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Abstract: The photophysical properties and photochemistryE)f4-cyano-4-(pentamethyldisilanyl)stilbene Ef-

3) and the corresponding monosilylated stilbelBepg have been studied. Solvatochromic plotsiEf8 show separate
slopes for ether solvents and halocarbons. The emission in ethers is assigned to an LE state of similar polarity to
that of E)-5. In halocarbons a more polar intramolecular charge transfer (CT) state apparently contributes to the
emission. This component is completely quenched by nucleophilic ethers. In contrgstSiod; and ®(E,2) of

(E)-3 strongly decrease in GIN, consistent with the solvent polarity induced EECT process and nucleophilic
qguenching of the CT state by solvent. Alcohols also quebhehnd ®(E,2) with similar Sterr-Volmer constants,

linking the two processes to the same state (LE). Such quenching results in formatte({lfydrodimethylsilyl)-
4-cyanostilbened) by regioselective nucleophilic cleavage of the-Si bond, according to deuterium labeling studies.
Double reciprocal plots o~%(SiH) vs [ROH] ™ are consistent with both the LE and CT states being quenched by
ROH with the latter state givingd)-4. Quadratic behavior for MeOH in Gigl, is ascribed to a solvent polarity
promoted LE— CT process with a rate constant[MeOH], in accord with the linear relation d&(30) vs In
[MeOH] above 0.3 M MeOH. The quadratic behavior disappeateriramyl alcohol, which has the sanig(30)

as CHCI,. Results for MeOH in pentane suggest the LE and CT states have similar energies and interconvert.

Introduction The major photoproducts df in alcohols are silyl ethers
rather than the hydrodimethylsilane. These silyl ethers are
produced from alcohol addition to a silene intermediate formed
via [1,3] shift of the terminal trimethylsilyl group to an ortho
position of the aromatic ring. Whereas the locally excited (LE)
state ofl has been assigned as the reactive stakmtochemical
studies of the parent compound, phenylpentamethyldisilane,

Photolyses offt-(trifluoromethyl)phenyl)pentamethyldisilane
(2) and 1-p-cyanophenyl)-2-(pentamethyldisilanyl)cyclopentene
(2) in alcohols produce aryl- and arylcyclopentenyl-substituted
hydrodimethylsilane%2 These hydrodimethylsilanes are con-
sidered as being formed from cleavage of an electron-deficient

Q have led to the opposite conclusion, that the CT state rather
SiMe,SiMe; than the LE state undergoes the [1,3-Si] shift. The [1,3-Si]
/O/ SiMe,SiMes shift is not observed witt2.2 Instead, a tricyclic product is
FsC Q produced by a potential mechanism involving homolytie- Si

Si cleavage, radical cyclization, and disproportionation of the
silyl radical pair. Both the LE and the CT states have been
Si—Si bond through regioselective nucleophilic attack by alcohol tentatively proposed as the reactive stdtelsaser flash pho-

at the terminal trimethylsilyl group. Such cleavage is ac- tolysis studies of phenylpentamethyldisilane indicate that ho-
companied by proton transfer from alcohol to the silyl group molytic Si—Si cleavage is a triplet excited state photoprocess
attached to the arene, since SiD-labeled hydrosilanes areof aryldisilanes, and the intersystem crossing is promoted by
observed on photolysis with O-deuterated alcohols. This polar solvents.

photoprocess has experimental support as occurring in an

1 NC 2

intramolecular charge transfer (CT) state or twisted intramo- SiMezSiMe; SiMezH SiMes
lecular CT (TICT) staté2which for 1 and2 is the lowest energy O O O
excited singlet according to fluorescence studies. In these

systems the direction of the electron transfer is from the disilanyl — = —
group to the photoexcited arene electron acceptbor aryl-

cyclopentenyldisilane2 the fluorescent CT state has been Q Q O
directly linked to the formation of the hydrodimethylsilane

NC NC NC
photoproduct through plots of:°/®; versus [MeOH] and (E)-3 (E)-4 (E)-5
1/®(hydrosilane) versus 1/[MeOH], which are linear with
identicalkqz.® In contrast, a quadratic plot of@(hydrgsnane) In this paper we report on the photochemistry of the disilanyl
versus 1/[EtOH] in hexane has been reported Ior The  gjectron donor-substituted stilber®<3. In addition to produc-
quadratic behavior has been ascribed to a solvent polarity
dependent rate constant for electron trankfer. (4) Shizuka, H.; Obuchi, H.; Ishikawa, M.; Kumada, W.Chem. Soc.,
Faraday Trans. 11984 80, 383.
(5) Shizuka, H.; Hiratsuka, HRes. Chem. Intermed992 18, 131.

(1) Kira, M.; Miyazawa, T.; Sugiyama, H.; Yamaguchi, M.; Sakurai, H. (6) Shizuka, HPure Appl. Chem1993 65, 1635.
J. Am. Chem. S0d.993 115 3116. (7) Shizuka, H.; Okazaki, K.; Tanaka, M.; Ishikawa, M.; Sumitani, M.;

(2) Steinmetz, M. G.; Yu, C,; Li, LJ. Am. Chem. S0d.994 116, 932. Yoshihara, K.Chem. Phys. Lett1985 113 89.

(3) Steinmetz, M. GChem. Re. 1995 95, 1527. (8) Leigh, W. J.; Sluggett, G. WI. Am. Chem. S0d.993 115 7531.
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ing hydrodimethylsilane E)-4 in alcohols, stilbene H)-3
fluoresces and undergoes efficiEhZ photoisomerization. Since
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Figure 1. Fluorescence of 1. 1074 M (E)-3 in various solvents:
pentane<), BuO (- - -), E&O (-++), CHCk (*—*), CHCl, (++—=* ), THF
(bold line).

/(2 + 1) — (2 — 1)/(2n? + 1) (eq 1), wheres andn are
solvent dielectric constant and refractive index (e§ @yesm
= 4000 % 994 cnTYAf (R?2 = 0.9436) for pentane plus{

the latter two photoprocesses are quenched by alcohols, theBu),O, E£O, THF. The chlorinated solvents show a separate

kinetics of Stera-Volmer quenching can be compared to the
kinetics of formation of hydrodimethylsilan&)-4 in order to

linear correlation with slopen = 91204 1810 R2 = 0.9808)
cmYAf and an intercept nearly the same as the ethers. The

assign the excited states involved in each process. In addition,slopes of such plots are proportional to the square of the

the quantum yields for hydrosilane formation as a function of

difference between ground and excited state dipole moments,

alcohol concentration are used to investigate the solvent polarity Au?. Assuming the same molecular dimensions applyE)e3
dependence of the LE to CT conversion previously reported as for 4-cyano-4(dimethylamino)stilbene (DC$,= 5.43 A3,

for 1.

Results

Synthesis of(E)-4-Cyano-4-(pentamethyldisilanyl)stilbene
(E)-3, Preparative Photolysis, Photoproducts, and Deuterium
Labeling. Stilbene E)-3 was synthesized fronij-4,4-dibro-
mostilbene (Scheme 1). Lithiation and treatment with chloro-
pentamethyldisilane produced a mixture of 4-bromalidila-

nylstilbene and mono- and bis(disilanyl)stilbenes. This mixture
was subjected to cyanation, column chromatographic separation,

and purification by crystallization to obtai&)-3. Stilbene E)-3

and its photomixtures had to be protected from ambient light.

Preparative photolysis of & 1072 M stilbene E)-3 in MeOH
utilizing Pyrex filtered light of a 450-W medium-pressure
mercury lamp gave, after chromatographic separation, 7% (
3, 34% of anE,Z mixture of (hydrodimethylsilyl)stilbened,
and 42% recovered reactant. In addition, BZ mixture of
4-cyano-4(methoxydimethylsilyl)stilbenes were detected in ca.
11% combined yield by GC-MS; the yields of these methoxy-
silanes were negligible at low conversions.

Preparative photolyses with 0.01 NE){3 in pure MeOD
resulted in 100% monodeuteration of (hydrodimethylsilyl)-
stilbene E)-4, according to GC-MS analysis of the parent ion
and the M— 15 fragment ion. The deuterium was incorporated
exclusively as SiD according t8H NMR analysis, and no
detectable SiH was observed Hy NMR. For 5 M MeOD in

the calculated\u are 8 D and 12 D.

Better linearity is found when the fluorescence maxima in
Table 1 are plotted against  1)/(e + 2) according to eq
2%:.10b (Figure 2), in order to take into account polarization
effects. The term 0.B2 — 1)/(n®> + 2) ~ 0.11 and is
approximately constant for the solvents of Table 1. The linear

Va™ Vs

2A,u2{6—1 n2—1)
= - + constant 1
hoo®\2e+1 on?+41 @)

2 o ofle — 1|
hqo3[(ﬂe U9)ie (—6 T 2)
n?—1

1 2
“(u.° — —+ constant (2

Vf=

correlation for pentane plus ethers has slope= —2440 +
356 (R2 = 0.9794) and the halogenated solvents give a separate
slopem = —4270 &+ 246 R2 = 0.9983). From the slopes
u(ue® — ug) = 39 and 68 B, which afford lower limit
estimates of the dipole momentg of the solvent-free, emissive
excited states of 6 and 8 D, calculated by neglecting the ground
state dipole momentyg.

The solvent polarity induced shifts in the fluorescence
maxima of E)-5 for the series of solvents pentane;§u),0O,
Et,O, CHCIl,, and CHCN give a linear plot of/; versus ¢ —

pentane as the solvent GC-MS analyses showed 86% and 9194)/(€ + 2) (eq 2) with slopen = —22994 225 R = 0.9859)

monodeuteration, as calculated from the parent and NI5
ions, respectively, and 94% and 100% monodeuteratio# of
was found fo 5 M MeOD in CH_Cl, as the solvent.
Fluorescence Studies.Fluorescence spectra dg)¢3 in the
solvents pentanen{Bu),O, EtO, THF, CHC}, and CHCI, are

(Figure 2). Unlike E)-3 strong deviation of CkLCl, from the
correlation is not observed. The slope with= 5.43 A as with
DCS (vide supra) givese®(ue® — ug) = 37 ?, and the lower
limit estimate ofue’ is 6 D for ug = 0.

Quantum yields of fluorescence of disilai®3 and monosi-

shown in Figure 1 and the data are summarized in Table 1./ane €)-5 in pentane, CkCl, and CHCN as solvents are

The structured fluorescence dE)(3 observed at 382 nm in

summarized in Table 2. In the case &){3 a 30-50-fold

pentane shifts to longer wavelengths with increasing polarity decrease is observed for gEN compared to CCI, or pentane

of the solvent. For halogenated solvents the shifts are larger

(9) (a) Rettig, W.Angew. Chem., Int. Ed. Engl986 25, 971 and

than for the ethers and significant loss of structure is observedreferences cited therein. (b) Liptay, . Naturforsch.1965 20g 1441.

for CHCl; and CHCl,. The emission in CECN is too weak
to determine the maximum reliably. A plot (not shown) of the
Stokes shifty,—vs versus solvent polarity paramet&f = (e —

(10) (a) Lapouyade, R.; Czeschka, K.; Majenz, W.; Rettig, W.; Gilabert,
E.; Rulliere, CJ. Phys. Cheml992 96, 9643 and references cited therein.
(b) Létard, J.-F.; Lapouyade, R.; Rettig, \W.Am. Chem. S0d.993 115,
2441,
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Table 1. Absorption {2) and Emission4;) Maxima of E)-3 and E)-5

Liu et al.

disilane E)-3 monosilane E)-5
solvent Er(30) Af(e,n) (e—1le+2) Adnm eM~tem™ Afinm Adnm Adlnm
pentane 31.0 0.001 0.219 329 45 000 382 324 374
Bu,O 33.0 0.096 0.409 331 46 100 388 326 379
Et,O 34.5 0.167 0.516 330 41800 390 324 380
THF 37.4 0.210 0.687 332 46 400 400 and nd
CCl, 32.4 0.010 0.291 334 41 966 392 nd nd
CHCl; 39.1 0.148 0.559 335 46 000 409 nd nd
CH.Cl, 40.7 0.217 0.726 333 37 600 423 328 391
CH:CN 45.6 0.305 0.921 330 46 100 bbr 325 397

2 Not determined® Very weak, broad emission (37225 nm).
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Figure 2. Solvatochromic plot ofs vs (€ — 1)/(e + 2) for (E)-3 (W)
and E)-5 (O).
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Table 2. Quantum Yields for Fluorescence aBg Isomerization
of (E)-5 and E)-3 in Various Solvents and for Formation af)(3
and E)-4 from (E)-3in 5 M ROH

monosilane )-5 disilane €)-3
solvent & O(E,2 o D(ED P(ED* P(SiHP
pentane 0.031 0.38 0.10 0.41 0.28 0.019
CHCl, 0.023 0.40 0.20 055 0.11 0.022
(0.40p (0.0070%
CH,CN 0.016 0.39 0.003 0.012 0.012 0.014

a5 M MeOH. " In parentheses, 5 Nert-amyl alcohol.

as solvents, whereas the monosilaBg-% shows only small
variations in emission efficiency as a function of solvent polarity.
Quenching of the steady-state fluorescence of 0.0 EM3(
by binary mixtures of MeOH in pentane and &, and by
tert-amyl alcohol (TAA) in CHCIl, was studied in detail so that
Stern—Volmer quenching constants could be obtained for
comparison to those of the photoproducts (vide infra). Unlike
MeOH, which hasEr(30) = 55.4 kcal mof! indicative of
substantially higher polarity than GBI, (E+(30) = 40.7 kcal
mol~1), TAA has anEr(30) = 41.1 kcal mot? nearly identical
to that of CHCI,.11 Thus, the concentration of TAA could be
varied without modifying the polarity of the bulk solvent. For
both MeOH and TAA, plots of relative quantum yields of
fluorescence®:°/®+, versus [ROH] displayed good linearity
with slopeskgzr, wherek, is the apparent bimolecular rate
constant for quenching of excited state with lifetimé-igure
3 and Table 3). The fluorescence of monosilylstilbebEg
was also quenched by MeOH in pentane wiga = 0.15 +
0.02 R? = 0.9780).
Singlet excited state lifetimes were measured by monitoring
the fluorescence ofH)-3 using standard nanosecond single

(11) Reichardt, CSokents and Sekent Effects in Organic Chemistry
VCH Publishers: Weinheim, 1988.

4 6
[ROH)/M

Figure 3. Quenching of fluorescene oE)-3 by MeOH in pentane
(O), by MeOH in CHCI, (W), and by TAA in CHCI, (O).

photon counting techniqué3. Although fits to double expo-
nential decays were attempted, in general satisfactory fits were
only obtained for monoexponential decays (Experimental Sec-
tion). Lifetimes did not vary significantly with change in
excitation or emission wavelengths and also did not vary
significantly over the 1.2« 1076 to 1.2 x 103 M range of
concentrations offf)-3 in CH,Cl,, suggesting that self-quench-
ing was unimportant. Above 1.2 104 M (E)-3 the excitation
wavelength ey had to be shifted from 337 to 375 nm,
apparently because of high absorbance at the front face of the
1-cm square cell, which reduced count rates. The lifetime in
deoxygenated pentanglem 385 nm)= 0.30 ns, increased to
0.53 ns in CHCI; (Aem 420 nm).

For deoxygenated Ci€l, as solvent singlet lifetimes oE}-3
were sufficiently long that the decrease drwith increasing
alcohol concentration could be determined. For MeOH as
guencher, measurements could only be mad® 3M MeOH.

A plot of 77 versus [MeOH] had a slope &f;, = 1.10+ 0.21

x 1® M~ s 1 and an intercept,”1 = 2.004+ 0.35x 1P s!

(R? = 0.9508). From the slopefintercekfr = 0.55+ 0.21

M~L, in agreement with the quenching of steady-state fluores-
cence. TAA was less effective a quencher than MeOH and for
a range of concentrations up to 4.0 M, 0.364+ 0.082 x
1®PM1st 7,71=1.954+0.20x 10° s (R2 = 0.9312), and

kit = 0.19 £+ 0.06 ML, The quantitative agreement kyr
values from steady-state fluorescence quenching was thus only
fair.

Quantum Yields of Photoproducts. Quantum yields for
formation of ¢)-3, ®(E,2), and hydrosilane)-4, ®(SiH), were
determined at low conversions with a microoptical bench
apparatus at an excitation wavelength of 340 nm, utilizing
ferrioxalate actinometry (Experimental Section). In the absence

(12) (a) O’Connor, D. V.; Phillips, DTime-correlated Single Photon
Counting Academic Press: London, 1984. (b) Eaton, D.Prwre Appl.
Chem.199Q 62, 1631. (c) Lampert, R. A.; Chewter, L. A.; Phillips, D.;
O’Connor, D. V.; Roberts, A. J.; Meech, S. Rnal. Chem1983 55, 68.
(d) Zimmerman, H. E.; Werthemann, D. P.; Kamm, K.JSAm. Chem.
Soc.1974 96, 439.
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Table 3. Summary ofksr values from plots ofP;°/®; and ®(E,2)~* versus [ROH] and fod(SiH)™* versus [ROH}!?

kgz/ M1
solvent ROH D/ (R ®(E,D (R O(SiH) * (RY)
pentane MeOH 0.14 0.01 (0.9763) 0.13 0.02 (0.9932) 0.0& 0.02 (0.9953)
CH,Cl, MeOH 0.54-+ 0.04 (0.9910) 0.4% 0.12 (0.9888) 0.4% 0.01, 0.55+ 0.01 (0.9982%)
CH.ClI; TAA 0.08 £+ 0.01 (0.9952) 0.1& 0.02 (0.9817) 0.080.30+ 0.09 (0.9456)

aErrors are one standard deviation in the fit to a line or cubW&@om the slope$ From slope/intercept From the intercept/slop&€.From a
quadratic fit, see texf.The value from®;°/®; versus [TAA].9 From nonlinear least-squares fit to the data, see text.
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Figure 4. Quenching of theE,Z photoisomerization by MeOH in A,
pentane ©), MeOH in CHCI, (M), and TAA in CHCl, (O). [ROH] /M

Figure 5. Dependence of quantum yields for hydrosilaig-4 on
of either MeOH ottert-amyl alcohol (TAA) hydrosilane product ~ MeOH in pentane®) and TAA in CHCl; (O).
(E)-4 was not formed in detectable amounts fro&)-8 in

pentane, CECl,, or CHCN. Isomer ¥)-4 proved to be a 250
secondary photoproduct whose yield was negligible at the i
lower conversions of quantum yield runs. As shown in Table 200 |-
2, ®(E,2 of (E)-3 decreased by over 30-fold in the polar sol-
vent CHCN compared to pentane or QEl,. The decrease _ 150
paralleled the decreasedr for the same solvents. In contrast, "E
®(E,2) values for monosilaned)-5 were constant as the solvent ® 400 L
polarity varied. I
The E,Z photoisomerization of )-3 was found to be 50 |
quenched by alcohols, as shown by the comparisob(&,2)
without alcohol to®(E,2) with 5 M MeOH (Table 2). MeOH ‘ \ . \

0

was a more effective quencher than TAA (Figure 4 and 0.0 012 04 06 08 10

Table 3), and quenching was substantially more pronounced P

in CH.CI, than pentane as solvent. Tkg values of Table 3 [ROH]'/M

correspond to the ratio of slope/intercept of plotsinfi(E,2) Figure 6. Dependence of quantum yields for hydrosilafg-4 on
versus [ROH] (Figure 4) and were found to be similarkgo MeOH in CHCl, (m).

values obtained from quenching of steady-state fluorescence byScheme 5

ROH (Figure 3).

Quantum yields of hydrosilan&)-4 increased with increasing ,:12 TROH] kg2 [FOH]
alcohol concentration. For pentane as the solvent linear "E(1) — CT(——>SH
regression analysis ab~1(SiH) versus [MeOHj! (Figure 5) Akr/
gave intercept/slope= Kkgz similar to values obtained from foe K1+ kf{+ kdo+ kio+
quenching of steady-state fluorescence &nd photoisomer- P Kq1[ROH] kqolROH]
ization (Table 3). Change in solvent to &, led to a lmx
guadratic dependence on [MeOH[Figure 6). This quadratic
behavior was reproduced by two independent, complete sets of (23 GS GS
experimental data (Experimental Section). From Figure 6 two
kqt values could be extracted, either of which matchedktjre A mechanism must be assumed in order to extkgcvalues
values for quenching of both fluorescence &md photoisomer- from the quadratic plot (Figure 6) &~(SiH) versus [MeOHj!

ization (Table 3). With TAA as the alcohol in GBI, as in CHxCl,. Thekgyr values in Table 3 are obtained from eq 3,
solvent, quantum yield®(SiH) were low and covered a very  which derives from Scheme 2, taking the rate constant for
narrow range of values with change in [TAA]. Thus, the TAA electron transfer converting the LE to the CT statekags~
points in Figure 5 had considerable scatter, especially at low kyy'[MeOH]. This ROH dependent LE= CT process was
concentrations of alcohol. Linear regression analysis of the plot proposed previouslyto account for similar quadratic depen-
(Figure 5) gave intercept/slope kg = 0.57, in complete dence of®1(SiH) versus [EtOH}! in hexane in the case of
disagreement with quenching of steady-state or time-resolvedaryldisilanel. By simple inspection of Figure 6, estimates can
fluorescence o (E,2). The data were thus fit to a nonlinear be made for parametees b, andc in eq 3. Parameters and
expression, as described below. b correspond tdyr values for total quenching of LE and CT
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states, respectively (Discussion Section). From the plot the 54
intercept atx = 0 is ab/c = 20—30. The two points at the ~
lowest [MeOH] provide an estimate for the tangent at 1.0 M 52
MeOH. This estimate i§(x) = (a+ b)lc+ 2x/c=(a+ b+ |
2)lc = 310 forx = 1. If we assume parametar= (kg1 + 50 L
1)1 = 0.5 from the fluorescence quenching data (Table 3), > I
then the ratio [§ + b + 2)/c](ab/g)~* gives parametdn = (ky? ,_T_,f- 48 L
+ kq2")r2 = 0.38-0.62. A three parametea,(b, c) nonlinear
least squares fit of eq 3 to the data gives similar values for 6 _
parameters andb in Table 3 andc = 0.011+ 0.003.
44 | [ L
f(x) = %%L (at b)x + (_1:)(2 20 -1.0 00 1.0 20 30
-1 P In(c,.)
x=[ROH] -, f(x) = @ (SiH) (3) P

Figure 7. Er(30) of binary solutions of MeOH and GBl.
ab+ (a+ b)x+ _
f(x) = o the fact that®°(E,2) from intercepts of plots ofb~Y(E,2) vs
1 e [MeOH] in CH,Cl, never equal and are always less tdai(E,2)
x=[ROH] ~, f(x) = ® *(SiH) (4) measured for pure Ci€l, (Experimental Section). Relative
: ields of fl °l® ined for th
Unlike MeOH, TAA has nearly the san&(30) as CHCl,. guantum yields of fluorescenel:®/®; determined for the range

; 1—-10 M ROH thus utili ° ext lated fromb 2

Thus, the rate of electron transfer converting LE to CT states [ROI(—)|] OH thus utilized®s” extrapolated fromp;™ versus
was taken.as a cor!staqtz, mdepgndent of ROH' The Scheme Triplet Sensitized Photolyses. Irradiation of E)-3 at 430
2 mechanism requires the nonlinear expression of eq 4 to holdnm with 0.050 M biacetyl & = 56 kcal motl) as triplet
(_Dlst(]:/uszaondSe::tllo(;\?\.A _,?kt]angt(hent tolthe eq s/cur\#é(}e—z 1/(,: sensitizer in CHCI, gave ¢)-3 as the sole product. Hydrodi-

a ,?X ’ in at . it has the value (1 ab) ¢ fra= (kqx methylsilane4 was not detected in Gi€l, or in 5.0 M MeOH
zrquql_i_)ﬁ —)0.08kg<qr florEuorlesceglcelquegcrt:ln?, Table |3) and in CHCl; up to 32% conversion to give produ@)¢{3. At low

73 2')t2=Db < 1, then 1— ab= 1 and the limiting slope : _ "
at low concentrations of TAA of &/will have been nearly conversions(E,2) = 0.66. For these sensitized photolyses

: 0 :
reached at 1.0 M TAA. The linear appearance of the plot in the biacetyl absorbedt 99.9% of the light.

Figure 5 can be understood in' these terms. By takiru:gzl/ Discussion

186 (the apparent slope from linear regression analysis of the ) )

data),a= 0.08,® %(SiH) = 278 at 1.0 M TAA k= 1.0 in eq Fluorescence maxima oEJ)-3 shift to longer wavelengths

4), one can estimaté = 0.29. By comparison, the two- with increasing polarity of solvent. Larger shifts are found for
parameter nonlinear least-squares fit to the data aith0.08 CCls, CHCl, and CHCI; than for pentane, B®, EtO, and
fixed (fluorescence quenching) galse= 0.30 (Table 3) and THF, and plots ofAv versusAf (eq 1) andvy vs (e — 1)/(e +

= 0.0047+ 0.000%. Equation 4 will have a minimum at 6.67 2) (eq 2) show two linear correlations with the halocarbons
M TAA where ® .= 0.0067. The decrease in quantum yield having the steeper slope (Figure 2). These dual slope plots are
at higher concentrations of TAA bordering on pure alcohol will Suggestive of two emissive excited states. The LE state may
be too small to detect experimentally. Our highest concentration Pe the principal emissive state in ethers. A more polar CT state

of TAA was 5.0 M (1.2:1.0 viv TAA:CHCI,), where® = may contribute significantly to the emission observed halocar-
0.0070<+ 0.0010. bons. The predominance of the LE emission in ethers could
Solvent Polarity ParametersEr(30) for Binary Solutions be due to complete quenching of the CT component through

of MeOH in CH ,Cl,. Er(30)= Na(hd/A) were calculated from  SPecific, nucleophilic interaction with electrophilic silicon, which
experimental absorption maximaof pyridinium-N-phenoxide ~ has high affinity for oxygen lone pairs. In the CT state

betaine dye6 as a function of solute concentratiap 1314 significant charge is expected to be lost from the disilamyl
electron donor.

Ph Ph From the dual slope plot of Figure 2, the dipole moment,
7\ . . ue’, of the solvent-free molecule in the CT state is estimated
PN °© from eq 2 to be at least 9 D, and the LE state may be at least
Ph Ph 6 D, neglecting.y in both cases. From an AM1 calculation of
6 (E)-3 with a planarr system and an SiSi bond perpendicul&r
to the plane of the areng = 4 D, in which casew.® = 9 D for
Although Er(30) = Ep In(c/c* + 1) + Er°(30), the linear the LE state. Thé\u (eq 1) of 12 and 8 D are somewhat less
relationEr(30) = Ep In(cy/c*) + Er°(30) will, in certain cases, than the 14.6 and 13.5 D values for the TICT and LE states of
hold for ¢* < ¢, over a wide range of concentrations of polar 4-cyano-4-(dimethylamino)stilbene (DCS) and its “stiff stil-
solutell13b.14 This latter relation was found for 0.30.6 M bene” analog, respectivel{2 Among the DCS analogs a

MeOH in CH:Cl, (Figure 7). From Figure 7 the parametets distinct dual fluorescence is not observed under steady-state
= 0.033+ 0.008& andEp = 1.97 + 0.065; E°(30) is 40.7 conditions, and LE or TICT emissions are observed at similar

kcal mof! for pure CHCl,. According to Figue 7 a large wavelengths. Dual fluorescence has been observed in time-
increase in polarity initially occurs upon addition of small resolved spectra. The plgoseqond lifetime experiments show a
amounts of MeOH, since the apparent intercept at zero [MeOH] Precursot-successor relationship of short- and long-wavelength

has a higheEr(30) than the pure solvent. This accounts for €mission bands consistent with LE and TICT a_ssignmjéms.
However, the long-wavelength band of the time-resolved

(13) (a) Laurence, C.; Nicolet, P.; Reichardt, Bull. Soc. Chim. Fr.
1987 125. (b) Langhals, HNew J. Chem1981, 5, 97. (15) Kira, M.; Miyazawa, T.; Mikami, N.; Sakurai, HOrganometallics
(14) Langhals, HAngew. Chem., Int. Ed. Engl982 21, 724. 1991 10, 3793.




(E)-4-Cyano-4(pentamethyldisilanyl)stilbene

experiments is only observed under conditions in which
complexation with a second, electronically excited DCS mol-
ecule is possiblésh

Additional support for the above LE and CT assignments in
the case off)-3 is provided by comparison of solvatochromic
behavior and fluorescence quantum yields with monosilyl
cyanostilbeneH)-5. The solvatochromic slopes (eq 2) f&){3
in ethers and for B)-5 in all solvents are nearly identical
(Figure 2). The excited state OE)-3 we assign as LE (vide

J. Am. Chem. Soc., Vol. 118, No. 46, 1BD8617

fluorescence ofH)-3 in CH,Cl, once 1.0 M ROH is reached.
®~Y(E,2 vs [ROH] also shows good linearity (Figure 4), which
argues against reaction involving both thee and CT states
with both states being quenched by alcohol, i.e. 'tie— CT
—3LE — %p* andLE — CT — Ip* processes. Thiyz values

for quenching of both the fluorescence andE@isomerization

by MeOH ortert-amyl alcohol (TAA) track each other quite
closely (Table 3), regardless of whether the solvent is nonpolar
(pentane) or moderately polar (@E1l,). The two processes thus

supra) in ether solvents thus has similar polarity and displays appear to originate from the same excited state, which we assign
similar solvatochromic behavior as the emissive excited state as'LE.

of (E)-5. Apparently a second, more polar excited state does

not contribute to the emission oE)-5 in CH,Cl,, and both
CH,Cl, and CHCN fall on the same correlation line as the
ethers in Figure 2. Only small variations in fluorescence
quantum yieldss, of (E)-5 (Table 2) are observed with change
in solvent polarity from pentane or GBI, to CH;CN, whereas
for (E)-3 at least an order of magnitude decreaséijroccurs,

Quantum yields®(SiH) for hydrodimethylsilaneK)-4 in-
crease with increasing concentration of alcohol. The double
reciprocal plot for TAA in CHCI, appears linear (Figure 5),
although the data show scatter due to the low quantum yields
observed for E)-4, especially at low concentrations of TAA.
Nonetheless, the appardnt of 0.57 from the ratio intercept/
slope from linear regression does not maktghfor quenching

consistent with conversion of the LE to CT state and quenching of the E,Z isomerization or the fluorescence, suggesting that a

of the latter excited state by nucleophilic interaction of the
solvent!

As in the case dfransstilbenel” the E,Z photoisomerizations
of (E)-3 and E)-5 are thought to occur via the twistép* state.
According to Scheme 2, thip* state would be accessed from

different excited state is involved in the formation of hydrosilane
(E)-4. The Scheme 2 mechanism f&){4 formation involves
LE — CT conversion followed by bimolecular reaction of the
CT state with TAA. If the LE state is also quenched by TAA,
then ®~1(SiH) versus [TAA]! must be nonlinear. Kinetic

the LE state and possibly also from the the CT state (not shownanalysis of Figure 5 (Results Section) indicates such nonlinear

in Scheme 2). The LE and CT states may interconvert.

behavior will occur in the region corresponding to nearly pure

Furthermore, intersystem crossing with back electron transfer TAA. At lower concentrations of TAA, the Figure 5 plot will

via the ICT state could provide a correspondifige pathway

for isomerization (not shown in Scheme 2). The disilanyl group
of (E)-3is not expected to exert a significant heavy atom effect
that would promote direct intersystem crossing from thE
state? In the case of DCS and its analogs th& isomerization
upon direct photolysis is a singlet photoproctssThe lowest

be nearly linear. Such behavior follows if quenching of the
LE state is relatively inefficient, consistent wikgr < 0.1 for
guenching ofE,Z photoisomerization and steady-state fluores-
cence. Inefficient quenching of the LE state B)3 by TAA

is furthermore consistent with the absence of a solvent polarity
induced LE— CT process, sinc&r(30) of TAA ~ E7(30) of

triplet excited state of cyanostilbenes is not populated at room CHzCl>. On the other hand, change in [MeOH] will change

temperaturé® The rate constant for nonradiative decay in DCS,
presumably via thelp* state, is known to decrease with
increasing polarity of solvent, consistent with selective stabiliza-
tion of the polar LE and TICT states relative to the less polar
Ip* statel®19 The decrease in the nonradiative rate, however,
is not mirrored by a significant decrease in quantum yields for
E,Z photoisomerization with increasing polarity of solvéht,
whereas & 30 fold decrease i®(E,2) of (E)-3 occurs in going
from pentane to CECN as the solvent (Table 2). By compari-
son, no decrease i®(E,2) of (E)-5 is observed in CBCN.
This difference in behavior betweerkE)(5 and €E)-3 with

the polarity of the bulk solvent (Figure 7). The plot®f1(SiH)
versus [MeOHj?! will be quadratic, possibly as in Figure 6, if
the polarity dependent LE- CT conversion has a rate constant
ki» O [MeOH], as discussed below.

According to the Scheme 2 mechanishr(SiH) versus
[TAA] 1 will follow eq 4. Equation 4 has been derived
previously for the analogous case of conversion of an initially
populated singlet state to a triplet excited state followed by
bimolecular reaction with a quencher to form a product of the
excited triplef?! In eq 4x = [TAA] 7, a = kqit1 = kq1''71, b
= kgot2 = (Kg2 + Kg2')72, € = kiotikg2' 72, 7171 = Kiz + kg1 +

increased solvent polarity (vide supra) supports a solvent polarity ki + ki, andzz™* = kg2 + kp. For MeOH in CHCI, eq 4

promoted LE— CT process that competes with the EE1p*
photoisomerization (Scheme 1). Nucleophilic quenching of the
CT state by CHCN would then result in the strong diminution
in ®(E,2 and ®s (vide supra). ®(E,2) does not decrease in
going from pentane to Ci€l,, which suggests the LE-to-CT
conversion is partially reversible in the latter solvent in the
absence of competitive quenching by alcohol (vide infra).
Linear plots of®°;/®; vs [ROH] are observed (Figure 3) for
1-10 M ROH, consistent with quenching of a single emissive
excited state by the alcohol. This suggests only a small
contribution is made by the CT state to the composite

(16) (a) Gilabert, E.; Lapouyade, R.; Rulliere,Chem. Phys. Letl988
145 262. (b) Gilabert, E.; Lapouyade, R.; Rulliere, Chem. Phys. Lett.
1991, 185, 82.

(17) (a) Saltiel, J.; Charlton, J. L. IRearrangements in Ground and
Excited Statesde Mayo, P., Ed.; Organic Chemistry Series 42; Academic:
New York, 1980; Vol. 3, Essay 14. (b) @wer, H.; Kuhn, H. JAdv.
Photochem1995 19, 1.

(18) Ganer, H.J. Photochem198Q 13, 269.

(19) Rettig, W.; Majenz, WChem. Phys. Lett1989 154, 335.

(20) Gruen, H.; Gmer, H.Z. Naturforsch.1983 38, 928.

becomes quadratic eq 3 ki, ~ ky'[MeOH] (vide infra), in
which caser; ™! = kq; + k1 + ki1, 7271 is the same as for TAA,
parametera = kql‘L']_ = (kql' + kq]_”)l'l, b= kqg‘L'z = (qu' +
2")To, andc = Ky1'tikg2 7. Parameten corresponds to the
total efficiency of quenching of the LE state and parambtisr
the efficiency of quenching of the CT state. Although these
efficiencies are high for MeOH as the alcohol (Table 3), such
guenching produces hydrosilang){4 inefficiently according
to parametec. Parametec is the product of the efficiencies
of two steps, the LE—~ CT step, and the step involving
nucleophilic cleavage of the SBi bond upon reaction of the
CT state with the alcohol.

The eq 4 quadratic dependencedor(SiH) versus [ROH}!
was previously reported fdr by Kira and co-workers and was
attributed to a rate constaki; that depended upon [ROH]n
effect,ki> O [ROH] was deducéldrom the behavior of quantum

(21) (a) Dalton, J. C.; Snyder, J.Mol. Photochem1974 6, 291. (b) If
kq1"'[Q] = 0 andko1 < kq2 + ki, then eq 5 reduces to the analogous case
of bimolecular reaction to give a product of both the singlet and triplet
excited state, as derived in ref 21a.
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yields of fluorescence aof as a function of [CHCI,] as polar to eq 9, where the definition d;;7, depends on the alcohol
solute in hexane as the solvent. However, the origin of the and the solvent as witb~(E,2) vs [MeOH].
polar solute effect oy, was ambiguous.
Eisenthal and co-worke¥s found a linear relationship i
between Ink;,) and the solvent polarity parametef(30). The a =0+ {kflqu[Q]}/{ K (ko + kap T ke T ko) +
rate constank;, in this case is the rate constant for electron 1
transfer to form the TICT state jm(dimethylamino)benzonitrile. ~ K2Kig]l ™ x [1 4 {kpa[QI(Koy + kyo + ke + kip + ko[ QD) +
The linear relationship was attributed to polarity induced barrier K [Q](k;, + ky; + Ky + K)}{(kyp + Ky + K (Kyq + kgp +

height changes rather than viscosity changes on the basis of + +k + k. + )
experiment. Since many binary mixtures follow the relation ke ko2) 1ok + ke Tk (8)
In(cy) O E(30) at relatively high concentrations,) of a polar DEID; = 1+ kyy74[Q] (9)

solute in a less polar solveht1314k;, will be proportional to
¢, for these cases. The linear relationship oEr(30) versus
In(cy) over the entire range of MeOH concentrations in,CH
used in our study (Figure 7) provides the basis for dgthr
kq1'[MeOH], whereky:' is a proportionality constant, and eq 4.

In pentane the quantum yields of fluorescereg, isomer-
ization, and formation of hydrosilane as functions of [MeOH]
all have similarkyr values. The same excited state could be
. - . ) involved in all three photoprocesses, or possibly the conversion
Equations 3 and 4 for formation of hydrosilarig}# in the of the LE to the CT state becomes reversible. Reversibility

binary solvents TAA_‘ in CHCI _ar_1d MeOH in CHCI, cor- over the range of high concentrations of MeOH used in our
respond to the special mechanistic case of Scheme 2. A more

general mechanism would also includeto denote the reverse study seems doubtful unless the CT state in pentane is
o comparable in energy to the LE state so tkat> . In
CT(2)— LE(1) process. Also, a sufficiently polar LE(1) state P a4 kol Q]

could conceivably give hydrosilane product by reaction with Figure 2 the linear correlations potentially attributable to LE
and CT states converge in energy in nonpolar solvents. For
alcohol kq1'"'[Q], Q = ROH) and the CT(2) state could,Z g 9y P

. . S the reversible case the general equations reduce to linear eqs
isomerize k). In all cases we assume the LE state is initially 1078 and 11, whereyy = kot/(Kiz + ka1), 12 = kol (Kuo + ko)

populated. By using the steady-state approximatiaith the andzet = ya(ka + kes + k) + yo(kas + ki). Our quantum

more general mechanism, nonlinear eq 5 is obtained for ield data do not distinquish between the two mechanisms in
®~Y(SiH) as a function of [Q] (= ROH), ky1 = kg1’ + Kq1"' y Istingul W W ! !

+ kg, andkg2 = kg2 + kg2' + kg2, General eq 5 reduces to pentane.
-1
1 1 Te 1 (kg T 2KIQI
={(Ky, + ky, + ko, + k., + + kg + kg + = (10)
q)SiH {( 21 kd2 kf2 kr2 qu[Q])(kdl kfl krl (I)E,Z (l _ O‘)Xlkrl
Kgal QD) + Kya(Kaz + ke + kip + Kl QDI kgr " [QI(Kyy + L Gkt k) .
Koo T Kep + Ko + ko[ Q]) + KoK, [QI} (5) = Al ,2 + - (1D
kq kq Dy szqz szqz 7 Q]
eq 4 for TAA in CHClI,, if the CT state is the only state giving )
hydrosilane E)-4, i.e., ky'[Q] = 0, and if the conversion of ~ Conclusion
the LE to the CT state is irreversiblie{ < ka2 + k) ?® As  TheE 7 photoisomerization offf)-3 is quenched by MeOH
noted above, eq 5 tl)ecomes quadratic eq 3 for MeOH in gnqtert-amyl alcohol (TAA). The linear SterAVolmer plots
CH;Cl, whenkiz = kq1'[Q]. observed for such quenching are consistent with a single excited

According to the general mechanism described above, thegtate as the reacting state. The quenching constantibtained
quantum yield ofE,Z photoisomerization® *(E,2, Versus  fom these plots parallel those for quenching of the fluorescence
[ROH] will correspond to eq 6, which follows from the ¢ (E)-3 by alcohols, suggesting that the same state Eyat
isomerizes is the one that fluoresces. This state is assigned as

S {(key + ke Ky + Kga[ QD (koy + Kip + Ky + kg + the LE state, in contrast to the CT assignments of the emissive
P, states ofl! and22. The quenching by MeOH is attributed to
kgl Q1) + KoKy + Kip + Kgp + Ky QDA (1 — e[k (kyy + mainly a solvent polarity induced LE~ CT process that

4k 4+ koo +k 6 competes with theE,Z photoisomerization and fluorescence.
K2t ke T ke qu[Q]) 122 (6) Strong decreases i®(E,2 and ®; are also observed with

derivation by Wagner for the case of reaction of two excited change in solvent polarity in going from pentane or/CH to
states that are both quencH&d.This nonlinear expression ~CH:CN. The LE— CT process appears to be absent in the

simplifies to linear eq 7, if th&, Zisomerization occurs primarily ~ Monosilylated cyanostilben&).5. Change in solvent polarity
exerts no significant effect od; and ®(E,2), and these

1 processes can be ascribed to a single excited state, which from
(I)_EZ = {lkpt ki + ke +kg) + K[ QAR — ok (7) solvatochromic plots, has similar polarity as the LE state of
(E)-3. The LE emission of E)-3 is observed in nonpolar

in the LE state, and the LE- CT conversion is irreversible. ~ solvents and ethers, which nucleophilically quench the CT

The slope/intercept kyz; = kqt''71 for TAA in CH,Cl, with contribution to the emission. Otherwise, the fluorescence
71 defined as above in conjunction with eq 3, or slopefintercept @Pppears to be a composite of emissions of the LE and CT states
= kyit1 = (Kq1' + Kq1'")71 for MeOH in CH,Cl, with 7; defined in relatively polar nonnucleophilic halogenated solvents. The

as above in Conjunction W|th eq 4. In add|t|0n’ |f the CT Contribution |S eVident in SO|Va'[OChI'0mIC plots, Wh|Ch ShOW
fluorescence is mainly from the LE state, general eq 8 reduces@ Steeper slope for halogenated solvents than the ethers, which
: : : follow a separate linear correlation.
Phg/zS?)Lz'tf_'géé-?l\llgnfg_rsa”' M. Babarogic, Z.; Eisenthal, K.Ghem. The quadratic behavior previously reported fbri(SiH)

(23) Wagner, P. J. IrCreation and Detection of the Excited State ~ VErsus [ROH]! in the case ol is also observed for hydrosilane

Lamola, A. A., Ed.; Marcel Dekker: New York, 1971; Chapter 4. (E)-4 formed in binary mixtures of [MeOH] in C}Cl, as the




(E)-4-Cyano-4(pentamethyldisilanyl)stilbene J. Am. Chem. Soc., Vol. 118, No. 46, 1BB619

solvent. The quadratic dependence may be ascribed to an LEn-butyllithium in hexanes, dropwise via syringe, with stirring under
— CT process that is promoted by increasing polarity of the nitrogen. A yellow precipitate formed. After the mixture was stirred
solvent with added MeOH. This conclusion is supported by at—78°C for_45 mi_n, 359 (21 mm_ol) of chloropentamethyldisil%e
determination of th&r(30) values for this binary solvent system, was added via syringe, and the mixture was stirred overnight at room
which show that the rate constant for electron transfer can be €mperature. After the addition of 10 mL of water and concentration

. - . in vacuo, a standard workup was performed. The residue was extracted
proportional to concentration of alcohol. Reaction of the CT by 250 mL of ether and 100 mL of water. The aqueous phase was

state with alcohm gives hyerSIIE_inE)(4 inefficiently, likely extracted twice with 100 mL of ether. The combined ether extracts
due to quenching with deactivation to the ground state. The \ere washed twice with 100 mL of water and once with 100 mL of
inefficiency of ®(SiH) is unlikely to be due to intersystem  saturated NECI and dried over anhydrous b80;. The reaction was
crossing via back electron transfer of the CT stabegenerate  repeated, and the ether extracts were combined with those of the first
the triplet stilbene. The triplet is found t&,Z isomerize reaction and concentrated in vacuo. The colorless solid residue was
efficiently, but®(E,2) upon direct photolysis strongly decreases dissolved in 6 mL of THF and chromatographed on a 90>ciA5 cm

with increasing polarity of solvent. This contrasts with the golum_n of sil'ica gel eluting with hexane, taking 35-mL fractions. The
solvent polarity promoted generation of triplet excited disila- first six fractions gae 9 g of ca. 60%H)-4-bromo-4-(pentamethyl-
nylbenzenes, which results in homolytic cleavage followed by disilanystilbene by GC-MS analysis, along witB)t4,4-bis(penta-
disproportionation of the silyl radical pdirin the case off)-3 methyldisilanyl)stilbene (major byproduct) and minor amounts (

. . . i . 4-(pentamethyldisilanyl)stilbene. This mixture was used without further
the hydrosilane is not detected upon triplet-sensitized phomlys's'purification for the synthesis ofg)-3 (vide infra). A small sample

For the direct photolyses in pure MeOD and mixtures of MeOD purified by MPLC gave the following spectral dati# NMR (CDC)

in CHxCI; or pentane SiD labeled hydrosilang){4 is almost 5 —0.01 (s, 9 H, methyl), 0.26 (s, 6 H, methyl), 6.99 (B part of AB,
exclusively observed, consistent with the nucleophilic cleavage = 16.0 Hz, 1 H, vinyl), 7.10 (A part of ABJ = 16.0 Hz, 1 H, vinyl),
mechanism, as proposed previously to account for hydrosilane7.39-7.51 (m, 8 H, aromatic); GC-MS (70 eW/z(relative intensity)
formation from1! and 2.2 392 (2), 391 (5), 390 (15), 389 (5), 388 (14), 378 (1), 376 (12), 375
Additional work remains to establish the structure of the (40), 374 (12), 373 (35), 318 (25), 317 (100), 315 (99), 314 (18), 309
intramolecular CT state. Three possible TICT states would have (14), 302 (13), 300 (12), 221 (17), 139 (18), 137 (19), 73 (75), 59
to be considered, one involving-€Si bond rotation and two (10), 45 (20), 43 (16).
Others involving rotations abouF&_Ar S|ng|e bonds Stud|es To a solution of 9.0 g (23 mmOI) of the above bromostilbene in 250
of appropriately bridged analogs of DCS show that twisting ML of dry THF at—78 °C was added 15 mL (30 mmol) of 2.0 M
about the &N bond is unimportar®® The emissive TICT state ”}bz‘l“%’ I'(";h('ggnr;]nmr:j)xi?%Sh;'ﬁ‘yfiggaz%goﬁvgeg:éiggo‘r’n"‘i')'jﬁrgdv(\j’gg’”
.. . . (0} . .
IS |n.s.tead thought .tO be produced by rotation of .the dimeth- stirred overnight at room temperature. After the above standard workup,
ylanilino group relative to the-cyanostyryl group. Still another

- ) 1619 ; ) e but extracting with 200-mL volumes and omitting the MH wash,
TICT state is possibl&)!®1%in which the benzonitrile and  he yellow oily residue was chromatographed on a 90>cr.5 cm

p-(dimethylamino)styryl groups are mutually orthogo#al. column of silica gel (66-200 mesh), initially eluting with hexanes.
) ] Once the first component had eluted, the eluant was changed to 3%
Experimental Section ether in hexanes and 35-mL fractions were taken. Fractior2@0

gave 1.5 g of E)-4-cyano-4(pentamethyldisilanyl)stilbeneEf-3, as
a light yellow solid, which was purified by MPLC, eluting with 4%
ether in hexanes. The middle cut of the peak 130 min retention time
gave 1.04 g (10% yield based on 30 mmol of 4bromostilbene) of
NMR pure product, mp 113116 °C. (E)-3 was crystallized 2 to 4
times from 30 mL of 95% EtOH until colorless needles of mp 415
116.5°C were obtained. The spectral data were as folloitsNMR
(CDClg) 6 0.06 (s, 9 H, methyl), 0.35 (s, 6 H, methyl), 7.12 (o=
16.1 Hz, 1 H, A part of AB, vinyl), 7.22 (d) = 16.4 Hz, 1 H, B part
of AB, vinyl), 7.48 (d,J = 8.3 Hz, 2 H, A part of AABB', aromatic),
7.49 (d,J = 8.5 Hz, 2 H, B part of AABB', aromatic), 7.60 (dJ =
8.5 Hz, 2 H, A part of AABB’, aromatic), 7.63 (dJ = 8.5 Hz, 2 H,
B part of AA'BB’, aromatic);*3C NMR (CDCk) 6 —4.2,—2.4, 110.3,
118.9, 126.0, 126.5, 126.7, 132.31, 132.33, 134.1, 136.0, 140.8, 141.7;
GC-MS (70 eV)m/z (relative intensity) 337 (4), 336 (11), 335 (32),
334 (6), 322 (3), 321 (8), 320 (24), 264 (6), 263 (24), 262 (100), 261
(13), 246 (4), 205 (3), 204 (3), 203 (4), 131 (3), 130 (3), 103 (3), 75
(3), 74 (6), 73 (60), 59 (18), 58 (3), 53 (5), 45 (19), 44 (4), 43 (18).
(Megabore) of 1.5:m film thickness. Nitrogen was the carrier gas. ?r;l Caled for GoHzNSiz: C, 71.58; H, 7.51. Found: C, 71.63; H,
The silanized glass-lined injector was at 28D. Detector response T ) ) )
was calibrated by standard mixtures. (E)-4-Cyano-4-(trimethylsilyl)stiloene, (E)-5. (E)-4-Bromo-4-
Solvents were MeOH (EM Omnisolv, distilled from Mg), pentane  (trimethylsilyl)stilbene was prepared from 5.0 g (15.0 mmol) Bf-(
(Baxter, high purity), hexane (Mallinckrodt), THF (Milsov, refluxed 4,4-dibromostilben® by a similar procedure as thé-¢pentamethyl-

Spectra were recorded with the following spectrometers: NMR GE
GN 300 (300 MHz,*H, 75 MHz, 13C, 46 MHz,?H NMR), Perkin-
Elmer 320 (UV), Perkin-Elmer LS-5 (fluorescence). A Hewlett-Packard
5890 GC and a HP 5970 mass selective detector were used for GC-
MS analyses, which were performed at 70 eV with a DB-1 column
(0.25 mmx 30 m, 0.25«m film thickness), temperature programmed
for 150 °C for 5 min and then 250C at 10°C min %

Silica gel 66-200 mesh (grade 62, Mallinckrodt) was used for
standard column chromatography. Medium pressure liquid chroma-
tography (MPLC) utilized a 82 crx 2.5 cm column of 236400 mesh
silica gel (grade 9385, 60 A, Aldrich) with ether in hexane as eluant at
a flow rate of 15 mL min?, as specified below. The column was
connected to a Gilson Model 305 pump equipped with a 100 mLin
capacity head, and the eluant was passed through an ISCO UA-5 UV
detector.

A Varian 1400 gas chromatograph equipped with flame ionization
detector and a HP 3395 electronic integrating recorder was used for
analytical separations on a 0.53 mm30 m DB-1 capillary column

and distilled from sodium and benzophenone)sCMN (Aldrich, HPLC, disilanyl) derivative (vide supra), except that 2.1 g (19 mmol) of
refluxed 3 days over CaHand distilled), CHCI, (Aldrich, HPLC, (chlorotrimethyl)silane was used and the reaction time was shortened
refluxed 3 h over Call and then distilled), CHGI(Fisher, HPLC), to 5 h atroom temperature. After standard workup (vide supr_a) the
Et:O (Aldrich, distilled from Na)n-Bu;O (Aldrich, distilled from Na), ~ residue was chromatographed on a 90 r2.5 cm column of silica
tert-amyl alcohol (Aldrich, distilled from Capj, and CC} (Aldrich). gel, eluting with hexanes. The first component eluted was 1.9 g (38%

(E)-4-Cyano-4-(pentamethyldisilanyl)stilbene, €)-3. To a solu- yield) of GC-MS pure E)-4-bromo-4-(trimethylsilyl)stilbene. The
tion of 5.0 g (15 mmol) of E)-4,4-dibromostilben® in 1000 mL of spectral data were as follows: GC-MS (70 a¥jz(relative intensity)
dry THF at —78 °C was added 9.0 mL (18 mmol) of 2.0 M 333 (11), 332 (46), 331 (11), 330 (44), 318 (22), 317 (100), 316 (26),

(24) Lapouyade, R.; Kuhn, A.; Letard, J.-F.; Rettig, @hem. Phys. (26) Kumada, M.; Yamaguchi, M.; Yamamoto, Y.; Nakajima, J.-l.;
Lett. 1993 208 48. Shiina, K.J. Org. Chem1956 21, 1264.
(25) Bance, S.; Barber, H. J.; Woolman, A. M.Chem. Socl943 1. (27) Murray, R. E.; Zweifel, GSynthesis98Q 150.
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315 (97), 178 (22), 158 (12), 157 (12), 139 (26), 137 (24), 73 (21), 59
(11), 45 (15), 42 (29).

Cyanostilbenel)-5 was prepared from 4.0 g (12 mmol) of the above
monobromide following a procedure similar to the synthesisE){3
(vide supra). After workup, the yellow residue was chromatographed
on a 90 cmx 2.5 cm column, eluting initially with hexanes. Once the

Liu et al.

= 3.7 Hz, 1 H, silane), 7.12 (d, B part of AB, = 16.0 Hz, 1 H,
vinyl), 7.22 (d, A part of AB,J = 16.0 Hz, 1 H, vinyl), 7.56-7.65 (m,

8 H, aromatic)**C NMR (CDCk) 6 —3.9, 110.6, 119.0, 126.2, 126.9,
127.1, 132.3, 132.5, 134.5, 137.0, 138.3, 141.7; GC-MS (70ne/z)
(relative intensity) 263 (49), 249 (17), 248 (82), 170 (28), 145 (30),
121 (20), 105 (12), 103 (12), 59 (28), 58 (53), 53 (24), 51 (11), 45

first component had eluted, the eluant was changed to 3% ether in(28), 44 (14), 43 (100). Anal. Calcd fori@:/NSi: C, 77.52; H,

hexanes, and further elution gave a light yellow solid. Purification by
MPLC eluting with 4% ether in hexanes then gave 0.66 g of NMR
pure E)-5, which was crystallized from 95% EtOH to give 0.42 g (13%
yield based on 12 mmol of monobromide) of colorless needles, mp
142.5-144°C. The spectral data were as followd1 NMR (CDCls)

0 0.28 (s, 9 H, methyl), 7.10 (d, B part of AB, = 16.2 Hz, 1 H,
vinyl), 7.21 (d, A part of AB,J = 16.2 Hz, 1 H, vinyl), 7.51 (dJ =

8.0 Hz, 2 H, B part of AABB’, aromatic), 7.55 (dJ = 8.0 Hz, 2 H,

A part of AA'BB’, aromatic), 7.59 (dJ = 8.5 Hz, 2 H, B part of
AA'BB’, aromatic), 7.64 (dJ = 8.5 Hz, 2 H, A part of AABB',
aromatic)*C NMR (CDCk)  —1.2, 110.7, 119.0, 126.2, 126.9, 132.5,
133.8, 136.6, 141.5, 141.9; GC-MS (70 eNyz (relative intensity)
277 (26), 263 (24), 262 (100), 204 (5), 203 (7), 131 (9), 73 (5), 59
(12), 43 (17). Anal. Calcd for GH1NSi: C, 77.93; H, 6.90; N, 5.05.
Found: C, 77.87; H, 6.81; N, 5.19.

(2)-4-Cyano-4-(trimethylsilyl)stilbene, (Z)-5. A mixture of 700
mg (3.93 mmol) of 70%p-(trimethylsilyl)benzaldehyde and 1.8 g
(3.93 mmol) of p-cyanobenzyl)triphenylphosphonium bromide in
7.1 mmol of lithium methoxide solution (prepared from 50 mg of
lithium and 10 mL of MeOH) was stirred fd5 h atroom tempera-
ture under N. After workup, the residue was chromatographed
on a silica gel column, eluting with 0.5%, 1%, and 2% ether in hexane
to afford 300 mg (39%) of GC-MS pureE)-5 as a colorless solid
and 500 mg of a colorless oil, which contained. 41% £)-5
based on GC-MS. Further purification of the oil by MPLC eluting
with 0.8% ether in hexane afforded 90 mg (12%) of GC-MS and NMR
pure @)-5. The spectral data were as follow&1 NMR (CDCl) ¢
0.28 (s, 9 H, methyl), 6.58 (d, A part of AB,= 12.3 Hz, 1 H, vinyl),
6.75 (d, B part of ABJ = 12.0 Hz, 1 H, vinyl), 7.19 (dJ = 7.2 Hz,

2 H, A part of AABB', aromatic), 7.36 (d) = 8.7 Hz, 2 H, A part of
AA'BB’, aromatic), 7.42 (dJ = 7.5 Hz, 2 H, B part of AABB',
aromatic), 7.53 (dJ = 8.4 Hz, 2 H, B part of AABB', aromatic);13C
NMR (CDCls) 6 —1.2,110.4, 118.9, 128.0, 128.4, 129.4, 132.0, 133.2,
133.4, 136.4, 140.4, 142.1; GC-MS (70 eWyz (relative intensity)
277 (24), 263 (25), 262 (100), 204 (3), 203 (4), 131 (5),73 (3), 59 (9),
43(11).

Preparative Direct Photolysis of E)-4-Cyano-4-(pentamethyl-
disilanyl)stilbene, [E)-3, in MeOH. A solution of 489 mg (1.46 mmol)
of (E)-3 in 250 mL of methanol was purged with nitrogen and then
irradiated 15 min through Pyrex with a Hanovia 450-W medium-
pressure lamp. GC-MS analyses showed ca. 40% unred6 ¢a.
50% of three major photoproducts including)3 plus theE andZ
isomers of hydrosiland, and ca. 10% of two minor photoproducts,
(E,-4-cyano-4(methoxydimethylsilyl)stilbene. The solvent was
removed in vacuo and the major products were isolated by MPLC,
eluting with 4% ether in hexanes. The cut at the onset of the first
peak gave 74 mg (15% yield) oE)-3 (retention time 108 min), the
middle cut gave 71 mg (18% yield) oZ)-4 (retention time 120 min),
and a later cut gave 204 mg (42%) of unreacted (retention time
136 min). The second peak gave 59.5 mg (16% yield) B4
(retention time 184 min). MPLC was repeated for each of the three
isolated products.

(2)-4-Cyano-4(pentamethyldisilanyl)stilbeneZ)-3, was crystallized
from hexane, mp 589 °C. The spectral data were as follow&:
NMR (CDCls) 6 0.04 (s, 9 H, methyl), 0.32 (s, 6 H, methyl), 6.56 (d,
B part of AB,J = 12.2 Hz, 1 H, vinyl), 6.74 (d, A part of AB) =
12.2 Hz, 1 H, vinyl), 7.147.51 (m, 8 H, aromatic)}3C NMR (CDCk)
d—2.3,—-4.2,110.4, 119.0, 128.0, 128.3, 129.5, 132.0, 133.4, 133.7,
136.0, 139.8, 142.2; GC-MS (70 eY/z(relative intensity) 335 (24),
320 (19), 263 (23), 262 (82), 73 (100), 59 (32), 45 (42), 43 (38). Anal.
Calced for GoH2sNSi: C, 71.58; H, 7.51; N, 4.17. Found: C, 71.85;
H, 7.60; N, 4.23.

(E)-4-Cyano-4-(dimethylsilyl)stilbene, E)-4, was crystallized from
ether in hexane, mp 1646 °C. The spectral data were as follows:
H NMR (CDCl) 6 0.38 (d,J = 3.7 Hz, 6 H, methyl), 4.47 (septet,

6.51; N, 5.32. Found: C, 77.27; H, 6.41; N, 5.30.

The spectral data ofZj-4-cyano-4-(dimethylsilyl)stilbene, Z)-4,
were as follows:'H NMR (CDCls) ¢ 0.33 (d,J = 3.7 Hz, 6 H, methyl),
4.41 (septet) = 3.7 Hz, 1 H, silane), 6.58 (d, B part of AB,= 12.2
Hz, 1 H, vinyl), 6.74 (d, A part of AB,) = 12.2 Hz, 1 H, vinyl), 7.18
(m, B part of AABB', 2 H, aromatic), 7.34 (m, A part of ABB', 2
H, aromatic), 7.43 (m, B part of ABB', 2 H, aromatic), 7.51 (m, A
part of AABB', 2 H aromatic)**C NMR (CDCk) 6 —3.9, 110.5, 118.9,
128.1, 128.6, 129.5, 132.0, 133.1, 134.1, 136.9, 137.3, 142.0; GC-MS
(70 eV)m/z(relative intensity) 263 (28), 249 (13), 248 (56), 203 (11),
170 (25), 145 (28), 121 (18), 105 (11), 103 (12), 59 (28), 58 (51), 53
(24), 51 (11), 45 (26), 44 (14), 43 (100).

Preparative Direct Photolysis of €)-4-Cyano-4-(pentamethyl-
disilanyl)stilbene in MeOD. A solution of 302 mg (0.9 mmol) of
(E)-3 in 150 mL of MeOD (Aldrich, 99.5-% atom D) was purged
with nitrogen and then irradiated for 2.5 h with a Hanovia 450-W
medium-pressure lamp equipped with a Pyrex filter. GC-MS analyses
of aliquots showed that produdE)-4 was 100% monodeuterated, using
the parent ion and M- 15 fragment ion to calculat&the isotopic
distribution. The m/z 263 undeuterated ion was absentE)-§-
(Deuteriodimethylsilyl)-4cyanostilbene, B)-4-d;, was isolated by
MPLC as above for undeuterateB){4. The spectral data were as
follows: *H NMR (CDCl) 6 0.34 (s, 6 H, methyl), 7.12 (d, B part of
AB, J=16.4 Hz, 1 H, vinyl), 7.22 (d, A part of AB) = 16.4 Hz, 1
H, vinyl), 7.50-7.66 (m, 8 H, aromaticfH NMR (CDCl) ¢ 4.5 (SiD);
GC-MS (70 eV)m/z(relative intensity) 265 (15), 264 (59), 250 (23),
249 (100), 170 (25), 146 (23), 122 (14), 58 (21), 43 (34).

Photolysis of E)-3 in 5.0 M MeOD in Pentane and CHClI..
Solutions of 5% 10° M (E)-3in 29 mL of 5.0 M MeOD in pentane or
in CH,Cl, as solvents were purged with nitrogen and then irradiated
for 10 min through Pyrex with a Hanovia 450-W medium-pressure
lamp. Isotopic compositions oE}-4 were calculated from the parent
and M— 15 fragment ions on GC-MS analyses of aliquots. For pentane
the respective ions gave 86% and 91% monodeuteration, and the sample
photolyzed with MeOD gave the following data: GC-MS (70 eW/g
(relative intensity) 265 (12), 264 (67), 263 (10), 262 (11), 250 (21),
249 (100), 248 (11), 219 (11), 170 (23), 146 (22), 131 (13), 122 (13),
68 (24), 58 (19), 53 (11), 44 (12), 43 (42), 41 (12). ForLCH the
respective ions gave 94% and 100% monodeuteration and the sample
photolyzed with MeOD gave the following data: GC-MS (70 eW/g
(relative intensity) 265 (16), 264 (63), 263 (4), 262 (7), 250 (24), 249
(100), 219 (3), 170 (27), 146 (25), 131 (4), 122 (17), 58 (24), 53 (12),
46 (13), 44 (12), 43 (44), 41 (4).

Fluorescence Spectra offf)-3 and (E)-5 in Various Solvents. The
fluorescence spectra of ca.”*M solutions were measured at the 330
nm excitation wavelength in various solvents (Figure 1 and Table 1).
For each of the solvents excitation spectrak)f8 obtained at several
emission wavelengths were similar to the absorption spectrum; each
was red-shifted 3635 nm due to an artifact of the instrument, as noted
previously?

Quantum Yields of Fluorescence of [£)-3 and (E)-5 in Various
Solvents. The fluorescence spectra were measured at the 330 nm
excitation wavelength in each solvent at concentrations below NIO
such that the absorbances wer€.1. A 1 N H,SQ, solution of quinine
bisulfate served as the standask & 0.546)2°*¢ Samples were not
deaerated. The quantum yields were calculated from the equhtion
= [(AFunA/(AFNA]Ds 24 where @ is the quantum yield of
fluorescenceA is absorbanced is the integrated emission across the

(28) Biemann, KMass SpectrometrcGraw-Hill: New York, 1962;
p 209.

(29) (a) Meech, S. R.; Phillips, Dl. Photochem1983 23, 193. (b)
Hamai, S.; Hirayama, R. Phys. Chenil983 87, 83. (c) Melhuish, W. H.
J. Phys. Chem1961, 65, 229. (d) Eaton, D. F. IrHandbook of Organic
PhotochemistryScaiano, J. C., Ed.; CRC Press: Boca Raton, 1989; Vol.
I, Chapter 8.
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band,n is the refractive index of the solvent,stands for unknown, 1.74), 0.53 (1.1% 1075, 1.09, 1.72), 0.52 (5.9% 1075 1.15, 1.79),
ands pertains to standard. The values are summarized in Table 2.  0.59 (5.97x 1075, 1.27, 1.61), 0.55 (1.1% 104, 1.20, 1.69), 0.52
Relative Quantum Yields of Fluorescence ofE)-3 in Pentane (1.19 x 1074, 1.21, 1.81), 0.53 (5.9% 1074, 1.16, 1.91ex = 375
and CH,Cl, versus [MeOH] and [tert-Amyl Alcohol]. Fluorescence nm), 0.49 (5.97x 1074 1.20, 1.87dex= 375 nm), 0.49 (1.1% 1073,
spectra of 0.01 M solutions oE}-3 were measured at the 330 nm  1.19, 1.65¢ = 375 nm), 0.53 (1.1% 1073, 1.15, 1.714ex = 375
excitation wavelength in each solvent at various concentrations of nm).
alcohol. The integrated area under the fluorescence peak was consid- Lifetimes t (1em 420 nm) for 1.19x 10-° M solutions of €)-3 in
ered proportional tar, and®°; was obtained by extrapolation to zero  CH,Cl, at various concentrations of MeOH were as follow#n§
[ROH]. The data are plotted in Figure 3 and summarized in Table 3. ([MeOH]/M, 2, DW)]: 0.60 (0.0, 1.30, 1.74), 0.53 (0.0, 1.09, 1.72),
The data for MeOH in pentane were as follow®;°/® ([MeOH]/ 0.30 (0.5, 1.15, 1.90), 0.35 (0.5, 1.17, 1.91), 0.34 (1.0, 1.12, 1.79),
M), 1.00 (0.0), 1.14 (1.0), 1.33 (2.0), 1.52 (4.0), 1.86 (6.0), 1.89 (8.0), 0.22 (1.0, 1.14, 1.80), 0.30 (2.0, 1.25, 1.71), 0.25 (2.0, 1.22, 1.76),
2.55 (10.0). Linear regression analysis®{°/®; vs [MeOH] has a 0.17 (3.0, 1.11, 1.81), 0.19 (3.0, 1.17, 1.91), from linear regression
slopeksr = 0.14+ 0.01 R? = 0.9763). analysis ofr~* vs [MeOH] the slope/intercept kg = 0.55+ 0.21
The data for MeOH in CkCl, were as follows: ®:°/®; ((MeOH]/ (R = 0.9508).
M), 1.00 (0.0), 1.65 (1.0), 1.93 (2.0), 3.13 (4.0), 4.62 (6.0), 5.06 (8.0), Lifetimes 7 (Aem 420 nm) for 1.19x 107> M solutions of €)-3 in
5.25 (10.0). Linear regression analysis (omitting the 10 M point) of CH,Cl, at various concentrations of TAA were as follow#ns ([TAA]/
®;°/®; vs [MeOH] has a slop&gr = 0.54+ 0.04 (? = 0.9910). M, %2, DW)]: 0.60 (0.0, 1.30, 1.74), 0.53 (0.0, 1.09, 1.72), 0.32 (1.0,
The data fortert-amyl alcohol (TAA) in CHCI, were as follows: 1.13, 1.85), 0.47 (1.0, 1.20, 1.75), 0.42 (1.0, 1.16, 1.77), 0.41 (1.0,
D¢°/D; ([TAA]/M), 1.00 (0.0), 1.11 (1.0), 1.18 (2.0), 1.24 (3.0), 1.32  1.14, 1.81), 0.32 (2.0, 1.11, 1.80), 0.47 (2.0, 1.13, 1.76), 0.40 (2.0,
(4.0), 1.43 (5.0). Linear regression analysisig?/®; vs [TAA] has a 1.13, 1.84), 0.43 (2.0, 1.13, 1.83), 0.25 (3.0, 1.17, 1.78), 0.32 (3.0,

slopeksr = 0.08+ 0.01 (2 = 0.9952). 1.12, 1.82), 0.34 (3.0, 1.11, 1.91), 0.32 (3.0, 1.12, 1.88), 0.28 (4.0,
Relative Quantum Yields of Fluorescence of §)-4-Cyano-4- 1.10, 1.93), 0.31 (4.0, 1.16, 1.83), 0.36 (4.0, 1.20, 1.93), 0.30 (4.0,
(trimethylsilyl)stilbene (E)-5 in Pentane versus [MeOH]. The 1.24, 1.90), linear regression analysiswof vs [TAA] gave slope/

fluorescence spectra of 1 10~* M solutions of €)-5 were measured intercept= kgt = 0.19+ 0.06 (2 = 0.9312).
at the 330 nm excitation wavelength in pentane for various concentra-  General Procedure for Quantum Yield Determinations of Pho-
tions of MeOH, as described above. The data were as follals! tolyses of E)-3 and (E)-5. A semimicrooptical bench for quantum
@; ((MeOH]/M), 1.00 (0.0), 1.60 (2.0), 1.62 (4.0), 2.00 (6.0), 2.20 (8.0), yield determinations was constructed along the lines specified by
2.68 (10.0). Linear regression analysis®f’/®; vs [MeOH] has a Zimmermare®@ Light from a 200-W high-pressure mercury lamp was
slopeksr = 0.15+ 0.02 R? = 0.9780). passed through an Oriel monochromator set at 340 nm with 3-mm
Single Photon Counting Lifetime Instrument. The instrument was entrance and exit slits to give a 20 nm bandpass fwhm, collimated
constructed from standard components according to the liter&ture. through a lens, and split by a beam splitter to divert 17% of the light
Excitation pulses of 1.2 ns fwhm were provided by a nF-900 to a cell containing an actinometer, perpendicular to the light path.
nanosecond flashlamp (Edinburgh Analytical Instruments) filled with The photolysatenia 5 cmx 1.8 cm quartz cylindrical cell of 12.5-mL
nitrogen (0.5 bar) and controlled by a nF900 power supply unit. A volume was mounted in line with the optics, monochromator and lamp.
synchronization photomultiplier was connected to the flashlamp Light output was monitored by ferrioxalate actinomeiusing the
discharge chamber by a glass fiber optic cable and provided the startsplitting ratio techniqué®
signal via a constant fraction discriminator (CFD, Ortec 583) for (2)-3 and @)-5 were quantified by GC analyses of photolysates.
triggering the time-to-amplitude converter (TAC, Ortec 566). Excitation (E)-4 was quantified after concentration in vacuo and dissolution in
was focused on the slits of an excitation monochromator. Single photon ca. 2 mL of CHCl,. Retention times at 216C for photolysates of
emission was monitored at 9®y a Hamamatsu 1527 blue sensitive  (E)-3 were as follows: n-docosane (Aldrich, internal standard), 17.9
phototube (STOP PMT) via an emission monochromator. Samples min; (E)-4, 26.8 min; £)-3, 29.4 min; E)-3, 79.7 min. Retention times
were contained in 1-cm-square long-necked Pyrex cells with provision at 220°C for photolyates of £)-5 were as follows: Z)-5, 12.9 min;
for freeze-pump-thaw or nitrogen purge. The signal from the STOP  n-docosane, 15.9 minEj-5, 26.2 min.
PMT was fed via a 11.5-ns delay (calibrated variable delay box, Ortec  Quantum Yields in Various Solvents. Data for photolyses of 0.01
463) to a CFD (Ortec 583) into the STOP input of the TAC. A Norland g (E)-3 were as follows: ®(E,2) (pentane), 0.410P(E,2) (CH:Cl,),
Model 5000 MCA card housed in a PC was connected to the output of 0.552;®(E,2) (CH:CN), 0.012. Data for photolyses of 0.01 ME)(5
the TAC and counts were stored in 1024 channels. FLA 900 analysis were as follows: ®(E,2) (pentane), 0.382%(E,2) (CH,Cl,), 0.403;
software (ver 3.66) provided the nonlinear least-squares reconvolution ®(E,2) (CHCN), 0.391.
method for obtaining the decay function from the sample profile and Quantum Yields in Pentane Containing MeOH. Data for pho-
instrument response function (lamp profile from Ludox). Tfieest tolysis of 0.01 M E)-3 were as follows: ®(E,2) ([MeOH]/M) 0.399
and the Durbin-Watson (DW) parameéféwere used as statistical tests (1.0), 0.399 (1.5), 0.369 (2.5), 0.298 (4.0), 0.258 (6.0), 0.240 (8.0),
to judge the quality of fitted decays. 0.203 (10.0); linear regression analysisof}(E,2) vs [MeOH] (Figure
Singlet Excited State Lifetime Determinations of E)-3. Samples 4) gave slopefintercept kg = 0.13+ 0.02 R = 0.9932; Table 3)
were purged with nitrogen for 30 min and sealed by Teflon stopcock. g from the intercept®°(E,2) = 0.465 compared to measured
Unless noted otherwise, the excitation wavelength was 337 nm. The g¢e(g,2) = 0.410 without MeOH. ®(SiH) ([MeOH]/M), 0.0050 (1.0),
flashlamp was operated at 50 kHz repetition rate. Sample acquisition g 069 (1.5), 0.012 (2.5), 0.018 (4.0), 0.018 (6.0), 0.026 (8.0), 0.033
rate was monitored by a HP5216A counter and kept by adjusting (10.0); linear regression analysis®f %(SiH) vs [MeOH] ! (Figure 5)

lamp iris and excitation monochromator slits. Acquisition was stopped gave intercept/slope kg = 0.08 4+ 0.02 /2 = 0.9953; Table 3).
when the maximum counts in a channel reached 2000. Instrument Quantum Yields in CH,Cl, Containing MeOH. Data for pho-

response (lamp profile) was measured under identical conditions astolysis of 0.01 M E)-3 were as follows: ®(E,2) (MeOH]/M), 0.295

the sample, but withle, = em Using Ludox (34 wt% suspension in 1 )"0 515 (1.5), 0.172 (2.5), 0.117 (4.0), 0.086 (6.0), 0.077 (8.0),

water, Aldrich). Satisfactory monoexponential fits of decays were 0.066 (10.0): linear regression analydis{(E,2) vs [MeOH] (Figure

obtained. Anthracene was used to test and check the calibration of4) gave slop’e/intercept kit = 0.47+ 0.12 d?z = 0.9888; Table 3)

the }ns_trumen%?c - and from the intercept®°(E,2 = 0.362 compared to measured
Lifetimes at an emission wavelength of 420 nm were measured for ®°(E,2) = 0.582 without MeOH. Data fod(SiH) (MeOH]/M) were

concentrations offf)-3 ranging from 1.2x 107°to 1.2 x 10 M in as follows: 0.0043 (1.0), 0.0079 (1.5), 0.015 (2.5), 0.017 (4.0), 0.025

CH.Cl, as the solvent. At high concentrations the excitation wavelength (6.0), 0.031 (8.0), 0.029 (10.0): quadratic fit®f %(SiH) vs [MeOH] -

was increased to 375 nm to compensate for decreased count rates,, eq’ 3 was obta’ined with pa;ameters: 0.40=+ 0.01.b = 0.44+

apparently due to front surface absorption of the sample. The resultsg 01 ande = 0.0088+ 0.0027 R = 0.9967). A secc;nd set of data

were as follows{/ns (concentration off)-3/M, 2, DW)]: 0.47 (1.19 '

x 107, 1.28,1.92), 0.32 (1.19 1075, 1.20, 1.82), 0.45 (5.9% 10°5, (30) (a) Zimmerman, H. BMol. Photochem1971, 3, 281. (b) Hatchard,
1.10, 1.84), 0.50 (5.9% 1076, 1.20, 1.92), 0.60 (1.1% 1075, 1.30, C. G.; Parker, C. AProc. R. Soc. Londof956 235, 518.
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were obtained from a photolysis in which the internal standard amount to eq 4 was obtained with parameters= 0.08 (fixed),b = 0.30 +

and analytical conditions were optimized fdg){4 and ®(E,2) was
not determined; data fab(SiH) ((MeOH]/M) were as follows: 0.0047
(1.0), 0.0067 (1.3), 0.0091 (1.7), 0.013 (2.5), 0.024 (5.0), 0.025 (8.0);
quadratic fit of®~%(SiH) vs [MeOH]* (Figure 6) to eq 3 was obtained
with parametersa = 0.55+ 0.01,b = 0.47 + 0.01,c = 0.011+
0.002 R = 0.9982, Table 3).

Quantum Yields in CH2Cl, Containing MeOH and Ferrocene.
TheE,Zphotoisomerization and formation dE)-4 were not quenched
by 5 x 104 M added ferrocene. Data for photolysis of 0.01 E)-3
were as follows: ®(E,2 ([MeOH]/M), 0.275 (1.0), 0.232 (1.5), 0.176

0.09,c = 0.0047+ 0.0005 R = 0.9456; Table 3).

Quantum Yields in CH3;CN Containing 5.0 M MeOH. Photolysis
of 0.01 M (E)-3 in CH3CN containing 5.0 M MeOH gaveé(E,2 =
0.012 and®(SiH) = 0.014.

Triplet Sensitized Photolyses of [)-3 in CHCI, with 0.050 M
Biacetyl as Sensitizer. The photolyses followed the general procedure
for quantum vyields. Irradiation was at 430 nm such that the biacetyl
sensitizer absorbed 99.9% of the light. Z)-3 was the only product
detected in CKCl, or in 5.0 M MeOH in CHCI, up to 32% conver-
sion. No E)-4 was detected. At low conversiods(E,2) = 0.66 in

(2.5), 0.125 (4.0), 0.097 (6.0), 0.079 (8.0), 0.062 (10.0); linear regression CH,Cl,.

analysis of®~Y(E,2) vs [MeOH] gave slope/intercept ks = 0.59+

0.15 R = 0.9987), and from the interce°(E,2) = 0.434 compared

to measured®°(E,2 = 0.633 at zero MeOH. Data fo(SiH)

([MeOH]/M) were as follows: 0.0044 (1.0), 0.0077 (1.5), 0.014 (2.5),

0.018 (4.0), 0.028 (6.0), 0.029 (8.0), 0.029 (10.0); quadratic fit of

®~(SiH) vs [MeOHJ ! to eq 3 was obtained with parameters=

0.41+ 0.01,b = 0.46+ 0.01,c = 0.009+ 0.002 & = 0.9989).
Quantum Yields in CH,Cl, Containing tert-Amyl Alcohol (TAA).

Data for photolysis of 0.01 MK)-3 were as follows:®(E,2) ([TAA]/

M), 0.475 (2.5), 0.474 (3.0), 0.436 (3.75), 0.399 (5.0); linear regression

analysis of®Y(E,2) vs [TAA] (Figure 4) gave slope/intercept ratio

kg = 0.10 + 0.02 (R = 0.9817; Table 3) and from the intercept

®°(E,2 = 0.610 compared to measuréd(E,2 = 0.522 without TAA.

Data for ®(SiH) ([TAA])/M) were as follows: 0.0036 (1.0), 0.0037

(1.25), 0.0046 (1.5), 0.0042 (1.9), 0.0056 (2.5), 0.0061 (3.0), 0.0069

(3.75), 0.0071 (5.0); nonlinear fit ab~(SiH) vs [TAA]~* (Figure 5)

Solvent Polarity Parameters E+(30) for Binary Mixtures of
MeOH in CH ,Cl,. TheEr(30) values were determined following the
experimental procedures described in the literattité!4 The absorp-
tion maximaAmax of 1074 M solutions of pyridiniumN-phenoxide
betaine dyé (see Results section) in GEl, were measured for various
concentrations of MeOH. The results (Figure 7) were as follolug;/
nm ([MeOH]/M), 636 (0.3), 618 (0.5), 606 (1.0), 582 (2.0), 568 (4.0),
564 (6.0), 558 (8.0), 552 (10.0), 546 (12.0), 536 (16.0). ERES0)
values were calculated as described in the Results section.
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