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(10) The vinyl proton of

oy IH “o

appears at 5.28 ppm and the compound has Amax®>% E'OH 328 (e
48,700): N. J. Leonard and J. A. Adamcik, J. Am. Chem. Soc., 81, 595
(1959),

(11) K. H. Dudley, A. Ehrenberg, P. Hemmerich, and F. Muller, Helv. Chim.
Acta, 47, 1354 (1964).

{12) Prepared by the methods of H. Bredereck, F. Effenberger, D. Zeyfang,
and K.-A. Hirsch, Chem. Ber., 101, 4036 (1968), and Z. Arnold and A.
Holy, Collect. Czech. Chem. Commun., 28, 2040 (1963), by treating

h SN
\T/\/\O
CH,

(see ref 13) with dimethyl sulfate in benzene, replacing the solvent with
CHCl3, treating the solution at —60° with dimethylamine, precipitating
the product from water with 70% perchloric acid, and recrystallizing it
from H,0.

(13) Prepared by the method of S. M. Makin, A. A. Ishmael, V. V. Yastrebov,
and K. I. Petrov, Zh. Org. Khim., 7, 2201 (1971), by the oxidation of pro-
pargyl alcohol with MnO; in the presence of N-methylaniline.

(14) This tenative structure, previously suggested by Zeller et al. (ref 1), was
based on analogy to the chemistry of IV. It is of note that at their re-
spective Xmuxv ay/ey = ex/ey.

(15) Cleavage of the C-ring leading to decomposition of IV might occur more
rapidly than hydrolysis of the side chain at high pH's. See S. B. Smith
and T. C. Bruice, J. Am. Chem. Soc., in press.

(16) Small samples were ozonized to less than completion (by uv spectra),
and DMF was detected in the mixtures by NMR. Selective enhancement
of the proper peaks occurred when authentic DMF was added to the
mixtures.

(17) Address correspondence to this author at Merck Sharp and Dohme Re-
search Laboratories, Rahway, N.J. 07065.
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Electrocyclic Closure of
Bicyclo{4.2.1]nona-2,4-dienes. Photochemical
Steering by a Heavy Atom Effect!

Sir:

We previously reported that the light-induced isomeriza-
tion of bicyclo[4.2.1]nona-2,4-diene to the exo- and endo-
tricyclo[4.2.1.0>5]non-3-enes is sensitive to the presence of
chlorine substituents.? On direct irradiation increasing
amounts of the exo isomer are formed when more substitu-
ent chlorine is present. We attributed these small, but regu-
lar differences to the operation of nonbonded interactions
arising between the methylene bridge and the polarizable
chlorine atom. However, subsequent experiments revealed
that far more subtle factors are at work. We now wish to re-
port that the choice of disrotatory mode followed by the
electrocyclic reaction is controlled by the multiplicity of the
photoexcited states of the diene and that chlorine, where
present, affects the multiplicity by acting as a heavy atom.?

Bicyclo[4.2.1]nona-2,4-diene (1) and a series of chloro
derivatives, viz., 3-chloro- (2), 3,4-dichloro- (3), 2,3-dichlo-
ro- (4), 2,4-dichloro- (5), and 2,3,4-trichlorobicyclo-
[4.2.1]nona-2,4-diene (6) were prepared from norbornene
by the carbene route.*> These dienes were submitted to di-
rect and sensitized irradiation and, in all cases save one, the
electrocyclization occurred to give both the exo and endo
tricyclo[4.2.1.025]non-3-ene derivatives (Table 1).°

For direct irradiation, it is seen that the exo-endo ratio
depends upon the degree of substitution; the percentage of
the exo isomer obtained rises sharply and then gradually
with increasing chlorine substitution. The effect is most

Table I. Direct? and Sensitized? Irradiation of
Bicyclo[4.2.1] nona-2,4-dienes¢
Exo Endo
A v Ao p%
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ct
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@ Irradiation performed in hexane as solvent, through quartz,
with medium pressure mercury lamp, 254 nm, at 25° & Aceto-
phenone or acetone as solvent and sensitizer, irradiation with
medium.pressure mercury lamp through Pyrex glass at 25° ¢ Fig-
ures in parentheses are the product ratios obtained in the sensitized
irradiation experiments, error £5%. 4 Products decomposed.

marked on introduction of the first chlorine atom (cf. 1 with
2). The influence of a second chlorine substituent is less, but
nevertheless reinforces the effect of the first, but more so
when placed in a 1,3- rather than a 1,2-disubstituted ar-
rangement {(cf. 3 and 4 with 8). The insertion of a third
chlorine atom brings about a correspondingly smaller in-
crease in the amount of exo isomer.

Sensitized irradiation produces a dramatic leveling of the
exo-endo ratios. All the bicyclo[4.2.1]nonadienes, the par-
ent hydrocarbon as well as the chloro derivatives, now be-
have similarly in isomerizing to predominantly the exo iso-
mer. In other words, the macroscopic result is that sensiti-
zation is tantamount to chlorine substitution or more pre-
cisely disubstitution.

The immediate conclusion which can be drawn is that the
sensitized process is a triplet reaction which, regardless of
substitution, uniformly proceeds to give a consistent ratio of
cyclobutene isomers, but dominated by the exo component.
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Table II. External Heavy Atom Effect by Solvent on
Bicyclo[4.2.1] nona-2,4-diene

———
solvent : diene(viv) "o endo
hexane 90 : (0 % 28% 72%
CHyBry 50 :5¢0 29 n
CHyBry 90 10 27 73
CH3CHy1 50 150 37 83
CHaCHy ! 90 : 10 50 50

On the other hand, direct irradiation is undoubtedly a sin-
glet process, especially since intersystem crossing is noto-
riously inefficient for conjugated dienes.” The parent diene
1 typifies the singlet reaction in giving chiefly the endo cy-
clobutene isomer. However, substitution on the diene sys-
tem by a moderably heavy atom, chlorine, facilitates inter-
system crossing by spin-orbit coupling and as a result the
product composition shifts toward that characteristic of the
externally sensitized process.®®

This interpretation, a first example of an intramolecular
heavy atom effect steering an electrocyclic reaction toward
a particular stereochemical outcome, is confirmed by the
direct irradiation of 1 in heavy-atom solvent (Table II).'01!
Surprisingly, the exo-endo ratio is not visibly disturbed in
methylene bromide; however, the desired effect is seen to
good advantage in ethyl iodide with a significant increase of
exo isomer being observed at higher dilution.

For the pair of tricyclo[4.2.1.0%]non-3-enes, preliminary
calculations indicate that the endo is less stable than the exo
isomer by a few kilocalories.!* Thus the less stable isomer is
produced preferentially from the more energetic singlet
manifold. It appears that this stability order is reversed for
tricyclo[4.2.1.0>%]nona-3,7-dienes with the result that the
endo isomer is favored in the sensitized and heavy atom
reactions.!?!4 These matters are being investigated.
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Hexamethylsilirane. A Simple, Isolable Silacyclopropane
Sir:

Recently, we have prepared the first silacyclopropanes, 1,
2, and 3.! All were found to be quite stable thermally but

CH3 ‘CH,;

.

"
CH, H
3

exceptionally reactive. Thus 2, whose chemistry has been
studied in some detail, reacts exothermally at room temper-
ature with reagents which do not attack the Si-C bonds of
larger silacycloalkanes, such as atmospheric oxygen, water,
alcohols, ammonia, hydrogen sulfide, and carbon tetrachlo-
ride.!'? This high reactivity of the Si-C bonds of the silacy-
clopropane rings of 1, 2, and 3 no doubt is a result of the
great angle strain-in the SiC; ring.3

The various attempts to prepare silacyclopropanes (silir-
anes) previous to our synthesis of 1, 2, and 3, in retrospect,
do not provide useful information concerning the stability of
this ring system since the reaction and work-up conditions
used did not anticipate the high reactivity of the silirane
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