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Summary: Flash photolysis studies on CpFe(CO),(n'-
CH,CgH;) in hexane confirm formation of CpFe(CO)(n®-
CH,CqHs) following flash photolysis. Decay proceeds with
a rate of 151 (10) M~ s~* for added CO and of 1.34 (5)
X 10° M~' s for added PPh,.

The CpM(CO),(n-CH,CgH;) (M = Fe, x = 2; M = Mo
or W, x = 3) system has provoked interest because loss of
carbon monoxide leads to the corresponding #%-benzyl
complex! in analogy to the CpM(CO), (n'-C;H;) allyl sys-
tem.? Recent work has concentrated on the iron derivative
which, unlike the corresponding molybdenum and tungsten
derivatives,! does not have a stable #°-benzyl intermediate.
Wrighton and co-workers® have examined the low-tem-
perature infrared spectroscopy of CpFe(CO)(1*-CH,CgH;)
which was prepared photochemically from CpFe(CO),-
(n-CH,C¢H;). Brookhart and co-workers* have reported
some preliminary measurements on the nano- and micro-
second flash photolysis of CpFe(CO)(»'-CH,C¢H;) and
examined the kinetics of trapping of the 5®-benzyl inter-
mediate by phosphines at low temperature. We wish to
report a kinetic study of the room-temperature reaction
of CpFe(CO)(»*-CH,C¢H;) with carbon monoxide or PPh,
which clarifies the role of the n*-intermediate.

Flash photolysis® of CpFe(CO),(n*-CH,CgH;) in hexane
at 22 °C under 1 atm of carbon monoxide produces a
transient which decays exponentially back to the original
base line in approximately 3 s (Figure 1). The transient
is completely formed by the end of the lamp pulse. The
transient absorption spectrum, obtained by measuring
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Figure 1. Change in absorbance vs time at 460 nm on flash
photolysis of a CO saturated hexane solution of CpFe(CO),-
(n'-CH,CgHj). The line through the decay curve represents the
nonlinear first-order least-squares fit of the data for the disap-
pearance of the transient. Insert: linear least-squares first-order
fit of the data to 3.1 half-lives; R = ~0.9998.
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Figure 2. Plot showing the linear dependence of the observed
rate constant against PPhy concentration (top line) and CO
concentration (bottom line) for disappearance of the transient
following flash photolysis of CpFe(CO),(nt-CH,CeH;).
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absorbance changes as a function of wavelength, shows the
previously recorded value of 460 nm + 5 nm as Ap,;.3
Solutions under CO are nearly photochromic, but contin-
ued flashing produces a new transient which decays much
more rapidly. This is attributed to formation of the exo
form of (n*-CsH;CH,CsH;)Fe(CO); which was observed as
a minor product following low-temperature continuous
photolysm of CpFe(CO)4(n'-CH,CeH;) under a CO atmo-
sphere.? Similar experiments with excess PPh; under a
nitrogen atmosphere produce an exponential decay to a
new base line of increased absorbance. Solutions con-
taining PPh; change from yellow to orange following a
single flash. An intense band appearing at 1917 cm™
(hexane) indicates formation of CpFe(CO)(PPh;)(5!-
CHQCGHs).4'6
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A linear relationship was observed between &4 and [L]
where L is either CO or PPhy (Figure 2),” showing the
observed rate law is first order in both transient and added
ligand. The bimolecular rate constant for recombination
with CO is 151 (10) M1 s7! and with PPh;, is 1.34 (5) X 10°
M- 1571, These rate constants are small compared to other
processes involving Lewis base addition to a CO-deficient
transient. For instance, addition of CO to Cr(CO)5(CgH;5)
(C¢H,, = cyclohexane) has a rate constant of 3 X 105 M
g8 Furthermore, flash photolysis of CpFe(CO)y(n'-
CH,C¢Hj;) in perfluorohexane under CO gives an observed
rate constant only 5 times faster than that observed in
hexane® showing that desolvation is not contributing to the
activation barrier for CO addition. Thus the »%-benzyl
configuration is implicated as the observed transient.

A mechanism that satisfactorily accounts for this data
is shown in Scheme 1.1 While there is no direct evidence
in this study for either intermediate (CpFe(CO)(n-
CH,CHj;) is not an intermediate in this mechanism), NMR
investigations demonstrate that the n%-benzyl ligand re-
arranges via an nl-intermediate.!®4!! Furthermore, others
have shown that 16-electron systems, such as Cr(CO); and
W(CO);, will be solvated in less than 100 ps'? with a solvent
molecule acting as a “token ligand”.1®

Assuming that the equilibria are rapid relative to the
product forming step for the two intermediates in Scheme
I, the derived rate law is R = &,k [CpFe(CO)(n®-
CH,CH;)][L]/(k_; + ki [L]). With k_; > ky[L], the rate
law, R = kg, [CpFe(CO) (n3-CH,CeHg)1[L] is obtained with
Ropp = Riki/E_y. This is identical with the experimentally
observed rate law. The ratio of the two rate constants,
R appPPhy/ Rappico) = 8.9.1*  Typically, competition ratios
of 6 or less have been observed for various ligands com-
peting with CO at organometallic metal centers following
ligand loss.! A competition ratio of this magnitude is
usually interpreted as indicating a high reactivity and low
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hibits an identical IR spectrum.
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selectivity of a desolvated 16-electron species. It should
be noted, however, that while this proposed mechanism
is consistent with mechanisms proposed for comparable
systems,!31516 no direct kinetic evidence is available
demonstrating that ligand attack occurs on the desolvated
16-electron intermediate rather than on the solvated
species or on the n%-system.

Further studies on this system are currently in progress.
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Summary: Catalytic quantities of cyanide or thiocyanate
ions are shown to facilitate the substitution of silyl chio-
rides by Grignard reagents and dialkylmagnesium reag-
ents, to afford high yields of tetraalkyl- and tetraarylsilanes
under extremely mild conditions.

Organolithium reagents are usually preferred to Grig-
nard reagents for the synthesis of tetraorganosilanes.
While Grignard reagents might otherwise be the reagents
of choice because of greater availability, ease of formation,
and cost, their reactions with triorganosilyl chlorides are
so sluggish that only the simplest tetraorganosilanes can
be obtained in satisfactory yields and purity.! We here
report that cyanide and thiocyanate ions catalyze the re-
action between organomagnesium reagents and chloro-
silanes under extremely mild conditions affording tetra-
organosilanes in high yield (eq 1).

RMgX + R/,SiCl,, ———» R/,SiR,, + CIMgX (1)

For example, aryl Grignard reagents have been reported
to yield tetraarylsilanes after reaction with SiCl, above 160
°C.2 In contrast to these conditions, 5 mol % CuCN
promotes the reaction of p-tolyltrichlorosilane with phe-
nylmagnesium chloride at 10 °C to afford an 81% yield
of p-tolyltriphenylsilane® after 1 h. This catalyst promotes
reaction of both alkyl Grignards and dialkylmagnesium
reagents. In the case of R,Mg reagents, prepared by the
excellent method of Bogdanovic,* this catalysis is partic-

tPresent address: Central Research Laboratories, Monsanto
Company, 800 N. Lindbergh Blvd., St. Louis, MO 63167.
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