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The synthesis and photochemistry of ezo- and endo-2-acetylbenzonorbornenes (8 and 9 )  is described. 
isomer yields benzonorbornene upon irradiation at  310 nm, conditions under which the endo isomer is inert. 

The exo 

The presence of proximate n electrons is known to 
significantly modify the reactivity of photoexcited 
carbonyl groups. Examples include reactions of amino 
ketones,'s2 alkoxy  ketone^,^ and thiaketone~.~ In  one 
of these studies,2 the magnitude of the effect was shown 
to be a function of the distance between the interacting 
centers. 

Similarly, the presence of P electrons can modify 
the excited-state behavior of ketones. Thus, neither 
ketone 4 or 5 undergoes appreciable type I1 photo- 

CH,CCH,CHCH=CHCH, 
o =CCH~CH~ CH (cH,), 

4 5 

e l i m i n a t i ~ n . ~ , ~  Rapid exciplex formation between the 
carbonyl singlet state and the double bond has been 
postulated to rationalize the diminished reactivities. 
In  a related study, Cowan and Baume have shown that 
intramolecular energy transfer was the principal mode 
of deactivation of the carbonyl triplets in systems 
6a-e. 

0 

6 a , n = 2  
b , n = 3  
c , n = 4  

Lastly, several groups7%* have recently reported on 
the diminished reactivity of certain a- and P-phenyl 
ketones toward photoreduction and/or type I1 elim- 
inations. Thus, ketone 7 undergoes photoeliminat'ion 
with unusually low efficiency, 4, = 0.02.8 
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The foregoing results may be summarized with 
the statement that the presence of electrons in n or 
P orbitals significantly shortens the excited state life- 
times of nearby carbonyl groups. Although varied 
mechanisms may prevail, a common feature would 
appear to require significant overlap of the orbitals 
on the two interacting groups. In  viexy of the fact 
that this orientational factor has not been tested, we 
s-ished to investigate the behavior of rigid analogs of 
7 in which the relative positions of the two functions 
were more restricted. To this end, we synthesized 
exo- and endo-2-acetylbenzonorbornenes (8 and 9, 
respectively), and initiated photochemical studies 
which were designed to evaluate their relative excited 
state lifetimes. 

&! CCH, dH 
I If OeCCHj 

8 9 

Syntheses.--A mixture of 8 and 9 was produced by 
the addition of acetaldehyde to benzonorbornadiene 
(10) as catalyzed by azobisisob~tyronitrile.~ By 

10 

analogy with n~rbornene ,~  it was assumed that the 
major product (ca. 90%) was the exo isomer and this 
supposition was supported by spectral evidence pre- 
sented below. For example, the chemical shifts of 
the methyl protons in the tu-o isomers were found 
in the expected relative positions (6 2.15 and 1.87 
for 8 and 9, respectively) if it is assumed that the 
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methyl group of 9 resides at least part of the time in 
the shielding cone of the phenyl ringslo 

The finding that the compound assigned the exo 
structure showed an enhanced ultraviolet absorption 
for the n,a* transition (e%: 77) relative to the endo 
system (6%; 28) may be taken as further proof of 
the stereochemistry of 8 and 9. As a literature anal- 
ogy, the folloiying example is i1lustrative.l' 

Results and Discussion 

Irradiation of the exo isomer 8 in benzene with 
Pyrex-filtered light (A > 290 nm) or in cyclohexane 
with short-wavelength light (254 nm) produced one 
major volatile product and several very minor ones. 
The major product was isolated by preparative gas 
chromatography and shown by spectral 
to be benzonorbornene (11). Quantum 
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determined in degassed benzene at 313 

comparisons 
yields were 

nm: all = 
0.015, a - K  = O.Oi8 .  Similar irradiations of 9 for ex- 
tended periods yielded no significant amounts of 
volatile products and led to a very slow loss of start- 
ing material. Intersystem crossing yields12 for 8 
and 9 were 0.83 and 0.20, respectively. 

Quenching studies were carried out using cis-cyclo- 
octene13 (0.1 M )  and either 0.1 M or 0.01 ketone. 
In  both cases, the rate of production of 11 from 8 
decreased by ca. 437&. We interpret these results to 
mean that most of the reaction proceeds via triplet 
states.14 The following scheme is proposed to ration- 

0 
II 

exo-C1,H,,CCHB -+ [8]*S, + [S]*T, -+ 

/' 
8 

f 
Ir' 

0 
11 RII 

C,,H,,* -I- CCH3 - C,,H,, 
11 
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alize our results. The low quantum yield for the for- 
mation of 11 and the near equivalency of the efficiency 
of formation of 11 vs. the loss of 8 requires an efficient 
deactivation step. The most likely possibility is re- 
combination of the radical pair.16 The nature of the 
hydrogen donor (RH) in this reaction is unknown. 
It seems unlikely that the solvents or impurities in 
them play this role, since fen- by-products, e.g. ,  bi- 
cyclohexyl, could be found in the cyclohexane photol- 
yses. One intriguing possibility is that the radical 
pair disproportionates to give 11 and ketene. The 
latter would have been too volatile to detect by our 
analytical procedures. Although this mode of dis- 
proportionation is not normally observed in type I 
cleavage it may be that the normal reaction 
is inhibited as a consequence of the unusually high 
degree of strain associated with norbornene double bond 
formation. 

In contrast to the behavior of 8, the endo ketone 
9 proved to be quite stable toward irradiation at 310 
nm. This observation and the lower intersystem cross- 
ing yield obtained for 9 are indications that the car- 
bonyl triplet state is less efficiently formed and/or has 
a short)er lifetime than that in 8. We cannot say 
whether or not the exo system itself behaves entirely 
normally, but there was no obvious manifestation of 
any behavior which could be related to the anomalous 
absorption of 8, with the possible exception of the some- 
what high intersystem crossing yield compared to 
7 (0.15). 

In any event, we wish to emphasize that the d i f e r -  
ences in behavior between 8 and 9 clearly require an 
explanation which takes into account their relative 
geometries. Thus, the anomalous absorption of 8 
is associated with the exo configuration," while the 
diminished reactivity of 9 is associated with the endo 
Btructure. We assume that direct interaction of the 
n orbital of oxygen with the R system is a requisite 
feature of whatever mechanism is responsible for the 
rapid deactivation of the excited darbonyl groups of 
theseB @-phenyl ketones. 

Experimental Section 

Nuclear magnetic resonance (nmr) data was obtained from a 
Varian Model T-60 spectrometer in carbon tetrachloride solution 
using tetramethylsilane as an internal standard. Infrared (ir) 
spectra were determined on thin films using a Perkin-Elmer 
Model 137 spectrometer. Ultraviolet (uv) spectra was recorded 
on a Cary 14 spectrometer. Gas chromatograms (gc) were ob- 
tained on either a Varian Aerograph Xodel A-90-P or a Barber- 
Colman Model 5000 chromatograph. The following three 
columns were used: A, 15% FFAP (5 ft X 0.23 in.); B, 20% 
FFAP (8 ft, x 0.25 in.); C, 157, p,@-oxydipropionitrile (20 ft 
X 0.25 in.). 

Benzene was purified by washing with portions of sulfuric acid 
until no colorat,ion developed. The benzene was then washed 
with water, 10% sodium carbonate solution, and water. After 
drying over anhydrous calcium chloride the benzene was dis- 
tilled and stored over calcium chloride. 

Chromosorb G was the solid phase in all cases. 
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Benzonorbornadiene (10) was prepared by the method of 
Wittig and Knauss.18 

em,endo-2-Acetylbenzonorbornene (8, 9).-A mixture of 3.0 g 
(0.021 mol) of benzonorbornadiene, 6.0 g (0.136 mol) of freshly 
distilled acetaldehyde, and 150 mg (0.0011 mol) of azobisiso- 
butyronitrile was heated a t  80' in a pressure tube for 43 hr. 
The resulting mixture was distilled at  96-98' (0.6 mm) to yield 
1.31 g (3970) of a mixture of 8 and 9. Gc analysis (A,  200') 
revealed two components in a 10: 1 ratio. The separate isomers 
were collected by preparative gc (B, 200'). 

The structure assigned to the major component was that of 
em-2-acetylbenzonorbornene (8): nmr 6 7.02 (m, 4 H),  3.42 
(m, 2 H),  2.15 (s, CHa), 1.82 (m, 5 H); ir ,534 (C=Oj and 13.36 
p (o-ArH); uv max (cyclohexane) 293 nm ( B  77), 272 (1104), 
266 (1037), and 259 (684); mass spectrum (70 eV) molecular ion 
a t  mle 186. 

Anal. Calcd for CI3Hl4O: C, 83.83; H, 7.38. Found: 
C, 84.05; H, 7.88. 

The structure assigned to the minor component was that of 
endo-2-acetylbenzonorbornene (9): nmr 6 7.03 (m, 4 H) ,  3258 
(m, 1 H), 3.32 (m, 1 H), 3.07 (m, 1 H), 1.87 (s, CH,), 1.82 (m, 
4 H) ;  ir 5.84 (C=O) and 13.27 p (o-ArH); uv max (cyclohexane) 
293 nm ( e  28), 272 (958), 264 (844), 258 (538); mass spectrum 
molecular ion at  mle 186. 

Anal. Found: C, 84.2.5; H, 730 .  
Photolysis Apparatus.-Preparative-scale irradiations wer? 

carried out in a Rayonet photorea~tor '~ using either the 3000-A 
or the 2,537-A sources. From the literature supplied by the manu- 
facturer it may be ca1:ulated that, of the irradiatiou emitted be- 
tween 2.537 and 3129 A, ca. 72y0 appears betyeen 2537 and 2652 

Quantum yields 
were determined on an optical bench using an Osram 200W 
super-pressure mercury arc and a .5-cm quartz cell containing 
0.00139 M aqueous potassium chromate solution buffered with 
1% potassium carbonate. This filter solution used in conjunc- 
tion with 13 x 100 mm Pyrex test tubes served to isolate the 
310-nm line. 

A,-A benzene solution of 8 (0.181 g in 
10 mlj was flushed with nitrogen and irradiated for 19 hr with 
the 3000-w source. Preparative gc (B, 217') yielded 0.119 g 
of recovered starting material whose ir spectrum was unchanged. 
Also isolated was 5.3 mg of benzonorbornene ( l l ) ,  which was 
identified by its ir spectrum by direct comparison.20 

B.-In a second experiment, 0.0984 g of 8 in 5 ml of cyclo- 
hexane was purged with nitrogen and irradiated in a quartz 
nmr tube with the 2.537-A source. The reaction was monitored 
periodically by gc ( A ,  200'). A gradual accumulation of 11 
and two other very minor photoproducts with similar retention 
times was observed. Since the gc conditions used were capable 

(18) G. Wittig and E .  Knauss, Chem. Be?., 91, 895 (1958). 
(19) Available from the Southern New England Ultraviolet Co., Middle- 

(20) The authentic sample was prepared by catalytic reduction of benzo- 

and 28% appears between 2804 and 3129 A.  

Irradiations of 8. 

town, Conn. 

norbornadiene; see P. Bruck, Tetrahedron Lett., No. 10,449 (1962). 

of effecting separation of 11 and 10, it can also be noted that es- 
sentially no 10 was formed at  any time. In addition, no bicy- 
clohexyl could be detected. Although small amounts of 9 did 
appear, it was not established that its formation was the direct 
result of the irradiation as opposed to a chemically catalyzed 
route. 

C.-The quantum yield for the formation of 11 was determined 
by use of octadecane (0.00.53 144) as an internal standard. A 
benzene solution of 8 (0,101 M )  and the standard in duplicate 
13 X 100 mm Pyrex test tubes was degassed by four freeze-thaw 
cycles and sealed under vacuum (ca. 5 x Torr). The light 
intensity was monitored by benzophenone-sensitized ioomeriza- 
tion of cis-pipery1ene.a' The quantum yield for appearance of 
11 was 0.018 after 180 min of irradiation and 0.015 after 335 min. 
The quantum yield of disappearance of 8 was 0.018 after 335 
min, at which time 5yo of the starting material had disappeared. 

D .-The followinF cyclohexane solutions were prepared and 
irradiated a t  2537 A in standard 10-mm quartz cells by means 
of a rotating cell holder which was suspended in the Rayonet 
reactor: A, 0.10 M 8, 0.043 M octadecane; B, 0.010 M 8, 
0.0043 M octadecane; C, 0.10 M 8,O.lO M cis-cyclooctene, 0.016 
M octac'.ecane; D, 0.010 M 8, 0.016 M octadecane, and 0.10 M 
cis-cyclooctene. Solutions A and B were irradiated together 
for 200 min. Solutions C and D were subsequently irradiated 
for 210 min. After irradiation, the solutions were analyzed by 
gc (A, 180') with the following results expressed in terms of 
molarityof 11: 

A,-A solution of 9 (0.0768 M) in benzene 
was degassed and irradiated as in C above. After 210 min the 
concentration of 9 was measured against octadecane (0.0405 M )  
and found to be 0.0798 f 0.004 M .  Essentially no 11 was de- 
tected. 

in 
the Rayonet reactor with similar results. Likewise, irradiation 
of this solution with the 2.537-A source produced no significant 
changes. 

Intersystem Crossing Yields.-A benzene solution of 9 was 
prepared which contained 0.5 M freshly distilled cis-piperylene 
and 0.0898 M ketone. After 60-min irradiation on the optical 
bench the per cent conversion to trans-piperylene was 8.7 from 
which +T was calculated to be 0.83. 

Similarly, R solution of 8 (0.0885 M) was irradiated for 305 min 
with a 10.6% conversion to trans-piperylene. The calculated 
$T was 0.20. 

A, 0.0047; B, 0.0030; C, 0.0027; D,  0.0017. 
Irradiation of 9. 

B.-The same solution was irradiated for 67 hr a t  3000 

Registry No.--8, 23537-82-8; 9, 37614-83-8; 10, 
236-73-7 ; acetaldehyde, 76-07-0. 
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