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The excited-state chemistry of di-r-silane systems, in which two vinyl or = moieties are attached to a quater-
nary silicon atom, has been studied in an exploratory and mechanistic fashion. The compounds investigated are
trans-§3-styryltriphenylsilane (3t), trans,trans-bis(8-styryl)dimethylsilane (1tt), and trans,trans-bis(8-styryl)di-
phenylsilane (2tt). Qur results from studies of the direct and triplet-sensitized irradiations of these compounds
have demonstrated that (1) these di-w-silanes, having structures closely analogous to hydrocarbon systems which
undergo the di-r-methane rearrangement, fail to isomerize to corresponding w-substituted silacyclopropanes, (2)
cis-trans isomerization about = bonds are the energy dissipating and exclusive reaction modes observed upon ex-
citation of 1-3, and (3) the preferred mechanism for cis—trans isomerization for the bis(8-styryl)silane 1tt does
not appear to involve interaction between the two “nonconjugated” = chromophores.

Organic photochemistry remains one of the more potent
areas of synthetic innovation in organic chemistry. Photo-
chemical methods in many cases offer convenient routes for
the preparation of highly strained compounds, which nor-
matlly do not survive common ground-state reaction condi-
tions. Our interests in this area are focused on the develop-
ment of methods for the preparation of small-ring hetero-
cyclic systems.

The specific aim of the present study was to design sim-
ple and efficient synthetic sequences for the preparation of
silacyclopropanes.! The plan was to utilize the general di-
w-methane rearrangement,® which transforms 1,4-dienes
into corresponding vinyleyclopropanes, as the key ring-
building step. Thus, the photochemistry of di-r-silanes, in
which the central quaternary carbon atom of di-w-meth-
anes is replaced by silicon, might offer a simple entry into
the viylsilacyclopropanes (eq 1). Our interest in investigat-
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ing the excited state chemistry of di-w-silanes was further
stimulated by the lack of literature examples of di-r-meth-
ane type reactions of systems containing heteroatoms other
than oxygen in the reactive chromophores.?

The recent reports of Connolly? and Koch® on the ex-
cited-state chemistry of compounds closely related to the
ones to be described prompts us to relate the results of the
photochemical study of several di-z-silanes. We have ob-
served (1) a reluctance of di-w-silanes, having structures
closely analogous to reactive hydrocarbon systems which
undergo the general di-#-methane rearrangement, to isom-
erize to w-substituted silacyclopropanes upon either direct
or sensitized irradiation; (2) that cis—trans isomerization
about the = bonds is an efficient energy-dissipating process
upon both direct and triplet-sensitized excitation; and (3)
that the preferred mechanism for cis—trans isomerization
for bis(3-styryl)silanes does not appear to involve interac-
tion between the two “nonconjugated” = chromophores.?

Results

Syntheses. The di-w-silanes used in these studies are
prepared by reaction of dichloro- and monochlorosilanes
with B-styryl Grignard reagents (eq 2 and 3). Compounds
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RRSIC, + PhOH=CHMghr — 1] ©
PhCH CHPh
LR, R, = CH,
2,R, R,=Ph
Ph,SiCl + PhCH=CHMgBr —> Ph,SiCH=CHPh (3)
3

prepared in this way are bis(8-styryl)dimethylsilane (1),
bis(8-styryl )diphienylsilane (2), and 3-styryltriphenylsilane
(3).

The proton NMR and ultraviolet spectral data for these
compounds, recorded in Table I, serve as strong confirma-
tion -of both the expected structures and =-bond stereo-
chemistries in 1-3. Isomerically pure samples of the
trans,trans isomer of 2 and the trans isomer of 3 were ob-
tained by fractional recrystallization. The three stereoiso-
mers of the dimethyldistyrylsilane 1 (ltt, let, and lee)
were separated and removed from significant quantities of
the coupling by-product, 1,4-diphenylbutadiene, by spin-
ning band distillation. Proton magnetic resonance spectra
were definitive in establishing the stereochemistry about
the = bonds in each of the synthesized compounds. The cis
and trans coupling constants were easily identified as 15.0
Hz and 19.0 Hz, respectively. In addition, the ultraviolet
spectra of silanes 1-3 were all similar and nearly superim-
posable on that of the models, cis- and trans- (8-styryl)tri-
methylsilane. These observations support the fact that no
strong interaction exists between the “nonconjugated”
chromophores in the ground or initially populated singlet
excited states of these systems.

Preparative Photochemistry. Exploratory photochem-
ical studies of the di-7-silanes were undertaken. These ini-
tial investigations were not specifically designed to detect
the potentially labile w-substituted silacyclopropanes (eq
1).18 The conditions utilized, however, would have allowed
detection of secondary products whose structure would
have suggested the type of excited-state process occurring.

Direct irradiation of the di-w-silanes, 1tt and 3, at room
temperature in either methanol or cyclohexane led only to
recovered starting materials together with products of cis-
trans isomerization about the = bonds. Similar results were
obtained when the reactions were triplet sensitized with
various ketone sensitizers.

Mechanistic Photochemistry. In an attempt to more
closely investigate the reasons for the lack of #-substituted
silacyclopropane forming photoprocesses upon irradiation
of these di-w-silane systems, a more thorough study of the
excited-state behavior of the dimethyldistyrylsilane, 1tt,
was undertaken. One factor which could contribute to the
low rearrangement and high isomerization efficiencies
upon direct irradiation is an enhanced intersystem-crossing
efficiency from the initially populated di-x-silane singlet
excited state. In analogy with carbon systems, this pathway
would effectively block rearrangement by producing a
“free-rotor” di-w-silane triplet capable of energy dissipa-
tion by w-bond isomerization.!® Quenching experiments
were carried out to explore this possibility. No reduction in
the conversion of 1tt to its isomers, let and lee, was ob-
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Tablel
NMR and Uv Data for the Di-r-silanes 1-3
Proton NMR
Chemical shifts? U

Compd H, SiCH3 J gpr Hz amax (loge)

Me,Si(CH,=—CH, Ph),
trans, trans (1tt) 6.50 (d) 6.95 (d) 0.32 (s) 19.0 265 (4.64)
294 (3.83)
cis, 5.89 (d) 7.44 (d) 0.16 (s) 15.0 260 (4.43)
trans (lct) 6.40 (d) 6.86 (d) ’ 19.0 286 (3.84)
294 (3.55)
cis, cis (lec) 5.86 (d) 7.32 (d) 0.01 (s) 15.0 255 (4.36)
295 (3.29)

Ph,Si(CH,=CH,Ph),
trans, trans (2tt) 6.86 (d) 7.08 (d) 19.0 263 (6.69)
294 (5.99)

PhSi(CH,==CH, Ph)

trans (3t) 7.18 (d) 7.21 (d) 18.5 252 (6.37)
262 (6.44)
294 (5.67)

@ Chemical shifts measured in parts per million (ppm) downfield from tetramethylsilane (internal). Letters in parentheses represent
multiplicities: d, doublet; s, singlet. ® Uv spectra were run in cyclohexane solvent.

served when direct irradiations were performed in the pres-
ence of 2,3-dimethyl-1,3-butadiene. These results suggest,
but do not conclusively prove, that the singlet and not the
triplet of the di-=-silane is the excited state responsible for
cis—trans isomerization.

In order to evaluate how substitution on the silicon
might affect the preferred photochemical pathways fol-
lowed by these systems, the diphenylsilane, 2, was irradiat-
ed under direct and triplet-sensitized conditions (eq 4).

R\ /

Ph Ph Ph
itt, R = CH3 1ct lec
2tt, R = Ph 2ct 2cc

Surprisingly, no products of rearrangement were detected.
As with 1tt, cis—trans isomerization was the only observed
reaction, resulting in a mixture of the three stereoisomers
of 2.

These observations raise the interesting question of the
mechanism for cis-trans isomerization in the distyrylsil-
anes 1 and 2. The absence of di-r-methane-like reactivity
could very well be a result of the inability of these systems
to undergo C-2-C-4 carbon-carbon bonding in the singlet
or triplet manifold (eq 4). The ability of these systems to
undergo C-2-C-4 carbon-carbon bond formation might be
reflected in whether or not cis—trans isomerization proceed
via a common bridged intermediate as has been proposed
for related carbon systems.!112 With this in mind, varying
_conversion direct and sensitized irradiations were conduct-
ed on rigorously purified 1tt (99.6% isomeric purity) using
Pyrex filtered light for the direct runs and uranium glass
filtered light for the benzophenone runs. The results of
these experiments are summarized in Tables 1T and III and
plotted in Figures 1 and 2 in terms of the relative percent-
age of 1tt, let, and 1ce vs. irradiation time.

Discussion

The di-z-silanes that have been prepared and studied
contain structural features which make them closely relat-
ed to hydrocarbon analogs which undergo efficient di-

m-methane photorearrangements. For example, Griffin'3
has shown that the carbon counterpart of 8-styryltriphen-
ylsilane (3), 1,3,3,3-tetraphenylpropene (4), affords the te-
traphenyleyclopropane 5 upon direct irradiation (eq 5).
Similarly, a host of hydrocarbons related to the distyrylsil-
anes 1 and 2, e.g., the tetraphenyldiene 6,10 react efficiently
to yield vinyleyclopropane products from their correspond-
ing singlet excited states (eq 6). Thus, these examples serve
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as strong precedents for the postulated photochemical
reactions of di-r-silanes leading to w-substituted silacyclo-
propanes and, therefore, for postulated reaction sequences
vielding convenient entries into the silacylopropane series.
The complete inertness to photorearrangement of the styr-
ylsilanes 1-3, however, indicates that the silicon hetero-
atom in these systems introduces factors which cause the
pathway to w-substituted silacyclopropanes, such as 7 and
8, to be less efficient than in the carbon analogs (eq 7 and
8).

Ph Ph, Ph
| By \Si/
—Si 7
Ph Ph Ph
3 7
\ / R R
j \ 4 ®
Ph Ph ))\/\
lor 2

Several factors can be considered in assessing how the
silicon heteroatom blocks di-r-methane-like reactivity in



Photochemistry of Di-r-silanes

Table II
The cis,trans- to cis,cis-Bis(3-styryl)dimethylsilane
Isomer Compositions from Direct Irradiations of the
Trans,Trans Isomer, 1tt, at Low Conversions ( <50%)
and at the Photostationary State

Cis,cis to
% cis,cis
b

% cis,trans
b

cis,trans

isomer isomer isomer ratio?

% conversion? (let) (lcc) (lec/1ct)

2.0 2.0 0.0 0.00

9.7 9.7 0.0 0.00
14.2 13.9 0.3 0.02
17.6 20.6 0.6 0.03
28.0 28.0 0.8 0.03
35.9 34.0 2.0 0.06
43.0 39.6 3.4 0.09

Photostationary

state 43.5 46.1 1.06

@ Calculated as 100% minus the percent 1tt measured, ¢ See Ex-
perimental Section for method of analysis.

Table ITI
The cis,trans- to cis, cis-Bis(3-styryl)dimethylsilane
Isomer Compositions from Benzophenone-Sensitized
Irradiations of the Trans,Trans Isomer, 1tt, at Low
Conversions (<50%) and at the Photostationary State

Cis,cis to
% cis,trans % cis,cis cis,trans
isomerd isomer? isomer ratiod

% conversion? (let) {lec) (lee/let)
4.0 4.1 0.0 0.00
14.2 134 8.8 0.06
18.3 17.2 1.0 0.06
21.0 19.1 1.9 0.10
26.9 25.0 2.0 0.08
35.0 31.5 3.5 0.11
37.9 33.2 4.7 0.14
47.0 41.2 5.8 0.14

Photostationary

state 50.2 33.8 0.67

2 Calculated as 100% minus the percent 1tt measured. ¢ See Ex-
perimental Section for method of analysis.

these systems. Silicon can either enhance the efficiency of
alternate excited state deactivation modes or decrease the
efficiency of di-r-methane reaction by destabilizing inter-
mediates along the reaction coordinate.

One possible consequence of replacement of carbon by
silicon in these systems might be a silicon-induced, en-
hanced intersystem crossing efficiency from the initially
populated singlet excited states of 1-3. This would be ex-
pected to have a dramatic effect on the efficiency of poten-
tial di-r-silane reactions, since it has been well documented
that acyclic 1,4-diene triplet excited states utilize cis-trans
isomerization as a major energy-dissipating, reaction
mode.219 Unfortunately, evidence accumulated to deter-
mine whether the silicon atom in these systems serves to
enhance the intersytem crossing rate is minimal. High con-
centrations of the known triplet quencher, 2,3-dimethyl-
1,3-butadiene (Et =~ 58 kcal/mol) appear to have absolute-
ly no effect upon the efficiency of cis-trans isomerization of
1tt (note Experimental Section). However, this observation
might be explained by either a singlet isomerization mech-
anism or by the fact that the triplet state of 1tt is shor-
tlived. Another observation which concerns this point is the
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Figure 1. Direct irradiations of the trans,trans-distyrylsilane 1tt.
Plots of isomer composition (1tt, A; let, ®; lcc, W) as relative per-
centages vs. irradiation time in cyclohexane.
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Figure 2. Benzophenone-sensitized irradiations of the trans,-
trans-distyrylsilane 1tt. Plots of isomer composition (1tt, A; lct,
®; lcc, W) as relative percentages vs. irradiation time in cyclohex-
ane.

nondetectable fluorescence of the distyrylsilane 1tt under
conditions in which a reasonable model, 8-methylstyrene,
displays strong fluorescence. This decreased efficiency of
singlet emission might very well be a reflection of a silicon
enhancement of kigc. Our results, however, offer no firm
conclusions on this point.

Another possibility for the absence of di-w-silane reactiv-
ity in the systems studied may be related to the effect sili-
con has on the ease with which silacyclopropyldicarbinyl
diradicals, like 9 in Scheme I, undergo bond rupture to pro-
duce 2-vinylsilatrimethylene diradicals, e.g., 10.14 Zimmer-
man and coworkers!® have demonstrated the effect of cen-
tral carbon atom substitution on the efficiency of the di-
w-methane process. In the absence of radical stabilizing
groups on the central carbon atom, the di-r-methane reac-
tion efficiency drops to zero. Demonstrative of this effect is
the comparison of the quantum yields for rearrangement of
the series of 1,4-dienes 11. Interestingly, the di-w-silane
rearrangement is inefficient for styrylsilanes 2 and 3 in
spite of phenyl substituents on silicon, which might have
the potential of increasing the stability of diradicals like 10.
In addition, estimates of silicon—carbon vs. carbon—carbon
bond dissociation energies in silacyclopropanes vs. cyclo-
propanes yield the conclusion that step b in the hypotheti-
cal di-w-silane reaction pathway (see Scheme I) should be
more facile for silicon.'®
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Probably the most important effect of silicon on the ex-
cited state reactivity of di-w-silane systems may be a result
of its ability to decrease the direct (through space) interac-
tion between the nonconjugated diene (or «) chromophores
in the excited states of 1-3. It seems reasonable to postu-
late that formation of silacyclopropyldicarbinyl diradicals
like 9 in the excited states of distyrylsilanes would suffer
from the same prohihitive features of high ring strain as do
ground-state silacyclopropanes.l'® This ring strain effect
due to silicon at early stages in a nonconcerted pathway
(step a in Scheme I) or in the transition state 12 of a con-
certed reaction, could be controlling in causing di-r-silane
rearrangements to be of high energy.

Ph

iQACHa — 3
CH
Ph 3

Tt 12

A possible experimental test for whether or not the sili-
con atom prevents interaction between the excited styryl
moieties of 1tt is suggested by the results of Zimmerman
and Pratt in which cis—trans ismerization about the higher
triplet energy propenyl 7 bond in the hexadiene 13 was ra-
tionalized in terms of a mechanism involving the inter-
mediacy of the bridged cyclopropyldicarbinyl diradical 14
(eq 9).!! Thus, the mechanism for =-bond isomerization of

hl/
I\ = [\ (9)
Ph Ph Ph Ph
13t 13c

1tt compared to the analogous carbon system should indi-
cate whether the central silicon atom blocks C-2-C-4 car-
bon-carbon bridging. Specifically, in order to distinguish
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between a consecutive (eq 10) or a simultaneous (eq 11)
mechanism for cis—trans isomerization. of 1tt, measure-

hv hv
1tt = let == lce (10)

% 1lct

hy

(11)

1t == 9

/

lce

ments of the let to lec isomer ratios after low-conversion
irradiations of 1tt were made. Note that in the consecutive
mechanism no direct pathway exists for the interconver-
sion of 1tt to lce. However, in the simultaneous mecha-
nism a direct route is available through the intermediate 9.
The results summarized in Table II and Figure 1 demon-
strate that the lee to 1tt isomer ratios at low conversions
from direct irradiation of 1tt remain nearly zero up to
27.9% conversion. After this point the ratio rises to its pho-
tostationary state value of 1.06. These observations are
consistent with a mechanism for cis—trans isomerization of
1tt which involves the formation of lece in a second photo-
chemical step from the excited state of the initially formed
Let (eq 10). Only after significant quantities of Let are pro-
duced and, thus, significant quantities of light are absorbed
by let does the cis—cis isomer appear. Therefore, the con-
secutive mechanisms seems more probable.

In order to completely rule out the possibility that these
results are due to a simultaneous mechanism in which the
bridged intermediate 9 decays much more rapidly to let
than 1ee,!” the photostationary state compositions of both
lce and lct were analyzed. In a simultaneous mechanism,
two factors will determine the photostationary ratio of lce
to let, the relative rate constants for collapse of 9 to lee
and let (ko and k) and the relative intensities of light ab-
sorbed by lec and let (.. and ), according to eq 12. The

B Rt e e

[lcc]pss direct __ Ict . E_CE (12)
[1°t]pss,direct I  het

intensity ratio, calculated approximately from relative in-
tegrated extinction coefficients of the two isomers,'® was
1.12 and the photostationary state ratio was 1.06. There-
fore, if the simultaneous mechanism were operating, the
initial, low-conversion lec to let ratios, determined by
keo/Ret, should have been about 0.94, a value clearly not ob-
served. These observations support the consecutive mecha-
nism for x-bond isomerization in the distyrylsilane systems
and rule out the intermediacy of silacyclopropyldicarbinyl
diradical 9.

Results from benzophenone-sensitized isomerizations
can be similarly interpreted.’® In this case, the predicted
intital lce to let ratio for a simultaneous mechanism can
be obtained from eq 13, which relates the photostationary

[lcc]pss, sensit __ ket,et % k_cc (13)
[ICt]pss,sensit ket, ce kct

state isomer ratio to ratios of the rate constants for collapse
of a bridged intermediate and the rates of energy transfer
{(ket) from benzophenone triplets to the cis,cis and cis,trans
isomers. We have assumed the latter ratio to be unity based
upon measurements of photostationary state isomer ratios
from sensitized photolysis using various triplet energy sen-
sitizers (see Experimental Section).29 According to this es-
timate, keo/ket should be on the order of 0.67. The experi-
mentally observed lce to let ratios at low conversions in
the benzophenone-sensitized runs vary from 0.00 to 0.19 in
conversions from 4.0 to 54.0%.

These observations can be interpreted in terms of mech-



Photochemistry of Di-7-silanes

anism(s) for w-bond isomerization which do not pass
through an intermediate resulting from C-2-C-4 carbon-
carbon bridging. It seems likely that the different photo-
chemical reactivity of di-w-silanes and their carbon analogs
is due to the ability of silicon to destabilize the first
bridged diradical intermediate along the reaction coordi-
nate or the transition state, 12, for a one-step process.
However, it may well be that photochemistry can offer
an entry into the silacyclopropane ring system if we take
into account the limitations which are apparent from the
results presented in this paper. Studies aimed at obtaining
more information for silicon containing 7 systems in which
cis-trans isomerization is precluded are continuing.

Experimental Section

General. All NMR spectra were obtained on a Varian Asso-
ciates Model HA-100 spectrometer. Chemical shifts are reported in
parts per million downfield from tetramethylsilane (internal). Ul-
traviolet spectra were obtained on a Beckman Acta III spectropho-
tometer in l-cm matched quartz cells. Elemental analyses were
performed by Galbraith Laboratories, Inc., Knoxville, Tenn, Gas
chromatographic analyses were run using a Varian 940 GC with a
flame ionization detector. All melting points are recorded uncor-
rected.

Bis(8-styryl)dimethylsilane (1). 3-Bromostyrene (102.0 g, 0.56
mol; ca. 90% trans and 10% cis) was added over a 2-hr period to a
suspension of magnesium turnings (15.0 g, 0.63 g-atom) in a solu-
tion of dimethyldichlorosilane (35.0 g, 0.27 mol) dissolved in 400
ml of tetrahydrofuran. After initiation, the temperature of the
reaction was maintained between 0 and 15°. After the addition was
complete, the reaction mixture was stirred for 2 hr at room tem-
perature and poured into aqueous sodium bicarbonate. The ether
layer was separated, dried over calcium chloride, and concentrated
in vacuo, giving 88.0 g of crude material which was distilled. The
fraction between 192 and 210° (8 mm) was found to contain a mix-
ture of the three stereocisomers and a small amount of the coupling
product, 1,4-diphenylbutadiene (37.7 g, 52.7% yield). This fraction
was distilled carefully using a spinning band column to give frac-
tions containing a mixture of cis,cis and cis,trans isomers along
with 1,4-dipheylbutadiene, and pure trans,trans-bis(8-styryl)di-
methylsilane [15.2 g, bp 124-125.5° (0.2 mm)]. Gas chromato-
graphic analysis of this material indicated the absence of stereoiso-
meric impurities.

Anal. Caled for C1gHgoSi: C, 81.75; H, 7.62. Found: C, 81.63; H,
7.85.

Bis(8-styryl)diphenylsilane (2). This compound was prepared
by essentially the same procedure as described for 1 from g-styryl-
magnesium bromide and diphenyldichlorosilane. The crude prod-
uct was chromatographed on a silica gel column (Davison grade
920, 100-200 mesh) using hexane as eluent, The crystalline materi-
al obtained was recrystallized from hexane to yield a white, crys-
talline product (45.8% yield, mp 67-69°). The spectral data, re-
corded in Table I, indicate that the structure is trans,trans-bis(8-
styryl)diphenylsilane (2).

Anal. Caled for CogHg4Si: mol wt, 388.165. Found (by high-reso-
lution mass spectrum): mol wt, 388.164.

B-Styryltriphenylsilane (3). This material was prepared from
triphenylchlorosilane and 8-styrylmagnesium bromide by essen-
tially the same method as described for 1. The crude product was
recrystallized from 9:1 ethanol-acetone to yield pure trans-g-styr-
yltriphenylsilane (24.8% yield), mp 148.5-150.0° (lit.” mp 148-
148.5°).

Preparative Photochemical Runs. Direct Irradiations of
Bis(8-styryl)dimethylsilane (1). Preparative irradiations of pure
trans,trans-bis(8-styryl)dimethylsilane (1tt) were carried out on
degassed, nitrogen-purged solutions of cyclohexane or methanol
(500 mg per 500 ml) in an apparatus consisting of a quartz, water-
cooled, immersion well containing a Hanovia 450-W medium-pres-
sure lamp and Corex glass filter. Irradiations for ca. 2 hr were suf-
ficient to reach a photostationary state mixture of 1tt, let and lee,
the presence of which was detected by gas chromatographic analy-
sis (7 ft X 0.125 in. column, 3% SE-30 on Anachrom ABS, 60/70, at
165°). The order of elution and the relative percentages of the
three stereoisomers are as follows: lec, 46.1%; let, 43.5%; and 1tt,
10.4%. The spectral data for lec and let, collected by preparative
gas chromatography, are recorded in Table 1.

Anal. (lee). Caled for CyigHgoSi: C, 81.75; H, 7.62; Si, 10.63.
Found: C, 81.65; H, 7.86; Si, 10.45.
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Table IV
Irradiations of 1tt in the Presence of
2,3-Dimethyl-1,3-butadiene

Liradi-

ation  Concn of 2,3~

time,  dimethyl-1,3- % con~-
min butadiene, )  version % let % lcc
15 0.00 22.0 19.3 2.7
15 0.50 22.3 19.8 2.5
15 1.00 20.7 18.6 2.1
25 0.00 304 26.0 4.4
25 0.50 33.2 28.7 4.5
25 1.00 29.1 25.0 4.1
90 0.05 85.2 56.7 28.5
90 0.10 86.0 55.8 30.2
90 0.20 86.5 55.3 31.2
Table V

Triplet-Sensitized Irradiations of 1tt Using
Various Triplet Energy Sensitizers

Photostationary
Ers state compositions
keal/

Triplet sensitizer ol % Lt % let % lec
Benzil 54 33.8 11.2 55.2
1- Acetonaphthone 59 19.9 28.3 51.8
Benzophenone 69 16.0 33.8 50.2
Acetone 76 18.7 30.4 50.9

Anal. (let). Caled for CygHaeSi: C, 81.75; H, 7.62; Si, 10.83.
Found: C, 81.86; H, 7.47; Si, 10.88.

Sensitized Irradiations of 1tt. Sensitized irradiations were
conducted using the apparatus previously described containing cy-
clohexane solutions (500 ml) of 1.00 g of 1tt and 2.0 g of benzophe-
none, and using a uranium glass filter (7 > 320 nm). The photosta-
tionary state mixture of the three stereoisomers, reached after 3.0
hr of irradiation, was found to be 88.8% lee, 50.2% let, and 16.0%
1tt.

Varying Conversion Runs. Direct Irradiation of 1tt, Irradia-
tion of 128.1 mg (1.94 X 10~% mol) of trans,trans-bis(3-styryl)di-
methylsilane in 250 ml of degassed and nitrogen-purged spectro-
grade cyclohexane was conducted in the preparative apparatus
previously described using a Pyrex glss filter (T > 290 nm). One-
half milliliter aliquots were removed at varying time intervals dur-
ing the irradiations through a septum-capped inlet port. Samples
were stored in the dark until they were analyzed by gas chromatog-
raphy using a 5 ft X 0.125 in., 1.5% OV-101 on 100/200 Varaport
column at 150°. The peak areas were determined by the triangula-
tion method and were then used to calculate the relative percent-
ages of the three stereoisomers, lece, let, and 1tt. The results of
these measurements are tabulated in part in Table II and plotted
in full in Figure 1.

Sensitized Irradiations of 1tt. Irradiation of a solution of 36.8
mg (5.56 X 107* mol) of 1tt and 12.8 mg (2.8 X 10~* mol) of benzo-
phenone in 250 ml of degassed and nitrogen-purged Spectrograde
cyclohexane was conducted in the preparative apparatus previous-
ly described, using a uranium glass filter, These conditions ensured
that greater than 99% of the light was absorbed by benzophenone.
Relative percentages of lee, let, and 1tt, obtained by gas chroma-
tographic analyses, of aliquots removed at varying time intervals
during irradiation are tabulated in part in Table III and plotted in
full in Figure 2.

Irradiations of 1tt in the Presence of 2,3-Dimethyl-1,3-bu-
tadiene. Irradiations were carried out in a “merry-go-round” ap-
paratus with a Corex glass filter on degassed spectrograde cyclo-
hexane solutions, 5.4 X 107 M in 1tt and containing varying con-
ceritrations of 2,3-dimethyl-1,3-butadiene, in quartz .glass test
tubes. Three tubes, containing the three different quencher con-
centrations, were removed at varying time intervals during the ir-
radiations. Analyses of these solutions were conducted to deter-
mine the percent conversion of 1tt and the relative percentages of
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the three stereoisomers. The results of this experiment are record-
ed in Table IV.

Photostationary State Compositions from Irradiations of
1tt with Various Triplet Sensitizers. Spectrograde cyclohexane
solutions of trans,trans-bis(8-styryl)dimethylsilane (1.0 X 10-2 M)
and the various triplet sensitizers (acetone, benzophenone, 1-ace-
tonaphthone, and benzil), each 2.0 X 10~2 M, were placed individ-
ually in Pyrex test tubes and irradiated with Pyrex-filtered light
until the photostationary states were obtained. Analyses of these
solutions by gas chromatography yielded photostationary state iso-
mer compositions tabulated in Table V.
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Irradiation of a number of substituted chromenes in methanol give products derived from an o-quinoneallide
intermediate. The fate of the 0-quinoneallide depends on the experimental conditions. The primary mode of reac-
tion corresponds to 1,4 and 1,6 addition of methanol across the C-C double bonds of the o-quinoneallide interme-
diate. In nonreactive solvents, the o-quinoneallide undergoes a 1,7-sigmatropic hydrogen shift. Irradiation of sev-
eral substituted isochromenes, on the other hand, give indene: epoxides which produce ring-opened hydroxy
ethers on further irradiation. The mechanism involves opening of the isochromene ring to give an o-quinoidal in-
termediate which undergoes a subsequent intramolecular [4 + 2] cycloaddition reaction. A similar path occurs
with 4-phenylisothiochromene, except that in this case the initially formed indene episulfide loses sulfur on fur-

ther irradiation to give a substituted indene.

Light-induced transformations of cyclic dienes have been
the subject of recent intensive study.?? Derivatives of 1,3-
cyclohexadiene, for example, have been transformed into a
vast array of photoproducts via ring-opening processes,*-12
valence-bond tautomerization reactions,'3-1% bond-switch-
ing mechanisms,'%-22 and dimerization pathways.232¢ De-
spite the fact that photochemical isomerizations of cyclic
dienes have been well documented, investigation of suit-
able heterocyclic analogs in light-induced reactions has
been somewhat limited.25 With a desire to discover new
photochemical pathways of appropriate heterocyclic

dienes, we have examined the photochemical behavior of
several substituted chromenes and isochromenes.?® A num-
ber of investigators had previously observed that a ring-
chain tautomerization could be established between substi-
tuted cis dienones 1 and 2H-pyrans 2.27-2° Transforma-
tions of this type are known to be responsible for the pho-
tochromism encountered on irradiation of 2H-chro-
menes3%3! and o-vinylphenones.?? Extended irradiation of
the photoequilibrated dienone-pyran mixture might be ex-
pected to afford an oxabicyclo[3.1.0]hex-2-ene (3) as the
ultimate photoproduct. This transformation would be



