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The synthesis and resolution of two new optically active organosilicon systems has been achieved. These are 
a-naphthylperfluorophenylmethylsilanes, a-NpPhpMeSi*X, and phenylmethylpentafluorophenylsilanes, 
PhhtePhFSi*X. Synthesis and resolution of these compounds is of special significance for organosilicon stereo- 
chemistry and reaction mechanisms because of the highly electron-withdrawing polar effect of the pentafluoro- 
phenyl group. The available data relating to the magnitude of the electron-withdrawing effect of the CeR group 
indicate that it approximates Br. 

Since the electronegativity of the pentafluorophenyl 
group is approximat'ely equal t'o that' of Br3 and is much 
greater than that of other "nonreactive" substituents 
previously bonded to asymmetric it was of 
considerable interest to undertake the preparation and 
study of optically active compounds containing this 
group, in order t'o det'ermine whether its presence would 
change the stereochemical course of substitution reac- 
tions at  asymmetric silicon. The synthetic methods 
for preparation of C~F6i\2gBr8~9 and C6FjLi10$11 have 
been well established, and the coupling of either of 
these organomet'allic reagenk with the appropriate 
chlorosilane has been shown to yield compounds con- 
taining the pentafluorophenyl group bonded to silicon. l 2  

The synthesis and properties of optically active per- 
fluorophenylsilicon compounds is discussed in thc next 
section. 
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Optically Active Perfluorophenylsilicon Compounds. 
-Two new monofunctional triorganosilicon systems 
incorporating the pentafluorophenyl group have been 
prepared by two methods and these are discussed below. 

Reaction of a-naphthylmagnesium bromide with 
methyltrimethoxysilane gave a 68% yield of a-naph- 
thylmethyldimethoxysilane, a-JSpnleSi(O:\le)z, bp 118- 
119" (1.0 mm). Lithium aluminum hydride reduction 
of a-WplIeSi(OIIe)z in refluxing ether gave an 88% 
yield of a-naphthylmethylsilane, a-NplIeSiHz, bp 
77-79' (0.35 mm). This substance was treated with 
chlorine in CC1, to  give predominantly a-naphthyl- 
methylchlorosilane, a-KpAleSiHCl. It is interesting 
that the electron-withdrawing effect of chlorine in a- 
XpIIeClSiH is sufficient to  prevent the substitution of 
chlorine for the remaining hydrogen atom. Without 
purification, a-NpMeSiHC1 was then mixed with (-)- 
menthol in pentane to  give a 78% yield of a-naphthyl- 
methyl-(-)-menthoxysilane, bp 118' (0.13 mm). a- 
KpNeSi(H)-( -)-OXen was then treated with chlorine 
to give a-naphthylmethyl- (- )-menthoxychlorosilane. 
Without purification, a-Np3IeClSi-( -)-O,VIen was 

treated with a previously prepared solution of penta- 
fluorophenyllithium at  - 78" in ether (or tetrahydro- 
furan) to give a 69% yield of the desired diastercomcric 
mixture of ( f )-a-naphthylmcthylpentafluorophenyl- 
(-)-menthoxysilane, bp 160-164' (0.1 mm). 
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When this very viscous oil was dissolved in hexane 
and chilled a t  -so, a white, crystalline material, identi- 
fied as (+)-a-i?;pPhFI\IeSi-( - )-Ol\Ien (the higher 
melting diastereomer), was deposited on the sides of 
the flask, mp 93-95', [ a ] ~  -11" (c 1.6, pentane). If 
one assumes that the two diastereomers were formed 
in equal amounts, only 30-40% of the above diastereo- 
mer can be cleanly separated from the diastereomeric 
mixture. After removal of the above crystalline di- 
astereomer and some hexane from the flask, further 
crystallization from the chilled hexane solution usually 
results in a mixture of diastereomers. Because crystals 
of the higher melting diastereomer are distinctly harder 
and different in appearance than the lower melting 
diastereomer, they can be physically separated and 
recrystallized. By such a process, (-)-a-?rTpPhF- 
MeSi-( - )-O;\len (the lower melting diastereomer) was 
purified, mp 80-81") [ a ] D  -75' (c  2.0, pentane). 
With a great deal of patience, substantial quantities of 
both diastereomers can be isolated and recrystallized 
in this fashion. 

Recently it was shown that (-)-a-NpPhAleSi-(-)- 
OlIen can be reduced with diisobutylalane in good 
yields in hexane and ether, at room temperature, in 2 
and 14 hr, r e spe~ t ive ly .~~  Similarly. reduction of (+)- 
a-NpPhFl\IeSi- ( - )-OA\len M ith diisobutylalane in hex- 
ane a t  46" for 19 hr gave (+)-a-naphthylpentafluoro- 
phenylmethylsilane, (+)-a-SpPhFlIeSi*H, in 88% 
yield, mp 73.5-74', [ a ] ~  +40" (c 0.88, pentane). 

It is probable that the enantiomers of a-n'pPhF- 
RIeSi*H form a racemic mixture (not a racemic com- 
pound), since the melting point of racemic a-n'pPhp- 
MeSi*H (mp 54-55") is raised by the addition of either 
enantiomer. and since both enantiomers of a-NpPhF- 
,1IeSi*H of low optical purity can be recrystallized up 
to high optical purity. The enantiomers of a-NpPh- 
MeSi*H behave similarly. 

We turn now to the synthesis and resolution of 
phenylmethylpentafluorophenylsilane, PhRlePhFSi*H. 
A previously prepared solution of pentafluorophenyl- 
lithium in ether was mixed with a-NpPhlIeSi"C1, 
[ a ] ~  -6.3", to give (after fractional distillation) a 
74% yield of extremely viscous a-naphthylphenyl- 
methylpentafluorophenylsilane, bp 175-178" (0.15 
mm), [ a ] ~  +8.2" (c 1.6, pentane). 

The cleavage of the naphthyl group from a-NpPh- 
RIeSi*PhF proved to be the most difficult part of the 
synthesis of PhlIePhFSi*H, and was the prime factor 
in preventing more extensive stereochemical studies on 
this system. Although bromine in benzene has been 
successfully used in the cleavage of the naphthyl group 
from a-NpPh;\IeSi*-neo-CjHll and a-SpPhlIeSi *Et,6 
no optically active PhL\IePhFSi*H (after reduction of 
thc halosilane formed) could be obtained by this pro- 
cedure. Cleavage attempts with Br2 in carbon tetra- 
chloride and chloroform, and BrCl in benzene and car- 
bon tetrachloride at room temperature and at O", give, 
after reduction, Borne optically active PhMePh&i*H, 
but the yields were disappointingly low (20-30%), 

Cleavage of the naphthyl group w a s  accomplished by 
the formation of a BrC1-chloroform solution a t  - 78', 
followed by addition of a-i\TpPhNeSiPhF. A vigorous, 
exothermic reaction indicated that cleavage was oc- 

(13) Unpublished results of L. H. Sommer and J. MoLick. 

Ph  P h  
I I 

Ph-Si--Me + BrCl + C1-Si-Me 
I I 

a-Np PhF 

curring. However, the presence of Br2 in equilibrium 
with the reagent BrCl possibly results in some formation 
of bromosilane. 

The halosilane was not isolated but was promptly 
reduced with LiAlH, a t  room temperature. 

Purification of the silane gave a 53% yield of phenyl- 
methylpentafluorophenylsilane, (+)-Phl\IePhFSi*H, 
[ a ] ~  + 3.2 (c 5.31, pentane), bp 75-79' (0.3 mm). 
PhI\IePhFSi*H can be obtained with a specific rotation 
as high as +4.3" at  the sacrifice of reasonable yields. 

Experimental Section 
a-Naphthylmethyldimethoxysilane .--A Giignard reagent was 

prepared from 3.3 mol of a-bromonaphthalene and 4.5 g-atoms of 
magnesium chips in a solvent mixture containing ether (300 ml), 
tetrahydrofuran (100 ml), and benzene (200 ml). 

The Grignard reagent was then added to 3 mol of methyltri- 
methoxysilane (supplied by Dow Corning Corp.) which was 
dissolved in ether (230 ml) and tetrahydrofuran (250 ml). 
Stirring overnight a t  room temperature was followed by ex- 
traction of the organic layer with pentane (3 l . ) ,  filtration to 
remove suspended salts, and subsequent removal of solvents. 
Distillation gave 461 g (687, yield) of a-naphthylmethyldi- 
methoxysilane, bp 118-1 19" (1 .O mm). 

Anal. Calcd for SiC13H1802: C, 67.20; H,  6.94. Found: 
C, 67.45; H, 6.80. 

The infrared spectrum has all the characteristic absorbances of 
the CHSOSi, a-C10H7Si, and CH& moieties. 

a-Naphthylmethylsilane .-To a solution of lithium aluminum 
hydride (2.2 mol) and ether (500 ml) was added a-iiaphthyl- 
methyldimethoxysilane (2 mol) in an ether solvent (500 ml). 
Refluxing for 20 hr was followed by treatment with concentrated 
hydrochloric acid and pentane a t  O " ,  washing with water, drying 
the organic phase (sodium sulfate), and subsequent removal of 
the solvent. Distillation gave 303 g (887, yield) of a-naphthyl- 
methylsilane, bp 77-79' (0.35 mm). 

Anal. Calcd for SiC11H12: C, 76.68; H,  7.02. Found: C, 
76.38; H,  6.92. 

The infrared spectrum provided positive proof of structure, 
since i t  showed absorption bands characteristic of the a-KpMeSi- 
group as well as the strong band at  2130 em-' characteristic of 
the Si-H stretch. 

a-Naphthylmethyl-( - )-menthoxysi1ane.-A solution of carbon 
tetrachloride (600 ml) and 1.76 mol of a-naphthylinethylsilane 
maintained at  0" was treated with chlorine gas until the solution 
was distinctly yellow. Sitrogen was then used to purge the 
reaction mixture of excess hydrogen chloride and chlorine gas until 
the solution became colorless. Removal of the solvent under 
reduced pressure yieldei a-naphthylmethylchlorosilane. The 
chlorosilane is characterized by its infrared spectrum, exhibiting 
all the Characteristic? of the a-NpMe(H)Si- group and in addition 
containing an absorbance at  505 em-' (s)  characteristic of C1-Si. 
Without further purification, a solution of 1.7 mol of a-naphthyl- 
methylchlorosilane and pentane (700 ml) was added to a filter 
flask fitted with an addition funnel and gas inlet tube. A 
solution of pentane (500 ml) and 1.9 mol of (-)-menthol was 
then slowly added to the stirred chlorosilane-pentane solution 
while a continuous stream of nitrogen was bubbled through the 
reaction mixture to  remove the hydrogen chloride which had 
formed. After the addition, the reaction mixture was warmed to 
room temperature, stirred for O.!? hr with continuous nitrogen 
purging, concentrated, and distilled to give 432 g (78% yield) of 
a-naphthvlmethvl-( - )-menthoxvsilane, bp 118' (0.13 mm). ~. 

Anal. Calcd-for SiG1HSoO:" C, 77.24; H, 9.26. Found: 
C, 77.36; H,  9.37. 

The infrared spectrum is consistent with the presence of the 
oc-SpNe(H)Si- group, and in addition contains the following 
absorption bands attributed to the CloH,oOSi moiety: 2930 
(s), 2870 (s), 1460 (m),  1370 (m), 1180 (w), 1085 (s), 1070 (s),  
1055 (s), 1000 (m),  930 (ni), 855 em-' (m).4 
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Preparation of Diastereomeric a-Naphthylmethylpentafluoro- 
phenyl-( - )-menthoxysi1ane.-A solution of carbon tetrachloride 
(400 ml) and 0.46 mol of a-naphthylmethyl-( - )-menthoxysilane 
was treated with chlorine gas by the same procedure used to 
chlorinate a-naphthylmethylsilane. Disappearance of the strong 
infrared absorbance a t  2120 cm-I (SiH) and appearance of the 
peak a t  505 em-' verified formation of a-naphthylmethyl-( - )- 
menthoxychlorosilane, 

Pentafluorophenyllithium (0.5 mol in tetrahydroduran) was 
then prepared by the procedure of Harper, Soloski, and Tam- 
borski. While the pentafluorophenyllithium solution was main- 
tained a t  -75', a solution of a-naphthylmethyl-( - )-nienthoxy- 
chlorosilane (0.45 mol) and tetrahydrofuran (200 ml) was added 
over a l-hr period and then warmed to room temperature over a 
16-hr period. 

The majority of the solvent was then removed under reduced 
pressure and the reaction mixture was treated with concentrated 
hydrochloric acid and pentane a t  O " ,  washed with watei, dried 
(sodium sulfate), and concentrated. Distillation of the diastero- 
meric mixture gave 90 g (397, yield) of an extremely viscous, 
clear pale yellow fraction, bp 135-160" (0.1 mm), and 70 g (30% 
yield) of a second fraction, bp 160-164' (0.1 mm), which was 
clear and colorless. 

The infrared spectrum of each fraction is the same and contains 
the absorption bands attributed to the a-naphthylmethyl-( - )- 
menthoxysilyl group, and in addition contains the following bands 
attributed to the CeFaSi moiety: 1645 (s), 1520 (s), 1470 (vs), 
1380 ( s ) ,  1292 (s), 1140 (w), 1098 (s), 1030 (m), 977 cm-l (5). 

Crystallization of ( + )-a-Naphthylmethylpentafluorophenyl- 
( - )-menthoxysilane, the Higher Melting Diastereomer .- 
Separation of the mixed diastereomers was achieved with frac- 
tions 1 and 2 described in the distillation above. For simpli- 
fication, however, the separation procedure will be described only 
for fraction 2. The clear, colorless, viscous liquid of fraction 2 
was diluted to approximately twice its volume with purified 
n-hexane, and chilled in a cold room ( - 5 ' ) .  After 24 hr, 14.5 g 
(mp 88-90') of a hard, flat, rectangular crystalline material was 
obtained from the flask. Recrystallization of this material at 
a t  -5' to a constant melting point, in twice its volume of 
pentane, gave 9.8 g of (+ )-a-naphthylmethylpentafluorophenyl- 
(-)-menthoxysilane, mp 93-95', [ a ] ~  - 11" ( e  1.6, pentane). 

Anal. Calcd for SiC27H29FSO: C, 65.83; H, 3.93. Found: 
C, 65.82; H ,  5.98. 

Crystallization of ( - )-a-Naphthylmethylpentafluorophenyl- 
( - )-menthoxysilane, the Lower Melting Diastereomer.--The 
volume of fraction 2, now enriched in the ( - )-a-naphthylmethyl- 
pentafluorophenyl-( - )-menthoxysilane (vzde supra), was reduced 
in volume by 30 ml of the steam bath and again placed in the 
cold room (-5'). After several days, 11 g (mp 6.5-85') of 
white solid was removed from the flask. After it was dried 
under reduced pressure, close examination of the solid revealed 
two different crystalline layers. The upper layer, deposited in 
the flask, consisted of soft, small, needlelike crystals, which were 
very dissimilar to the crystals previously isolated. The lower 
layer (permeated in spots by the layer above) was hard and 
resembled ( + )-a-naphthylmethylpentafluorophenyl-( - )-menth- 
oxysilane. With a spatula, the soft crystals were scraped 
from the hard crystals, giving 5.4 g (nip 71-75") and leaving 5.6 
g (mp 91-93') of the hard crystalline diastereomer. Subsequent 
recrystallization of the soft, lower-melting diastereomer at 4", in 
twice its volume of hexane, gave 1 g of the needle crystals 
of ( - )-a-naphthylmethylpentafluorophenyl-( - )-menthoxysilane 
(mp80-8l0), [ a ] ~  -75'(~2.0,pentane).  

Anal. Calcd for SiC27H1QFSO: C, 63.83; H ,  5.93. Found: 
C, 65.70; H, 6.01. 

The subsequent crystallization from the flask containing the 
remaining 46 g of mixed diastereomer gave 14 g of a soft, white, 
flocculent solid, which was literally poured onto a large filter 
paper fitted over a watch glass, and air dried (mp 71-74'). 
Several recrystallizations with at least 807, loss of solid diastereo- 
mer to the various mother liquors gave crystalline ( - )-a-naph- 
thylpentafluorophenyl-( - )-nienthoxysilane (mp 80-81 "). 

Diisobutylalane Reduction of the Diastereomeric ( f )-a- 
Naphthylmethylpentafluorophenyl-( - )-menthoxysi1ane.-A solu- 
tion of purified hexane (180 ml) and 29 g (59 mmol) of (+)- 
a-naphthylmethylpentafluorophenyl-( - )-menthoxysilane, [a] D 
-11' ( e  2.3 ,  pentane), was placed in a 500-ml, three-necked 
flask equipped with R dropping funnel and condenser. Di- 
isobutylalane, 33.3 in1 (180 mmol), was byringed into 80 
ml of purified hexane and then poured into the addition 

funnel. The diisobutylalane-hexane solution was added slowly 
over a 15-min period, under an inert atmosphere, to the 
stirred ( + )-a-naphthylmethylpentafluorophenyl-( - )-menthoxy- 
silane. During the addition, the flask temperature increased 
from 28 to  32". After the addition was completed, the flask was 
heated to 47' and maintained a t  that temperature for 19 hr. 
When the reaction mixture had cooled down, it was cautiously 
added to a 2-1. separatory funnel and washed in ice water, con- 
centrated hydrochloric acid (30 ml), and pentane (500 ml). 
After the aqueous layer was discarded, a second washing with 
concentrated hydrochloric acid was necessary to remove the 
remaining suspended aluminum salts from the organic layer. 
Following the second washing with acid, the organic phase was 
washed four times with distilled water, dried over sodium sulfate, 
and partially concentrated on the steam bath. The remaining 
organic layer was transferred to a sublimator, where heating for 
5 hr a t  80' (0.3 mm) removed the remaining volatile solvent by 
distillation and 7.4 g (80%) of the (-)-menthol by sublimation. 

After cooling to room temperature the remaining solid (+)-a- 
naphthylmethylpentafluorophenylsilane-menthol mix was re- 
moved from the sublimator, dissolved in pentane (60 ml), and 
poured onto a wet (pentane) 1.8 x 46 ern column of silica gel. 
Elution with 650 ml of 307' benzene (by volume) in pentane gave 
17.6 g (88%) of (+ )-a-naphthylmethylpentafluorophenylsilane 
(mp 54-64"). Repeated crystallizations to a constant melting 
point gave 13.2 g of a-naphthylmethylpentafluorophenylsilane 
(mp 73.5-74"), [ a ] ~  4-40" (c0.88, pentane). 

Anal. Calcd for SiC17H11Fb: C, 60.34; H, 3.28. Found: 
C, 60.04; H, 3.49. 

The infrared spectrum contains the absorbance bands attrib- 
uted to a-ClaHTSi, CeF5Si, and CHISi, and in addition contailis 
a band a t  2190 em-' attributed to the Si-H moiety. 

Preparation of a-Naphthylphenylmethylpentafluorophenyl- 
silane.-A solution of ether (100 nil) and 0.2 mol of a-NpPh- 
MeSi*Cl, [a]D -6.3" (c 4.5, ~ e n t a n e ) , ~  was added to a chilled 
( - 78') solution of pentafluorophenyllithium (0.2 mol in ether) 
over a 2-hr period. While being continuously stirred, the reac- 
tion mixture was allowed to warm to room temperature over- 
night, and was then treated with concentrated hydrochloric 
acid and pentane a t  O', washed with water, dried (sodium 
sulfate), and concentrated. Distillation gave 30 g (747, yield) 
of an extremely viscous, colorless liquid, characterized as (+)-a- 
naphthylphenylmethylpentafluorophenylsilane (a-NpPhMeSi*- 
PhF), bp 175-178" (0,15mm), [ a ] ~  +8.2" (c 1.6, pmtane). 

The infrared spectrum is completely consistent with the struc- 
tural assignment. 

Preparation of Phenylmethylpentafluorophenylsilane .-A solu- 
tion of 0.075 mol of (+)-a-NpPhhIeSi*PhF, [ a ] D  $8.2" ( C  
1.40, pentane), and chloroform (25 ml) was added rapidly to a 
solution of chloroform (15 ml) and 0.08 mol of BrCl (prepared 
from 0.04 mol of Brz and 0.04 mol of C12) maintained a t  -60". 
The immediate ensuing exothermic reaction caused the reaction 
mixture to warm up to room temperature. The mixture was 
stirred for 30 min and then syringed from the reaction flask into 
a flask containing ether (150 ml) and lithium aluminum hydride 
(0.600 equiv) chilled to 0". 

Stirring the hydride solution at room temperature for 16 niin, 
was followed by treatment with aqueous 10% HCl and pentane 
a t  O " ,  waihing with water, drying (sodium sulfate), and subse- 
quent removal of the solvents. Distillation gave 11.4 g (33% 
yield) of (+ )-phenylmethylpentafluorophenylsilane (PhMe- 
PhFSi*H), bp 7b79"  (0.3 mm), [ a ] ~  +3.2" (c 3.31, pentane). 
(A specific rotation of 4.3" for PhblePhFSi*€I was obtained by a 
procedure which gave significantly lower yields. ) 

Anal. Calcd for SiCI3HgF6: C, 64.16; H, 3.13. Found: 
C, 54.02; H, 3.31. 

The infrared spectrum is completely consistent with the above 
structure and contains ir maxima (C61&Si) a t  1430, 1120, 700 
em-'; C&Si a t  126.5 cm-l; C6F5Si, same as for a-Np>lePhFSi- 
( - )-OMen; SiH a t  2180 cm-l. 

Registry No.-a-Kaphthylmethyldimethoxysilane, 
37787-14-7; a-bromonaphthalene, 90-1 1-9; methyl- 
trimethoxysilane, 1185-55-3; a-naphthylmethylsilane, 
37787-15-8 ; a-naphthylmethylchlorosilane, 17998-65-1 ; 
(- )-menthol, 2216-51-5 ; a-naphthylmethyl-( - )-menth- 
oxysilane, 37787-17-0; a-naphthylmethylpentafluoro- 
phenyl-( -)-mentlioxysilane, 37787-18-1 ; pentafluoro- 
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phenyllithium, 1076-44-4; a-naphthylmethyl-( -)- menthoxysilane, 37787-21-6; (+)-a-naphthylmethyl- 
menthoxychlorosilane, 37787-19-2 ; (+)-a-naphthyl- pentafluorophenylsilane, 36411-23-1 ; ( +)-a-naphthyl- 
methylpentafluorophenyl-( - )-menthoxysilane, 37787- phenylmethylpentafluorophenylsilane, 37781-10-5 ; (+)- 
20-5 ; ( - )-a-naphthylmethylpent afluorophenyl-( -)- phenylmethylpentafluorophenylsilane, 36358-49-3. 
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The synthesis and photochemistry of ezo- and endo-2-acetylbenzonorbornenes (8 and 9 )  is described. 
isomer yields benzonorbornene upon irradiation a t  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 

(1) A. Padwa, UT. Eisenhardt, R. Gruber, and D. Pashayan, J .  A m e r .  

(2) P. J. Wagner and T. Jellinek, ibid. ,  93, 7328 (1971). 
(3) F. D. Lewis and N. J. Turro, ib id . ,  92, 311 (1970). 
(4) A. Padwa andA&. Battisti, i b i d . ,  94, 521 (1972). 
( 5 )  S. H. Kuroivski and H. Morrison, i b i d . ,  94, 507 (1972); R .  R.  Sauers, 

A .  D. Rousseau, and B. Byrne, Abstracts, XXIII rd  IUPAC Meeting, 
Boston, Mass., July 1971, p 96. 

(6) D. 0. Cowan and A .  A.  Baum, J .  A m e r .  C h e m .  Soc., 93, 1153 (1971); 
see also P .  A. Leermakers, J.-P. Montillier, and D. R.  Rauh,  .Mol. Photo- 
chem.,  1, 57 (1968). 

(7) P .  J. Wagner and P. 4. Kelso, Tetrahedron Lett., 4151 (1969); R.  A .  
Caldwell and P .  M .  Fink, i b i d . ,  2987 (1969). 
(8) D. G. Whitten and W. E. Punch, M o l .  Photochem.,  a,  77 (1970); 

P. J. Wagner, P. .4. Kelso, A. E. Kemppainen, A. Haug, and D. R .  Graber, 
ibid., 2 ,  81 (1970); F. R.  Stermitz, D. E. Nicodem, V. P. Muralidharan, and 
C .  M. O'Donnell, ibid. ,  2 ,  87 (1970). 
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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 

(9) H. Stookmann, J. Org.  C h e m . ,  29,245 (1964). 


