Treatment of meso disulfoxide 1b with dilute HC] in methanol
in the presence or absence of tri-n-butylphosphine or tri-n-butyl-
phosphine oxide gave no sign of epimerization to diastereomer la.

Chlorination of Phenylsulfinylphenylsulfonylmethane (4).
To a solution of 0.50 g (1.8 mmol) of 41! and 0.50 g of sodium bicar-
bonate in 12 m} of dichloromethane was added dropwise 0.26 g (1.9
mmol) of sulfuryl chloride in 2 ml of dichloromethane. The reac-
tion mixture was treated as in the analogous case of the chlorina-
tion of (£)-1a. An NMR spectrum of the crude reaction mixture
showed a trace of unreacted 4 and two singlets (4:1 ratio) at § 5.2
and 5.4, respectively. Crystallization from dichloromethane-hex-
ane gave 310 mg (58%) of the major isomer (5a): mp 115-116°; ir
50, 1383 and 1142, vg—0 1095 cm~1; TH NMR 4§ 5.25 (s, 1 H) and
7.3-8 (m, 10 H).

Anal. Caled for Cy3H11C103S,: C, 49.59; H, 3.52. Found: C, 49.57;
H, 3.47.

Further crystallization yielded 50 mg (9%) of the other diast-
ereomer 5b: mp 124-126°; ir vgo, 1340 and 1135, vs—o 1092 cm™1;
1H NMR 4 5.43 (s, 1 H) and 7.3-8 (m, 10 H).

Anal. Caled for C13H;;C105S,: C, 49.59; H, 3.52. Found: C, 49.44;
H, 3.60.

A similar result to the above was obtained when chlorination
was run in the presence of pyridine instead of sodium bicarbonate.

Phenylsulfinylphenylsulfonyldichloromethane (6). To a so-
lution of 0.300 g (1.07 mmol) of 4 in 12 ml of dichloromethane and
1 ml of pyridine was added 0.40 g of sulfuryl chloride in 2 m] of di-
chloromethane at room temperature. The solution stood for 1 hr
and was worked up as usual. Crystallization from dichlorometh-
ane-hexane gave 0.315 g (90%) of 6: mp 135-136° (from dichloro-
methane-ethanol); ir vso, 1152 and 1350, vs—p 1100 cm™%; 'H
NMR $ 7.3-8.2 (m).

Anal. Caled for C13H;oClo03Ss: C, 44.58; H, 2.88. Found: C,
44.49; H, 2.82.

Halogenation of Bis(Phenylsulfonyl)methane (7). To a solu-
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tion of 0.90 g (3.0 mmol) of 7 in 10 ml of dichloromethane and 3 ml

.of pyridine was added 0.80 g of sulfuryl chloride in 2 ml of dichlo-

romethane. After 1 hr, the mixture was diluted with 50 ml of di-
chloromethane, washed with 5% sodium bicarbonate (100 ml), and
dried (MgSO4) and the solvent was removed by rotary evapora-
tion. Crystallization of the resulting oil gave 1.0 g (85%) of bis-
(phenylsulfonyl)dichloromethane (8), mp 157-159° (lit.}2 mp
159°). )

In a similar manner, 7 treated with excess bromine gave an 80%
yield of bis(phenylsulfonyl)dibromomethane (9), mp 156-158°
(lit.22 mp 159°). This dibromide was converted back to 7 quantita-
tively by sodium thiosulfate in agueous acetone.

Registry No.—1a, 27995-61-5; 1b, 27995-60-4; 2a, 54384-32-6;
2b, 54423-03-9; 2¢, 54423-04-0; 3a, 54384-33-7; 4, 54384-18-8; 5a,
54384-34-8; 5b, 54384-35-9; 6, 54384-19-9; 7, 3406-02-8; sulfuryl
chloride, 7791-25-5; bis(phenylthio)jmethane, 3561-67-9.
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Substituent Effects on the Efficiency of Hydrogen Migration vs.
Electrocyclic Ring Closure in 1,2-Benzotropilidenes
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The photochemistry of 5-carbomethoxy- (1b), 5-cyano- (1g), 5-methyl- (le), and 5-vinyl- (1f) 1,2-benzotropil-
idenes has been studied. Two major processes arise from the singlet excited state of these molecules: (1) produc-
tion of benzonorcaradienes via a formal 1,7-hydrogen shift followed by tautomerization, and (2) electrocyclic ring
closure to produce 6-substituted 2,3-benzobicyclo{3.2.0Jhepta-2,6-dienes. While the overall quantum efficiency
for the compounds is high (& = 0.53-0.85), the relative importance of the two processes is markedly substituent
and modestly solvent dependent. The 5-cyano- and 5-carbomethoxy-1,2-benzotropilidenes give major amounts of
electrocyclic ring closure while the remaining compounds give primarily hydrogen migration. The increased effi-
ciency of the hydrogen shift process in going from cyclchexane to acetonitrile suggests a polar character in the

transition state for this reaction.

The photochemistry of cycloheptatrienes has been
subject to extensive study over the past 10 years.?2 While
electrocyclic ring closure of cycloheptatrienes to bicyclo-

{3.2.0]hepta-2,6-dienes was apparently noted first,2s later
work established that photochemical 1,7-hydrogen shift oc-
curs some 500 times faster than cyclobutene formation.2



Hydrogen Migration in 1,2-Benzotropilidenes

1,8 shift

J. Org. Chem., Vol. 40, No. 8, 1975 1281

R1 R2
R1 R’Z
R1 RS
R,

R, R R R R,
R, ) R, 2 R, ‘ 2
R, 1,7 shift R, — O‘ R,
R, R, Ry
R, R,
la, R, =R,=R;=H 4
b Rl = R2 = H' Rs —COQMQ
¢, Ri=C;R,=R;=H R,
d7 Rl_ S—H, RQ—CN
closure
Rl R3
2 2
Since the characterization of this process, further examples Scheme

of hydrogen shifts? as well as cases for alkyl®* and phenyl
migrations® have been reported. More recently the effect of
substituents in directing the course of 1,7 shifts? and elec-
trocyclic ring closure of substituted cycloheptatrienes has
been reported.®

In contrast to the extensive investigations in cyclohepta-
triene photochemistry, only little work has been performed
on the photochemistry of its 1,2-benzo derivatives, 1,2-ben-
zotropilidenes. For this system three basic processes have
been noted: (1) 1,3-hydrogen shift in 1e,° (2) 1,7-hydrogen
shift in 1a!® and 1b,!! and (3) electrocyclic ring closure in
1a,10 1b,!! and 1d.12 Interestingly, the ratio of 1,7 shift to
electrocyclic ring closure is markedly substituent depen-
dent. For 1a the 1,7 shift is virtually the exclusive process,
while for 1b the ring-closure reaction is highly favored. In
our study of substituent effects on benzonorcaradiene pho-
tochemistry, it became important to know the basic photo-
chemical reactions of substituted 1,2-benzotropilidenes. In
this connection we have studied the photochemistry of sev-
eral 5-substituted 1,2-benzotropilidenes. Since we have
completed our work in this area and the photochemistry of
the compounds is of interest in its own right, we report here
details of the ancillary investigation.

Synthesis of 5-Substituted 1,2-Benzotropilidenes.
The synthesis of pure 1,2-benzotropilidenes was based on
the higher thermodynamic stability of the 1,2 isomer vs.

N\ _H ko8
—————— R
e R +-BuOH
>90%

2a, R=H 1
e, R=CH;

the readily available 3,4-benzotropilidenes.’® For the un-
substituted and 5-methy! compounds, base-catalyzed isom-
erization of the 3,4 isomers afforded the corresponding 1,2
isomers in >90% yield. The more substituted systems were
prepared from the 7-carbomethoxy-3,4-benzotropilidene as
outlined in Scheme I. o )
Preparative Irradiation of 1,2-Benzotropilidene. The
products and mechanism of 1,2-benzotropilidene irradia-
tion were extensively studied by Pomerantz and Gruber,0
who established by deuterium labeling that a formal 1,7
shift occurred, producing benzonorcaradiene as a primary
product. Since the approximate quantum yield they re-

Synthesis of 5-Substituted 1,2-Benzotropilidenes
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ported seemed low relative to the values we had measured
for similar systems (vide infra), we briefly 1nvest1gated the
products of the irradiation and redetermined the quantum
efficiency for the process. Our reinvestigation was essen-
tially in agreement with the results reported except that
the quantum efficiency for benzonorcaradiene formation
was found to be substantially higher (& = 0.79) than the ca.
0.1 previously reported.

In contrast to the parent hydrocarbon, irradiation of the
5-carbomethoxy compound, 1b, afforded only minor
amounts of benzonorcaradiene, the major process being
electrocyclic ring closure. The structures of the products
were established by NMR and ir comparison with the
known compounds.!32 In view of the large alteration in
product ratio between 1a and 1b, a modest number of sys-
tems were examined to establish the nature of substituent
as it affected the product ratio. Irradiation of the 5-cyano
compound, lg, produced a mixture of two products in
yields of 37 and 63%, the structures 4g. and 5g being as-
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signed to these products on the basis of their spectroscopic
properties. Thus, in the NMR 4g showed the aromatic hy-
drogens as a multiplet at 7 2.94 and the vinyl hydrogens as
a clean AB quartet [7 3.80 (d,J = 10 Hz, 1 H),4.03 (d, J =
10 Hz, 1 H)]. The benzylic cyclopropy! [r 7.08 (J = 11, 7
Hz)], the exo cyclopropyl [r 8.09 (J = 11, 4 Hz)], and the
endo cyclopropyl [r 9.79 (J = 7, 4 Hz)] appeared as clean
doublets of doublets. The NMR spectrum of 5g was equally
informative, showing 1-vinyl hydrogen as a singlet at 7 3.21,
one bridgehead as a multiplet at = 5.75-5.85, a second
bridgehead as a multiplet centered at 7 6.29, and the meth-
ylene group as a doublet at 7 7.03 (J = 6 Hz). The 5-cyano
group then, while showing an altered ratio from the parent
system, is less selective than the 5-carbomethoxy group.

While it was originally felt that alkyl substitution at the
5 position would have virtually no effect on product distri-
bution, the availability of the 5-methyl compound dictated
an examination of its photochemistry. Irradiation of le at
350 nm led to a time-invariant mixture of two products in
an 80:20 ratio. The major product was established as 4e by
spectroscopic comparison with the known compound.13b
Spectroscopic data suggested 5e as the structure of the
minor product but did not rigorously exclude an alternate
structure, 7-methyl-2,3-benzobicyclo[3.2.0Jhepta-2,6-diene.
However, the minor product was rigorously established as
Be by relating it to the known compound, 5b, as shown.

Qo =
s
CH,
QO
CH,
4e 56

‘ lHZ/Pd
: 1. LiAH,
@U] 2. CH,S0,Cl, Py <jU:l
. 3. LiAlH, N
~CO,CH, ~CH,
9 8
T H,/Pd
g9
CO,CH,
5b

The increased amount of cyclobutene in the cases of 1b,
1g, and le prompted us to examine a compound having a
substituent which would stabilize the double bond in the
cyclobutene product, yet one with much less electron-with-
drawing character than a nitrile or carbomethoxy moiety.
Irradiation of 1f at 300 nm through Pyrex afforded up to
70% conversion of a single product. Preparative VPC of the
reaction mixture afforded a 68% isolated yield of a com-
pound assigned as 4f on the basis of its spectroscopic prop-
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Table I
Quantum Yields for Irradiation of Substituted
1,2-Benzotropilidenes in Cyclohexane

Compd @ disappearance ® cyclobutene ?norcaradiene
la parent 0.85 a 0.79
1b 5-carbomethoxy 0.62 0.61 0.088
le 5-methyl 0.65 0.11 0.42
1f ‘5-isopropenyl 0.53 a 0.54
1g 5-cyano 0.59 0.37 0.21
@ Product not detected.

40

QO =

O
erties. Thus, the NMR showed the aromatic protons as a
broad multiplet at 7 3.0, the conjugated vinyl protons as a
clean AB [r 8.72 and 3.93 (J = 10 Hz)}, the vinyl methylene
as a multiplet at 7 5.2, the methyl group as a multiplet at 7
8.25, and the benzylic cyclopropyl, exo cyclopropyl, and
endo cyclopropyl as doublets of doublets centered at r 7.63
(J = 10, 5.5 Hz), 8.38 (J = 10, 3.5 Hz), and 10.02 (J = 5.5,
3.5 Hz).

Quantum Yields of 1,2-Benzotropilidene Systems. To
establish the effect of the substituent on the overall effi-
ciency of the 1,2-benzotropilidene system, quantum yield
determinations were made. As is evidenced by the data of
Table I, the quantum yields for reaction in the substituted
systems all fall in the range 0.53-0.65, with the parent sys-
tem undergoing the most efficient reaction (& = 0.85).
Thus, the substituents are not dramatically promoting
some nonreactive decay process in the excited state, but
simply altering the rates of the two photochemical pro-
cesses.

Quantum Yields as a Function of Solvent. In the
course of these studies a modest solvent effect on the ratio
of the products formed from the 1,2-benzotropilidene irra-
diations was noted. Thus, the quantum efficiencies for the
irradiation of 1b, le, and 1g were examined in nonpolar
media (cyclohexane) and polar media (acetonitrile). As evi-
denced by the data of Table I, the efficiency of the benzo-
norcaradiene formation increases by a factor of 1.6-2.0
while that of ring closure behaves less regularly. The over-
all effect is that the efficiency of the reaction increases in
the polar acetonitrile relative to cyclohexane, and this in-
crease is primarily due to a higher efficiency for the benzo-
norcaradiene formation.

Multiplicity Studies. The change in product ratio as a
function of substituent and solvent might be due to excited
states -of different multiplicity being responsible for the
two different photochemical processes. The idea of a triplet
state being responsible for cyclobutene formation did not
appear unreasonable, since cis-trans isomerization of a
1,2-benzotropilidene would produce a highly strained iso-
mer which might easily undergo thermal electrocyclic ring
closure to afford the cyclobutene product. Sensitization
studies were only performed on the 5-methyl- and 5-cyano-
1,2-benzotropilidenes, since these systems showed appre-
ciable amounts of both types of products; thus a change in
product ratio upon sensitization could be readily discerned.

The triplet energies of the 5-substituted 1,2-benzotropil-
idenes are unknown to our knowledge. However, a reason-
able upper limit for their triplet energy would be 3-methyl-
styrene, 59.8 kcal mol~1.142b One would expect the triplet
energy for the 1,2-benzotropilidene system to be in fact
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Table IT
Quantum Yields for Irradiation of the 5-Carbomethoxy-, 5-Methyl-, and
5-Cyano-1,2-Benzotropilidene in Cyclohexane and Acetonitrile

@ cyclobutene/

Compd Solvent ? eyclobutene % norcaradiene £ @norcaradiene
1b 5-carbomethoxy Cyclohexane 0.61 0.088 0.70 6.9
Acetonitrile 0.64 0.17 0.81 3.
le 5-methyl Cyclohexane 0.11 0.42 0.53 0.26
Acetonitrile 0.006 0.81 0.82 0.007
1g 5-cyano Cyclohexane 0.37 0.21 0.58 1.7
Acetonitrile 0.28 0.44 0.72 0.64

much lower owing to the additional conjugation of a second
double bond. Sensitization experiments in these systems
encountered difficulties. Thus, we initially hoped to use
benzophenone as a sensitizer, since energy transfer to the
1,2-benzotropilidene could be readily established by the
quenching of its photoreduction to benzpinacol.}® However,
attempted sensitization of the reaction by benzophenone
(ET = 68.5 kcal mol~1) led to disappearance of the starting
compounds but no appearance of products. Since the prod-
ucts le and lg were not stable under the sensitization con-
ditions, thioxanten-9-one, Michler’s ketone, and 2-aceto-
naphthone were tried as sensitizers. Only in the case of 2-
acetonaphthone (Er = 59 kcal mol~1) were the products
sufficiently stable under the sensitization conditions to
make the reaction meaningful. For 2-acetonaphthone a di-
rect irradiation of le was made simultaneously with a sen-
sitized run at 350 nm and the reaction progress followed by
VPC. In the time that 60% coversion had been reached in
the direct irradiation, less than 2% of products were formed
in the sensitized reaction. A similar series of experiments
were performed with 1g, again affording no evidence for a
triplet reactant being responsible for products in this sys-
tem.

Discussion

The results presented here establish that the relative im-
portance of the two major photochemical processes ob-
served for 5-substituted 1,2-benzotropilidenes, namely
electrocyclic ring closure or hydrogen shift to eventually
produce a benzonorcaradiene, may be strongly altered by
the nature of the 5 substituent. We have not detected the
1,3-hydrogen shift in our studies; thus, this process would
appear to be of only minimal importance. The inability to
sensitize the production of cyclobutene or benzonorcara-
diene formation strongly suggests that these processes are
originating from an excited singlet state and is in agree-
ment with multiplicity studies on the parent 1,2-benzotro-
pilidene.10

An explanation of the manner in which the substituents
alter the product ratio in this system is of some interest. Of
course, one might argue that the carbomethoxy and cyano
groups so alter the electronic character of the 1,2-benzotro-
pilidene excited state that a consistent interpretation for
the entire group of substituents would not be expected. On
the other hand, several generalizations can be noted. First,
the electron-withdrawing conjugating carbomethoxy and
nitrile groups favor the cyclobutene formation, while all the
other substituents give major amounts of benzonorcara-
dienes. It is obvious that the increased amount of cyclobu-
tene formation is not simply due to the substituent stabiliz-
ing the double bond in the product.’® Had this been the
case, then the methyl group should have been as effective
as carbomethoxy, and the 5-vinyl system should certainly
have given rise to appreciable amounts of electrocyclic ring
closure. The increased efficiency of the benzonorcaradiene

formation with increasing solvent polarity suggests that
some stabilization for this transition state operates in the
more polar medium. With these observations in mind, a
possible rationale for the substituent effects should be
noted. The increased efficiency of the benzonorcaradiene
formation with increasing solvent polarity could be accom-
modated by either a proton-like migration in a “benzotro-
pilium anion-like” 7 system, 10, or a hydride-like migration
in a “benzotropilium cation-like” = system, 11,17 A transi-

e H

& &t

10 1

tion state of the latter type would readily accommodate the
low efficiency of the 1,7-hydrogen migration in the 5-carbo-
methoxy and 5-cyano systems, since a positively charged =
system would be destabilized by these moieties.!® Thus, for
this limited number of substituents, invoking a transition
state such as 11 would rationalize both the substituent and
solvent effect data. Obviously much additional work re-
mains to be done before a clear interpretation of the sub-
stituent effect is at hand.

Experimental Section

Melting points were taken in a Thomas-Hoover Unimelt appara-
tus and are corrected. Infrared spectra were taken as neat films or
KBr pellets with a Perkin-Elmer Model 137 spectrophotometer.
Nuclear magnetic resonance spectra were recorded on a Varian
A-B60A or a Jeolco MH-100 instrument in chloroform-d or carbon
tetrachloride and are reported in 7 units using tetramethylsilane as
internal standard. Mass spectra were obtained with an AEI-MS-9
instrument with an ionizing potential of 70 eV. Preparative irra-
diations were performed with a Rayonet photochemical reactor
equipped with 16 RPR-3000 A lamps or 16 RPR-3500 A lamps.
Gas chromatographic analyses were performed on a Varian Aero-
graph Model 1200 or 1400 flame ionization instrument using the
following columns: column A, 25 ft X 0.125 in., 5% SE-30 on
DMCS-treated 60/80 Chromosorb G; column B, 12 ft X 0.125 in.,
5% PDEAS on 60/80 Chromosorb W; column C, 10 ft X 0.25 in.,
10% PDEAS on 60/—] Chromosorb W; column D, 5 ft X 0.125 in.,
3% SE-30 on 100/120 Varaport 30; column E, 25 ft X 0.375 in., 5%
SE-30 on DMCS-treated 60/80 Chromosorb G; column F, 10 ft X
0.25 in., 5% SE-30 on 60/80 Chromosorb; column G, 13 ft X 0.125
in., 5% SE-30 on DMCS-treated 60/80 Chromosorb G. Elemental
analyses were performed by Scandinavian Microanalytical Labora-
tory, Herlev, Denmark. NMR spectra were obtained at 60 MHz
unless otherwise noted.

1,2-Benzotropilidene (1a). A solution of 0.6 M potassium tert-
butoxide in tert-butyl alcohol (20 ml) was added to 200 mg of 5al32
in 5 ml of tert-butyl alcohol and refluxed for 3 hr on a steam bath.
The cooled solution was diluted with water and extracted with
ether. Removal of the ether yielded an orange oil which was chro-
matographed on neutral Woelm alumina (2 X 10 cm column, slurry
packed with hexane). One fraction was collected, 150 ml, 180 mg
(90%) of la which was greater than 99% pure by VPC analysis (col-
umn A).20
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5-Methyl-1,2-benzotropilidene (le). To an ethereal solution
containing 0.298 g of 2e!%2 was added 25 ml of 0.6 M potassium
tert-butoxide in tert-butyl alcchol. The mixture was refluxed in a
steam bath for 1.5 hr under nitrogen; the cooled reaction mixture
was diluted with water and extracted with ether. The organic layer
was washed with water, then with saturated sodium chloride solu-
tion, dried over calcium sulfate, and concentrated, yielding 0.290 g
of an orange oil. The oil was chromatographed on Alcoa alumina
(0.25 X 10 in,, 2% ether-hexane). One fraction was collected (50
ml), yielding 0.267. g (90%) of le greater than 99% pure by VPC
(column A): ir (neat) 3.27 (m), 3.36 (s), 6.75 (m), 6.90 (s), 7.05 (m),
11.88 (m), 12.71 (s), 13.34 (s), 13.64 (m), and 13.85 u (m); NMR
(CCly) 7 2.98 (s with shoulder at 2.99, 4 H), 3.13 (d, J = 11 Hg, 1
H), 3.78 (d, J = 11 Hz, 1 H), 4.60 (t, broad, J = 7 Hz, 1 H), and
7.12(d,J =7 Hz, 2 H).

Anal. Caled for CioHja: C, 92.31; H, 7.69. Found: C, 92.45; H,
7.73.

5-Carbomethoxy-1,2-benzotropilidene (1b). A solution of
0.473 g of 6130 in 2 ml of 4% ether—hexane was passed through a
column of Woelm activity III basic alumina (2 X 23 cm column,
slurry packed with 4% ether-hexane). Elution proceeded as fol-
lows: 4% ether-hexane, 100 ml, nil; 4% ether-hexane, 150 ml, 0.424
g (89%) of 1b as a colorless oil homogeneous by NMR and VPC
(column B) analysis: ir (neat) 3.43 (w), 5.80 (s}, 6.13 (m), 6.26 (m),
6.98 (s), 7.95 (s), 9.28 (s), 12.41 (s), 13.36 (s), and 13.93 x (s); NMR
(CCly) 7 2.61-3.28 (m, 7 H), 6.30 (s, 3 H), and 6.98 (d, J = 7 Hz, 2
H).

Anal. Caled for C13H;204: C, 78.00; H, 6.00. Found: C, 78.24; H,
6.16.

1,2-Benzotropilidene-5-carboxylic Acid (7). A potassium hy-
droxide-methanol solution (6.0 g of potassium hydroxide, 24 ml of
methanol, and 40 ml of water) was added to a solution of 4.2 g
(0.021 mol) of 6 in 20 m] of ether at room temperature. The solu-
tion immediately turned blood red and gradually faded to a pale
yellow. The ether layer was distilled and the remaining mixture re-
fluxed at 90° for 4 hr. The cooled hydrolysis solution was extracted
with 30 ml of ether. The aqueous layer was decolorized with Norit,
acidified to a pH of 2 with concentrated hydrochloric acid, and ex-
tracted with a hot benzene-methylene chloride solution. The or-
ganic layer was washed with saturated brine solution, dried over
calcium sulfate, and concentrated in vacuo, yielding 3.77 g (96%) of
7, mp 196-198.5°. Two recrystallizations from ethyl acetate-hex-
ane yielded the analytical sample: mp 203.8-204.8°; NMR
(MexSO-dg) 7 2.75 (broad s, 4 H), 2.90-3.35 (five-line multiplet, 3
H), and 6.98 (d, J = 7 Hz, 2 H); ir (KBr) 3.2-3.5 (m), 3.7-3.9 (m),
5.9 (s), 7.0 (m), 7.55 (m), 7.85 (s), 11.1 (m), 12.42 (s), 12.87 (s),
13.13 (s), 13.40 (m), and 13.9 & (s).

Anal. Caled for C12H;002: C, 77.41; H, 5.38. Found: C, 77.20; H,
5.40.

1,2-Benzotropilidene-5-carboxamide (1h). A three-molar ex-
cess of thionyl chloride was added to a refluxing mixture of 3.38 g
(0.0182 mol) of 7 in 20 ml of dry benzene, When the acid complete-
ly dissolved, ir analysis showed that there was complete conversion
to the acid chloride. The solvent and excess thionyl chloride were
removed in vacuo, yielding a brown oil which was taken up in 100
ml of anhydrous ether. Dry ammonia was bubbled through the so-
lution until the mixture showed pH 10. The mixture was diluted
with water and extracted with methylene chloride; the organic
layer was washed with saturated sodium chloride, dried over calci-
um sulfate, and concentrated in vacuo, yielding 2.53 g (77.5%) of
the amide, mp 155-165°. Two recrystallizations from ethanol-
water yielded the analytical sample: mp 161-162°; ir (KBr) 2.94
(m), 3.10 (m), 6.01 (s), 6.18 (s), 6.30 (m), 7.00 (m), 7.11 (m), 8.95
(m), 9.06 (m), 12.36 (m), and 13.35 u (s).

Anal. Caled for CoH:1NO: C, 77.84; H, 5.95; N, 7.57. Found: C,
77.37; H, 6.00; N, 7.57.

5-Cyano-1,2-benzotropilidene (1g). Thionyl chloride, 4.05 ml
(0.0563 mol), dissolved in approximately 1 ml of N,N-dimethyl-
formamide was added dropwise over 1 min to a stirred solution of
2.61 g (0.0141 mol) of the amide in 10 ml of N,N-dimethylformam-
ide maintained at 0° in the dark under a nitrogen atmosphere. The
solution was allowed to warm to room temperature and stirred for
48 hr. The solvent was distilled from the reaction mixture and the
remaining oil was diluted with water and extracted with 50%
ether-benzene. The organic layer was washed with water (2 X 30
ml) and saturated sodium chloride, dried over calcium sulfate, and
concentrated, yielding 2.5 g of a brown oil. The oil was chromato-
graphed on silica gel (2.3 X 60 cm column, slurry packed in 5%
ether—hexane). Elution proceeded as follows: 5% ether-hexane, 250
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ml, nil; 5% ether-hexane, 525 ml, 1.52 g (64.5%) of 1g, mp 64-65°.
Two recrystallizations from ether-hexane yielded the analytical
sample: mp 65.9-66.8°; ir (KBr) 4.50 (m), 6.35 (m), 6.77 (m), 11.15
(m), 11.85 (m), 12.30 (w), 12.60 (s), 13.16 (s), 13.4 (m), and 13.84 »
(m); NMR (CCly) 7 2.81 (broad singlet with shoulder at 2.9, 5 H),
3.5-3.8 (three lines, broad, 2 H), and 6.90 (d, J = 7.5 Hz, 2 H).
Anal, Caled for C12HgN: C, 86.22; H, 5.39; N, 8.38. Found: C,
85.90; H, 5.46; N, 8.38.
5-Isopropenyl-1,2-benzocycloheptatriene (1f). An ethereal
diazomethane solution was added dropwise to a partial solution of
0.4 g (0.215 mol) of 7 in 2 ml of dry ether. When the acid had dis-
solved the solution was concentrated, dissolved in 25 ml of dry te-
trahydrofuran, and cooled to —78° by an acetone-Dry Ice bath. To .
this solution was added 2.35 ml (0.514 mmol) of a 2.2 M methylli-
thium solution over a 10-min period and the reaction mixture was
stirred for 1 hr. The reaction mixture was then quenched with 75
ml of water and extracted with ether. The organic layer was
washed with water (2 X 20 ml) and saturated sodium chloride,
dried over calcium sulfate, and concentrated. The ir of the oil indi-
cated incomplete conversion; so the reaction was executed a second
time with the same amount of reagents. After another hour of reac-
tion time, the reaction was worked up as before. The crude alcohol,
a clear oil, was dissolved in 50 ml of dry benzene to which was
added 15 mg of p-toluenesulfonic acid and the mixture was heated
at 50° for 2 hr. The reaction mixture was concentrated to an oil
which was dissolved in ether and washed with water (2 X 20 ml)
and saturated sodium chloride, dried over calcium sulfate, and
concentrated, yielding 385 mg of a dark oil. The oil was chromato-
graphed on Alcoa alumina (1 X 30 cm column, hexane). One frac-

‘tion of 500 ml was taken, yielding 250 mg (64%) of 1f, mp 65-70°.

Two recrystallizations from ethanol-hexane yielded the analytical
sample: mp 77.5-78.5°; ir (KBr) 6.22 (m), a series of three medium
bands between 6.71 and 7.3 with a fourth strong band at 6.9, 11.25
(s), 11.40 (m), 11.6 (m), 12.5 (s), 13.3 (s), 13.6 (m), and 14.4 x (m);
NMR (CCl) = 2.91 (m, 5 H), 8.35 (d, J = 12 Hz, 1H), 4.2 (broad t,
J =17.5 Hz, 1 H), 5.09 (broad d, J = 6 Hz, 2 H), 7.0 (d, J = 7.5 Hz,

‘2H),and 8.12(d,J =1 Hz, 3 H).

Anal. Caled for Ci4Hi4: C, 92.26; H, 7.74. Found: C, 91.93; H,
7.56.

Irradiation of 5-Carbomethoxy-1,2-benzotropilidene (1b). A
solution of 252 mg of 1b in 70 ml of cyclohexane was degassed for
15 min with purified nitrogen, then irradiated in a stoppered
quartz test tube for 57 min with a bank of 16 RPR-3500 A lamps in
a merry-go-round apparatus. By VPC two products were pro-
duced, one major and one minor. The irradiation mixture was sep-
arated by preparative VPC (column C at 130°). The major product
had ir and NMR spectra identical with those of 6-carbomethoxy-
2,3-benzobicyclo[3.2.0]hepta-2,6-diene. The minor product had ir
and NMR spectra identical with those of 8-carbomethoxy-2,3-ben-
zonorcaradiene.

In a similar experiment, a solution of 168.0 mg of 5-carbome-
thoxy-1,2-benzotropilidene and 24.5 mg of eicosane in 45 ml of cy-
clohexane was prepared. The solution was degassed for 30 min
with purified nitrogen, and 20 ml of it was irradiated in a Pyrex
test tube with a bank of 16 RPR-3500 A lamps in a merry-go-
round apparatus for 65 min. By VPC analysis the total product
yield was quantitative: 6-carbomethoxy-2,3-benzobicyclo[3.2.-
Olhepta-2,8-diene,  85.7%; 6-carbomethoxy-2,3-benzonorcara-
diene, 14.3%.

Irradiation of 5-Cyano-1,2-benzotropilidene (1g). A solution
containing 0.7 g of 1g in 150 ml of purified cyclohexane was irra-
diated in the Rayonet with 350-nm light. Periodic analysis of the
reaction by VPC (column D at 150°) showed that two products
were formed at a constant ratio of 60:40. After 148 min of irradia-
tion, VPC analysis indicated complete consumption of starting
material. The reaction mixture was concentrated to afford a light
yellow solid which was chromatographed on silica gel (1.7 X 88 ¢cm
column, slurry packed, 3% ether-hexane). Elution proceeded as
follows: 3% ether—hexane, 250 ml, nil; 5% ether-hexane, 190 ml, nil;
5% ether—hexane, 330 ml, 0.309 g (44%) of 5g, mp 69-71°.

Recrystallization of this material from ether-hexane yielded the
analytical sample: mp 71.5-72.5°; NMR (CCl,) 7 2.95 (s, 4 H), 3.21
(s, 1 H), 5.75-5.85 (broad s, 1 H), 6.29 (five-line multiplet, 1 H),
and 7.03 (d, J = 6.0 Hz, 2 H); ir (KBr) 3.39 (m), 4.5 (s), 6.35 (m),
6.8 (), 7.02 (m), 8.15 (s), 10.2 (m), 10.45 (m), 11.1 (m), 11.4 (m),
11.65 {m), 12.15 (m), 12.69(m), and 13.35 u (s).

Anal. Caled for C1oHoN: C, 86.20; H, 5.43; N, 8.38. Found: C,
86.65; H, 5.42; N, 8.23.

Continued elution with 325 ml of 7% ether-hexane yielded 0.183
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g (26%) of 4g. Recrystallization of this material from 10% ether—
hexane yielded the analytical sample: mp 59-60°, NMR (CCly)
2.94 (m,4 H),38(d,J =10Hz, 1 H), 4.03 (d, J = 10 Hz, 1 H), 7.08
(dofd,dJ =11,7Hz, 1 H), 809 (dofd,J = 11,4 Hz, 1 H), and 9.79
(dofd,J =7,4Hz 1 H); ir (KBr) 4.5 (s), 6,79 (m), 6.93 (m), 9.51
(s), 12.31 (s), 12.71 (s), 13.0 (s), 13.50 (m), and 13.95 u (m).

Anal. Calcd for C;2HgN: C, 86.20; H, 5.43; N, 8.38. Found: C,
86.49; H, 5.34; N, 8.12.

Preparative Irradiation of 5-Methyl-1,2-benzotropilidene
(1le). A solution of 0.179 g of le in 20 ml of purified cyclohexane
was degassed for 10 min with nitrogen and irradiated for 2 hr in a
Pyrex test tube with a 400-W Hanovia lamp. The solvent was re-
moved in vacuo and the resulting oil was purified by preparative
vpe (column E at 160°). Peak 1, 5e (28%): ir (neat) 6.12 (m), 6.75
(s), 6.95 (s), 8.0 (s), 10.25 (m), 12.5 (s), and 13.40 u (s); NMR (CCly)
7 3.00 (s, 4 H), 4.07 (m, 1 H), 6.0 (m, 1 H), 6.60 (m, 1 H), 7.15
(broad d, J = 6.0 Hz, 2 H), and 8.31 (m, 3 H).

Anal. Caled for Ci2Hia: C, 92.31; H, 7.69. Found: C, 92.00; H,
7.97.

The second peak, isolated in 53% yield, was identified as 4e by ir
and NMR eomparison with the known compound.!3?

6-endo-Carbomethoxy-2,3-benzobicyclo[3.2.0]hept-2-ene
(9). A solution of 5-carbomethoxy-1,2-benzotropilidene (1b) in 200
ml of purified cyclohexane in a Pyrex vessel was inrradiated for 3
hr with a bank of 16 RPR-3500 A lamps. After removal of the cy-
clohexane in vacuo the residue was dissolved in 100 ml of ethyl ac-
etate, 20 mg of 5% Pd/C was added, and the mixture was hydroge-
nated for 2 hr on a Parr hydrogenation apparatus. The residue
from the hydrogenation was chromatographed on 120 g of silica gel
(2.3 X 36 ¢cm column slurry packed in 2% ether-hexane). Elution
proceeded as follows: 0.2 1., 2% ether—hexane, nil; 0.1 1., 5% ether—
hexane, nil; 0.5 1., 5% ether-hexane, 0.48 g (48%) of 9 as a clear oil:
ir (neat) 3.40 (m), 5.76 (s), 6.76 (m), 6.86 (m), 6.97 (m), 7.40 (m),
8.33 (br), 8.49 (br), and 13.30 x (s); NMR (CCly) 7 2.72 (s, 4 H),
6.0-6.75 (m, 3 H), 6.38 (s, 3 H), 6.75-7.00 (m, 2 H), and 7.2-7.7 (m,
2 H). The material was hydrolyzed to its carboxylic acid: mp
101.5-104°; ir (KBr) 2.7-4.3 (br, s), 5.83 (s), 7.03 (m), 7.43 (m), 8.08
(s), 8.13 (s), 10.60 (m), 13.22 (s), and 13.50 u (m).

Anal. Caled for C19H;202: C, 76.57; H, 6.43. Found: C, 76.43; H,
6.30.

6-endo-Hydroxymethyl-2,3-benzobicyclo[3.2.0]Jhept-2-ene.
A solution of 9 (0.566 g, 2.78 mmol) in 15 ml of anhydrous ether
was added dropwise over 0.5 hr to a slurry of 0.200 g (5.27 mmol) of
lithium aluminum hydride in 15 ml of anhydrous ether. Following
addition, the mixture was refluxed for 10 hr. Subsequently the ex-
cess hydride and reduction complex were decomposed by cautious
addition of water (2.4 ml). The organic portion was decanted and
the alumina salt was dissolved in 5% HCI (20 ml). The aqueous
acid solution was extracted with ether (2 X 20 ml), and the com-
bined organic layers were washed with saturated sodium chloride
solution (30 ml) and dried over anhydrous calcium sulfate. After
removal of the ether by distillation, the remaining light yellow oil
was chromatographed on deactivated silica gel (2.0 X 28 cm col-
umn slurry packed with 30% ether-hexane). Elution with 30%
ether-hexane proceeded as follows: 50 ml, 0.0110 g of mixture of an
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unidentified oil and a small amount of unreacted ester; 100 ml,
0.432 g (89%) of 6-endo-hydroxymethyl-2,3-benzobicyclo[3.2.0]-
hept-2-ene: ir (neat) 2.93 (s), 3.38 (s), 3.46 (m), 6.80 (m), 9.47 (m),
9.66 (m), 9.83 (m), 10.03 (m), and 13.39 x (s); NMR (CDCl;) 7 2.88
(s, 4 H), 6.0-7.1 (series of overlapping m, 6 H), 7.1-7.7 (m, 1 H),
and 8.2-8.7 (m, 2 H).

Anal. Caled for C1oH,40: C, 82.72; H, 8.10. Found: C, 82.69; H,
8.20.

6-endo-Methyl-2,3-benzobicyclo[3.2.0Jhept-2-ene (8). To an
ice-cooled solution of 0.306 g (1.76 mmol) of 6-endo-hydroxy-
methyl-2,3-benzobicyclo[3.2.0]hept-2-ene in 10 ml of dry, freshly
distilled pyridine, 0.5 ml of freshly distilled methanesulfonyl chlo-
ride was added dropwise over 0.25 hr. After stirring for 5 hr, the
reaction mixture was poured onto 30 g of ice in 30 ml of water and
extracted with ether (2 X 50 ml). The organic layer was washed
with 5% hydrochloric acid (3 X 30 ml) and saturated sodium chlo-
ride solution (30 ml), and dried over anhydrous calcium sulfate.
The ether was removed in vacuo to give ca. 450 mg (100%) of the
mesylate. Infrared spectroscopic analysis showed that no alcohol
remained. The mesylate was then dissolved in anhydrous ether (10
ml) and added slowly to an ice-cooled slurry of 0.200 g of lithium
aluminum hydride in 10 ml of ether. Following addition, the ice
bath was removed and the mixture was refluxed for 14 hr. After
cooling to room temperature, the excess hydride was decomposed
by cautious addition of water. The organic portion was removed by
filtration and the alumina salt was dissolved in 5% hydrochloric
acid (20 ml). The aqueous acid solution was extracted with ether (2
X 20 ml) and the combined organic layers were washed with satu-
rated sodium chloride solution (30 ml) and dried over anhydrous
calcium sulfate. After removal of ether by distillation, there re-
mained 247 mg of liquid. Vapor phase chromatography (column F
at 110°) gave pure 6-endo-methyl-2,3-benzobicyclo[3 2.0]hept-2-
ene: ir (CSg) 3.26 (m), 3.38 (s), 7.34 (m), 7.63 (m), 8.10 (m), 8.36
(m), 8.70 (m), 9.36 (m), 9.82 (m), 10.26 (m), 10.35 (m), 13.55 (s),
and 14.16 u (m); NMR (CCly) 7 2.98 (s, 4 H), 6.0-7.5 (aliphatic ab-
sorption with broadened s at = 6.98, 6 H), 8.52 (m, 1 H), and 9.04
(d, J = 6.5 Hz, 3 H); mass spectrum m/e (rel intensity) 158 (M, 6),
115 (20), 116 (B, 100}, 117 (10), 128 (8), and 129 (9).

Anal. Caled for CioHi4: C, 91.08; H, 8.92. Found: C, 90.67; H,
8.83.

Hydrogenation of 6-Methyl-2,3-benzobicyclo[3.2.0]hepta-
2,6-diene (5¢). An 8-mg sample of 5e was dissolved in 10 ml of
ethyl acetate containing 2 mg of 5% Pd/C and the mixture was hy-
drogenated for 8 hr at atmospheric pressure. After filtration
through Celite, the ethyl acetate was removed by distillation and
the hydrogenation product was isolated by preparative VPC (col-
umn F at 130°). The purified material showed a VPC retention
time and ir spectra (CCly and CSy) identical with those of the syn-
thesized authentic sample.

2-Acetonaphthone Sensitized Irradiation of 5-Methyl-1,2-
benzotropilidene (le). Stock solutions of 0.2 M 2-acetonaph-
thone in benzene and 0.02 M le in benzene were prepared. For a
typical run 1.5 ml of 0.2 M 2-acetonaphthone and 0.2 ml of 0.0016
M le were placed in a Pyrex test tube and diluted to 2 ml with
benzene. In a matching test tube was placed 0.2 ml of 0.02 M le

Table I1I
Quantum Yield Data for 1,2-Benzotropilidenes
Light absorbed, Concn,
Compd mE M x 13 % conversion °disappearanee ®eyclobutene ®norcaradiene
1a® 0.139 10.2 15 0.80 a 0.73
1a° 0.126 10.2 16 0.90 a 0.85
1p° 0.214 18.4 12 b 0.62 0.09
1b°¢ .0.287 18.4 15 0.60 0.57 0.08
1b° 0.266 18.4 17 0.61 0.68 0.09
1b° 0.263 18.4 17 0.85 0.64 0.08
1g 0.0873 15.7 25 0.57 0.36 0.21
1g 0.0434 15.7 13.5 0.61 0.37 0.22
le 0.0117 16.5 13.5 0.64 0.12 0.45
le 0.0041 16.5 4.3 0.59 0.10 0.38
1f 0.0298 16.5 10.0 0.58 a. 0.59
1f 0.0368 16.5 10.0 0.47 a 0.49

¢ Product was not detected. ? Value was not determined. ¢ This value was measured in a 65-ml actinometer cell. All other numbers deter-

mined in a 12-ml cell.
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and the volume was made up to 2 ml with benzene. At these con-
centrations the uv absorptions of the sensitizer and substrate are
such that the tropilidene can capture <0.5% of the incident light.
Both solutions were degassed for 10 min with a stream of nitrogen
and then irradiated simultaneously in the Rayonet with 350-nm
light. The reaction was followed by VPC {column G at 125°) with
the following results. In the time that the unsensitized reaction
had reached 60% conversion to products the sensitized run showed
~2% products and ca. 50% loss of le.2! To the direct run was added
0.051 g of 2-acetonaphthone to bring the solution to 0.15 M sensi-
tizer and the solution was irradiated again. VPC analysis showed
that the products were essentially stable to the sensitizer.

2-Acetonaphthone Sensitized Irradiation of 5-Cyano-1,2-
benzotropilidene (1g). The same procedure and concentrations
were used as described for le. This irradiation was monitored with
column D at 145°, giving the following results. At a time in which
the direct irradiation had gone to 94% conversion, the sensitized
reaction gave <2% products. Sensitizer (0.051 g) of 2-acetonaphth-
one was then added to the direct reaction and irradiated again.
VPC analysis showed that both photoproducts were stable to the
sensitizer.

Benzophenone Sensitization of 5-Methyl-1,2-benzotropil-
idene (le). Into three matched test tubes were placed the fol-
lowing solutions: (1) 0.15 M benzophenone and 0.15 M benzhydrol
in 2 ml of benzene; (2) 0.15 M benzophenone, 0.15 M benzhydrol,
and 1.7 X 10~3 M of le in 2 ml of benzene; and (3) 1.73 X 10~3 M
le in benzene. The concentrations in tube 2 ensured that benzo-
phenone was capturing greater than 99% of the light. Irradiation
for 30 min at 3500 A followed by VPC analysis showed that in tube
3 there was 70% conversion to products while in tube 2 no product
was formed yet starting material had essentially disappeared. Uv
analysis for remaining benzophenone in tube 2 using tube 1 as a
standard indicated that the disappearance of benzophenone in
tube 2 had been quenched by ~70%. Thus, energy transfer had oc-
curred from benzophenone to le. Unfortunately, when a reaction
mixture consisting of 70% 4e and 30% le was irradiated in the
presence of 0.15 M benzophenone and 0.15 M benzhydrol, VPC
analysis indicated that both 4e and le disappeared with no pro-
duction of volatile products.

Preparative Irradiation of 5-Isopropenyl-1,2-benzocyclo-
heptatriene (1f). A degassed solution of 0.200 g of 1f in 100 ml of
spectral grade cyclohexane was irradiated for 4 hr in the Rayonet
with 300-nm light. Periodic analysis of the reaction by VPC (col-
umn D at 150°) showed formation of one major product. When the
reaction reached 60% completion the solution was concentrated
and the resultant oil was purified by preparative VPC (column F
at 145°). The recovered starting material was identical with the
authentic material by NMR, while the photoproduct (68% yield in
an extended irradiation) had the following spectral data: NMR
(CCly) 7 3.0 (broad m, 4 H), 3.72 (d, J = 10 Hz), 3.93 (d, J = 10 Hz,
2H), 52 (m, 2 H),7.63(dofd, J =10, 5.5 Hz, 1 H), 8.25 (m, 3 H),
8.38 (d, J = 3.5 Hz, 1 H, the other portion of the doublet lies under
the methyl absorption), 10.02 (d of d, J = 6, 3.5 Hz, 1 H); ir (neat)
6.1 (m), 6.71 (m), 6.90 (m), 11.0 (m), 12.8 (s), 13.1 (m), and 13.5 u
(s). Exact mass analysis: calcd m/e 182.10954440; found m/e
182.10978794; difference, 0.00024.

Quantum Yield Determinations. These were made as pre-
viously described!3P using either a 12-ml or 65-ml actinometer cell.
The pertinent data from these determinations are presented in
Table III.
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Registry No.—1a, 264-08-4; 1b, 35393-09-0; le, 54276-79-8; 1f,
54276-80-1; 1g, 54276-81-2; 1h, 54276-82-3; 4f, 54276-83-4; 4g,
54276-84-5; 5a, 18511-42-7; be, 54276-85-6; 5g, 54276-86-7; 6,
31399-17-4; 7, 54276-87-8; 8, 54276-88-9; 9, 54276-89-0; 9 free acid,
54276-90-3; 9 OH analog, 54276-91-4.
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