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Vinyldisilanes (II) of the type R’CH=CR2SiMe2SiMe, (a, R’ = Ph, R* = H; b, 
Rx = H, RZ = Me; c, R’ = R2 = H) and (R1CH=CHSiMeR3-)2 (d, R’ = Ph, R3 = Me; 
e, R’ = H, R3 = Ph) undergo a novel de,mdation reaction to give the correspond- 
ing vinylsihmes, R’CH=CR2SiMe3 and (R’CH=CH)$3MeR3, respectively, under 
photochemical or thermal conditions in the presence of a stoichiometric amount 
of pentacarbonyliron. Two ar-styryldisilanes (Hf, CH,=CPhSiMe,SiMe, and IIg, 
]CH,=CPhSiMe,],) undergo similar degradation reactions, but gave /3-styryl- 
silanes. In the presence of additional benzophenone, Hb, Hc, and IIf gave (E)- 
Me,SiCH=CRSiMe20CHPh2 (b, R = Me; c, R = H; f, R = Ph) under either photo- 
chemical or thermal conditions, but IIa gave PhC=CHSiMe20CPh2 under photo- 
chemical, or Ph,CHSiMe, under thermal conditions as main product_ Mechanisms 
involving ~3-l-silapropenykricarbonyliron intermediates are proposed, and 
indeed separately prepared (r)3-l-silapropenyl)(trimethylsilyl)tricarbonyliron 
gave the same products under sin&n- conditions. 

Introduction 

In a recent paper [I], we reported the preparation of (q3-l-stiapropenyl)tri- 
carbonyliron complexes by the reaction of enneacarbonyldiiron with vinyl- 
disihnes. More recently, we have found that (~4-1,!2disilacyclohexadiene)tricar- 

Fe&O), + CH2=CHSiMe2SiMe2R 
R.T. 

A?iMe2 

(R=Me, CH2=CH) 

* For part CXXU sea ref_ 25. 

- HCI-F~(CO)~(S~M~~R) + . . . 
TX 



14 

bonylirons undergo a facile ring contraction on thermolysis to give (q4-silacyclo- 
pentadiene) tricarbonyliron complexes [ 21, where similar (q3-l-silapropenyl)- 
iron complexes were proposed as intermediates. 

Ph Ph 

160X 
- + t :SiMe$ 

In the course of further studies on the reaction of carbonyliron compounds 
with vinylsilanes, we have found that such a silylene extrusion reaction is 
general. We report here that vinyldisilanes give the corresponding viny&lanes in 
moderate yields either on irradiation or on thermolysis in the presence of penta- 
carbonyliron . 

Results and discussion 

Photochemical reactions of pentacarbonyliron with vinyldisilanes 
A solution of pentacarbonyliron (I) and trans-pentamethyldisilanyl&yrene 

(IIa) in hexane was irradiated for 3 h with a 450 W high-pressure mercury arc 
lamp through a Pyrex filter at room temperature under argon. During tbe irradia- 
tion, the color of the reaction mixture changed from yellow to dark brow-n. The 
dark brown reaction mixture was separated by TLC on silica gel to give truns- 
trimethylsilylstyrene (IIIa) in 38% yield as the sole volatile product. 

R2 R2 

-I- 

hu 
Fe(CO15 + 

R’ ’ 

SiMe,SiM% ) R, 

J- 

, SiMe3 + (:SiMe21 + . . . 

(1) 

(Ia: R’=Ph,R2=H; (IUatR’=Ph,R2=H; 
Eb: R1=H, R2=Me; IKb: R’=H, R*=Me; 
xc: R’=R*=H) IlIc: R’=R2=H) 

The fate of the silylene unit is not clear, but it results in the formation of un- 
characterizep polymeric materials. When the resulting reaction mixture was irra- 
diated further after adding triphenylphosphine, the yield of IIIa increased to 
46% yield. It is well known that the photochemical reaction of an olefin-iron 
complex with triphenylphosphine liberates the olefin ligand from the complex 
r.31. 

Similarly, isopropenylpentamethyldisilane (IIb) and vinyipentamethyldisilane 
(IIc) are found to react with I under the same co+itions to give lIIb and IIIc, 
respectively. 1,2-Divinyldisilanes, as well as monovinyldisilanes, react with I to 
g&e the corresponding divinylsilanes. The results are summarized in Table 1. 

Interestingly, the reaction of a-styrylpentamethyldisilane (IIf) with I gives 
only IIIa in 47% yield. 

Since ar-styryltrimethylsilane @If) did not react with I under the reaction 
conditions, IIIa cannot have been formed by isomer&&ion of IIIf. Similarly, 
1,2cli_cY-styryltetramethyldisilane (IIg) gave trans-@-sQryl~-styryldimethylsilane 
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Table I Phoi&hexi&ca3.. Reactions of Viny3Aisilanes with (L) 

Vinyldisilane Solvent Vinylsilane Yield (8) 

_.I- 
SiMe2 -SiMe3 

(IIa) Hexane 4/r 
SiMe3 

(IIIa) 
Ph Ph . 

Me 

2- 

Me 
SiMez-SiMej 

(IIb) xylene 
SiMe3 

(IIIb) 

r 

SiMez-SiBleg 
(IId xylene 

SiMej 
(IIIC) 

( phJ-SiMe2-)2 (IId) hexane 
SiMe2 

(IrId) 
2 

( /siphMej2 (IIe) hexane (,&~i"hK~IIXej 

(IIf) hexane 
SiMe3 

(IIIa) 
Ph 

(IIg) hexane 
PhysiMe2'b 

(IrIg) 

a) Yield of isolated materials. b) Yield was determined by GLC. 

(Urg) on irradiation in the presence of I in 42% yield. 

Ph 

Fe(CO&j + SiMeg 

(I) fEf;R=Me; 
Ef:R=CH2=CPh) 

(lTra:R=Me; 
lEg:R=CH2--_CPh) 

The pho~ochemical. reaction of IIf with I has been carried out under vafious 
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Table 2 Phot&hemica~ Reactions -of (I) with-(iIf)' : .-’ 

iNno1 
SolvAt 

conditions 
Yield (%ja 

(1) (IIf) Filter Time(h) 

0 0.41 hexane Pyrex 3 0 

0.06 0.44 hexane Pyrex 3.5 J2b 

0.23 0.45 hexke Pyrex 1.5 50 b 

0.44 0.43 hexane Pyrex 3 40 

0.70 0.43 hexane Pyrex 3 41 

1.24 0.41 hexane Pyrex 2 41 

0.46 0.41 hexane Pyrex 2.5 47= 

0.70 0.45 hexane - 2 34 

0.45 0.42 benzene Pyrex 3 34 

0.46 0.42 THF Pyrex 2 44 

a) Yield of isolated material. 

b) Based on starting (I). 

c) After the post-treatment. 

conditions. The results are summarized in Table 2, which shows that an equimo- 
lar amount of I is required for the reaction to be completed, that is, I does not 
catalyze the silylene extrusion reaction. The reaction was not affected by nature 
of the solvent employed, so that the silylene extrusion reaction proceeded simi- 
larly in benzene and THF. Although vinyklisilanes undergo photochemical 1,2- 
[4a] and 1,3-shifts [4a,b] of a silyl group; no indication of rearrangement was 
observed under the reaction conditions. Presumably, light absorption occurs 
only in pentacarbonyliron . 

Thermal reactions of pentacarbonyliron (I) with vinyldisilanes 
The thermal reaction of I with II at 160% occurs similarly to give the corre- 

sponding vinylsilanes. When a solution of I and IIa in hexane was heated at 
160°C for 24 h under an argon atmosphere in a small high-pressure vessel, IIIa” 
was obtained in 72% yield as the sole volatile product. 

The results of the thermal reaction are summarized in Table 3. In conkst’to 
the photochemical reaction, the yield of IIIc is significantly lower and EIe could 
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Vinildisilane. Vinylsilane 
Yielda 

4%) 

SiMe2 -SiNei 
(114 

Pb 

SiMe2-SiMe3 
IIIC) 

( phJsiMe2_) 2 
(IId) 

Ph 
SiMe2SiMej (IIf) 

( p>SiMe2-)2 [IIS) 

SW3 
(IILa) 

Ph 

F siMe3 (fIIC> 

SiMe2 
(IrXd) 

2 

SiPlzMe 
(IIIe) 

2 

-_LT 
SiMe3 

(il1a) 
Ph 

C//i SiNea 
(SISd) 

Ph 2 

SiMe2< 
Ph 

Ph (Isxg? 

72 

gb 

59 

0 

59 

37 

14 

a1 Yield of isolated materials. 

b) Determined by GLC. 

not be isolated, Under these reaction conditions, unsubstituted vinylsiknes such 

FeKCN5 + 
16oae 

Ph Y- 
SiMe2- SiMe3 - 

Ph _Y- 
SiMe, + ._. 

as $IIc_ and IIIe w found t6 undergo oligomerization. Therefore, the low yieIdPs 
in thee .mti could p&ly be due to~the ofigomerizttion. 

. 



The thermal reaction of I with IIf gave IIIa in 59% yield, similar to the corre- 
sponding photoreaction, 

Ph 

SiMe2 &3iMe3 
?em”C* I SiMeJ + _.. 

Ph 
tnr> (XlKa) 

However, the reaction of I with Ifg gave ZIId (37%) and IIIg (14%). Since only 
IIIg was obtained in the’corresponding photochemical reaction, u[Ig was 
thought to undergo isomerization under the thermal conditions. Di-ar-styryldi- 
methyl&lane is found to isomer&e to IlIg (63% yield) when it is heated at 160°C 
for 25 h in the presence of I. This fact indicates that thermal isomerization of 
CY-sty@ to @-styryl on silicon is possible under these conditions. However, isomer- 
&z&ion of isolated IIIg to ITId in the presence of 3_ proceeds very slowly, There- 
fore, the difference in product distribution between photochemical and thermal 
conditions is unclear. 

SiMe2 -I- ph~SiMe2<~ c . . . 

(IEd) ml gf 

Although an active iron species “Fe(C0)4fs is known to b& generated from 
enneacarbonyldiiron af low temperature [ 51, the reaction of enneacarbonyldi- 
iron with IIf gives only a trace amount of IIIa at 80°C for 16 h. Apparently, a 
more elevated temperature is required for the thermal formation of vinyl&lanes 
from the corresponding vinyldisilanes. 

Photochemical reaction u,f (rl3-1-silapropenyl)(trimethylsilyI)tricarbonylir~n 
Irradiation of (~3-l-s~apr~penyl)~~ethy~yl)c~bonyl iron (IV) in hexane 

gave vinyltrimethylsilane (IIIc) in 42% yield. Since the yield of IIIc is compera- 

!SiMeZ 
& 

H-C’ -Fe(CO~3CSiMe3) 
+ 
G-42 

fIm 

hv 
------a CH2=CflSiMe3 i- ._. 

tmc> 

ble to the photochemical reaction of IIc with I, the existence of q3-l-silaprop- 
enyl complexes such as IV is strongly suggested as an intermediate_ 

It is also interesting to note that (~3-l-s~apropenyl)~~ethy~~yl)~~~bonyl- 
iron (IV) reacts with benzophenone either on irradiation or on thermolysis to 
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give (E)-l-(diphenylmethyIoxy)~ethyfsilyl-y~ene (Vc). 

Ph&=O 

hv 
Me3SirSiMe&3CHPh2 c __ _ 

(IF) mc1 

Since IV was found to react photochemicahy with benzophenone, it was 
interesting to examine the photochemical and thermal reactions of f with II in 
the presence of benzophenone in an attempt to trap the intermediate. A solu- 
tion of I, II and benzophenone in hexane was irradiated with a 450 W high- 
pressure mercury arc lamp through a Pyrex filter for 3 h at room temperature. 
A similar solution was also heated at 160°C in a small high-pressure vessei for 
29-30 h. Vinyldisihmes (Hb, IIc and IIf) gave (E)-l-(diphenylmethyloxy)di- 
methylsilyl-2-trimethylsilylethylene derivatives (V) in 20-50% yields in these 

R Ph R 

/2- 

\ 
SiMezOCHPh, 

Fe(CO)5 + 
hv or 

SiMe2SiMe3 + c--o o 
Is0 x 

I i- 

Ph/ 

*.. 

MesSi H 

(11 (Eb: R=Me; (Pb: R=Me; 
EC: R=H; PC: R=H; 
Ef: R=Ph) Pf: R=Ph) 

reactions. The results are summarized in Table 4. The structures of V were deter- 
mined on the basis of various spejctroscopic data. The proton NMR spectrum of 
Vf shows two Si-CH3 signals at 6 -0.27 (9 H, s} and 0.03 (6 H, s) ppm, a C-H 
signal at 5.60 (1 H, s) ppm, a vinyl proton signal at 6.25 (1 H, s) ppm and phenyf 
proton signals at 6.54-7.14 (15 H, m) ppm_ As compared with the spectra of 
(E)- -and (Z)-l-phenyl-l-methoxydimethylsi-2-~ethy~~y~ethylene 16 3, the 
stereochemical relation between two sibyl groups of Vf was determined to be 
E-configuration. The proton NMR spectrum of Vb shows an a.hyhc-CH, signal 
at 6 1.76 (3 H, d, J= 1.5 Hz) ppm and a vinyl proton signal at 6.03 (1 H, q, 
J 1.5 Hz) ppm in addition to the signals due to the sibyl and phenyl groups. In 
the spectra of (E)- and (Z)-l-methyl-2kimethylsilyiethyfene [ 73, the allylic 
coupling constant was observed to be J 1.4 Hz for the E-isomer, and this type 
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Table 4 Photochernical and Thermal Reactions of (I) with (II) in 

the Presence of Benzophenone 

Vinyldisilane Reaction 
Condition 

Yielda 
(91 

Me ME? 
SiYe2 -Sit-W3 tIIb) hv SiMe2OCHPh2 (Vb) 25 

Me3Si 

-SiMe3 (IIc) hv 

Mepi _/- 

SiMe2OCHPh2 tvb) 29 

(IIC) 16O*C (ml 16 

Ph 

t 

PI-! 
SiMe2-SiMej (IIF) hv SiMe20CHPhZ fVf) 47 

Me3Si 

(iIf) 160°C (Vf) 27 

%ield of isolated materials. 

of coupfingconstantwas not d&ectedfor theZ-isomer. Asimilar observation 
was reported for (E)- and (.Z)-I-methyl-Z-pentamethyHis&mylethyIene [S]. 

Thus, the stereochemistry between these two si.lyI groups in Vb is assigned to be 
also E-configuration. 

The reaction of I with IIc in the presence of benzophenone gives Vc either on 
photolysis or on thermolysis. Elowever, in contrast with these vinyldisihmes, in 
the presence of benzophenone, IIa gives different types of products in the reac- 
tion with I. 

The mechanism of the reactions 
The reaction mechanisms are not necessarily unequivocal but the present 

knowledge of the reaction mode of the transition-metal catdlyzed reactions of 
olefins and the Si-Si bond leads us to suggest the mechanisms shown in 
Scheme 1. 

Under photochemicaf and thermal conditions, ~n~c~bony~on is known to 
generate an active species, “Fe(CO),” 191, which, in the second step, reacts with 
II to form an v3-1-siiapropenyhron complex (A). The intermediate (A) isomer- 
izes to a metahasiiacyclobutane (B) by migration of the SiR; group. Similar 
transformation of a ;rr-ally1 complex to a metaIlacyclobutane complex has been 
reported in the reaction of an x-aIIyItungsten compIex [lo], and in&a olecular 
K + cr transformation involving a silicon-transition metal bond has 

he” 
en also 

. 
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SCHEMT3 1. The me& _* of the reaction of I with II. 

-kl 

( bcoj -Y- FeL4 
L 

’ 

v- 

RI SIR,-SiR,’ 

J R3 

(R’$R3=H,Me,Ph) 

(3-42 

1 I[ (Cp),W &-I 

cc2 

/ 
SiR3’ 

SiR, 
FeL, 

(C) 

suggested in transition metal-catalyzed intramolecular hydrosilylation [ 111. 

NaBD, C’42 

Kp12W’ ‘CHD 

‘c;;, 

YCH,2 
(Cp>,W, ,CHCH&H=CH2 

CH2 

M 

F- 
(CH2),-SiMe2H 

The metallasilacyclobutane may cause ring cleavage to give an olefin and 4 
silylene complex (C). This step is analogous to the scission of metallacyclo- 
butane intermediates in the proposed mechanism for olefin metathesis [12]. 

CR;- 

II 
i- w 

CR; 

C$=CR; f CR$=M 

Recently, Greene and Curtis have reported that cyclometalladisiloxane is an 
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effective catalyst for siloxane metathesis which undergoes similar ring cleavage 
of the cyclometalladisiloxane [ 131. 

SiMe2 

/\ ViMe2 
L2(H)(CO)Ir\ ,0 

- L-lrvo I 

SiNle2 
-- L-bside; CO SiMe2 

We have also suggested similar ring cleavage in the reaction of a silacycloprop- 
ene with phenylacetylene catalyzed by palladium complex [6a]. 

Ph Ph 
SiMe, 

Me3Si APh + PhCicf-l __L_) 
(Pd) 

\ 
/\ 

h 
Me Me 

Me,Si 
I 

t 
SiW2 

- + II 

3, 

PdL, 

By ring cleavage of B, the silylene complex C forms together with the 
We have reported recently an example of such a silylene complex [ 141. 

SCHEME 2. The mechanism of the reaction of I with IIf. 

FeL5 .y FeL4,[$ SiMyx; SiMej 

(L=CO) L 

/t L SiMez 
,SiMe, 

phJsiMe3 
Ph &Fe 

< ‘. L, 
(Af) 

v $Me2 

k 
FeL3 

(Cl 
1 

H Ph 

PhF% i 

L 
$iMe, i I )_ 

H2C 
T”‘“” 

I+-?? : FeL, I_ 
FeL3 

SiM&, 
SiMe, H Me3S’ 

(Bf’ < Ph--$-Fecc/ (D) 

Me,Si 
(El 

olefin. 
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In the case of IIf (see Scheme 2), a trimethylsilyl group on (Af) is forced to 
migrate to the te_rminal carbon to give D due to the steric hindrance between 
phenyl and trimethylsilyl groups. The silaethene complex D formed gives 
another q3-l-silapropenyhron complex (E) by &4imination. As described above, 
2 should give tmrzs-trimethyls~yl&yrene via metallasilacyclobutane (Bf)_ 

The stereochemistry observed in the product may be accounted for the struc- 
ture of the metallasilacyclobutane B, which is determined by the process for for- 
mation of B. The substituent groups on the neighboring carbon atoms are forced 
into the E-configuration owing to steric hindrance. Therefore, the silylene extrn- 
sion reactions of I with II give the corresponding trans-olefins stereospecifically. 

A possible mechanism of the reaction of I with II in the presence of benzo- 
phenone is shown in the Scheme 3. 

SCHEME 3. A me& - of the reaction of I with II in the presence of benzophenone. 

SiMe, .- 
R 

--c 
{ Fe-SiMe, 
* L3 

(lx?: L=CO 
R=H,Me, Ph I 

FeL, 
\ 

R 

Y 

SiMe20CPh2 

~~iyry--&;; 2 (=I 

I I 
L3\,, 

M e$i 
H (H) 

R Me$i-0-CPh2 

I 
MqSi 

Ls SiMe3 
(F) > 

(~3-l-Silapropenyl)(trimethylsilyhricarbonyhron (IV) reacts with benzophen- 
one to give F, and subsequently the silyl group on F migrates from iron to the 
vinyl carbon to give G. G is transformed to a hydride complex H by p-elimina- 
tion, which yields the product by reductive elimination. 

The photochemical reaction of IIa with I in the presence of benzophenone 
gives VI and V%I in 24 and 12% yield, respectively, together with minor uniden- 
tified products. Gn the other hand, the thermal reaction of IIa gives VIII in 32% 
yield as a major product together with VI and VII. Formation of these products 
are also rationalized by the reaction of ~3-l-silapropenyltricarbonyliron as shown 
in Scheme 4. 

Fa is presumably forced to isomerize to G because of steric hindrance between 
the phenyl and trimethylsilyl groups. In the photochemical reaction, G gives VI 
by ~elimination of a hydride complex. Under the thermal conditions, the main 
product was VIII, presumably through V’ which can be reduced to give VIII un- 
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SCHEME 4. The mechanism of the reaction of I with IIa in tbe presence of benzophenane. 

Ph,CO 
\ 

(Aal 

( L= CO) 

Ph 
Ph Ph Me,Si- 

SiMe,O-CPh, 

Ph I 
Me&i 

i 

(V’) 

Fe (CO), 

160°C 

Me,Si CHPh2 

der the reaction conditions. This process is proved by a separate experiment, 
and a similar reduction of alkoxysilanes is also observed in the thermal reaction 
of (diphenyhnethoxy) (phenyl)climethylsiIane with pentacarbonyliron (see 
Experimental). 

Experimental 

Materials 
Enneacarbonyldiiron was prepared from pentacarbonyliron according to the 

procedure reported by King [X5]. 
Solvents, hexane, xylene, benzene and THF, were dried over metallic sodium 

and distilled before use. 
Vinylpentamethyldisine (IIc) [ 16,173 and isopropenylpentamethyldisilane 

(IIb) [X3] were prepared by estzblished procedures. Other vinyldisilanes were 
prepared as follows. 

a-Styrylpentamethyldisilane :UfJ. To a Grignard solution prepared from 
3.00 g (0.12 g-atom) of magnesium and 20.0 g (0.11 mol) of a-bromostyrene in 
ether was added 10.0 g (0.06 mol) of chloropentamethyldisilane. After the addi- 
tion w-as completed, the reaction mixture was refiuxed for 10 h, and the mixture 
was then hydrolyzed with water and worked up in the usual way. Distillation 
gave 8.0 g (0.034 mol, 57% yield) of a-styrylpentamethyldisilane: b.p. 75-SO”C/ 
3 mmHg; ng 1.5005; mass spectrum (rel. int. o/o): W 234 (31.6), m/e 73 (100); 
IR (neat): 2950,1245,830 cm-“; NMR (Ccl,): G(ppm) 0.00 (9 H, s, Si-CH,), 
0.23 (6 H, s, Si-C&), 5.55 (1 H, d,J 3.0 Hz, =C-II), 5.90 (1 H, d, J 3.0 Hz, 
=C-a), 7.25-7.50 (5 H, m, P~;I. Anal. Found: C, 66.77; H, 9.39. C13H&il 
c&d.: C, 66.59; H, 9.46%. 

1,2-Di-(a-styryl)tetramethyld&lane (IIg). Similarly, the reaction of 1,2-dichlo- 
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rotetramethyldisilane (9.4 g, 0.05 mol) with a Grignaad reagent prepared from 
3.0 g (0.12 g-atom) of magnesium and 20.0 g (0.11 mol) of cr-bromostyrene gave 
11.0 g (0.034 mol, 68% yield) of 1,2x&x-styryltetramethyldisilane; b-p. 114- 
115”C/O.5 mmHg; Oh3 1.5640; mass spectrum (rel. int. %): MC 322 (7-S), m/e 
135 (100); IR (neat): 2950,1245,930,840,790,700 cm-‘; NMR (CCL,): 
s(ppm) 0.13 (12 H, s, Si-CEI,), 5.50 (2 H, d, J3.0 Hz, =C-B), 5.80 (2 H, d, 
J 3.0 Hz , =C+i), 7.00-7.40 (10 H, m,&). hal. Found: C, 74.63; H, 8.38. 
CzoH,& c&d.: C, 74.46; H, 8.12%. 

trans-Styrylpentamethyldisilane (1.a). The reaction of chloropentamethyldi- 
silane (10.0 g, 0.06 mol) with a Grignard reagent prepared from 2.00 g (0.08 
g-atom) of magnesium and 11.0 g (0.06 mol) of trans-bromostyrene gave 9.2 g 
(0.038 moI, 63% yield) of trans-styrylpentamethyldisilane; b-p. 73-78”C/O.7 
mmHg; ng 1.4990; mass spectrum (rel. int. %) M’ 234 (25.5), m/e 73 (100); 
IR (neat): 2950,1245,830,790 cm-‘; NMR (CC14): 6(ppm) 0.09 (9 H, s, 
Si-C&), 0.21 (6 H, s, Si-C&), 6.47 (1 H, d, J 19.0 Hz, =C-_ll), 6.92 (1 H, d, 
J 19.0 Hz, =CPh-H), 7.25-7.55 (5 H, m, PA). Anal. C, 66.31; H, 9.70 
C13HZZSiZ c&d.: C, 66.59; H, 9.46%. 

1,2-Di-trans-styryltetramethyldisilane (IId). Similarly, the reaction of 1,2- 
dichlorotetramethyldisilane (7.1 g, 0.038 mol) with a Grignard reagent prepared 
from 2.2 g (0.09 g-atom) of magnesium a&14.0 g (0.07 mol) of trans-brom& 
styrene gave 8.0 g (0.025 mol, 66% yield) of 1,2-di-trans-styryltetramethyldi- 
s&me; b-p. 138-141”C/O.5 mmHg; m-p. 58.0-58.5”C; mass spectrum (rel. int, 
%) M’ 322 (4.2), m/e 218 (100); IR (KBr): 2950,1245,990,840,790 cm-‘; 
NMR (Ccl,): 6(ppm) 0.23 (12 H,s, Si-C&), 6.40 (2 H, d, J 19.0 Hz, =C-E), _ 
6.95 (2 H, d, J 19.0 Hz, =CPh-E), 7.00-7.50 (10 H, m, P!x). Anal. Found: C, 
74.65; H, 8.40. C,,H,,Si, calcd.: C, 74.46; H, 8.12%. 

I,2-Dimethyl-1,2-diphenyldivinyidisilane (He). To a Grignard reagent prep- 
ared from 12.0 g (0.2 moi) of magnesium and vinyl chloride in THF was added 
62.0 g (0.2 mol) of 1,2-dichIoro-1,2-&methyldiphenyldisiIane. The mixture was 
refluxed for 15 h and it was then hydrolyzed. Distillation through a short 
column packed with glass helices gave 47.7 g (0.16 mol, 80% yield) of IIe; b.p. 
158-161”C/5 mmHg; ng 1.5815; mass spectrum (rel. int. %): PM+ 294 (3.0), 
m/e 121 (100); IR (neat): 3020,2950,1240,1105,995,940,76.0 cm-‘; NMR 
(CCL): 6(ppm) 0.40 (6 H, s, Si-CEZ,), 5.40-620 (6 H, m, C&=CH), 7.10- 
7.50 (10 H, m, Ph). Anal. Found: C, 73.51; H, 7.42. ClsHaZSiZ calcd.: C, 73.40; 
H, 7.53%. - 

Authentic samples of vinylsilanes were prepared by methods described in 
literatures: trans-trimethylsilylstyrene [19], vinyltrimethylsilane [ZO], isoprop- 
enyltiethylsilane [ 211, di-trans-styryltrimethylsiiane [ 221, and divinylmethyl- 
phenylsilane [ZOJ. 

Preparation of (~3-1,1-dimethyl-l-silapropenyl)(trimethylsilyl)tricarbonyliron 

uw 
Enneacarbonyldiiron (200.0 mg, O-55 mmol), vinyipentamethyldisiane (Hc) 

(230.0 mg, 1.45 mmol) and benzene (10 ~1) were placed in a 20 ml two-necked 
fiask equipped with a mechanical stirrer under an argon atmosphere. The yellow- 
orange suspension was stirred at room temperature for 17 h under an argon 
atmosphere. The soIvent and volatile makziak were evaporated and the residue 
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was distilled under reduced pressure (h10e3 mmHg) to give a yellow-brown oil. 
A hexane solution of the oil waS purified by TLC on silica gel. After elution with 
hexane, the solution was evaporated to give a residual oil which was fractionated 
with a short column to give (q3-1,l-dimethyl-l-silapropenyl)(trimethylsilyl)t 
carbonyliron (IV).in Gl%.yield (100.0 mg, 0.34 mmol); b.p. 45.O”C/O.O05 
mmHg; ng 1.5065; mass spectrum (rel. int. o/o): M’ 298(2.9), m/e 270 (4.9), 
242 (6.8), 214 (21.6),.158 (23.9), 143 (21-O), 85 (54.4j,73 (100); IR (neat) 
2940m, 288Osh, 2025s, 1995vs, 1975vs, 14OOw, 1315m, 1245s, 1195m, 83Os, 
795s cm-‘; ‘H NMR (CS,): G(ppm) 0.15 (3 H, s, Si-CH,), 0.27 (9 H, s, Si-C&), 
0.38 (3 H, s, Si-C&), 2.29 (1 H, dd, J 15.0,lO.O Hz, H_*), 2.68 (1 H, d, J 15-O 
Hz, a*), 3.17 (2 H, d, J 10.0 Hz, EJ3); 13C NMR (CS,, TMS = 0); G(ppm) -3.0, 
-1.0, 0.0,43-O, 46.0,212.0; UV (hexane) h,,, (rim): 212.0 (E = 20500), 221.0 
(sh, E = 17400), 236.0 (sh, E = 12600), 270.0 (sh, E = 7000). Anal. Found: C, 
40.43; H, 5.86. C,,H,,O,Si,Fe &cd.: C, 40.27; H, 6.08%. 

Photochemical reactions of pentacarbonyliron (I) with vinyldisilanes (II) 
A solution of I (86.2 mg, 0.44 mmol) and IIa (103.2 mg, 0.44 mmol) in 

hexane (8 ml) was deoxygenated by bubbling a stream of argon and irradiation 
for 2 h with a 450 W high pressure mercury z&c lamp through a Pyrex filter at 
room temperature under an argon atmosphere. The color of the reaction mix- 
ture changed from yellow to dark-brown during the reaction. After evaporation 
of volatile materials, the dark residue was subjected to TLC on silica gel. IIIa 
was isolated in 38% yield (40.0 mg, 0.17 mmol). 

Similarly, other vinyldisiianes gave the corresponding vinylsilanes in the reac- 
tion with I as shown in Table 1. These products were identified by comparison 
of GLC and NMR spectra with those of authentic samples_ 

The structure of (ar-styryl) (P-styryl)dimethylsilane (IIIg) was determined on 
the basis of the following physical data; an oil; ng 1.5660; mass spectrum (rel. 
int. %): M’ 264 (74-O), m/e 145 (100); IR (neat): 3050,2950,1600,1250,840 
cm-‘. , NMR (CDCL,): 6(ppm) 0.28 (6 H, s, Si-CE13), 5.66 (-1 H, d, J2.5 Hz, 
=C-Z), 5.91 (1 H, d, J 2.5 Hz, =C-II), 6.45 (1 H, d, J 19.0 Hz, =C-I%), 6.99 
(1 H, d, J 19.0 Hz, =C-B), 7.23 (10 H, brs, ph). Anal. Found: C, 81.51; H, 
7.43. ClsH20Si c&d.: C, 81.76; H, 7.62%. 

Thermal reactions of pentacarbonyliron (I) with vinyldisilanes (II) 
A typical example is shown for IIa: a solution of I (137.0 mg, 0.70 mmol) 

and IIa (103.2 mg, O-44 mmol) in hexane (10 ml) was deoxygenated by bubbling 
a stream of argon and heating at 160°C for 24 h under an argon atmosphere in a 
small high-pressure vessel. A black solid, presumably iron powder, deposited 
from the reaction mixture and a pale-yellow solution was obtained. The mixture 
was filtered and concentrated under reduced pressure. The residue was subjected 
to TLC on silica gel and 49.5 mg (0.28 mmol, 72% yield) of trans-trimethylsilyl- 
styrene (IIIe) was isolated. 

Thermal reactions of pentacarbonyliron (I) with 1,2di-cw-styryltetramethyldi- 
silane (IIg) 

In a similar manner, a mixture of IIg (102.0 mg, 0.316 mmol) and I (0.1 ml) 
dissolved in hexane (10 ml) was heated at 160°C for 26 h. From the reaction 
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mixture, 6.6 mg of IIg, 11.0 mg (14.2%) of IIIg and 29.0 mg (37.2%) of IIId 
were separated by preparative TLC. 

Isomerization of di-a-styryidimethylsilane 
A mixture of 100 mg (0.378 mmol) of di-a!-styryldimethylsilane (I) (0.1 ml) 

was heated at 160°C foi 25 h. From the mixture, 55.4 mg of di-cu-styryldimethyl- 
silane was recovered and 27.7 mg (63%) of IIIg was separated. 

Ii-radiation of IV 
A solution of IV (90.0 mg, 0.30 mmol) and hexane (2410 mg, 0.23 mmol) as 

an internal standard for GLC analysis in xylene (8 ml) was irradiated with a 
450 W high-pressure mercury arc lamp through a Pyrex filter for 3 h at room 
temperature. By GLC analysis of the reaction mixture, vinyltrimethylsilane was 
obtained in 42% yield (by GLC: column, 30% Apiezon L, 5O”C, H2 gas). 

Pho tochemical and thermal reactions of IV with benzophenone 
A solution of IV (150.0 mg, 0.50 mmol) and benzophenone (140.0 mg, O-77 

mmol) in hexane (8 ml) was irradiated through a Pyrex filter for 3 h at room 
temperature under an argon atmosphere. After evaporation of the solvent, the 
residue was subjected to TLC on silica gel and 65.0 mg (0.19 mmol, 38% yield) 
of (E)-l-(diph.enyEmethoxy)dimethylsilyl-2-trimethylsilylethylene (Vc) was iso- 
lated together with minor unidentified products. 

Vc: ?2g 1.15189; mass soectrum (rel. int. %): M’ 340 (7.5). m/e 167 (100); 
IR (neat): 2930,1245,1080,1055,830 cm-‘; NMR (CDCI,): 6(ppm) -0.05 
(9 H, s, Si-C&), 0.08 (6 H, s, Si-CH,), 5.61 (1 H, s, CPh2-m, 6.17 (1 H, d, 
J 21.0 Hz, =C-II), 6.44 (1 H, d, J 21-O Hz, =C-EJ), 7.13 (10 H, brs, Ph). Anal. 
Found: C, 70.25, H, 8.47. CtOHZsOSit calcd.: C, 70.53; H, 8.29%. 

Similarly, when a solution of IV (150.0 mg, 0.50 mmol) and benzophenone 
(140.0 mg, 0.77 mmol) in hexane (10 ml) was heated at 160°C for 26 h under 
an argon atmosphere in a small high-pressure vessel, 56.0 mg (0.17 mmol, 33% 
yield) of Vc was obtained. 

Reaciion of pentacarbonyliron (I) with kopropenyipentamethyldisilane (Ifi) in 
fhe presence of benzophenone 
i‘ A solution of I (133.0 mg, 0.68 mmol), IIb (105.0 mg, 0.61 mmol) and benzo- 
‘phenone (120.0 mg, 0.66 mmol) in hexane (8 ml) was irradiated for 3 h wiLtb a 
450 W high-pressure mercury arc lamp through a Pyrex filter under argon atmos- 
phere at room temperature. After evaporation of volatile materials, the residue 
was separated by TLC on silica gel. 54.0 mg (0.15 mmol, 25% yield) of (E)-l- 
trimethylsilyl-2-(diphenyhnethyloxy)dimethylsilylpropene (Vb) was isolated 
together with minor unidentified products_ 

Vb: an oti;ng 1.5230; mass spectrum (rel. int. %): M+ 354 (4.1), m/e 167 (100); 
IR (neat): 3070,3030,2950,2245,1080,1060,830 cm-‘; NMR (CC14): G(ppm) 
0.08 (15 H, s, Si-C&), 1.76 (3 H, d, J 1.5 Hz, =C-C&), 5.63 (1 H, s, CPh,-H), 
6.03 (1 H, q, Jl.5 Hz, =C-H), 7.22 (10 H, brs, &). Anal. Found: C, 70.95; H, 
8.39. CZ1H300Sit calcd.: C, 71.12; H, 8.53. 
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Retiction of pentacarbonyliron (I) with uinylpentamethyldisilane (11~) in the 
presence of benzophenone 

When a soiution of I (134.0 mg, 0.69 mmol), IIc (100.0 mg, 0.63 mmol) and 
benzophenone (130.0 mg, 0.71 mmol) in hexane (8 ml) was irradiated through 
a Pyrex filter for 3 h under an argon atmosphere at room temperature, 63.0 mg 
(0.19 mmol, 29% yield) of (E)-l-(diphenyhnethyloxy)dimethylsily~-2-trimethy~- 
siiylethylene (Vc) was’obtained. 

When a solution of I (0.3 ml, 2.10 mmol), UC (330.0 mg, 2.09 mmol) and 
benzophenone (405.0 mg, 2.23 mmol) in benzene (30 mlj was heated at 160°C 
for 29 h under an argon atmosphere in a small high-pressure vessel, Vc was ob- 
tained in 16% yield (110.0 mg, 0.33 mmol) together with minor unidentified 
products_ 

Reaction of pentacarbonyliron (I) with a-styrylpentamethyldisilane (1.f) in the 
presence of benzophenone 

When a solution of I (82.3 mg, 0.42 mmol), 11% (95.9 mg, 0.41 mmolj and 
benzophenone (130.0 mg, 0.71 mmol) in hexane (8 ml) was irradiated through 
a Pyrex filter for 3 h under an argon atmosphere at room temperature, 82.0 mg, 
(0.20 mmcl, 47% yield) of (E)-l-(diphenyhnethyloxy)dimethyisilyl-2-trimethyl- 
silylstyrene (Vf) was obtained. 

Vf: an oil; ng 1.5530; mass spectrum (re;. int. %) M’ 416 (22.5), m/e 167 
(100); IR (neat): 3070,3030,2950,1600,1250,2090 cm-‘; NMR (CDCI,): 
G(ppm) -0.27 (9 H, s, Si-C&), 0.03 (6 H, s, Si-C&), 5.60 (1 H, s, CPh,-_H), 
6.25 (1 H, s, =C-a), 6.54-7.14 (15 H, m, Ph). Anal. Found: C, 74.87; H, 7.78 
C26H310Sit cakd.: C, 74.94; H, 7.74%. 

When a solution of I (135.0 mg, 0.70 mmol), IIf (99.0 mg, 0.42 mmol) &d 
benzophenone (130.0 mg, 0.71 mmol) in hexane (10 ml) was heated at 160°C 
for 30 h under an argon atmosphere in-a small high-pressure vessel, 43.5 mg 
(0.11 mmol, 27% yield) of Vf and 6.0 mg (0.034 mmol, 9% yield) of Ha were 
obtained. 

Reaction of pentacarbonyliron (I) with trans-styrylpentamethyldisilane (Ha) in 
the presence of benzophenone 

When a solution of I (85.0 mg, 0.43 mmol j, Ha (102.0 mg, 0.43 mmol) and 
benzophenone (135.0 mg, 0.73 mmol) in hexane (8 ml) was irradiated for 3 h 
through a Pyrex filter, 36.0 mg (0.11 mmol, 24% yield) of l,l-dimethyl-3,3,4- 
triphenyl-1-sila-2-oxacyclopent-4ene (VI) and 17.0 mg (0.05 mmol, 12% yield) 
of trans, tins-1,7&phenyl-3,3 ,5,5-tetramethyl-3,5-disila4-oxahepta-l,6-diene 
(VII) were obtained together with minor unidentified products. 

VI; white crystals; m-p. 106.0-107.O”C; mass spectrum (rel. int. %): M’ 
342 (100); IR (neat): 3040,1250,1020,880 cm-‘; NMR (Ccl,): G(ppm) 0.29 
(6 H, s, Si-C&), 6.05 (1 H, s, =C-a), 6.54-7.14 (15 H, m,Ph). Anal. Found: 
C, 80.48; H, 6.54. CZ3HZ00Si c&d.: C, 80.65; H, 6.47%. 

VII, an oil: ng 1.5473; mass spectrum (rel. int. %) M’ 338 (38-O), m/e 219 
(100); IR (neat): 1250,1050,850 cm-‘; NMR (CClt): G(ppm) 0.16 (12 H, s, 
Si-C&), 6.23 (2 H, d, J 20.0 Hz , =C-H), 6.82 (2 H, d, J 20.0 Hz, =C-H), 
6.9577.34 (20 H, m, Pb). Anal. Found: C, 70.70; H, 7.94. C20H260Si2 c&d.: 
C, ‘70.95; H, 7.74%. 
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When a solution of I (135.0 mg, 0.70 mmol), IIa (100.0 mg, 0.43 mmol) and 
benzophenone (234.0 mg, 0.74 mmol) in hexane (10 ml) was heated at 160°C 
for 29 h under an argon atmosphere in a small high-pressure vessel, 32.7 qg 
(0.24 mmol, 32% yield) of (diphenylmethyl)trimethylsilane (VIII) (m-p. 75.0- 
755°C) [23], 16.5 mg (0.05 mmol, 11% yield) of VI and 24.0 mg (0.07 mmol, 
17% yield) of VH were obtained. 

Reaction of phenyldimefhybilane with benzophenone in the presence of penta- 
carbonyliron (I) 

A solution of phenylclimethyLf&me (100.0 mg, 0.74 mmol), benzophenone 
(143.0 mg, 0.79 mmol) and I (148 mg, 0.76 mmol) in hexane (8 ml) was irradi- 
ated through a Pyrex.fiher for 3 h at room temperature. By TLI= on silica gel, 
88.0 mg (0.28 mmoi, 38% yield) of (diphenylmethoxy) (phenyl)dimethyIsiIane 
(IX: (n&! 1.5709) /24] was obtained. 

When a solution of phenyldimetbyIsiIane (58.0 mg, 0.72 mmol); benzophen- 
one (145-O mg, 0.79 mmol) and I (0.2 ml, 1.40 mmol) in hexane (10 ml) was 
heated at 160°C for 24 h, 74.0 mg (0.23 mmol, 32% yield) of IX and 20.0 mg 
(0.12 mmol, 17% yield) of diphenylmethane were isolated. 

A solution of I (135.0 mg, 0.70 mmol) and IX (74.0 mg, 0.23 mmol) in 
hexane (10 ml) was heated at 160°C for 24 h in a small high-pressure vessel. By 
TLC on silica gel, 11.8 mg (0.07 mmol, 30% yield) of diphenyhnethane and 23.0 
mg (0.14 mmol, 60% yield) of syn-tetraphenylethane were isolated. 
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