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Abstract

The far-UV (193 nm) Easer flash photolysis aof ritrogen-saturated iscoctane solutions of 1,1-dimethylsiletane allows the direct detection of
1,1-dimethylsilene as a transicnt species, which (at low laser intensities) decays with pseudo-first-order Kinetics (7~ 19 us) and exhibits a
UV absorption spectrum  with Ay, ~255 am. Characteristic rapid quenching is observed for the sileme with methanol
Cieon = (4.9 1 0.2) X 10°M ™' s~ 1), tert-butanol (kpeou=(1.8+0.1) X 10°M ' s~') and oxygen (ko; = {20£0.5) x 10°M ~'s ). The
Arrhenius activation parameters for the reaclion with methanol have been determined tobe B, = —2.6 £ 0.6 keal moi ™' andlog A=7.7£0.3.
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1. Intreduction

We have recently found that, with anly minor modifica-
tions to the experimental design, it is possible to employ a
193 nm (AcF) excimer laser as an excitation source for laser
flash photolysis experiments in non-aqueous solvents [1],
thus considerably broadening the scope of this already pow-
erful method for the siudy of photochemically generated reac-
tive intermediates in solution. With the far-UV technique, it
is possible to generate and detect transient species from pre-
cursors which do not absorb at the more conveational pulsed
laser wavelengths, and to determine absolute rate constants
for their reactions with alcohols and oxygen.

There have been numerous reports over the past 15 years
of the direct detection of silene reactive intermediates in solid
matrices at low temperature [2-10], in solution [11-17] and
in the gas phase [18,19], and there is now a reascnable
amount of kinetic data for several of their more common
reactions, such as dimerization and nucleophilic addition of
alcohols, carboxylic acids and ketones. Studies of silenereac-
tivity in the gas phase have concentrated on simple alkyl-
substitated derivatives, because of precursor volatility
considerations, whereas those in solution have been confined
to more highly conjugated derivatives whose precursors
absorb significantly at wavelengths in the mid-UV. There
have been no time-resolved studies of simple alkyl-substi-
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wted sienes in solution, which may allow correlations with
gas phase data or with solution phase data for more highly
substituted derivatives.

In this work, we have employed these methods to study
the chemistry of 1,1-dimethylsilene {2) in hydrocarbon solu-
tion, using 1,1-dimethylsiletane (1) as the precursor (Eq.
(1))-Compound 1 is a well-known thermal and photochem-
ical precursor to 2 [18,20], and its pyrelysis or photolysis
has been emnloyed previously for kinetic and spectroscopic
studies of I in the gas phase [ 18,21-23] and in solid matrices
at low temperature [5,10]. In addition, Steinmetz and Bai
[24] have shown that far-UV (185 nm) aradiation of 1,1-
dimethylsiletane derivatives in solution leads to the formation
of the comresponding silenes in high yield, on the basis of
steady state trapping studies.

We report the UV absorption spectrum of 2 in hydrocarboa
solution at room temperature, together with the absolute rate
constants for reaction with aliphatic alcohols and oxygen.
The deuterium kinetic isotope effects on the reaction with
alcohols and the Arrhenius parameters for the addition of
methanol (MeOH) have also been determined. These data
allow a comparison of the reactivity of 2 with that of more
highly substituted transient silenes under similar conditions.

M —*-c:;“ [Mesi=cn] ZO, po-sae, LERIMe
1 2 3 _
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2. Results and discussion

Direct irradiation of deoxygenated 0.0 M solutions of 1
in isooctane-containing MeOH or tert-butanel (1-BuOH)
(0.1 M) lcads 1o the formation of ethylene and the corre-
sponding alkoxysilane (3; see Eq. (1)) as the only detectable
products between 5% and 20% conversion. The atkoxysilanes
were identified by gas chromatography (GC) co-injections
with authentic samples.

Laser flash photolysis of continuously flowing, deoxygen-
ated 0.0025 M isooctane solutions of 1 {&,; =800+ 30M '
cm ™!} with pulses from an ArF excimer laser (193 nm, 12
ns, approximately 20 mJ) produces a transient species which
exhibits an absorption maximum at 255 nm, and decays with
mixed pseudo-first-order and second-order kinetics. The
decay kinetics change to clean first order when the laser
intensity is reduced with neutral density filters or when small
amounts of MeOH are added to the solution (e.g. 7~ 1.7 ps
when [MeOH]=1.1x10"* M). Fig. 1 shows a typical
decay trace and time-resolved absorption spectrum, obtained
from a solution of 1 containing 3.8% 107* M MeOH. The
spectrum was recorded over a 150 ns time window starting
about 120 ns after the laser pulse, and did not change signif-
icantly (exceptin intensily } throughout the decay. The appar-
ent shoulder in the spectrum represents normal noise and is
not significant.

Plots of the pseudo-first-order rate constant for the decay
of the transient (Ky.,) vS. the MeOH concentration accord-
ing to Eq. (2} are linear. The slope of the plot affords &, the
bimolecular rate constant for quenching of the transient by
the added quencher., Quenching by MeOD, r-BuOH and ¢-
BuOD is slower than that by MeOH, but the plots of & vs.
[ Q) show similar degrees of linearity over the concentration
ranges studied. Fig. 2 shows typical plots of this type for
quenching of the transient by MeOH and MeOD. On the basis
of the high reactivity of the transient towards alcohols, the
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Fig. . Time-resolved UV absorption spectrum, recorded by far-UV (193
nm) laser flash photolysis of a deoxygenated 0.0025 M solution of 1,1-
dimethylsiletane (1) in isoectane containing 3.8 X 10~* M methanol at 23
“C. Inset: decay trace recorded at a monitoring wavelength of 270 nm; the
spectrum was recorded over a lime window of .12-0.27 ps after the laser
pulse.
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Fig. 2. Plots of k.., vs. [MeOL] (L=H (#) or D (O)) fur the quenching
of 1.1-dimethylsilene {2) in deoxygenated isooctane solution a1 23 °C.

Table |
Bimolecular rate constants for the renction of 1. 1-dimethylsitene (2) with
MeQH(D), 1-BuOH(D) and oxygen in iseoctane solutioa at 23 °C*

Quencher k (1PM™'s™Y)
MeOH 49402

MeOQD 33401

t-BuOH 1.8+01

1-BuOD L11+£0.05

0. 0.20+0.05

*Errors are listed as twice the standard deviation from least-squares analysis
0f & ycay V5. cOncentration data according to Eq. (2).

comparison of the UV absorption spectrum (Fig. 1) with
literature data [5] and the products of the steady state irra-
diation of 1in the presence of MeOH and -BuOH, we assign
the transient species observed in these experiments as 1,1-
dimethylsilene (2). Table 1 lists the absolute rate constants
for the reaction of 2 with MeOH, t-BuOH, oxygen (see
below) and the deuterated isotopomers of the two alcohols
in isooctane solution at 23 °C.

kdcuuy=k{l+kq[Q] (2)

Silene 2 is the most reactive silene studied by us so far in
solution, reacting at nearly the diffusion-controlled rate with
MeOH in isooctane. It exhibits a typical reduction in reactiv-
ity towards the more sterically hindered alcohol t-BuOH, and
deuterium isotope effects are observed which can conclu-
sively be identified as primary for both alcohols. These trends
in reactivity with alkyl and isotopic substitution on the alco-
hol are similar to those reported previously for a number of
other reactive silenes in solution {1,15,17,25].

The reaction of silenes with alcohols is thought to proceed
by a mechanism involving teversible nucleophilic attack at
silicon to form an alcohol-silene complex, which collapses
to the product by proton transfer by competing unimolecular
and bimolecular mechanisms (Eq. (3)). The intracomplex
proton transfer results in a first-order dependence of ky..., on
[ROH], while the extracomplex pathway involves a second
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molecule of alcohol and results in a quadratic [ROH]
dependence [15,17] and variations in the stereochemistry or
regicchemistry of addition at higher alcoho concentrations
[15,25-27]. The excellent linearity in the plots of k., vs.
[ROH] observed here for 2 indicate that the intracomplex
proton transfer is too fast for the extracomplex pathway to
compete at the low alcohol concentrations employed in our
experiments. The reaction is also sufficiently rapid such that
kinetic studies can be carried out using MeOH concentrations
below that at which oligomerization of the alcohol becomes
significant [28,29].

+
&) ROH b RO
MeSisCH, + ROH §—*

) Mn,!sa-cuz Me,SICH,

(3}

Another couuseauence of pre-equilibrium complexation in
the reaction of particularly rcactive silenes with MeOH is the
observation of apparent negative activation energies [ 1,16},
and 2 also exhibits this behaviour. The bimolecular rate con-
stants for the reaction of 2 with MeOH were determined at
several temperatures between — 10 and 44 °C, and found to
decrease with increasing temperature over this range. Fig. 3
shows the Arhenius plot, from which the values of
E,=~26+06 kcal mol™' and logA=7.7+03 were
obtained. The Arrhenius parameters are similar to those
teported previously for the reaction of MeOH with 1,1-
diphenylsilene (4) in acetonitrile { 16] and 1,1-dimethyl-1,3-
{1-sila)butadiene (8) in hexane solution [1]. These two
silenes are only slightly less reactive than 2 towards alcohols
in hydrocarbon sclution, and exhibit similar deuterium
kinetic isotope effects [ 1,16,25].

Ph.Si*CH, Me;Si= _
F s

Saturation of isooctane solutions of 1 with oxygen causes
a substantial reduction in the lifetime of the absorption
assigned to 2 (-t~ 330 ns) and the appearance of anew, long-
lived transient species (7= 10 ps) which exhibits a similar
UV absorption spectrum (A, ~260 nm) to that of the
silene. The lifetime of the short-lived transient is shortened
further on addition of MeOH to the solution, and se it can
conclusively be identified as the silene. The lifetime of 2
under these conditions affords an estimate of kop ~ 2 108
M~'s™! for the rate constant of reaction with oxygen. Laser
flash photolysis of oxygen-saturated samples of purc isooc-
tane or n-hexane leads to the formation of the same long-
lived transient species as fuund in solutions containing 1,
indicating that it is a product of oxygen photolysis { probably
peroxyl radical formed by hydrogen abstraction from the
solvent) [30]. Steady state irradiation of an oxygen-saturated
isooctane solution of 1 (185 nm) leads to the formation of at
least a dozen products in comparable yields; the photolysis
mixture is indistinguishable from that obtained when an oxy-
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Fig. 3. Arhenius plot for the quenching of 1, 1-dimethylsilene (2) by meth-
anol in deoxygenated isopciane salution.

gen-saturated isooctane solutior without added 1 is photo-
lysed under similar conditions.

3. Conclusions

1,1-Dimethylsilene {2), which has been detected here in
solution for the first time, reacts with MeOH at nearly diffu-
sion-controlled rates in isooctane solution at room tempera-
ture. The reaction exhibits a primary isotope effect and
negative Arrhenius activation energy, consistent withamech-
apism involving the formation of a silenc-alcohol complex
in a fast pre-cquilibrium step, followed by proton transfer
within the complex. Reaction with oxygen Is also rapid,
although the product(s) could not be determined, and kinetic
studies are complicated by the formation of transient species
due to oxygen photolysis.

The use of a 193 nm excimer laser for flash photolysis
studies of reactive intermediates in solution is ideally suited
to cases in which the required precursor has a low abserption
above 240 nm. Studies of this type arc restricted to a faisly
limited range of solvents {water [31], hydrocarbons and
fluorocarbons) and transient quenchers, because of the need
to be transparent at the excitation wavelength. In spite of
these limitations, the technique allows the study of a number
of small reactive molecules which, so far, have been more
commonly studied in the gas or solid phase. A number of
exampies of such systems in carbene, free radical and orga-
nositicon chemistry are under investigation in our laboratory.

4. Experimental details

UV absorption spectra were recorded on a Perkin-Elmer
Lambda 9 spectrometer with Ar-saturated solutions. GC anal-
yses were carried out using a Hewlett-Packard 58901 gas
chromatograph equipped with a conventional heated injector,
a flame ionization detector, a Hewlett-Packard 3396A inte:
grator and a DB1 megabore capillary colomn (15 m X0.53 =
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mm; Chromatographic Specialties, Inc.). GC/MS analyses
were carried out on a Hewlett-Packard 589011 gas chromat-
ograph equipped with an HP-597 1A mass selective detector
and a DBS5 fused silica capillary column (30 m X 0.25 mm,;
Chromatographic Specialties, Inc.). Semi-preparative GC
separations were carried out using a Varian 3300 gas chro-
matograph equipped with a thermal conductivity detectorand
a 3.8% UCW932 on 80/100 Supelcoport (24 ftX0.25 in
stainless steel) column.

2,2 4-Tamethylpentane (iscoctane; BDH Omnisolv)
exhibited an absorbance of less than 0.2 at 193 nmina3 mm
cell, and was used without further purificaiion. MeOH,
MeOD, t-BuQH and t-BuOD were of the highest purity avail-
abie and were used as received from Aldrich Chemical Co.
Extra-dry oxygen was obtained from Vitalaire, Inc.

1,1-Dimethylsiletane (1) was prepared by the method of
Auner and Grobe {32}, and exhibited spectroscopic data and
a boiling point {80 °C) similar to those reported. After dis-
tilation, it was isolated in bettcr than 99% purity (as esti-
mated by capillary GC analysis) after semi-preparative GC.
Methoxytrimethylsilane and tert-butoxytrimethylsilane were
prepared by the literature procedures [33].

Analytical-scale photolyses were camried out using a low
pressure mercury famp (185 +254 nm; Osram HNS 10W/
UOZ), with solutions contained in 5 mm quartz tubes. The
sofutions were bubbled prior to photolysis with a stream of
dry argon (for alcohol trapping cxperiments) or oxygen, and
sealed with rubber septa. In each case, the course of photolysis
was monitored periodically by GC and/or GC/MS analysis.

Nanosecond laser flash photolysis experiments employed
pulses ( 193 nm, approximately 15 ns, 20 mJ) from a Lumon-
ics 510 excimer laser filled with an F,-Ar-He mixture, and
a microcomputer-controlled detection system [34]. Solu-
tions were prepared at concentration:. such that the absarb-
ance at the excitation wavelength (193 nm) was
approximately 0.6 (approximately 2.5 102 M), and were
flowed continuously through a 3 mm X7 mm Suprasil flow
cell connected to a calibrated 100 ml reservoir. Dry nitrogen
or oxygen was bubbled continuously through the reservoir
throughout the experiments. Solution temperatures were con-
trolled to within 0.1 °C with a constant-temperature circulat-
ing bath plumbed to a brass sample holder, and measured
with a Teflon-coated copper/constantan thermocoupie
inserted directly into the flow cell. Quenchers were added
directly to the reservoir by microlitre syringe as aliquots of
standard solutions. Rate constants were calculated by linear
least-squares analysis of decay rate—concentration data (six
or more points) which spanned at least one order of magni-
tude in the transient decay rate. Ervors are quoted as twice the
standard deviation obtained from the least-squares analysis
in each case.

Acknowledgements

We wish to thank the Natural Sciences and Engineering
Research Council of Canada for financial support, and the
Deutsche Forschungsgemeinschaft for a fellowship to C.K.

istry and PF

biolegy A: Chemistry 110 {1997) 243-246

References

[1] C. Kerst, M. Byloos, W 1. Leigh, Can. J. Chem,, 75 (1997) 975.

[2} A.G. Brook, M.A. Brook, Adv. Organomet. Chem. 39 (1996) 71.

{31 G. Maier, G. Mihm, H.P, Reisenaver, Augew. Chem. Int. Ed. Engl.
20 (1981) 597.

{4] C.A. Amington, K.A. Klingensmith, R. West, J. Michl, J. Am. Chem.
Soc. 106 (1984) 525.

[3] G. Maier. G. Mihm, H.P. Reisenauer, Chem. Ber. 117 (1984) 235).

[6] A. Sekiguchi, W. Ando, Chem. Lett. (1986) 2025,

[7] V.N. Khabashesku, V. Balaji, $.E. Boganov, S.A. Bashkirova, P.M.
Matveichev, E.A. Chernyshev, O.M. Nefedov, J. Michl, Mendeleev
Commun. (1992) 38.

{81 W.Sander, M. Trommer, Chem. Ber. 125 (1992) 2813.

[9) M. Trommer, W, Sander, A. Patyk, J. Am. Chem. Soc. 115 (1993)
11775,

[10] M. Trommer, W. Sander, C.-H. Ouosson, D. Cremer, Angew, Chem.
Int. Ed. Engl. 34 (1995) 929.

[1i] H. Shizuka, K. Okazaki, M. Tanaka, M. Ishikawa, M. Sumitant, K.
Yoshihara, Chem. Phys. Lett. 113 {1985) 89,

(12] R.T.Contlin. S. Zhang, M. Namavari, K L. Bobbitt, M.J. Fink, Organ-
ometallics 8 (1989} 571.

[13] S.Zhang, R.T. Conlin, P.F. McGarry, J.C. Scaiano, Organometallics
11 {1992) 2317.

[14] W), Leigh, CJ. Bradaric, G.W. Sluggen, J. Am. Chem. Soc. 115
(1993) 5332,

{15] W.J. Leigh, G.W. Slugge, J. Am. Chem. Soc. 116 (1994) 10 463.

[16} C.J. Bradaric, W.J. Leigh, ]. Am. Chem. Soc. 118 (1996} 8971.

{17] C. Kerst, C.W. Rogers, R. Ruffolo, W.J. Leigh, J. Am. Chem. Soc.
119 (1997) 466.

[18] T. Brix, N.L. Arthur, P. Potzinger, | . Phys. Chem. 93 (1989) 8193,

(19] RK. Vaisa, A. Kumar, P.D. Naik, H.P. Upadhyaya, U.B. Pavanaja,
R.D. Saini, J.P. Mittal, 1. Pola, Chem. Phys. Lett. 255 (1996) 129,

[20} L.E. Gusel'nikov, M.C. Flowers, . Chem. Soc., Chem. Commun.
(1967) 864.

[21] IM.T. Davidson, C.E. Dean, F.T. Lawrence, J. Chem. Soc., Chem.
Commun. (1981) 52

[22] HM. Frey, A. Kashoulis, L.M. Ling, S.P. Lodge. .M. Pidgeon, R.
Walsh, ). Chem. Soc., Chem. Commiun. { 1981) 915.

{231 M.T. Davidson, 1.T. Wond, . Chem. Soc., Chem, Commun, (1982)
550.

[24) M.G. Steinmetz, H. Bai, Organometallics 8 (1989) 1112.

125] W.J. Leigh, C.). Bradaric, C. Kerst, L.H. Banisch, Organometallics 15
{1996) 2246.

{25] M.G. Steinmetz, B.S. Udayakumar, M.S. Gordon, Organometallics 8
(1989) 530.

[27] M. Kira, T. Maruyama, H. Sakurai, J. Am. Chem. Soc. 113 (1991)
3986,

{28} D. Grilter, M.TH. Liu, J.C. Scaiano, J. Am. Chem. Soc. 104 (1982)
5549,

[29] H. Landeck, H. Wolt, R. Goiz, ). Phys. Chem. 81 (1977) 718.

{39] D.A. Patkes, D.M. Paul, C.P. Quina, R.C. Robson, Chem. Phys. Lett.
23 (1973} 425.

[31] UK. Klaning, K. Sehested, T, WolfT, J. Chem. Soc., Faraday Trans.
180 (1984) 2969. U.K. Klaning, K. Sehested, E.H. Appelman, Inorg.
Chem. 30 (1991) 3582.

[32] N. Auner, J. Grobe, J. Organomet. Chem. 188 (1980) 25

(33] W. Gerrard, K.D. Kilbumn, J. Chem. $oc. { 1956) 1536: S.H. Langer,
S. Conrell, 1. Wender, J. Org. Chem. 23 (1958) 50.

[34] W.J. Leigh, M.S. Workentin, D. Andrew, J. Photochem. Photobiol,
A: Chem. 57 (1991) 97.



