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Summary 

Thermal and photochemical activation of Ph,SiMn(CO)S leads to different 
catalyst systems, both of which promote the addition of organosilicon hydrides 
to terminal alkenes. In the thermal case, major catalytic activity is due to tri- 
phenylsilyl radicals generated from Si-Mn bond homolysis. Upon photolysis, 
however, there is no evidence of Si-Mn homolysis during catalyst activation. 
These studies represent the first well-defined example of disparate behavior upon 
photochemical vs. thermal activation of the same catalyst precursor. 

In the course of our studies on transition metal promoted hydrosilation, we 
have examined the catalytic activity of complexes containing Group IVA- 
manganese bonds toward substrate mixtures of alkenes and organosilicon 
hydrides. Thermolysis and photolysis of silylpentacarbonylmanganese(1) catalyst 
precursors with these reagents lead to very different product mixtures, implying 
that disparate catalytic species are generated via two types of stimulus upon the 
same molecule. We communicate here our preliminary data that suggest a radical 
mechanism for thermal hydrosilation and a coordination mechanism for photoin- 
duced hydrosilation employing tiphenylsilylpentacarbonylmanganese(1) as the 
soluble metal catalyst. These observations provide the first evidence for a 
premise often enunciated in the organometallic photochemical literature: the 
fact that photogenerated catalysts are milder and more selective than their 
thermally generated counterparts [ 11. 

Metallic catalyst precursors used in these studies include triphenylsilylpenta- 
carbonylmanganese(1) [ 2,5,6] triphenylstannylpentacarbonylmanganese(I) 
[3,5,6] and an immobilized silylpentacarbonylmanganese(1) species formed by 
treatment of trichlorosilylpentacarbonylmanganese(1) [ 4,5] with Cab-0-Sil 
fumed silica in THF/HaO solvent. Hydrosilation substrates are pentene-1 and 
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heptamethylcyclotetrasiloxane. The latter cyclic, monohydridic siloxane is ab- 
breviated as HMCTS or D4H in subsequent text and formulae [ ‘71. 

Incorporation of 0.1 mol % of the triphenylsilyl complex into equimolar mix- 
tures of HMCTS and pentene-1 followed by heating at 180°C in sealed, 
evacuated ampoules forms the products shown in eq. 1, while irradiation of 
identical samples at 3500 A in a Rayonet Photochemical Reactor yields only the 
saturated adduct [9] and carbon monoxide (eq. 2). 
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On complete disappearance of HMCTS in the thermal reaction, the product 
distribution is typically 55% alkylsiloxane, 25% alkenylsiloxanes, and 20% 
silicon-silicon bonded material. Approximately 10% of the remaining pentene-1 
is converted to cis-( 7%) and truns-pentene-2( 3%). Turnover number defined as 
mol HMCTS lost per mol manganese are lo’-1 03, while the average turnover 
rate defined as mol HMCTS lost per mol manganese per minute during complete 
HMCTS consumption is 2.0. For the photochemical reaction, quantum yield de- 
fined as mol HMCTS lost per mol photons is 1.6 [lo]. The observed catalysis is 
photoassisted since all activity ceases in the dark subsequent to irradiation [ 111. 
All products in eq. 1 and 2 are unambiguously identifiable by GLC/MS [ 121 or 
low resolution mass spectroscopic analysis [ 131. 

Catalytic production of hydrogen and D4-D4 (eq. 1) suggests that radical 
species result from precatalyst decomposition at 180°C and that these species 
take part in hydrosilation. Other observations supporting this hypothesis are 
given below: 

(A) Thermal hydrosilation (HMCTS + pentene-1) catalyzed by triphenylsilyl- 
pentacarbonylmanganese(1) is slowed by a factor of four in the presence of di-t- 
butyl nitroxide (3 mol RaNO per mol Mn), and no discernible hydrogen or 
Da--D4 is produced. 

(B) Bis(triphenylsilyl)mercury [ 141, an alternative source of [ Ph3Si- ] [ 151, 
promotes hydrosilation as effectively as triphenylsilylpentacarbonylmanganese(1) 
at 180-200°C. Product mixtures contain alkylsiloxane (ca. 90%) and D4-D4 
(10%) at 40% conversion. 

(C) Triphenylstannylpentacarbonylmanganese(1) is a poor catalyst for 
HMCTS + pentene-1 hydrosilation at 180°C (turnover 0.05% of that observed in 
silylmanganese catalysis). Since [Ph3Sn*] is less likely than [Ph,Si.] to abstract 
hydrogen from HMCTS [ 161, catalysis is predicted to be less efficient in the stan- 
nylmanganese system. 

(D) Immobilized Si-Mn( CO)5 material forms dimanganese decacarbonyl 
when heated, neat, in vacua at 180°C. 

Observation (B) suggests that interaction of [Ph3Si’ ] and alkylsiloxane may 
be responsible for D4-D4 and alkenylsiloxane production [ 191, and that 
[-Mn(CO),] or [-Mn(CO),] may promote alkene isomerization (eq. 1). 
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Preliminary experiments have shown that neither of these premises is valid. 
Reaction of the saturated HMCTS-pentene adduct and Ph,SiMn(CO)s (mol ratio 
100/l) at 180°C forms polymeric organosiloxanes carrying unaltered, saturated, 
pentyl side chains [ 201. Decacarbonyldimanganese( 0) fails to isomerize pentene-l 
at 18O”C, a temperature at which [ *Mn(CO), ] should be present [ 21,221. It is ap- 
parent, therefore, that radical chemistry alone cannot account for all of the eq. 1 
products. 

By comparison, photoassisted hydrosilation proceeds chiefly via a coordina- 
tion mechanism as proposed by Chalk and Harrod for platinum- and cobalt- 
catalyzed thermal reactions [ 23,241. Irradiation of the immobilized Si-Mn(CO)s 
catalyst and excess triphenylphosphine in cyclohexane fails to produce bis(tri- 
phenylphosphino)octacarbonyldimanganese( 0) or any other soluble metallic 
species [ 25,271. Photoassisted hydrosilation is not inhibited by di-t-butyl 
nitroxide. These observations strongly support maintenance of the Si-Mn bond 
in the active photoassistance agent. 

We have shown that triphenylsilylpentacarbonylmanganese(1) can act as a 
hydrosilation catalyst via two different mechanisms. Photochemical activation 
provides a milder, more selective catalyst, than the silyl radical and other species 
generated thermally. Work is in progress toward characterizing all products result- 
ing from precatalyst thermolysis, and the active photoassistance agent in eq. 2. 
Of longer range interest is the generality and viability of radical-induced hydro- 
silation. Except for a recent report by Jackson et al. [ 281 the literature suggests 
that only halide-substituted organosilicon hydrides can efficiently hydrosilate 
alkenes in the presence of radical initiators. These questions as well as the overall 
importance of dual or multiple activation mechanisms for transition metal catal- 
ysts are under study, and will be elaborated in due course. 

Acknowledgement. We thank Drs. T.P. Lockhart and F.J. Medic for several 
helpful discussions, and Messrs, S.B. Dorn and H. Grade for expert analytical 
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