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Summary: 1,1-Bis(trimethylsilyl)}-2-methyl-2-(trimethylsii-
oxy)silene (1) dimerizes in a head to head fashion to give
the acylic disilane 3. The bimolecular rate constant, 2k,,
at 293 K was 1.3 X 10’ M~ s~'. The temperature de-
pendence of this rate constant ylelded log A/s™' = 7 &
1and E, = 0.2 £ 0.1 kcal mol~'. Rates of reaction with
molecular oxygen and 2,3-dimethylbutadiene were also
measured.
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In the past decade, two milestones in organosilicon
chemistry, the syntheses of structures containing stable
silicon—carbon and silicon-silicon = bonds, were reported.l?
Both achievements encouraged successful syntheses of a
variety of new structures®* as well as prompted theoretical
exploration® of further possibilities for bonding to silicon.
Kinetic and mechanistic descriptions of these novel pro-
cesses, guided largely by thermochemistry, theory, and
intuition provide additional insight into the elementary
steps of reactions for electron-deficient silicon. Herein we
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Figure 1. Transient trace obtained in the conventional flash
photolysis of 2 at room temperature. The insert is the transient
absorption spectrum of the silene recorded 200 ns after the laser
pulse (A = 308 nm, excimer laser).

Table I. Temperature Dependence of 2k, Measured by
Conventional Flash Photolysis

2k, X 107 M1 g7) T (K) 2k, X 107 (M 57) T (K)

1.30 272.3 1.33 296.2
1.27 273.2 1.34 307.4
1.33 279.6 1.32 317.3
1.27 279.8 1.34 325.4
1.28 286.1 1.40 332.6
1.29 281.6

report rate constants for head to head dimerization of and
for reaction of oxygen and 2,3-dimethylbutadiene with the
transient 1,1-bis(trimethylsilyl)-2,2-ethyl(trimethylsil-
oxy)silene (1).5
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Laser flash photolysis”® of solutions containing (ace-
tyltris(trimethylsilyl)silane (2) (10 M, cyclohexane) at
299.8 K quickly gave rise to an intensely absorbing tran-
sient. A point by point spectrum, collected 200 ns after
the laser pulse, displayed a A, at 330 nm (see insert of
Figure 1). The same species was also observed by Hg lamp
photolysis in a 3-methylpentane matrix at 77 K and is
readily assigned to silene 1.2 The silene signal did not

(6) Brook, A. G.; Harris, J. W.; Lennon, J.; El Shiekh, M. J. Am. Chem.
Soc. 1979, 101, 83.
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decay appreciably in the microsecond time domain.
Conventional flash photolysis,'® however, allowed obser-
vation of the remarkably clean second-order decay kinetics
for 1 on a millisecond time scale (Figure 1). This obser-
vation is consistent with the isolation of the acyclic, dimeric
photoproduct 3.!

Values of €35 were measured by two different methods.
In one, exhaustive photolysis of the matrix isolated 2 at
three different concentrations, providing a value for €3
for 1 = 6500 £ 300 M! cm™l. In the other method, a
time-resolved technique employing Aberchrome-540 as an
actinometer was used.!! In the latter case the laser flash
photolysis experiment yielded the product, $asssiene)€azsisilene)
= 9130 M! cm™. The quantum yield for silene generation,
¢, was measured using conventional techniques with
Aberchrome-540 as the actinometer. The production of
the dimer 3 was monitored by capillary GC, and its
quantum yield (¢gimer = 0.335) can be equated to ¢,/2
which provided ¢, = 0.670 and therefore ey = 1.36 X 10*
M1 em. Combination of an intermediate value (¢ =~ 9000
M-! cm')!2 with the flash photolysis data at room tem-
perature, 296.2 K, k_,, = (2k.¢), allowed calculation of 2&,,
the rate constant for dimerization at ambient temperature,
296.2 K, 1.3 X 10" M1 571, This value is much slower than
expected for a diffusion-controlled process in cyclohexane.

The temperature dependence of 2k, was investigated
from 272.3 to 332.6 K and exhibited very little change
(Table I). An Arrhenius treatment of the data led to log
(A/M1'sg!)=7%1and E, = 0.2 £ 0.1 kcal mol™..13

These activation parameters suggest a highly ordered
transition state requiring only small enthalpic changes for
reaction. The Arrhenius parameters show features, low
A and E,, similar to those reported previously for dimer-
ization of benzophenone oxide,!* a process in which the two

(9) The possibility that a triplet state of 2 is the immediate precursor
to silene 1 was investigated. A series of nanosecond flash photolysis
experiments indicated that 1 was generated within the duration of the
laser pulse (Molectron UV-24 nitrogen laser, 337 nm, 8-ns pulse duration,
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triplet sensitizers such as benzophenone and p-methoxyacetophenone.
The quenching rate constants for these processes were 9.4 X 108 and 2.4
% 10°, respectively. Thus, a triplet precursor is a likely possibility but
remains unproven. The role of reactive triplet states in the photolysis
of acetyltrimethylsilane has been discussed previously. (a) Bourque, R.
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Dalton, J. C. In Organic Photochemistry; Padwa, A., Ed.; M. Dekker:
New York, 1985; 7, p 149.
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the photomultiplier were captured with a Tektronix 2230 digital storage
oscilloscope equipped with an RS-232 interface. Waveforms were
transferred to a PDP 11-73 computer for kinetic analysis and storage.
Generation of the silene occurred with the pulse of the Xe flash and was
monitored at 330 nm.
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2-(trimethylsiloxy)-2-alkylsilenes, see: Brook, A. G.; Baines, K. M. Adv.
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barrier. Gusel'nikov, L. E.; Konobeevsku, K. 8.; Vdovin, V. M.; Nam-
etkin, N. S. Dodl. Alad. Nauk SSSR 1977, 235, "791. This is also con-
;i;te7nt5 vzvith calculations: Alrichs, R.; Heinzmann J. Am. Chem. Soc. 1977,

, 7452.
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Notes

Table II. Product Yields for the Steady-State Photolysis of
2 in the Presence of DMB As Determined by GC Analysis®

[DMB] 31 (4] (5]
0.0 3.89 0.00 0.00
0.2 2.68 0.41 0.07
0.4 2.60 0.86 0.15
0.6 2.38 1.24 0.22
0.8 2.04 1.86 0.33

¢[DMB] in M and {3], [4], and [5] in mM.
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Figure 2. Plot according to eq 3. The slope, k, = 0.23 Mgt

fragments are highly oriented in a transition state leading
to molecular oxygen and two benzophenone molecules. For
the reaction reported here, formation of the final product
from dimerization of 1, the acyclic disilane 3, requires
either intramolecular disproportionation in a biradicaloid
or a bimolecular “ene” reaction.%1%
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The bimolecular rate constant for quenching of 1 by O,
in cyclohexane at 20.1 °C under pseudo-first-order con-
ditions was 7.3 £ 1.5 X 107 M1 g7L. This relatively slow
rate value may reflect both the intrinsic stabilization'® of
the silene by the 2-trimethylsiloxy group and, additionally,
a spin-imposed barrier for addition of triplet O, with the
singlet ground state of 1 (see below). The final product
of reaction was an involatile and polymeric oil whose IR
spectrum indicated the presence of a strong and broad
absorption centered at ~1060 cm™, characteristic of sili-

(15) Although mechanistic details of the silene “ene” reaction with
allylic C-H bonds are unknown, this reaction is well-known to compete
with silene cycloadditions to methyl substituted = bonds, see: Wiberg,
N. J. Organomet. Chem. 1984, 273, 141. Atypical activation parameters
have been observed for reactions passing through biradicaloid transition
states, see: Johnston, L. J.; Scaiano, J. C. Chem. Rev. 1989, 89, 521.

(16) For a discussion of stabilization of silenes by the 2-siloxy sub-
stituent, see: Apeloig, Y.; Karni, M. J. Am. Chem. Soc. 1984, 106, 6676.
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con—oxygen bonds.l” Whether the cyclic dioxasiletane
adduct is formed awaits further study.!®

Attempts to monitor reaction rates of 1 with well-known
trapping agents such as dienes'® led to unexpected results.
The rate of decay of the 330-nm signal was unchanged by
increasing concentrations of 2,3-dimethylbutadiene (DMB)
up to 0.33 M, indicating that the rate of silene addition
to the diene is much slower than silene dimerization under
flash photolytic conditions. Thus, k, must be <<10° M!
s'l. Continuous lamp (A, = 350 nm, 20 m) photolysis of
a cyclohexane solution of 2 (21.2 mM) and the diene (0.0,
0.2, 0.4, and 0.8 M) in a Rayonet-type reactor yielded
products both from silene dimerization (3) and from re-
action with DMB (4 and 5). Yields are summarized in
Table II.

Sy H
Si—SiMe
Me \<
4
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5

For this reaction the steady-state approximation (eq 1)
may be used in combination with the expression relating
the ratio of the rate constants to the ratio of products
yields (eq 2) to arrive at eq 3. Thus, from a plot of the

(17) Bellamy, L. J. Advances in Infrared Group Frequencies; Chap-
man Hall: London, 1975.

(18) It has been suggested in ref 1 that reaction between the 1,1-bis-
(trimethylsilyl)-2-adamantylsilene and O, produced an unstable dioxa-
siletane that fragmented to a ketone and bis(trimethylsilyl)silanone,
which subsequently cyclotrimerized.

(19) Brook, A. G.; Vorspohl, K.; Ford, R. R.; Hesse, M.; Chatterton,
W. J. Organometallics 1987, 6, 2128.

d1}/dt = 0 = ¢, - 2k[1]* - &,[1}[DMB] (1)
2k(1]?/k,[1][DMB] =R R =[3]/([4] + [5]) (2)
v/ 2kl /RR + 1) = k,[DMB] (3)

values of the left side of eq 3, which depends on the ratio
of products, R = [3]/([4] + [5]), against the diene con-
centration, a straight line is obtained. The slope is to be
equated to the composite rate constant, k, for the reaction
of 1 with 2,3-DMB.

Interestingly, examination of eq 3 clearly reveals that
low values of R (i.e. efficient diene trapping) can be ex-
pected only at low light intensities (I;), thus explaining why
addition products are observed from lamp irradiation but
not in the flash irradiation and, also, the observation that
the transient decays remain second order even in the
presence high concentrations of the diene.

The composite rate constant is the sum of the individual
rate constants for the 2 + 4 cycloaddition producing 4 and
the “ene” pathway producing 5. For these pathways the
ratio of rates equals the ratio of the product yields in eq
4,

k"ene"/k2+4 = [4] [5] kr = k2+4 + k"ene" (4)
Rovs = e/ ([4][8]7 + 1)
Thus we find that k.. =~ 0.04 M1 87! and kyyy = 0.19

M5l These rate constants are small and consistent with
the results of the flash photolysis experiments.
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Thermal Ring Closure in Mo(CO);L (L = bpy, dmbpy, dpbpy) Transients
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Summary: The kinetics of the ring-closure reactions of
Mo(CO),L, produced during the laser flash photolysis of
Mo(CO), and L where L = 2,2'-bipyridine (bpy), 4,4'-di-
methyl-2,2'-bipyridine (dmpby) and 4,4’-dipheny}-2,2'-bi-
pyridine (dpbpy) were studied as a function of tempera-
ture and pressure. The values of the activation parame-
ters AS* and AV* are small and negative for L = bpy
and dmbpy supporting an associative interchange mech-
anism (I,) for CO extrusion. For L = dpbpy, AV* is small
and positive In line with a dissociative interchange
mechanism (I,). The results demonstrate a changeover
in mechanism from I, to I, with increasing steric hin-
drance on the bidentate ligand L.

! Institute for Inorganic Chemistry, University of Witten/Her-
decke, 5810 Witten, Germany.

There have been a number of pulsed laser flash photo-
lysis studies of group VIb metal carbonyls in recent
years.!® Much attention has been focused on under-
standing the mechanistic behavior of coordinatively un-
saturated intermediates produced after M—CO bond fission
during photolysis because of the important applications
of M(CO);S species in the area of systematic organo-
metallic synthesis and the design of homogeneous cata-
lysts.*!4 Application of high-pressure kinetic techniques
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