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: 

The room temperature hydrosilylation of linear 1,3dienes and 1,3- or 1,4- 
cyclohexadienes using octacarbonyldicobalt(0) is described_ Both cyclic dimers 
yield regiospecifically 2-cyclohexenylsilanes. The 2,3_dimethyl-l,3-butadiene 
(DMBD)/HSi(OSiMe,)zMe system has been investigated in particular detail, with 
variation of the concentrations of reactants or catalyst, temperature, solvent, or 
added Iigands. The effect of these changes upon (a) total yield of silylated prod- 
ucts and (b) relative proportions of the isomeric 1,2- or 1,4-adducts of silane to 
diene (diene/HSiX,) and of the bis-silylated adduct (diene/2 HSiX3), are assessed. 
sr_AllylcobaIt intermediates are suggested. 

Introduction 

Octacarbonyldicobalt(0) is an active catalyst for the hydrosilylation of olefins 
[Z-4], at,@nsaturated nitriles 131, and alkynes 151. We now report on our stud- 
ies on-the hydrosilylation of 1,3-dienes using octacarbonyldicobalt(0 j as a cata- 
lyst. Our initial aim was to investigate the factors influencing 1,2- and 1,4-addi- 
tion, as the use of octacarbonyldicobalt(0) has been reported to give high yields 
of 1,2-adducts [S]. We find that 1,2- and 1,4-adducts (I and II) are formed for a 
variety of silanes and dienes, using mild reaction conditions (20°C for 8 h), and 
that in certain cases significant amounts of di-adducts (III), resulting from the 
addition of two molecules of silane to one molecule of diene, are also formed 
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(eq. 1). Similar formation of di-adducts has been reported for cobaltlbased 

CH1= C(R)C(R’)=CH, + HSiXs + 

CHz = C(R)C(R’)HCH$GX, + MeC(R)=C(R’)CH,SiX, (1) 

(11 (11) 

+ X3SiCHICH(R)CH(R’)CH2SiX3 

(nn 

(Ia: R = R’ = Me, X3 = (OSiiMe3)2Me; Ib: R = R’ = Me, X3 = Et2Me; ICI R.= H, 
R’ = Me, X3 = (OSiMe,)*Me. Pia: R = R’ = Me, X3 =-(OSiMe&Me; IIb: R = R’ 
= Me, X3 = Et*Me; IIc: R = H, R’ = IMe, X3 = (OSiMe&Me. III: R = R’ = Me, 
X3_= (OSiMe&Me) 

Ziegler systems [‘7 J. The hydrosilylation of 2,3_dimethyl-1,3-butadiene (DMBD), 
by bis(trimethylsiloxy)methylsilane was investigated in detail. 

Resuiits 

The hydrosilylation of linear 1,3-dienes and cyclic 1,3- or 1,4-dienes gives, in 
a mildly exothermic reaction at room temperature, good yields of adducts. 1,5- 
Cyclooctadiene and norbornadiene gave no adducts. The results are summarised 
in Table 1. 

The hydrosiIylation of DMBD by bis(trimethylsiloxy)methylsilane was studied 
as a function of the reactant and catalyst proportions, the reaction temperature, 
the addition of ligands, and the reaction solvent. 

TABLE 1 

HYDROSILYLATION OF DIEXFS AT 20°C = 

Diem SiIane Time 
(b) 

Yield b 
(S) 

Pmducts (Relative 
yields %) 

2.3-Dimethyl-1.3-butadiene HSiEtMe2 

2.3-Dim&w?-1.3-butadiene HSi(OSiMe~)-&Ie 

2-Methyl-1.3-butieoe SSi(OSiMe3)$Me 

1.3-Cydobexadiene RSi(OEt)3 
1.4Cyclohexadiene HSi(OEt)3 
1.3CycIo-octadiene HSi(OEt)3 

1.3-Cyclo-octadiene HSiEtJ 

1.5-Cyclo-octadiene SSi(OEt)3 
1.5-Cyclo-octadiene HSiEt; 
Xorbomadiene HSi(OEt)g 

8 82 32 1.2-edduct (I) 
46 1,4-adduct (II) 

4 di-adduct (III) 
8 80 14 1.2-adduct (I) 

15 1.4-adduct (II) 
51 di-adduct (III) 

12 55 24 1,2-adduct (I) 
31 l.&adduct (II) 

12 88 l/l adduct (IV) 
12 48 l/l adduct (IV) 

8 82 1 fl adduct (see 
Table 10) 

12 66 l/l adduct (sek 
(see Table 10) 

15 0 - 
18 0 - 

24 0 Some polVmerisation 
0ccLus 

aDiene, 8.8 -ok &?az~e, 4.4 IZIIZIO~: [co~(~0~~31.6.8 X lo-’ -oI added at 20°C; w at 20°C. 
b EQSXI on s&me: calculated by quantitative GLC. 



Vhiation of the dienebilane ratio 
The byclrosilylation -of. DMBD by HSi(OSiMe3)2Me is sensitive to the variation 

of the ratio of diene to s&me (Table 2). The overall yield, with respect to silane, 
remains reasonably constant, but the amount of.mono-adduct formed increases, 
with in&a& in the diene/silane ratio. The ratio of 1,2-I to 1,4-II mono-adduct 
remains at approximately 50/50. As the volume of the solution is not constant, 
an increase in the diene/silane ratio, by increasing the volume of diene used, also 
causes a decrease in the concentration (mol/litre) of the catalyst_ 

Variation of the [Co1(C0)8]/[HSi(OSilCie,),Me] katio 
Changing the amount of catalyst (mol ‘?%, relative to silane) causes minor varia- 

tions in yield and product distribution (Table 3). An increase in the amount of 
catalyst causes a slight increase in the amount of mono-adduct (I + II) formed, 
and in the proportion of 1,2-mono-adduct I. 

Effect of temperature 
An increase in temperature causes similar changes to an increase in the amount 

of catalyst (Table 4). The formation of mono-adducts (I + II) is favoured by high- 
er temperatures. The proportion of 1,2-mono-adduct I also shows a slight increase 
with temperature_ The drop in yield at 8O”C, has precedent, as [Co,(CO)J be- 
comes inactive for the hydrosilylation of olefins above 60°C [3]. 

Effect of solvent 
The addition of n-hexane or dichloromethane causes little change in yield or 

product distribution (Table 5), but use of a more polar solvent such as diethyl 
ether, dioxan, or THF, causes a progressive increase in the amount of mono-ad- 
duct (I + II) formed, until with THF III is no longer formed. These polar solvents 
also cause an increase in the proportion of l&mono-adduct II formed (Table 5). 

Addition of iigands 
Attempts to stabilise the catalyst system at higher temperatures (80°C) by the 

addition of various tertiary phosphines or phosphites were moderately successful 
(Table 6). Soft ligands such as triphenylphosphine or triphenyl phosphite cause. 
an increase in yield, whereas with the more basic dimethylphenylphosphine the 

TABLE 2 

HYDROSILYLATION OF DhlBD CATALYSED BY [Co2(CO)gl; VARIATIOIG OF THE 
DhIBD/HSi(OSi_Me3)2Me RATIO= 

MoIar ratio of 

DMBD/HSi<OSihfe3)znfe 

- 

Yield Ratio of silane used in forming Ratio of 1.2-to 1,4mono- 
(5) mono-adducts to that used in di- adducts 

adduct formation 

1 76 27173 44156 
2 80 36164 52148 
4 80 47153 53147 

10 i2 71129 50150 
__- 

aSilane 4.4 mqml: ICoz<CO)sl .6.8 X 1r2 mmol; stirred at 20”~ for 8 h. b.Based on sikne;.calctited by 
quanti’ative GLC. 
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TABLE 3 

HYDROSILYLATION OF D,MBD CATALYSED BY tC02(C0)8]: VARIA’rION OF THE CATALYST/ 
SILANE RATIO = 

Mole (5%) Yield 
CCoZ(C0)81b (8) = 

Ratio of siiane used in forming mono- 
adducts to that used in di-&duct for- 

YDati0I-t 

Ratio of 1.2- to 1.4- 
monotdducts 

1 84 29171 50150 
2 80 36164 52148 

oSilane. 4.4 mmol: DMBD. 8.8 mmo1: 20°C for 8 h. b With respect to sibme. = Based on silane: calctited 
by quantitative GLC. 

yield is not significantly changed. Ah the Iigands added cause the amount of 
mono-adduct (I + II) to increase. Tne ratio of 1,2-I to 1,4-II mono-adduct is al- 
most invariant with Iigand (Table 6). 

Cyclic dienes 
OctacarbonyldicobaIt(0) is an active catalyst for the hydrosilylation of con- 

jugated cyclic dienes resulting in the product of l&addition only (e.g., eq. 2). 
Furthermore, the non-conjugated 1,4_cycIohexadiene gives the same product 

0 / \ + HSiXj Six3 (2) 

(X = Et or Et01 
um 

(IV). This feature was noted for the case of Ni(acac),/Al(OEt)Et,/PPh, as catalyst 
El]_ Hydrosilylation does not occur with l,&cyclooctadiene and polymerisation 
is found with [2,2,1]-bicycle-15heptadiene (norbomadiene) in the presence of 
the normal reaction mixture, but 1,3-cyclooctadiene is hydrosilylated to give the 
allylic products 2-cyclooctenylSiXJ (X = Et or EtO) identified by ‘Ii NMR 
(Table lo)_ Di-adducts (i-e_, diene/2 HSiX3) or 1,2-adducts (i-e., the S-eyclo- 
hexenylsilane isomer of IV) aie not observed. 

TABLE 4 

HYDROSILYLATION OF DMBD CATALYSED BY [cO2(co)8j: VARL4TION OF THE TEMPERATURE= 

Tempezxture 

<%I b 

Yield 

(5) = 
Ratio of z&me usEd in forming mono- 
adducts to that used in di-adduct for- 
mation 

Ratio of 1.2-to 1.4- 
monoadducts 

20 84 32168 50/60 
60 93 41159 53147 
80 69 54146 60140 

0DMBD. 8.8 mm0.k HSi(OSiMe&Me. 4.4 -01; [Coz(CO)sl. 6.8 X 1W2 mmol. b &I bath tempera-: 
be!d at this +mperature for 4 h. = Based on silane: calculated by quantitative GLC. 
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TABLE 5 

HYDROSILYLATION OF DNBD CATALYSED BY [CO2(CO)8]’ VARIATION OF SOLVENT = 

soi\Tnt b Yield 
(56) = 

Ratio of silane used in forming mono- 
adducts to that used in di-adduct for- 
mation 

Ratio of 1.2- to 1.4 
monoadducts 

None 80 36164 52148 
n-Hexane 76 35165 50150 
Dicbloromethane 86 34166 50/50 
Diethyl ether 72 49!51 44156 
Dioxan 76 78132 20180 
THF 75 lOOI 35165 

0 DMBD. 8.8 mmol; HSi(OSiMe$$& 4.4 mmol; [Coz(CO)sl. 6.8 X 1c2 mmol; 8 h at 20°C. h Solvent. 
1 ml. CBased on &lane; calculated by quantitative GLC. 

Discussion and mechanism 

I_ The hydrosilylation of linear dienes 
(a) Formation of mono-adducts (I/I dienebilane adducts). The formation of 

the mono-adducts (I + II) can be explained (Fig. 1) in terms of a mechanism ana- 
logous to that proposed for the hydrosilylation of olefins by [Coz(CO)8] [S]. 
The first step is the interaction between the DMBD and the catalytic species, 
presumed to be hydridotricarbonylcobalt(I), by analogy to the active species 
postulated for hydroformylation [9-1X] and hydrogenation [12] reactions. The 
replacement of the carbonyls in the [HCo(CO)J intermediate by DMBD, leading 
to a catalytic species such as [HCo(CO)DMBD], is also a possibility, but has not 
been included in Fig. 1 for the sake of simplicity. DMBD is known to react with 
[Co&O)s] at refhXX giving [(~PDMBD)CO&O)~] and [(x-DMBD)CO(CO)~]~ 

1131. 
The initial product is thus a n-olefin complex V. It has been concluded that a 

straight chain 1-alkene is approximately neutral towards hydridotetracarbonyl- 
cobalt(I) [ll], and thus both Markownikoff and anti-Markownikoff addition of 
the cobalt hydride might be expected. Markownikoff addition of the cobalt 
hydride leads to the tertiary alkyl VI; such an addition is not favoured on steric 
grounds and the tertiary alkyl, if formed, would be expected to rearrange rapidly 
to the primary alkyl VII, which is the product of anti-Markownikoff addition. 
Consistent with this, no hydrosilylation adducts derived directly from VI, i.e., 
CIIz= C(Me)C(Me)2SiX3, are isolated from the reaction mixtures. 

Reaction of the primary alkyl VII with silane leads to the 1,2-adduct I, 
CEIz= C(Me)CH(Me)S&, and regenerates the hydridotricarbonylcobalt(1). The 
primary alkyl VII may rearrange, via.the r-ally1 intermediate VIII to ‘give the 
primary alkyl IX. The reaction of IX with silane leads to the 1,4-adduct II, 
Me2C=C(Me)CH@X3. 

The original intention was to study the factoti influencing 1,2- and 1,4-addi- 
tion. However, the ratio of 1,2- to 1,4-mono-adducts, I/II, is constant at 55/45 
(*5%) and independent of temperature, ligand,.or solvent (except with THF or 
dioxan). The small variations in ratio are within experimental error. This suggests 
either that the two mechanisms leading to the products are affected identically 
by changes in conditions, or that isomerisationof the products occurs (INI), 
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HCo(C0)3 + 

(iI 

I 
X$iH < 

E- t 

HCoKO13 + X+i 

Fig. 1. Proposed mechanism for mono-adduct fonnetion from DMBD. 

leading to the formation of the two isomers in thermodynamic propbrtions:Thti 
lattkr seeks a more likely explanation in view of the effectiveness of [Co2(CO)8] 
in the isomer&&ion of olefins [11,14]. 

‘Ike two cases where the ratio of the 12; to 1,4-adducts is significantfy diffek- 
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ent are when THF or dioxan is the solvent. Polar compounds are known to cause 
the disproportionation of [Co,(CO)s] [15], as exemplified in eq. 3 Cl6 J. THF 
is polymerised by [Co,(CO)s] in the presence of silanes [I?], and a cationic 

3ECo,(CO),I = fC$THF),l fCo(COL& +8CO 

mechanism was proposed (eq_ 4). 

[c I + 
R,SiCotCO), i- OSiR, 

polymer 

0 _o 
etc. IC 0 I 

+ 
-_(CH2140SiR3 [co (CogJ - 

Thus reactions of [CO,(CO)~] in the presence of polar solvents, especially cy- 
clic ethers, are unusual. No polymerisation of THF or dioxan was observed dur- 
ing the hydrosilylation of DMBD. Replacement of the carbonyi ligands by THF 
is presumably involved, but the exact nature of this on the product distribution 
is obscure. 

(b) Formation of di-adduct (l/2 dierzehilane &iuct). A possible mechanism 
for the formation of the di-adduct III is illustrated in Fig. 2. Steps 1,2, 3 and 8 
represent the catalytic cycle already proposed for the production of the mono- 
adduct I (Fig. 1). The formation of the alkylcobalt X can occur in two ways: 
either by reaction of a cobalt hydride species with mono-adduct (step 5), or 
directly from the cobalt complex XI without dissociation of the mono-adduct 
(step 6). 

Evidence supporting the intermediacy of the mono-adducts in the production 
of the di-adduct comes from the variation of yieIds of mono- and di-adducts 
with time, when triphenyl phosphite is added (Table 6). This is the only case 
when such data are available. After 2 h at 8O”C, the yield of mono-adducts is 
44% (with respect to the amount of starting silane), whereas after 5 h at 80°C it 
is 31%. The yields of di-adduct are 17 and 41% respectively. We conclude that 
the mono-adducts I and II are formed in the early stages of the reaction and are 
further hydrosilylated to give the di-adduct causing the amount of butenylsilyl 
derivatives to drop. This obviously implies that di-hydrosilylation of a diene is a 
stepwise process. Our results will be interpreted in terms of such a consecutive 
pathway. 

The increasing tendency favouring mono-adducts, as the initial diene/silane ra- 
tio is increaSed (Table 2), is easily explained. After Dhe mono&duct has been 
formed and displaced from the cobalt complex, there is competition between 
diene mofec=ules and the olefins (i.e.,, mono-adducts); increasing the amount of 
diene competing for a fixed.quantity of cobalt complex decreases the chances 
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(7) HSiX3 

I 

X *itc,iX3 h’cofco13 + 3 

tm, 
Fig.Z.Roposedme~fortheformaticn of di-adduct.sfromDMBD. 

TABLE 6 

HYDR OSILYLATION OF DMBD CATALYSED BY [Co&O)g3: VARIATION OF LIGAND a 

Ligamib- Tine Yield 

@) (%I c 

Ratio of sila.ne used in forming 
mono-adducts to that used in di- 
adduct formation 

Ratio of 1,2-to 

1;4-monoadducts 

None 4 69 54146 6Of40 
PPh3 2 93 77123 55145 

y;:csm3 -2 2 -69 45. 69/31 95125 65/36 50/50. -- 
=6oJ# P<Ophl3 2. 65 67/33 

PCO?hl3 5 ‘- 90.. 46J54 _ 60/M 

o Dm.D. 8.8 &OX: HSi(OS~eg)~~e,~4.~4~~01: [Co2(COj& 6.8 X x0-2; SOoti. b L/CO, 1; adtied as. 
b-Me ~l~ti~~~Ba~&on&s~~:cal&~&d byqoantitativeGLc_ 

J 
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of_coordinatioq of tlmolefin and thus the amount of di-adduct fxmed decreases 
&s,the diene/~il~e.ratio-increases: 

. . The d@rease ini& formation of di-add&s as the temperature rises (Table 4) 
is p&ably. due @the relative thermal instability of the cobalt-mono-olefin 
bond -& the intermediates compared to the cobalt-diene bond. Hydrosilylation 
of oiefins by [Co,(CO),] at temperatures above 6O”C, leads to decomposition 
of the ‘catalyst and low yields 181. Thus the overall yield of hydrosilylated prod- 
ucts from the [Co2(CO)&catalysed reaction between DMBD and HSi(OSiMe&Me 
drops from 93 to 69% upon in-easing the temperature from 60-80°C (reaction 
time 4 h). However, the yieid of mono-adducts (with respect to starting silane) 
is 38% at 60°C and 37% at 80°C. The drop in overall yield is due to the yield of 
di-adducts falling from 48 to 32% upon increasing th.e temperature. _ 

The addition of a phosphine or phosphite ligand causes an increase in the 
amount of mono-adduct formed. This may be due to increasing difficulty in co- 
ordinating the sterically hindered mono-adduct olefin II, due to the replacement 
of a carbon monoxide ligand by a more bulky phosphine or bhosphite ligand. 

The addition of polar solvents favours the formation of mono-adducts.(Table 
5). This effect has already been considered (see Results section). 

co*(co)8 -i HSiR3 HCo(C013 + R$ i Co(CO), 

R3SiH 

I 0 
/\ 

/ 

? 

H-CO iCOj3 

Fig. 3. -posed me&anism for the formation of 2-cydokeseny~~~ from 1.3-cydohexadiene. 



Doubling the amount of cat-alyst from 1 mol% to 2‘mol%, relative to &lane 
(from 0.5 mol% to 1 molt% relative to diene) should lead to a small iticreasi! in 
the amount of di-adduct formed. However, a small de&e&e is observed (Table 
3). It may be that the small differences such a change would cause are within 
the Limits of experimental error. 

11, The hy-drosilyiafion of cyclic dienes 
It is to be expected that the mechanism for cyclic dienes (shown in Fig. 3 for 

1,3-cyclohexadiene) is in principle similar to that for acyclic compounds. Thus, 
the Wt step is envisaged as the binding of the diene and the hydridocobalt(1) 
species. Subsequent insertion may give either of the possible secondary cyclo- 
alkenylcobalt complexes XII or XIII. The o-alkenylcobalt complex XII is likely 
to b.e more stable than its isomer XIII and thermodynamic control thus explains 
the ?ormation exclusively of the hydrosilylated product IV derived from XII. 

In the hydrosilylation of 1,4cyclohexadiene it is likely that initial isomerisa- 
tion occurs followed by hydrosilylation and that isomerisation is rate-limiting. 

Experimental 

All reactions were carried out under pure argon, using freshly distilled, dry, 
degassed solvents. 

‘H NMR snectra were recorded on a Varian Associates A60 or T60 spectro- 
meter. IR sp&tra were obtained with a Perkin-Elmer 457 grating spectrophoto- 
meter as thin films. Mass spectrum-GLC analyses were carried out tin a machine 
constructed from an Edwards E606 Fast Scanning Mass Spectrometer and a Pye- 
Unicam Model 104 Series 64 gas chromatograph. Preparative GLC separations 
were carried out using a Pye-Unicam Model 105 preparative GLC. The GLC ana- 
lysis of the reaction products was carried out on a Pye Series 104 gas chromato- 
graph, using a 6 ft column of 10% SE30 on 100-120 mesh Chromasorb G, using 
the following conditions: 

Compound Temp 

PC, 

Internal ref. 

(h~eZ)C=C(Me)CHZSiEt2Me 
CH2=C(hIe)CH<Me)CH2SiEtZMe 
(nre2)C=C(h~Ie)CH2Si(OS~e3)2Me 
CH~=C(hIe)CH(l\lle)CH~Si(OSihIe~)~h~e 
[CH(Me)CH2Si(OS~¶e3),hIe]2 

- 

(t 

Ss(OEtl3 

- 

o- 

s,=tj 

- 

0 

5COEtJ3 

160 Indane 
160 Indane 

165 Indane 
165 Indane 
215 DietAyl phthalate 

165 Indane 

140 Indane 

230 Indzze 

- 

o- 

SxEt3 170 Indane 
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All the unsaturated organic compounds were commercial products, dried over 
molecular sieves and distilled in an inert atmosphere prior to use, with the excep- 
tion of 2,3dimetbyl-X,3-butadiene which was prepared by the literature method 
[X3]. Triethoxy-- 1191, triethyl- [20], diethylmethyl- 1211, and bis(trimethyl- 
siloxy)methyl-silanes [22] were prepared by standard methods. Octacarbonykli- 
cobalt(O) in toluene and the ligands were commercial samples. . 

Hydrosilylation of 2,3_dimethyl-l,3-butadiene by bis(trimethylsiloxy)methyl- 
silane catalysed by octacarbonyldicobalt(0) _ 

A typical procedure for the hydrosilylation of 1,3dienes is as follows. Octa- 
carbonyldicobalt(0) (0.34 g, 1.0 mmol) was added to a mixture of 2,3dimethyl- 
1,3-butadiene (2.87 g, 35 mmol) and bis(trimethylsiloxy)methylsilane (3.90 g, 
18 mmol) at room temperature. The mixture was stirred at room temperature 
for 8 h. After 1 h an exothermic reaction ensued, necessitating further cooling. 
Volatiles were removed under reduced pressure (2 mmHg) and distillation 
yielded the l/l diene/silane adducts (1.2 g, 23%), b.p. 94”C/8 mmHg. (Found: 
C, 51.1; H, 10.9. CrzHX202Si calcd.: C, 51.3; H, 10.6%). Mass spectr??m-GLC 
analysis showed this fraction consisted of two l/l diene/silane adducts (P’ 304). 
These were separated by preparative GLC and the lower boiling isomer identified 
as 2,3dimethyl-3-butenylbis(trimethylsiloxy)methylsilane from its ‘H NMR spec- 
trum (Table 7). The other isomer was identified as 2,3dimethyl-=!-butenylbis- 
(trimethylsiloxy)methylsilane from its ‘H NMR spectrum (Table 8). No carbon- 
carbon double bond stretching frequency could be observed in the IR.spectrum. 

Further distillation of the reaction mixture yielded the l/2 diene/silane ad- 
duct (1.9 g, 41%), b.p. 9O”C/O.O5 mmHg. (Found: C, 45.0; H, 9.89. CZOH5404Si6 
calcd.: C, 45.6; H, 10.3%). This compound was identified as 1,4bis[bis(trimethyl- 
siloxy)methylsilyl]-2,3dimethylbutane from its ‘H NMR (Table 9). 

Hydrosilylation of 2,3-dimethyl-1,3-butadiene by diethylmethylsilane catalysed 
by octacarbonyldicobalt(0) 

This reaction was carried out in an analogous fashion, using 2,3dimethyl-1,3- 
butadiene (2.87 g, 35 mmol), diethylmethylsilane (1.41 g, 14 mmol) and octa- 
carbonyldicobalt(0) (0.34 g, 1.0 mmol). Distillation, after a removal of excess 

TABLE 7 

‘H NMR DATA FOR CH2’C(CH3)CHACC(HR)3IC<HC)ZSiX3 0.b 

Chemical shift 0. ppm) Assignment 
<integration, description) (coupling constant) 

5.3-5.5 (2 H, broad multiplet) 
7.7-8.0 (1 H. bzo.zd multiplet) 
8.4 (3 H. broad singlet) 
9.07 (3 H. broad doublet) 
3.50 (2 I%. broad doublet) 
10.00 (18 H. singlet) 
10.08 (3 H. singlet) 

CHz=C- 
C=C-CH-C 
C=i;-CH3 
C-C-CH+AB 7 Hz> 
C-C-CHZ-Si(JAC 5 Hz) 
S+O-Si--CH; 
Si-CH3 

“Data for Ia only: the lH NMR of Ib is similar, but most resonances are obscured by the ethvlsilyl 
resonances. b 60 MHz spectra; CC14 solution; benzene reference. 



84 

TABLE 8 

IH MMR DATA FOR <CH~)~C=C<CH~)CHZS~X~ * 

Compound v.x3)2c=cvz3)c b c=c--c&-sr = six3 

IIa 8.45 8.62 

In3 8.40 8.50 

10.00 (18 H, s&let, 
+X-O-SiCH3). 

10.11 (3 H. singlet, -Si-CH3) 
9.08.6 (10 H. SiCHz-CH3) 

10.03 (3 H. Si-CH3) 

“60 3fHz spectra; CC4 solution: benzene reference. b Chemical shift. T, ppm; 9 H, singlet. c chemical 
shift. r. ppm: 2 H. singlet. 

volatiles, yielded the l/l‘diene/silane adducts (2.0 g, 75%), b-p. 93”C/12 mmHg. 
(Found: C, 71.4; H, 13.0. &,H,,Si calcd.: C, 71.7; H, 13.1%). Mass spectrum- 
GLG analysis showed this fraction consisted of two l/l diene/sihme adducts (T’ 
X34)_ These were separated by preparative GLC. The lower boiling isomer was 
identified as 2,3_dimethyl-3-butenyldiethylmethylsilane from its ‘H NMR speq- 
trum (Table 7). The other isomer was similarly identified as 2,3-dimethyl-2- 
butenyldiethylmethylsilane (Table 8). 

Hydrosilylation of cyclic dimes by triethoxysilane catalysed by octacarbonyldi- 
cobalt(O) 

A typical example of the procedure used is that for the hydrosilylation of 1,3- 
cyclohexadiene. 

Octaearbonyldicobalt(0) (0.34 g, -1.0 mmol) was added to a mixture of 1,3- 
cyclohexadiene (3.6 g, 45 mmol) and triethoxysilane (2.26 g, 13.75 mmol) at 
room temperature. The mixture was stirred at room temperature for 8 h. Distilla- 
tion, after removal of excess volatiks, yielded 2-cyclohexenyltriethoxysilane 
(1.75 g, 52%), b-p. 122”C/lO mmHg, identified by its ‘H NMR spectrum [l]. 
(Found: C, 58.8; H, 9.69. ClzH24SiO3 caled.: C, 59.0; H, 9.84%). GLC analysis 
showed-that this contained one adduct only (Table 10). 

TABLE 9 

‘H N?LIR DATA FOR X3SiCII~CH(CH3)CH(CH3)CHzSiX3 a.5 

- 
Chemical sbiit (i, ppm) Assignment (coupling constant) 
(intmtion, description) 

8.2-8.7 <2 Ii. broad multiplet) C4H-C 
9.17 (6 H, doublet) C--CH3<JAB 6.5 a) 
9.6 <4 H. doublet) -C-CH2-8i(J_qc 4.0 Hz) 
9.92 (36 H, six&et) Si-D-S+CH3 
10-W (6 H. singlet) Si--CH3 

ox3 = OIegSi0)2hIe. b 60 &IHz, spectra; dC4 solution; benzene reference. 



TABLE 10 !-I H a 
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Chemical -&ift (7. ppm) 
<Integration. description) 

Assignment 

4.35-4.7 (2 H. muitiplet 

H 
AH 

:C=c, 

6.3 <6 H. quartet) -OSiCH2- 
7.75-9.7 (11 H, broad muitiplet) ring protons 

9.9 (9 H, triplet) -OSi--C-CH3 

u 60 MHz spectra: CD?,Cl2 solution. CHC13 reference. 

GLC was used to show that no reaction had occurred in the attempted hydro- 
silylation of 1,5icyclooctadiene; and a crystalline solid was formed upon stirring 
norbomadiene and triethoxysiktne in the presence of octacarbonyldicobalt(0). 

Other data are summarised in Tables 1-9. 

Acknowledgements 

We thank Dow Corning (Barry) and S.R.C. (studentship to A.J.C.). 

References 

1 A.3. Comish. hf.F. Lappert and T.A. Nile, J. Organometal. Chem-. 132 (1977) 133. 
2 A.J. Chalk and J-F. Harrod. J. Amer_ ChaJn. Sac.. 89 (1967) 1640: ibid.. 87 (1965) 1133; Y.L. BaaY 

wd A-G. MacDiarmid. Inorg. Nuclear Chem. Lett.. 3 (1967) 159. 
3 A.J. Chalk, .J. Organometal. Chem., 21 (1970) 207. 
4 P. Svobodq M. Capka, J. Hetflejs’ and V. Chvalovsky. Coil. Czech. Chem. Commua. 37 (1972) 1585. 

5 M.F. Lappert sod T.A. Nile, apublisbed results 
6 S. T&.&a&i. T_ Shiiana, H. Kojima and N. Hagihara. Organometat Chem. Syn_. 1<1970/1971) i93. 
7 M. Capka and J. Hetfleji, Coil. Czech. Chem_ Commun.. 41 (1976) 1024. 
8 Y.L. Baay and A.G. MacDiarmid. Inorg. Chem., 8 (1969) 986. 
9 G-L_ Karopinka a!xd M- Orchin. J- Org. Chem., 26 (1961) 4187. 

10 A.J. Chalkand J.F. Harxod. Advan. Orgulometd. Chem., 6 (1968) 119. 
11 R.F. Heck and D.S. Breslow, J. Amer. Chem. Sot.. 83 (1961) 4023. 
12 B.R. James. Homogeneous Hydrogenation. Wiley-Interscience, New York. 1973. 
13 J- Nearman and A_R_hfamdn& J_Chem_SocA.(l973)1593_ 
14 M. Johnson, J. Chem. Sot., (1963) 4859; P. Taylor and M. Orchin. .I. Amer. Chem. Sot.. 93 (1971) 

6504. 
15 R.B. King. Adian_ Orgenometal. Chem.. 2 (1964) 157. 
16 G. Bar. L. Mark6 and B- Mark& Chem. Ber.. 95 (1962) 333. 
17 A.J. Chalk, Chem. Commtm., (1970) 847. 
18 C.F. Allen and A. Be& Org. Synth.. COB. Vol. 3 (1955) 312. 
3.9 L.M. Shea. J. Amer. Chem. Sot.. 76 (1954) 1390. 
20 F.C. Whitmore, E.W. Pfetrusza and L.M. Sommer, J. Amer. Chem. Sot.. 69 (1947) 2108. 

21 B.N. Dolgov. Yu_L Khudobti and N.P. Kharitanov. IZV. Sibirsb. Otdel Akad. Nauk. Ser. Kbim- Nauk. 
(1959) 1238: Chem- Abstr.. 54 (1960) 1381. 

22 T-A. Nile. D_Ph- Thesis. university of Sussex 1974. 


