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I. INTRODUCTION 

The swope of this review includes,.with few exceptions_ only th?sb 

publications which a&inclu&d in volrmtes 80 and-81 of Chemical Abstracts. 
_- 

-1 
,The reader .is _refeked to-the introduction of the previous review for a 

_. : . . .- : 
statement oi seIektivity.in.scope within.thi ab,*e material.. -. 

-. : 
: 'Silicon -- Synthesis.&d r'eacti&ty; ~~&d._&rveg oowerihg the : 

year 19~3' see.?. ~Crganpmeta+-._ Chern..,83~1974).65-154iI. _- :_ .__ 



.Review articles involving silicon have.appeared in'the following 

-areas: -. annual reviews on the general chemistry-of organ&ilanes 
l-4. 

, 

.hydrosily&ion5, 
-6 

carbofunctional silanes , organometallic synthesis of 

7 
carbosilanes , fluxional organosilicon compounds8, orgaaosilyl free 

radicals', 
10 

fluorinated derivatives of organosilanes , silicon analogues 

of olefins and ketones 11 
12. 

, adducts of silicon tetrafluoride. , molecular 

rearrangements of oxygen-containing carbofunctional silanes 
13 

a formation 

of alkoxyderivatives of chlorosilanes 14 , preparation and properties of 

0-siIy1 hydroxylamines and oximes 
15 

, compounds containing the B-O-% 

16 
moiety , organosilicon pemxides17, silyIphosphines18, compounds con- 

taining silicon-metal bonds 19-21 or silicon-carbon-metal bonds 
21,22 

silacyclobutane ring-opening reactions 
23 

, heterocycloalkanes containing 

silicon as a ring atom 24, the preparation and properties of the Si-Si 

bond2' 
26,27 

and biological aspects of organosilicon chemistry . 

III< FORMATION OF THE SILICON-CARBON BOND 

The trimethylcJ~lorosi1ane-IYg-hexamethylpJ~osphortriamide (JM'T) 

system continues to be a powerful method for the formation of silicon- 

28 
carbon bonds. Dienes, for example, undergo bis(trimethylsilylation). 

P Ele$iCl/Mg P 
Cfi2=CH-C=CH2 

HXPT 
* Xe5SX - H2-CH=C-CI12SiMe_ J (60-660) 

CH_ 

CH&-CH=CH-- 
JJ3 
=CH-CH, _ 

3 
(57%) 

SiPie2 (JO-GO%) 

Several of these ad&as were monodesilylated in fair yields by refluxing 
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.- Me-jifH cH=Fm ,, -... :- R. ’ 
I 

-3. 2 _*- -3 _ Me3SiCHzCH2C=CH2_. .- 

Vinyltrimethylsilane is.convorted into trans-bis(trimethylsilyl)- 

ethylene in high y$eld;together with some higher silylated .products. 
29 

Me$iCl/Mg 
: 

EIe3S %H=CH2 p t-Me3SiCH=CHSiMe3 + (Me,Si)2CHCH2SiMe3 - 

+ (CkgSi)2CHCH(SiMe3)2 

A variety of.reaction pathways is exhibited by a&unsaturated 

-esters; the success of the reaction and the relative amounts of each 

product depend strongly on the substituent groups, R. 
30 

RL+,-R3 
Me$iCl/Mg ;l /R3 p3 

RI_\COR HMPT 
+ MeSSi-F-CH 

2 2 
R2 

'CD2R 
+ (R02C-CR-f--)2 

% 

R1\ /R3 
/__CH--CR, 

"2 
C02R 

Group Yield (%) 

Rl R2 R3 " 
Recovered 

- - - 

Ph 11 H Et 

Ph H Ii CH2Ph 

Ph H Ph b!e 

Ph H C02Et Et 30 

H 11 Me Ble polymerization 

Ii H Br EIe polymerization 

H 11 >le nBu 10 

A B C 
--- 

55 9 

60 5.5 

50 10 

76 2 

Eb H H nBu 10 

>le Me 'H IIBU 5 

Me H C02Et Et 15 

H C02kle H Me 

C02bk H H .Me :. 

Refer&es p_ ti9 -. 
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a,@Acetylenic ketones afford bis-silyiated~ailen&&&nes-&ch 

. 31. may be.hydrolyzed to the.monosilyl a,B-unsaturat-ed-ketones. . . Gl ..some .: - 

cases, the intermediate allenoxysilanes undergo further C-silylation, and 

for euolizable ketones, silyl enol and .dimerization products are also found. 

R&Bu Me3SiC1/Mg CH,OH $ 
HMPT 

+ Ne3Sif=C=y-0SiMe3 H+ > Me3Si~=CHCtBu 

R Bu R 

(R=nBu, Siue,) 
,; 

Me SiCEC! CH=CHCH " 

0 

3 -_3- (Me3Si)2C=C&R + 

0 

Fe3 
(Me3Si)2f-C=yOSiMe, + 

Ph CH3 Ph B Ph CH3 

Partial or total silylation of geminal polyrhlorocarbons can be 

effected by the Me SiCl/Mg/HMPT system. 
32 

3 

Halide Product Yield 

cc14 C13CSiMe3 45 

HCC13 HC12SiEle3 35 

+ C12C(SiMe3)2+C13CSiMe3 21+7 

XeCC13 f+feCC12SiMe3 80 

Me*cc12 Me2CClSiMeS 10 

PhCC13 PhCC12SiMe3 80‘ 

p-ClC6H4CC13 

ph2CC12 

PhCHC12 

C1*C=CC12 

-.Me2cc12 

p-C1C6H4CClpSiMe3 

Ph2CClSiMe- J 
+ Ph2CHSiMe3 

PhCHC1SiMe3 

+ Ph(H2SiMe3 

c12c=c(cilSiMs3 

Ne2C(Si&3)2 

70 

6.5 

50 

3s 

55 



jialide -Product -Yield 

H2 ccl2 

?zCBr2 
PhCHC!* 

Ph2CC12 

CCl3CCl" 

c1*c=Cc;2 

(Cl*C=CCl)* 

H2C(SiMe3)2 

H2C(SiMe3)2 

PhCH(SiMe3)2 

Ph2C(Sihle3)2 

Me3SiECSiMe, 

Me3SiGCSiMe~ 

(tMegSi)3CCECC(SiMe3)3 

30 

50 

75 

65 

50 

65 

65 

N-Phenylpivalimidoyl chloride gives the product of mono- or bis- 

silylation, depending on the stoichiometxy employed. Hydrolysis of the 

monosilylated product affords good yields of a-silylketone. 
33 

tBuC=NPh 
Me3SiCl/Mg/THF 

;1 

;L tBuy=NPh + tBuCH=NPh 

SiMe3 

I 

(65%) (15%) 

i 
2 FIe3SiCl/Mg 

I 
HMPT 

1 
SiMe- 

tBu?H-N-PhJ (96%) 

We3 
H2* 

The following transformations have been reported using the Me3SiCl/- 

Li/THF system. + 

C"=CCORLi, x 
2 ,- 2 

Me3SiCH -CHC02R + (R02C~H-CH2)2 34 

CH, 
'I 

CH, J 

: -. 

CH3 

CH3CH=CHC02Me + e (40%) 34 

Me3CC02Me -- !.G93C-;3(SiPle3)2 (63%) 34 

OSiMe3 

a CH2=C-CMe I: I: F - 35 

& 

Xe3SiCH CHCCCP + (MeC-F11CI12)2 
21 

3 CH, 3 CH_ 3 

(43%) (20%) 
-. 

References p_ 89 
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(c&one underuent- similar reaction whgle h-ionone was .disilylated: _: i. ._ 

atthe carbonyl group) 

ff12=~CH-CH0 h 14e5SiCH,CH~CHOSiKe 3 (71J%,‘56 

Ct13M=CIMH0 -_ _CH_CH=QI 
3 FH 

SiMeS + CHSFHCH=CHOSiMeS- 36 

OSiNe, SiEleS 

(21%] IZO%l 

Both chloral and chloroacetone undergo carbonyl addition of Si- 

ethynyl, Si-allyl, and Si-phenyl compounds under Lewis acid catalysis as 

shown below. 37 

kc1 
3 

ClSCCHO + MeSSiCH2CH=CH2 - C13CfHC%CH=CH2 

OSiHeS 

I, 
+ PhCXSiPleS - C13C$.+Ph 

OS&Me_ 5 

I, + PhSiMe3 B 
clScFPh 

Cl 

C1~WCH3 + MeSSiC%CH=CH7 - C1CH$CH2CH=Cl12 

OSibbS 

Tetralin is silylated in the presence of lithium and Me,SiCl/THP; 

acetic acid degrades the tetrasilylated product as shown. 
33 

Derivatiration of various organolithium and organomagnesium reagents 

-with trimethykhlorosilane (TKS) has led to the formation.of a number 

of new organosilanes; 

C1SCP(0)[CEt)2 nBuLip (EtO)2(0)PCC12Li a (EtO)g (O)PCCl,Sit&~ (70%,"' 

.TIiF 

'. 
: 

. 

.' ;- ,: _, . ~. : .- 
.-_ 
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Q12=&$SH PnBuLi; TMCS ~ 
PhC!$Br .: ?.leSSiCHh ,SCH2Ph 

.TMEDA 
,c=c -- 

H. >H 
,. SCH2Ph 

Ph3Pb~H2CH=CCl~ nBuLi% Li(CC12CHCH2) TMcs > ~¶ee,SiCC12CH=&12(99-$) 41 
-9S0 

ClC+H=CHCl Wcs"'g, _- t Ek38SiCH2CH=UiSible3 (80%) P2 
THF 

Ph C/ c"lcH\C_ph 42 

'Br Br 
,c-Ph- - 

\ / 
SiMeS SiMe8 

;\le2CHCH=NR 
iPrMgC1. TMCS 

l Me C-CH=NR + Me2C=CHf"R 
43 

THP 21 
SiMe, 

3 
SiMeS 

(Al C81 

R AC%) 

Ph 0 

BIe 6 

Et 21 

nPr 23 

iPr 100 

iBu 88 

tBu 100 

B@l 

100 

94 

79 

77 

0 

12 

0 

(The C-silyl isomer wuld be converted into the i\-silyl isomer 

with MeSSiBr catalyst for all but R = tBu, iPr and Ph) 

Tetraadamantylsilane has been synthesized in 18% yield from the 

reaction of &Cl, with sodium and adamantyl chloride. 
44 

The following arylsilanes have been prepared by coupling reactions. 45 

F 

+P,&$p" + J$&F 1 

3 3 

"g/THF l - Ph Si 
-0 

0 46 

21 Ph2SiXY- Y 
- PPh2 

Y. . . 
References p. 89 
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0 Br =, 
Ph2SiClH 

) 
THF 

Br++Siph2H47 .- _~ -. #.' 

Details 0f.a bissilylation reaction of acetylenes-have been reported 

48 
using bis(trichlorosiljrl)bipyridylnickel(IIJ as catalyst. 

. 
Cl3Si, ,R 

@ipyJNi CSiC1,J2 + RECR’ -+ @ipy)Ni C- i MeMgBr> R(Me3Si)C=C(SiMej)R 
C 

R' 'sic13 

REACTION OF Ni(bipy)(SiX3)2 WITH ACETYLENES; FOLIDIVED BY PiJ3HYLATION 

Six, Acetylene Product Yield(%) cis/~zwn.s 

sic13 

Sic13 

SiCl, 3 

SiCL 3 

SiMeCl2 

SiMeC12 

SiMeCl 
2 

SiEkC12 

PhCZCPh 

n&H 

PhCZCMe 

n-BuCZC-n-Bu 

PhIZCPh 

PhWH 

n-BuEC-n-Bu 

Ph(t.k3Si)C=C(SiMegJPh 49 

Ph(fik$i)C=C(SiMe3)H 47 

Ph(Me3Si)C=C(SiMe3)~k 38 

n-Bu(Me3Si)C=C(SiMe3)n-Bu 44 

Ph@k3Si)C=C(Sibkg)Ph 52 

Ph(Ms3Si)C=C(SiMe3)H 49 

PI~(ikgSi)C=C(SiMe3)Me 45 

n-Bu(MegSi)C=C(SiMe3)-n-Bu 52 

o/100 

73/27 

92/8 

not 
determined 

o/100 

67/33 

93/7 

not 
determined 

The bis silyl complex used above can be prepared as shown. 4g These 

Ni(bipyJR2 + 3 HSiX3 3 Ni(bipy)(SiX3)2 + RSiX3 + Hz + RH 

.(R=Me, Et; Xs=C13, MeC12) 

silicon-nickel complexes were inactive as hydrosilylation catalysts for 

olefins, but other organonickel species were found to be catalysts for 

hydrosilylation INi(bipyJEt2; Ni(PPh3)(cyclopentadienyl) Et; Ni(cyclopen- 

tadienylJ2]. 



‘. .-. ..- : 
. . . g 

Z&gler-type &me& of the -form b(acacIn AlEt @l=Ni ,Co or Fe) .. 

catalyze the h~drci&ylation of 1,3_dienes. and texminal acetylenes. 

l'he latter undergo dinierization concomitant with addition.50 

CHyC~-C=Ck$ + HSi(OCH& 
Ni(acac) 

L 

2+.CH5CH=f-CH2Si(OCH3)3 (92%) 

H3 rn3 

9, 
1, + HSiEt3 - CH$H=F-CH2SiEt3 (97%) 

cJ-5 

CH$H$H,~CH + HSiX, -----A? H2C=C-C=CHSiX,. 

APnL A 

(X=OEt, Et, Me) 

The reaction of tetracarbonyldichlorodirhodium with dimethylamino- 

methylated'styrene-divinylbenzene copolymers afforded a polymer-supported 

hydrosilylation catalyst. 
51 In another study, Rh, Pd and Pt complexes 

were prepared whose t-phosphine, t-amine, cyano or pyridine ligands were 

bonded directly or through alkylsiloxy linkages to an inorganic support 

(alena, silica, zeolite). Some of these showed high activity and 

could be recycled. 
52 

A polymeric catalyst formed by the absorption of 

Pt(IV) ions on an anion-exchange resin gives excellent conversions of 

alkylaryl and arylsilanes and olefins or acetylenes to hydrosilylated 

products. In addition, the catalyst may be used many times without sig- 

nificant loss in activity. 
53 

Chelate complexes of Pt, FUI, Pd and Ni of the form shown were 

prepared. These containing Pt or Rh were most active as hydrosilylation 

catalysts.54 

%,4-Hydrosilylation of l,%dienes occurs when mixtures Of crca)6. 

Referencesp.89 
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-a 1,3-diene, and X3SiHareirradiated. 
5s 

The monoolefinic products, _. 

&ten produced in near&antitative:yields,:do_not undergo further 

addition. 

CH2=CHCH=CH2 + X3SiH.A +_Ii$H=CH-CH2SiX5 

[X,=Me 5, - P$H. WEtI 3s ~~$-U 

Optimum reaction conditions have been determined for the hydro- 

silylation of 1,3-butadiene with trichlorosilane using. the (p-RC614CN)2- 

PdC12 (R=H; Me, MeO, Me2N) and (p-Efe2NC6H4CN)2PdBr2 catalyst systems. 
56 

Copper-containing catalysts which effect the addition of trichloro- 

silane to acrylonitrile at 120° have been reported. 
57 

CH2=CHCN + HSiCl, cat-~ 5 ClSSiCH2CH2CN 

Catalyst Adduct Yield (%) 

Cu20 - C6HllNC 70 

Cu20 -tBuNC 42 

CuCl - 
'sH1lNC 

78 

CuCl - tBuNC 56 

Cu(acac)2 - C6HllNC 75 

The following hydrosilylations have also been carried out under 

various conditions. 

RR'SiH2 + CH2=CHCN + RRlCH)SiCHCN 

Lf5 

(17-20%) " 

(R=R'=Ph; R=CH5, R'=Ph) 

c PhCH=CH2 + CL5SiH 

R-CGCII + R.jSiH 
(PhP)$hCl 

f RCH=CHSiC15 Go 

(R=nPr, nHex: Rf=EtMe2, (cis/trans ratio of tiS/35 to 81/19; 

PhMe2;;Et5J note predominant &-addition) . . 
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The stereochemistr]i-of.addition.of dichlorosilane to terminal acety- 
: . . 

lenes with various'.catalyst systems ha.zs been -investigated.61 
6 

H2PtC16 "i&/ 
SiC12W 

RECH t C12SiH - 
HC12Si\ 

+ -. 

2 Or Pt/C R’ ’ H / 
K 

(R F alkyl) 
ca. 50% ca. 12% ca. 20% - - - 

benzoyl 
R 

1. + ,I j, ;c=c 
, SiCl, H\ SiCl, 

+ 
\H 

c=c' 
R' \H 

(ca. SO% 
peroxide H ovzall yield) 

(33~62%) (67-38%) 

A method for the synthesis of monofunctional chiral organosilanes 

has been described which involves coupling bifunctional asymmetric silanes 

with saturated, vinylic, or aryl organometallic reagents (K=Li, Pig). 

Ph E3 

(S)(R) --a-Np- 5; H 
5 

zb a-Np-$i- H 

O&n 
[retention) ii. 

In the case of (R)(R)-Ph-a-Np(-)EIenOSiCl, the chlorine is replaced with 

inversion of configuration. With dialkoxysilanes, the less bulky alkoxy 

group is substituted with retention of configuration. 
62 

Theuse of 

allylic organometallic reagents or benzyl magnesium chloride led to 

both inversion and retention products with Si-II and Si-O>fe substrates, 

but reaction with the chlorosilane still proceeded with inversion. 
63 

Carboalkoxycarbenes , generated from photolysis of diazo precursors, 

have been found to insert into both a- and B-silyl C-H bonds, as well es 

strained Si-C bonds. 
64 

hu -. Ble3Si(3[12CHS + N2CHCD2CHS __+ BIe2~iCH2C11S +Me_$$XCHS 

CH2CH2C02CHs cH2ayi3~ 

Referem& p_ 89 

(17%] ( 9%) 

+ MeSSiCH2CH2CH2C02CH3 (6%) 



R = H, R' =-.CCI~M~ 1.6 2.0 1.0 

R = R' = C02CH3 7.0 11.9 1.0 

CHRR' 
hk2S' 

El 

:CRR' 
bk2Si 

k Pie SiASibk 

Me2S? 

SiMe2 
2 

x 

2 + lzf SiMe2 II SiMe 

R R' 
LH2CHRR' 

R=H,'R'=02CH3 14% 33%. 53% D 

R=R'=C02CL 5% 50% 45% 
3 

Copper-catalyzed decomposition of methyl diazoacetate in the presence 

of the Si-H bond serves as a general method for the preparation of a-silyl 

esters.65 

CU. RR'R*'SiH + ii2QiC02Me I RR* R"Si Cl-$.CO,Ne 

(44-913%) 

R=R’ =R”=Et 

R=Ii, R'=Xe, R"sPh 

R=R'=:e Si R"=Me 
3' 

R=R'=R"=$le Si 
5 

R=R'=Me, R"=Ph 

Treatment of the appropriate metalloid tetrabromide with phenyl- 

(trichloromethyl)mercury affords a generdl.method for the preparation 

of mixed trihalomethyl(tribromo) Group IV compounds. 
66 

S&4 + PNigCC13 Nal. 
120" 

hCCl,SiBr, (30%) 

Experimental evidence continues to mount in support of the.exist- 

ence of a silicon-carbon double bond. The reaction of such a species .. 

,. -- 
. ._. _:- :- -._ 



: 13 

(generated by the~p~6lysis of- silacyclobutz+nes) with ketones and al&-- 

hydes-results -in either-silyl enol ethers.(path A) or.olefins via; ... 

possibly, a "pseudo Itittignt pathway (B).67 

R2!Si=CH2 

(Al + [R2Si=O]*siloxanes . . 

O=CR'R" 

Enolizable carbonyl compounds gave low yields of "pseudo-Wittig" oiefins 

because of enol ether formation. 

Carbonvl Comuound 

Me2C=O 

W21SC=o 

Ph(C=O)Ple 

WFC6H4(C=O)Me 

Ph2C=0 

Me(CH2)SCH0 

Yield (% based on consumed 
silacvclobutane> 

En01 Ether Olefin 

32 4 

62 9 

22 65 

34 69 

-- 97 

26 26 

PhCHO -- 54 

Ph2C=0 -- 65 

Me(CH2)SCm) not 44 
determined 

The transformation shown below hk'been interpreted in terms of _ 

species containing Si=Si, Si=C and Si=O-bonds. 68 

Ph 
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_- 1. 

:-- 
bhen dimethylsilacyclobutane was'pyrolyzed~in the-.pnesenceof sili- .. 

con-halogen bonds; adducts wereformed indicative of polarity in the sense 

(~+]Me2Si=Cl$_~(6-) within this intermediate species. 69 : ; 

Halosilane Products (% Yield) 

SiF4 p35iCH2SiEIe2F .(44) 
_A_ .. 

c Eb2S~USrMe2(trace)~ 

HSiCl HC12SiCH2SiMe2Cl (22) + II 
3 (trace) 

SiC14 C13SiC~SiMegCl (20) + 'I GJ 

MeSiC13 C12MeSiCH2SiMe2Cl (16) + I8 Cl61 

Me$iCl ClMe2SiCH2Si~le2Cl (13) + II (251 

&3SiCl Me3SiCH2SiEle2C1 (<2) + II (401 

cF4 no adduct + 11 (46) 

An investigation of the pyrolysis of 1 ,I-dimethylsilacyclolwtane 

under high vacuum indicated that dimeriztition of the Me2Si=CHI formed 

occurred in the gas phase, but that polymerization to (Xe2SiCti2)n occurred 

on the surface of a cold trap. 
70 

The hi&-temperature formation of vinyl silanes from hydrosilanes 

and vinyl chloride is markedly improved by the addition of small quanti- 

ties of Freons to the reaction mixtures. 71 

palladiwn(I1) cornpounds'have been found to catalyze the cleavage 

of the silicon-carbon bond. 
72 Chlorosilanes are inert to Si-C. cleavage. 

Me4Si 
Pd(II) 

H2° 

> Me3SiOSiMe3 + CH4 + C2H6 

PdC12 or Li2PdC14 
Me3SiPh 5 Me3SiOSible3 + PhH + Ph-Ph 

H2° 

Me3SiOSiMe3 +- PdC12 __f hfe3SiOSi~le2Cl + [NePdCl] 

.If.olefins (styrene, cyclohexene) are present during the cleavage reac- 

tions, transfer of methyl or phenyl groups occurs from silane to olefin. 

PhCH=Ci + iVe4Si + LiPdC13 
CH3CN 

5 PhCH=CIiCH_ (fiG%) 
120° 

3 
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-1y. CX@OFUNtiIO&L S&NES 
-. 

The foll+ng routes to some functionalized alkenylsilati&.have 

been reported. 
LiAlH4 

_Me3SiECCH2OH +--trans-Me3SiCH=CHCH20H 73.. 

MegZ$~=&iCH20H + Me3SiCH=CHCH2X (X=Cl, I) 

NBS. Me3Siy=CH2 ----- Me3Sii=CH2 

CH3 CH2Br 

0 
EtSSiH 

cH3C=_CcH20~tBu - * 
LiAlH4 siEt3 

H2PtC16 
Y CH3CH=CCH20H 

(regiospecific) 

f1 
CH3C=CHCH20SiMe3 

l)Me$iCl/Na 

2)H20 
> 4 + g-CH3F=CHCI$OH 

SiMe, 
3 

Me2Si~CCH20H 
l)LiAlH4 LiCUMe2 

2)12 
> - E-CH,C=CHC$OH 

MegSiCH=CH2 + Xe3SiCl HMPr/Mg 

FeC13 
> MegSiCH=CHSit4eg 74 

; AlCl 
Me3SiCH=CHSiMe3 + RC-Cl 3, 

8 
Me3SiCH=CHCR (65-88%) 75 

(R=Xe, Ph, tBu) 

RJSi*Cl BrMgCZCOEt 
> R@fCXOEt -$ R$i-*CH=C=U 76 

(R Sip 
3 

= MaPh-l-C&Si) 

Peterson olefination reactions have led to new pathways to alkenyl- 

silanes.77 
Li 

@e3Si)3CLi (!.ie2Si)2C=CH2 s (bk2Si),bi2R 

(1)Br2 1 R'CHO 

Reiem&p.89 

Mc3SiFCH2 

Li .: 

Me3Si$=CHR' 

CH2R 

2 
R'. 
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:.~-n~ber:&rea&& &Golving.ad&tion- to.th& double .bbndl_yf :--'-I..- 1 :.’ 
: 

~vin&;uihks +I& b&-investigated. -.- 

R3SiT=CH2 + (iBu)2+1H 4 R3SiCHZCl$Al~iBu)2 +_R@$CH3.. 78 .. 

Al(iBuJ2 

jR =-Ph, .Et) (30%).. (70%) 

Et3SiCH=CH2 + (iBu)$l r (Et3SiCHz~)~A1 + (E?L$$],~ 78 

m3 

(82%) (18%) 

R+CH=C=O + G$=C(ORy)2 + R3Si /Q 

-zj 

(50%) 7g 

(RO)2 

't Me3SfCU=CH2 + Hg[C(N02)3]2 -, (Me SiCHJ Hg (9O%J 8o 

3 6H2f(NO*,3 

B=2 1 62202 

Me3Si~HCH2C@02J3 (8S%J 

Br 

AXI 
Adamantane + C13SiCH=CH2 ___1_3_ AdXHSiC13 81 

tH3 

+ Ad-CH2CH2SiC13 

(33%) (67%) 

Ene reactions of alkenylsilanes afford entry into a-variety of 

unsaturated organosilanes. 
82 

RyH + rsic13 ‘34 _,sic13 or usi=’ (65%) A ~ 
- 

,- 

CR = nPr, nBu, n-Pent) 

0 + fr3h o(qJ2s c1 
i 3 



..: . . i -17' -. 
_- .: : 

~~_'Et02C~=NC02Et +'Me$i‘b$C&CH2 & ~Ple3&CH$HCH$NHC02Et 
-. -C02Et 

.- 

Cl+CH=C~ + Me3SiCH#H=CH2 % C13Si(CH$&H=C_HSil\le3 

Reaction of I-trimethylsilylcyclopentadiene with Mural gave low 
I 

yields of the fulvenic product.8s 

The preparation and reactions of the following unsaturated 

have also been reported. 

Br 

Lib + Me.$iCl 

@“aI 

silanes 

84 

Ne3SiCii2CII=CH2 + PhlIgCC12S02Ph -PhHgC1> 

(47%; 1:l cis + trans) 

(R=If, CL) 

Et_SiCCi=CtlCti=Ck$ + CH3SeCl d Et3SiCtl=CH~HCI$SeCH, 87 
J 

Cl 

Factors influencing the ease and mode of addition of alkane- and 

al-ene-sulfonyl chlorides to homologues of Me$iC:C-CII=ClJ2 have been. 

investigated. 
88 

Refe~ncesp.89 



several groups. . 

Me3%i&=CIlR + (PhCN)2PdC12 -_3 H 

R 4_nSi(CH=CH2)n + CuCl + Rq_nSi(CH=CIi2)n l 2CuCl go 

&=2,3) 

Electrophilic reagents effekted the cleavage of the allenic silane 

shown below. 
91 

~fe3SiCH2;=C=C[SiNe3)2 + Xe3SO3H j Ne3SiCH 
21 
CHCXJSiPb3 

CH3 CH_ 
J 

I, + Br2 +Me3SiCH2 
F 
(Br]CZSible, 

.Y 

+ tBu!Cl 

CH3 
tuCl_ 

~5-J, Me+H2~(CH3)CX.SiMe 

:=O 
tBu 

1. + C1S03Si?4eg __f Bk?3SiCH2C(CHg)CXSibk 

s 
3 

05SiMe3 

Sulfonating agents [C1S02(OSi.Me3), SO3-dioxane] react with acetyle- 

or allcnic silanes as indicated. 
92 

HCH2CrCSiMe3 -> RCH2CXSOzSit4e3 

(R=H, Ph, Xe3C, Me,Si) 

RCH2CXSiEle3 + Me3SiOS02CH2CXSiE3 

(R=HO, iGe3SiO) 

(Me3Si)2C=C=C(CMe3)0SiiXe3 _3 (PIegSi)2C=C=C(CNe3)SOgSi~~le3 

I.Ie3SiC(Bu)=C=C(CMe3)0SiMe3 * Me3SiC(Bu)=F-SO3SiMe3 

C=O I 
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&yl y&&.nes are.irep&ble in god& &elds & fO~l~W5: 
93 

~._ 

Me3&iCX-~Et + LiNEi __t Ffe3SiCsCNEt2 (54%) 

The latter yneamine underwent cycloaddition to 3-buten-2-one 

! 
EIegSiCXXEt2 + CH3CCH&H2 

Sibfe3 
(20%) 

NEt 
2 

A cycloaddition-cyclorversion process forms silylated pyridazines 

acetylenic silanes. 

(R=H, SiEfe3) 

Reactions between transition metal complexes and alkynyl silanes 

afforded novel species (Cp-cyclopentadienyl). 

CpNb(CO)g + Ph3SiCsCPh hu, CpNb(CO)(Ph3SiCZCPh)2 
95 

Ph 

B 

SiMe3 

CpCowJI2 + Me3SiCECPh A cpco +c& g6 

SiMe, Ph 
J 

and cpco 0 

f$, ~~ = Ph; R2, R3 = sib!e3 

RI, Rg = Ph; R2, R4 = Si&!e3 

R2' K, 3 
= Ph; RI, R4 = SiElej 

Ple3Si 

CpWCO)2 + Me3SiCrCSiMe3 -_) 2% 

Sibfez 

Cp-C 
Me3SiC=CSiMe3 

Y 

o-cp 
A 

+ 

SiEle3 9.7 

~Referencesp.89 : . . 
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-A silicen-containing compotkis among the first examples:of polynuclear 1.’ 

jiix& ci&io+pe~ cc&~unds .g8 
: 

: . .(o-MegNCeH~)~CuoRrg + 2 LiCnCSiMe3 ~(o-~le2NC6H4~,Cu,(C~CS~~e3)2 .' - 

A number of biphenylyl silanes have been prepared and their thermo- 

stability investigated. 99 

Silicon-containing 

(1)Li or Mg 
(2) R3SiCL 4 @@SiR3 

aryl-metal complexes can be synthesized as shoe. 

Me2Si(Cp), 
2 BuLi ___j Liz [Me2Si(Cp)2]-2 

TiC14 
) Me2Si 

W 
TiC121°0 

PhSiMe3 + WH313Cr(COIj dioxane> (MeSiPh)Cr(C0)3 lo1 

Bis- and tris-(perhaloaryl) silanes undergo cleavage with butyl- 

methyllithium to afford good yields of the corresponding perhaloaryl- 

lithiums."* 

Cl Cl 
CG 

a--+ (89%) 

SiMeH 

2s w k- C02H (90%) 

(C6FSJ2SiMeH + 2 RM _____f 2 C6FSM + R$iMeH 
.103 

The effects. of El = Li, MgX and the nature of R on the extent and 

or 



21 

position(C-Si or C-F) of a&&were &udjed.in this last report. 

Tetraphenylsilane has been.reported to be inert to Si-C bond 

cleavage by potassium in ammonia. 104 . . 

Treatment of some aromatic silanes with mercury reagents has been 

reported. 

OH Stile 
R 

Q 

SiMe_ 

0 

tBu 

a2 PhHgOH ~ '+ A ;$$"' 105 

.tBu 

(R=Me, tBu) 

(EtSSiPh)Cr(CO)S + fIg(OAc)24 

In contrast to the lability of other &halo-substituted alkylsilanes, 

2,2-difluorocyclopropylsilanes are highly resistant to $-elimination. 
107 

H20 ClnMe,_nSiCH-W12 - 

\cP/ *=l 

2 

(MA = HOCHS, ClMgCHS, LiAlI14, SbFS) 

,t H2S04_ 

n=O 
I KegSiF + CH2-CH2 

'CF' 2 

,, AlCl.. 
2 MeSSiF + EfeSSiCl + HCECCH2F 
n=O 

+ Me3SiCH2CH=CF 
2. 

+ MeSSiCH=CH2 

Treatment of some polychlorocarbosilanes leads to products of 

Refer-sp_ 89 
: 

.. 
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: : : . . 
+ Meb;gI. (XS) + ~Me,Si&fe,C$Si_M&, 

='-II,.: _~ .. .- : .-... CH; : 
: : _ 1 - -._ : 

_ _. +-bleMg1 (XS) ~'(&fe,Si),C=CHSi3 
: 

; &.(@methylsi~yl?ethyI)allyl et'he; system &dergoes.a.hQh-yield 
: _. : 10s; _. .: _.-~- 

-:I pericyclic‘rearrangernent upon heating. _ _- _- 
_:. ~~_~Hp~~: : 160-2000 &.R&-dSiM~3 : -_ .., .:-’ :~, - _ 

-siMei~ ’ . . -- G-$~=CH2 
._- ., 

:. 
'- .TJi_+~ ~-o,dl-biplie~~yl&e~ R =.Ph) -.: .; 

._- ._ 
. .~-m~l&&&&&n of organolithium reag&ts_ .uuith.&onitril&s- affords a . 

-lithium aldi&e.~&i&-c~ be derivatized_,~ithIchlototrimethytsilane _I- 
‘. 110-..-_ 

.- 1 &d th~~&hi& hyd&yzed to the-q-silyl ketones., ._ : .. . .-. 

1 ,_ Ele.jSiClr -Et .- 

:’ . ..mC’..t Et&j 4.-RJ?=CLi ----) 
. 

,- :. 
:. 

-- _.llR:=:1,1,3,3;tejramethylp~~~l) [SOt)-~ : _ ; ; :- &%) 1 :---'I ~; : 

:_ _:_ ._ -' . . 
.. 

,.l~ :~ ._ '.-+e,synthe&s..-&d r&activities .. 'Of &e f&lowing systems have. _^. I -‘.- 

-‘: ‘. -‘i .::I-‘_- _...:- :__ __:. . 
, . . _-:.. 

,. .r -:-. _- 3. ._:.-.:.~>- .I -l:;:;:;I_ ;.-1. __ -‘> .‘..-_-‘<. ‘. ._i& .,,-.:“,:_; : ..,_ .:.- ...: ~____.l-i.. ; ___;:_._ _: ..~ _. . . >?.‘T. f ; ;..-_ - _ _ . . . . :. i$. y_ ..;_ - _I.i__ :. z’-._-__I, .:.- -. Z’ ._. _ , ;-.,~;.,::.: .-. .._. ._ :-. ‘X. -...-. i_;:-: ;: ;,_ .,.:. .;,..“‘--;_.- _l’...__. .L _i ‘: .i. ;.:-.- ,~ . . . . :_z.._---___ 
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yH3(R)t+x$Li + Me3SiC1 L- ~S(R)NCH&MeS ~. : 

[R =~PhCH2, Me2NCH$H2, CHS(OCH2CH2)S; HOCH2CH2, PhCH=CHcX$] .. 
: _I 

CH3N(CH2Li)2 * 2 MeSSiCi- XH3N(CH3SiMe3)2 
._ 

A rearrangement of aminomethylsilanes involving a 1,2-silyl group 

_- mrgration has been discovered. 119 

~R3SiU-IR1NHR" nBdi) RSSiflCH2R* 

R" 

(R' = H, Ph; R" = alkyl; no rearrangement occurs for R" = Ph) 

.Carbamyl chlorides,. ureas or isocyanates are products which arise 

from phosgene treatment of the heterocycles shown below.12' 

coc12 > 
P P 

R = alkyl 
ClMe2SiCH2NCOCI + (ClMe2SiCH2N)2C=O 

Me2 

con* 
F ClMe2SiCH2NCO 

R = SiMeS 

Silyl azomethines were prepared from a metalation route. 121 

RCH=N&_& cl1 BuLi + RCH=NCHph 

(2) R'SSiCl !TiR3' 

CH3-CH=N-C6H11 !I RS1SiCH2CH=CH-C6H11 

The chemistry of some unsaturated silicon-nitrogen compounds has 

been investigated. 

MeSSiCl~+ Ag2(CN12 - Eie3SiN=C=NSiMe3 
122 

R'&i2CN 
(1)LiNiPr2 

.(2) QSiCl~ 
;- RVC=C=NSiRS 

si.M~3 

(100%) f2S 

CN 

[R'=alkyl, vinyl; RS=tBuMe2; ArCH2CN also gives some A&[SiR$2] 



.: ,. :-. . .._ 
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R'RWXN 
-LiNiPr2. .I. 

R3SiCl 
> R*RYZ=&NSiR3 (87-100%) '23 

a-Silyldiazoinethyl reagents were empldyed to generate.some carbon- 

sulfur bond insertion products. 124 

hV 
R 

MegSiC(N2)C02Et + RSR - Me3Sik02Et 

kR 

CR = Me, Et, iPr1 

The photochemical reaction of diatomethyltrimethylsilane with sub- 

strates has been studied. 125 Similar results were obtained with copper- 

(11) chloride catalysis. 

Substrate Products f%) 

t-CH3CH=CHCH3 - 

CH2=CH2 MeSSi A (17) 

C8HzoSi2 (19) 

(23) +'t-MeSSiCH=CHSiMeS 
? 

+ + t-MeSSiCH=CH!XMeS 

(611 

(30)+ 

(no cyclopropane) + L-Me$iCH=CHSiMeS (38) + 

C8H20Si2 (30) 

Me3SiH Ele3SiM2SiMe 3 (66) 

Silyl derivatives were included among a large number of acetylenes 

whose behavior towards diazomethane and 2-diazopropane was studied. 
126 

Y$-J~ "‘&$ ; .._: -~ ..*. : 
R3SiCsCR* + CH2N2 __c 

H N.. 

(ii) _’ (B) .. 

(R=Me, Ph; R*=H; Ph, Me, Me3Si;CH20H, CNO, C02k) -: 

Refereksp: 89 -. .._ -.’ _. -. 
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: 

.Yilie predominant'product for all acetylenes was A; th& product [R*=C$'-: 
. 

Me)'afforded a cyciopropene upon photoiysis. 

Some-silicon-containing triazoles.have been prepared. 127 

H 

Me3SiCH2CH2F=NH + sNNH$O -EtOH 

OEt R 
_H Me3SiM2C+R .- 

2 - 

(R = H, CIi3) 

H 

3 + Me3SiNEt2 CH3 

N-N. 
/ 

Me3Si. 

Animomethylsilanes are produced when 2-silyl-substituted ethyl- 

ammonium salts are treated with n-butyllithium. No such product was 

obtained when R = Me, R' = Ph, however. 
128 

nBuLi > PhgSiCH2 NRR' (14~57%) 
HMPA 

CR = R' = Me, Et; R = Me, R' = iPr) 

A novel heterocycle was formed from titanocene dichloride and 

lithium bis(trimethylsily1) amide. 
129 

(C~)~Ticl~ + LiN(SiMe3)2 - 
./ cH-. 

(CP)~TI,~,S~M~~ 

I 
SiMe3 

Various silylmethyl phosphines have been characterized. 1Yith 

R = Me and X = S, a bis-adduct, (Ne,Si],CHP(S)Ph2, was obtained.‘30 

R3SiC1 + LiCH2P(X)Phi - R3SiCH2P(X)Ph2 

'(R= Et,.$h, naphthyl; X = 0 or S)- 

Et3SiCH2MgCl + PhPOC12 - EtJSiCH2P(0)PhCH2SiEtg 

: -- . . 



: hter&&ig chemisiry continues to be discovered. in the silylz 

ylid:area. : _ 

6 E:e3P=CH2 Me3P=C[$iMe2X)2 Me&PkC(S&e X) 
2 2 

+ + +. 

2 MelSiX; 3 ~3P=CH2 2 Me2PCH2CH2Li 

I J 1 

Me2 

;&leg 

"zi' 

/p\ 

" \iMe Me2Si 

\/2 
+ =2s=, / 

ZMe 
2 

fi 
PUe.. 

fi 
PMe3 

27 

I > 2 
Me2SiC12, -7S" Me P-C’ 'C=PMe 131 

3 -, I- 3 
ClEIe2h 8iMe2Cl 

2 Me3SiCH=PMe3 + HgCQ L 

I 
MeHgCl 

x1- 
132 

~“-iLy Cl- i 
nBu2Hg + 2 Ne,P=CHSiMe, 

1 
Me3PCHSiMe, 3 

Me3P=y-SiMe- s 

HgCH3 

Transfer of sibyl groups from transition metal complexes to ylids 

has been observed.133 Substitution reactions were also reported. 

LnMSiMe3 + RjP=CHR* ___jc R3P=CR1SiMe3 
: 

[L&I = Ci(CO)3Mo, Cp[CO)3N, CP(CO)~F~; R = alkyl, RI .=. H,Me,hMe3j 

Cp(C.O)2FeSiMe2Ci~+ ~!e2S[O)=CH,j Me2S<D)%Eii~2Fe(CO)2Cp~ .. 
II. + Me3P=CHSiM$ --_t Me3PC(S~~~ej).S~~e2Fe[~0)qCp. 

Refe_&ces p. 89. 
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-- .Trim~~hj;lsilyln&tal compowrds are fo&d quickly and clear.ly.bj; .,_:... 
“’ _ 134 ‘, . . i 

..~&e.add&ion of bis(&methylsiiyl) ~er&ry'$o metal sand. . : ’ 

(Me.#CH2jHg i 2M + 2 MeiSiCX$M. + Hg 

(M = Na,.K, Rb, Cs) 

Reactions of 2-lithio-2-trimethylsilyl-l,%dithiane with a number 

of electrophilic reagents proceed as shown. 
135 

.c” SiEIe3 

SxLi 
+ RR’C=O+ (-+&/, (4%75% 

(R,R' = alkyl, aryl, H, vinyl, Me2N) 

+ No cyclopropane product 

SiEfe3 

Li 
+ cis-(Ph3P12PtC12 .‘I- c 

:x:::,,PPh3j, 

Silylmethyl-lithium or -sodium reagents may be prepared *the 

alkoxide-induced cleavage of silicon-carbon bonds. 
136 

(Me3Si)nCH4_n + MOMe ZJ [ (Me3Si)nCH3_n] -M+ + MeOSi.Meg 

(n = Z-4;.M = Li, Na) 

(MegSi)ZCHPh + NaOMe 
HMpA Me$iCH(Ph)Li + MeOSiMeJ 

High yields of 1,7-bis(dimethylsilyl)-rn-carborane have been realized 

137 
.by the reaction of the 1,7-diiithio reagent with dimethyichlorosil~e. -_ 

. . . 

-. 
: 

.: ,: 
.: : _---- .,.. .._. . . . _-: 

~: ,... 
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-. 
Some reactions of a~silylalumikm species,ha& been investigated. 

. .< 

(ph& .AlEt*ZTHF=ZLiBr 

tBuOOH 
g PhjSiO$lSiPhf +--(PhgSi012AlEt 

l?& 

&Bu 

(1) PhCXPh 
) 

t2)H20 
Ph SiC=CH + H2 + .PhgSiOH + 
3 II 

PhPh 

C2HS + THF + A1(OH)3 lx9 

Ferrocenylmethylsilanes are known to be cleaved by acids at the 

carbon-silicon bond. In the presence of ferric chloride or other 

oxidants [12, Ce(S04)2, CUCOAC~~], cleavage occurs in methanol to give 

the methyl ether. 140 

acid 

Fc-CH2Sibb2R 
~~eoH KF Fc-CH3 + Me+OMe 

---&- Fc-CH20>Ie + Me2RSi031e + FeCl, + HCl 

(Fc = ferrocenyl; R = alkyl, aryl, SiMeg, OMe) 

Coupling was observed when a(trimethylsilyl)benzyl ferrocene and 

a-(methoxylbenzyl ferrocen, .= were treated with methanolic HCl. Pairing 

of radical species was postulated_ 
141 

HCl 
Fc-CHSiMeeg + Fe-$IHOMe - 

;h 

Fc-p-FH-Fc (100%) 

Ph MeOH Ph. Ph 

Treatment of either exo- or endo-1-(trimethylsilyl)-2,3-ferro- 

cenoindane with ferric chloride in methanol affords the exo-ether and 

no coupling products. 
142 

H 0Me 

2 FeC13 

MeOH 

-x __.. 

References p:89 
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.' -.Cyclopentadienyl-metal complexes may be metalated and.derivatized .- 

: to.afford silyl+ubstituted complexes. 
143 

Li 

* Ph3SiC1 -60‘ ; 

Mn, 25%; Re, 63%) 

Certain mercurials react with methylidenetricobalt nonacarbonyl to 

yield methylidene-su3stituted species. 144 No product was obtained, 

Hg (CHBrSiMeg)2 + HCCo3(C0j9 _3 Me3SiCH2CCo3(CO)g (70%) 

however, when Hg(QL$Me3)2 was employed. 

Lively interest continues to center about the stabilizing effect 

of trimethylsilylmethyl ligands attached to a central metal atom. The 

following chemistry 

eq&ions below). 

has appeared in this area (R = Me3SiCH2 in the 

+ 2 Al/Hg 
llOO< 2 (Meie2SiCH2)3Al + 3Hg 14' 

[(ble3SiCH2)2A1NHMe].2 + Me4Si 

ethereal 

EleNH2 

R;3SiCH2C1 + SnC12 -so? ,L R'3SiC~gSnC1, 146 5 

(RI3 = alkyl, aryl. halo, alkoxy) 

R3Sn_Li + CH3CH2Br - R3SnCHgCH3 
147 

II 
i .(CH3]3CC1 * R3SnH + R3SnSnP.3 

II + (CH3)$ZBr ___j_ R3SnBr + R3SnSnR3 

II + PhCl + R3SnSnR 3 

I. + PhCOCl .- R3SnCOPh 

0 ~,ClCHgC02Et y R3SnSnR3 

.. _,, + ClHgCH3 -. R3SnCH3 + R3SnSnR, 3 . . 
‘. .’ 

:.: 
:. :. : . . -. . :‘. .,T. _ :: . 



: 

(hl = Sn, 

(R$Q2Cd + 

(RSSn),Cd + 

: 31 

PhiCO U Ph.-p& 4 R$+_SnRg .)- -. ‘, .. 

.PhCGCH -2 PhC(Li)iCHSiR3- +~R3SnH + ihCXLi'- , 

Ph2C=CH2 A Ph2C=CHLi 

EiegCOOChleg.----rf R3SnOCMe3 + MeSCOLi 148 

(PhCO2)2 j R3SnSnR5 + PhC02Li 14' . . 

(PhCO2)2 e R$nSn% + PhC02Li 148 

Et2Cd :+. (R.$)2Cd + EtH 14' 

Gel 

(PhCO212 --a CdCO2CPh1, + R,SnO2CPh 

Li ---+ RSSnLi 
Et$XBr 

‘L R$inSiEt, 3 

@-$Q2Cd + Hg - (R3Sn12Hg or (RjGe12Hg 

(RSSn12Cd + Hg(CH2C02Me12 + Cd(CH2C02Me12 + (RJSnj2Hg 

(R3Sn)2M + 2 I2 __) MI2 + 2 (R3Sn)2SnI 

(M = Cd, Hg) 

R2Hg $$+ Eie4Si + RHgCH2SiJIe2CH2CH2SiMe_ + Hg (5% conversion) 
150 

3 

R2Hg + HgX2 
EtOH 3 2 RHgX (X = Cl, Br, I) (100%) 'So 
20" 

(MegSi2CHLi + MC13 - [(Me,Si)2CH]zM; (M = SC, Y, Ti, V, Cr)lsl 

II + PiC14 - [(ble,Si)2CH]3MC1; (M = Zr, Hf) lsl 

II + Cp2TiC1,-----t- Cp,TiCHCSiMe3)2 15' 

RM + (Cp2TiC!)2w Cp2TiR2 152 

" + (CpTiC12)n - CpTiR- 
152 

5 

(M = Li, NgCl) 

100" 
CpFe‘(CO)2Sib!e2_.,ClnCH2Cl __,). CpFe~CO12CH2SiMe2_,C1,+l 

153 

@ %iO,-2) 
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:: Ccp~Ti~l~2 + FUi 

:C&TiCi> -+ RLi + .CpTiR3 Ts4 

-T1C13 TZOCOiPr + 2 RLi __) R2TlCl -+ 

Br2NC5H5 

TlOCOiPr 
[RTlClBr] __T 

I 
Me Sn 

4 

._ 
: ..’ .- 

. _. 

: 

RTltOCOiPr), 

I 
Me Sn 

4 
+ -4 
MeRTlBr -~MeRTlOCOiPr 155 

Cr(C016 + RLi 
Me4NBr 

- Me4N[(C015CrC(0)~] A 
:- 156 

I 

(CO),CrCCH2NMeie, 

AciX, 

Yl2 
12 

AcCl, 
MeCN 

t c 
ble4N[(CO)5CrC1] Me4N[(C015CrI] 

l. 
(CO),CrNCMe 

(CO)5C=C(OEt)R HX b (CO)5CrC(X)CH3 (X = OR, NH2) ls6 

(Ph3P)3&_Cl + RMgcl - 

(Ph$')$Uxl + R4M (31 = Ti, Zr) ls7 

(Ph3P)$hC1 + HMe2SiCH2C1--%(Ph3P)4RhH + Rh + Me$iH + I&le2SiH 157 

v. SILAFUNCTIONAL COMPOUNDS 

1_- Si-H 

Saturated Grigard reagents.activated by nickel complexes reduce 

halo- and alkoxysilanes stereospecifically. Retention of configuration 

occurs for X = OMe and F, but inversion is observed for X = Cl. 158 

: _ 
Ph;?;;" +. RMgEr -- 

(R-= Et, nPr, iPr, nBu, iBu) 

: : 
‘_ : 

:_ -- 

: .-.. 
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Viny&l&es _(X~=.~2kH)- are'also reduced while deuterosilanes 

(X=D) undergo-H-D. exchange.. 

The syntheses of bifunctional, optically active pbenyl-ainaphthyl- 

(-)-menthoxysilanes (Ph-or-Np(-)MenOSiX, X = H, Cl, OMe-,--OEt) have been 

-described."' 

Trichlorosilane, but not trifluoro- or trimethylsilane,reacts with 

cyanogen chloride.160 

HSiC18 + ClCN + NEt_ F NCSiCl, + NEt l HCl 3 3 3 

(80%) 

2. Si-Group VII 

A method for the transformation of Si-H bonds into Si-Cl bonds 

employs homogeneous cupic chloride solutions. 161 

cH3cN 
R,SiH + CuCl, ---+ R,SiCl + CuCl 

(R = iPr, Et) 

High yields (96-991) of chlorosilanes (RSSiCl) are realized by 

reaction of R3SiH with chlorobenzene and colloidal nickel. i62 

Ligand exchanges among silicon, germanium and tin compounds were 

found to proceed as shown.16a 

Bu3SnOMe + R3SiX + BuSSnX i- R3SiOMe (X = F, Cl, Br, I) 

(Bu3Sn)20 + 2 MegSiX -I 2 Bu3SnX + (Me3Si)20 (X = Cl, Br) 
. . 

BnSSnOAc + MeSSiX - BuSSnX + Me3SiOAc (X = Cl, Br) 

BuSSnY + Me2SiC12 - &$.nCl + Me2SiClY (Y = OMe, OAc) 

BugSnY2 + RSS5.X 7 Bu$mXY + R$iOMe (X'= F, Cl, Br, I) 

Mixed products we&not obtained with an excess of.halosilane; only 

tin dihalides:~&ulted. 

E<uilibrium constants have been reported for scr&nbling of the 

substituent pairs &/Br; Cl/I, Br/I, Ci/OMei. Br/OMe; CljOPh; Cl/%e +d 
. 

ltererenw’p. 89 :. : -. : 1. 
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. . Br>SMeIe:between.the Me2Si.and M&e moieties. --Lo&atomic number.halo-- .I 
~- :. 

gensfavoisilicon attachment in halogen/ha_i.ogen. redistribution.;. Hale-.::; 
.: 

gens favor germanium in halogen/OR systems; whiie the opposite istrue 

&i halogen /SR exchange.l64 ’ . . 

Chlorosilanee react with cobalt carbkyl species to give low yields 

of a variety of products.16S. 

Co2(CO)8 + MeSiClS % RCCoS(CO)8 [R = C4Hg, HO(CH2)4] 

Co2(CO)8 + SiC14 THF ClSSiOCCoS(CO)8 

NaCo(CO)4 + MeSiC15 s HC(CH$4CCo3(CC)9 

I, + Sic1 4 =p Co4(CO11() 

II 

Et*0 
+ MeSiCl.. - 

3 
MeC12SiOCCoS(CO)g 

11. + SiC14 
Et20 

‘=_ ClSSiOCCo3(CO)~ 

A number of halosilane adducts to electron-donor organic compounds 

have been reported. 

SiClnOMe),_, + Me2NCHO __t 1:2 adduct 
166 

(n = O-4) 

+ H2NCR0 + l:(n+2) adduct 
166 I, 

(R = Me, H, Ph) 

a NH2 
_ SiF4.2 0 

NH2 167 

SiF4 + 4 c 
a 

NH2 
NH2 

The fluorosilanes PhMeSiF2, Ph2SiF2, PhSiFS and EtSSiF formed adducts 

~-with MeN02, PhNO2, 
-168 

Me2NAc, Me2so, (MeSN)SPO, PhF and PhCOMe. 

-. 
.- : .._ -._ : . ... _.. : ..z_. 

-. .-. ~.: 
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5. Si_Grou ."r: .- ~-_-: I .-'. ._ :-. 
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Phdsphorous %&g&s have:been employed in-the.prep&ation of alkoxy- 

-sifan& from carbonyl.-containi&compo&ds. .. : 

(EtO)2PQSiMeieJ' + CF$OCFi 7 -169 
7 (EtO),P(O)C(CF,),O~i~fe~ 

If + PhCtiCOPh __?r (EtO)jP(O)-f=y-OSiPleg 17' 

Ph Ph 

8, + P-XC;H4CHO-+(EtO)~2P(O)CH-C6H4X 

b 

(X = F, Cl, NO21 

PIe,SiPEt + MeCOCOKe 
Ye 

T HeCOC-0-SiEie_ 171 
.Y 2 

b = 
=3 

Me 

Me2Si(PEt2)Z + MeCOCOMe _---+ 
I 

He Si-0-C-COxe 
21 
-PE+2 ;Et2 

(40%) 

+ 

F / 
Me2Si(O-~-COMe)2 + Me2Si 

PEt2 
\ 

[45%‘) (15%)' 

Ele2Si(H)PEt2 + >feCOCOEie w 
f" 

Me2Si(H)-0-f-COMe 

PEt2 

H2PtC16 

_A 
0-C(PEt2)Me 171 

Ne2Si 
I 

'O-C(H)Ne 

20" 
(Me3S~O)2PH + MeCOCH2Cl - 

., .~ 
: . 

Refereneesp.89~. :. 
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Crown ether complexes of-alkali metal cyanides are efficient cata- 

lysts for carbonyl cyanosilylation. 173 

RCOR' + KCN-M-crown-6 
YeBSiClJ OSiMe3 

>R-LCN 

L 

(R, RI = alkyl, H) 

Electrolysis of a mixture of triethylsilane and 3-pentanone affords 

the alkoxysilane as part of the product mixture. 
174 

PSiEtg 
Et3SiH + EtCOEt + Et-C-Et + (Et,Si),O + Et3SiOH 

LI 

(86%) (17%) (3%) 

A number of oxinatosilanes, 

were prepared from chlorosilanes 

The ease of condensation of 

(Ms.-$iHCl) was investigated as a 

alcohol.lf6 

some containing chelated structures, 

175 
and 8-hydroxyquinoline. 

. 
alcohols with dimesitylchlorosilane 

function of the steric bulk of the 

Siloxyalkenes can be ozonizzd to the corresponding silyl esters, 

although-migration of silicon to an adjacent position occurred with 

some systems. 
OSib!e*tBu 

O3 ~ -A OSiEleptBu 177 

-A 
OSiMe8tBu 

AOXe --+ 
03 

.WCHo 
+-y?r7 

178 
OSiMeS 

c(. 

0 

'I 
m-C1C6H$03H 

XX OSiMe3 

. . 
: -iydroboration-oxidation of cyclic silyl.enol ethers.afforded the 

~- 
'alcohol de&ved..from: int?oduction of.boron.beta to.thk-siloxyfunction. .-. - ._ 

_‘.jThe. interinediate orgaflaboraneS:)Jer..?nly stable-in cycl+syste~&~and !ed:: 
. ._ :- 

~to:e~iiminatiou .-in_'acyclic.s~.strates; ._. 
:179- ;._. ~- .. :_._ 1: ),;_ _. ..:= -'.. : -:: 

,_: .- 
._'- -. . . . . ._. ._ _. : :. __ ,. 

. ..-_ :. ;.--_.: -: -._: .: 
:::: '>' 
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OSiMe 
.3 

O!%ie 3 

H202, 

OH- 

Certain silyl-substituted 

so1ution.l" 

keto-enols undergo O-C rearrangements in 

Easily enolizable ketones are converted into siiyl enol ethers by 

triethylsilylthiophenoxide. The process can be made catalytic in 

thiophenol. 
181 

B 
R-CCH2R', + Et$iiSPh, RC=CHR' + PhSH 

bSiEt3 

0 

R-fdCH2R' + EtSSiH 
PhSH > R-C=CHR' 

(PhBPISRhCl bsist 
3 

(R = Ph, R' = CN; R = Me, RI = C02Me;-R t Me, RI = COMe) 

An overall insertion of carbenes into Si-0 and Si-S bonds has-been 

found to occur; these may arise via a silyl group shift from ca&ene- 

complexed heteroatom to carbon. 
182 

Meie,SiOCHi.+ PhCHN, 

ph 
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t : In additionto the expected elimination products;2-hrorpoalkoxy- 

silanes and.magne&iin also afford produ&s &coupling &.dldispropor- :.I 

&onation_183-~ ._ -- 

~-&g Me3SiOFCH2Br ether> PhCH=CH2 + (Me3SiO~CH2)2 + Me SiOfHCH3 
-3 

Ph Ph Ph 

{lo%) (35%) (4%) 

"'g+ 0 + asikr3* Me3SiOC6Hll + Me3SiOC6H9 

ow (31%) (19%) (16%) 

The selectivity between alkoxy groups in the reaction of diary1 

methoxyalkoxysilanes with Grignard reagents and the stereochemical 

changes accc?lpanying substitution have been determined. Phenyl-a-naph- 

thylmethoxyborneoxy Car -menthoxy-) silane undergo replacement of only 

the methoxy group (with retention] using aromatic or saturated RMgX in 

ether, while allylic and benzylic Grignards substitute the bulkier 

alkoxy group with inversion. In THF and DMF, only methoxy is substituted 

with retention. For 

are substituted with 

the cyclic silanes, both methoxy and menthoxy groups 

retention.184 

l-Np 

Ph-8i-OHe 
R'MgX VP 

z Ph-Si-R' 

AR AR 

02 
_/ OR 

0 s;,e=@-+ 

1,2-Anionic rearrangement of the silyl group has been observed in 

metalated benryloxyorganosilanes. 185 Rearrangement was shown to occur 

stereospecifically with inversion at benzyl carbon. 186 

Li P Li 
Ph$HOSiRj -nBuL1\. Ph-i-OSiR' 

B 
3 Ph-C-SiRj 

R k 

(R-= H, CH3, SiMe3; R' = alkyl, Ph) 

-_ 
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-_ .-The relative fates ofsilyl ether clea&ge-.by phosgene- as a-function 
~. 

of the-alkoxy group-were .-determinei. Slo&r rates..wete-fo~d,for.~ulky- 
: 

alkoxy groups tid for unsaturated alkoxy groups. 
187 .- I 

: 
R3SiOR' + COG2 -4 R3SiCl + R*OCOCl 

.: 

Somo.success at the hydrogenolysis of alkoxysilanes has bee&e- 

ported, although fully saturated alkoxysilanes only reacted to low 

PhCHpOSiMeg + 3 Pd/C > PhG$. + @¶e,Si)20 

Alkoxy- or acetoxystannyl compounds readily exchanged those.graups 

for halogen when treated with halosilanes. 189 No mixed products were 

BusSnOR + RjSiX- Bu3SnX + R-:SiOR 

(R = Me, COCH3, OSnBu3; X = Cl, Br) 

observed from the reaction of Bu2Sn(OR)2 with halosilanes. 

Exchange of acetoxy for alkoxy groups on silicon in ethynylsilanes. 

has been carried out successfully.1s0 

HCsC-SiILj_n(OMe)n 
Ac20 

pTsOH 
.L HCsC-SiR3_,(0Ac), 

(n = l-3) (21-65s) 

Preparative methods and chemistry in the area of.O-silylated oximes 

been reported as follows. 

2 R-CH=NOH + 

(R;R' = 

6 RR'C=NOH 

(R,R' = 

(Me3Si)2NH & RCH=NOSiMe3 + NH, 
191,192 

_- 

alkyl, aryl. H) 

+ (Me3SiNH)3 W 3 (RR1C=NO)2SiMe2 + 3 NH3 193 

alkyl, aryl, H) 

Preparations of amidoxiqes have also been described. 

Et3N 
Me3SiCl + R-F=NOH -< R-$Z=NOSiMe.. 

194 
3. 

NH2. NH2 nBuLi 0 _ . . . 

Me-Sic1 
R-C=NOSiMe_ 

BHSiMe 

3 .,- R-y=NOSiMe3 : 

.3 
NHLi :- 

Refe&m?sp.a9 
. -’ 

. 
: 



-O;.and N-siiyated material. 
197 

The 0-silyl material-is more stable the 

Y- 
CX&NHNO2 i Me2SiNHCH34 CH3-N=N-0SiMe3 e 

SiNeS 

CH3N-NO2 

-bulkier the silyl group. 

Dimethyl [a-methyl-ti--(trimethylsiloxy)bentyl]phosphonate thermo- 

lyzes to dimethyl trimethylsilylphosphite. The reaction is reversible. 
198 

. . . 0 ~osiMe3 

b-'-Ph - c=Ol, \- 

4. 

@feO)2POSiMeg + PhCOCH3 

Tatr&$s(trimathylsilox~)phosphonium salt; have been prepared in high 

yield.1gg 

MefSiI + (Me3SiO)gPOT (Ele3Si014P+I- (100%) 

Me$iI.+ WnP(Ol(OSiMeglm-v MenP+(OSiMe3J~lI- 

. . <n#m = 1 or 2) 

Siloxated oxadiazaboroles are synthesized as shown. 
200 

~3,~~~~;$-0 + 2 Me3SiC1 + 2 Et3N + H20 -2Et3N*HCl> 

(F = aryl, alkyll 
R ~~"&lSiMe, 

- -N 

A 

Cleavage of trialkylstannyloxy- or getiyloxy&bstituted l,S,i- 

dioxaborolanes with ,+lorotr~_methylsilane affords the corresponding ..~ 

silyl derivatives. 
2oi l . 

. 
: 
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:(cH2,, 'i-O&3 ..- "i" 
$e3Si$l _. -- 

"2" 

B 

: : _ -. . . 

m+o/- .. 5 . . (y$/_osy% .: 

: 

(n = 0,l; R,R' h Me, H) 

Dimethyl(triphenylsiloxy)aluminum undergoes ligand isomerization 

upon strong heating. 
202 

Me+-0-SiPh 
250° 

50h 
l MePhAi-OSiMePh2 + Ph2Al-0-SiMe2Ph 

Monosodium salts of organosil&etriols were prepared and used to 

synthesiie organoaluminosiloxanes. 
203 

JRSi(OH)2ONa + AlC13 & [RSi (OH]20]3Al + 3 NaCl 

(R = alkyl, aralkyl, vinyl, Ph) 

A trimethylsiloxy vanadium compound has been characterized. 
204 

3 C13VO + 3 HN(SiMe3)2 + (Me3SiO)3V=NSiMe3 + 2 C13V=NSiMe3 + 3 HCl 

A number of catalysts have been found effective for the hydrosilyl- 

ation of ketones. In one report, a ruthenium complex affords good yields 

(55-74%) of silyl ethers. This catalyst was not as active, however as 

R! H(or Me) + Et SiH FE'3 205 -- 
3 

RuC12(PPh3'3! R-C-H(or Me) 

(R = n-C5Hll, aryl) 
!I 

the analogous RhCl(PPh3j3. The use of palladium chloride affords mix- 

tures of sibyl ether and silyl enol ethers. 
206 

Addition of phenylthiol 

r9 PdCl2 OSiMe3 

R-CCH2R' + Et3SiH --> R- + R-/XHR' 

(R = alkyl, aryl; R* = H, alkyl) 

raised the reaction rate and increased the relative yield of silyl enol 

ether to 80-90%. 

i 
Hydridometallocarboranes 02 formula 3.3-(Ph3P)2-3~H-3,1,2-RhC2BgH~l 

and 2,2-(Ph3!)2-2-i&2,1.7-RhC2B9Hll were found td catalyze the quanti: 
: 

+ferencesp.89 ,. 
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'.'t&ive .hydrosilylation of acetophenone--with diphenylsilane.2Q?. -.':-. -_‘. :.‘. ..- 

.&ical.yields of up to 46% & obtained by the-a+nm&& hydro- 

.-silylation of ketones by a chiral phosphine-rhodium .208 
complex. 

1-NpPhSiH2 + RCOR 
C GsH14~2~C~l 2 

4(+) -l-NpPhHSiOCHR2 

(R = alkyl;Ph) 

The reaction of optically active alcohols with.prochiral silanes 

(RRtSiH2) affords silyl ethers which can be converted to optically 

active silyl hydrides_20g 

RR'SiH2 + R*OH _ 
(PPh#hCl 

, RR'Si*_OR* R"MgX, 
* 

RR'RYji-H 

/i 

The chiral complex [Rh-((R)-PhCH2MePhP)2H2S2]+C104-, where S = sol- 

vent,has also been used for the generation of chiral organosilanes in 

the hydrosilylation of ketones by 1-NpPhSiH2. 210 

Fluoride ion was found to catalyze the conversion of aromatic 

aldehydes into silyl ethers. 211 

ArCHO + Et3SiH CsF 

cH3cN 

+ ArCH2OSiEt3 

Generation of 8-silylethyl radicals in aromatic solvents led to the 

. 212 conclusion of high reactivity for these species. A similar conclusion 

Et3SiCH2CH2COgtBu 

I, 

Cumene 

A 
> EtqSi + PhCMe2-CMe2Ph 

PhCl 

A 
zw C6H4(C1)CH2CH2SiEt3 

Et3SnSnEt3 
+ Et3SiCH2.CH2C02SnEt3 + Et3SnOtBu 

was reached for a-silylmethyl radicals generated from the thermolysis of 

cumyl triethylsilylperacetate. 
213 

Bis(trimethylsilyl)peroxide was found to undergo numerous reactions 

not observed with its.non-silicon counterpart, di-t-butylperoxide. 
214 
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__ ~_- -ltM .__ :Me$S~;C++Me;- > ,. Me’ &OR + MOSif.fe- 

3 3. -. ._ _,- 
;;: _ 

: '. :-.: : .. ._ (R = alkyl, a+; M = Li or,MgX) 

: 
11 NaOEt b Me3SiOEt + NaCKWMeS 

I, 
NM% (ORI 2 

+ Ii2 + NaAl(OSiMeg)2(OR)2 

II alkali metals + Ue3SiOM or Ni(OSiMe3)2 

. or Ni(CO)q 

so3 
+ (Ue3Si)2S04 

‘Certain oxidations can also be effected in high yields. 

Me2S 

MesSi-O-O-&Meg - Me2SO + (MeSSi) (HUDS) 

i4e2S0 
, Mei*S02 +HuDs 

P Wtl 3 

/ OP(OE+)B f HMDS 

Eph- 
I, .A\ OEPhs + HMDS 

(E = P, As, Sb) 

The reaction of triphenylsilylhydroperoxide with phenyl isocyanate 

afforded the products shown. 
215 

Ph$iOOH + PhNCO 
-co2 
_. 
2 

: PhNH2 + (Ph3Si)20 + (PI'INH)~CO 

Reports concerning the preparation as@ chemistry of the following 

cyclosiloxanes have appeared. 
H H 
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x iHMe2 .F2 

(0 
0 

AS' 
+H20-+- 0 ‘0 

218 

“2.n,_ 
4’ 

Me2 

ISiHEfe216 + H20 - 
. 

218 

(@-ObSiPh -GL 

CR = m-MeC6HiO) 

+ 

CR = Cl, Me, Ph) (40~57%) 

OH Et3N 
+ R2SiC12 - 

CH20H 

(R =.Me, Ph) 

ClSiMe20SiMe20SiMe2C1 + PhNf+ DMF\ 

&. '. 
-. -. 

: . : I_. 
._ 
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ClSiMe2(+iMeaCl 

45 

.=. 

PhN 
/Sk.. 

NPh 
222 

*PhNH2 DEIF,. Me2S!,o,&Me2 

Me2 
/Sr, NH 223 

+ Me2SiC12 
JX3N 

z "I' I 
MePhSi 

'd 
SiPhMe 

PhMe PhMe 223 

[PhMe(NHLi)Si12X + Sic14 &X 

PhMe PhMe 

(X = 0, N) 

0 
224 

(MeXHSiMe2)20 + RPCl 
Et3N 

2 
Me2S;' lSiMe2 

MeN. / !We 
E 

(R = Ph, Me; E = PMe, PPh) 

(E = ElezP+I-, PhMeP+I-, MeP+CS2-, PhP+CS2-, [hieP+]2[co12j-2, 

MeP(S). PhP(S) and EieP=NSibleg were also prepared) 

s, 
HOCH2CH2SNa + C1CH2Si(OEt)3 __) 

S!i(OEt12 
O/ 

1 N W2CH20Hl 3 

-0 
N d+i2SCH2CH20H 225 

(Other silatranes containing the groups 13rCH2,226 Br(CH2)3;226 

H2NW2)3 227 and H2NCH2CH2NH(CH2)3227 have also been reported.) _. 

Eight-membered cyclic compounds were obtained quantitatively from 

the reaction of dialkyl dichlorophosphorarnidates with chlorosilanes. 
228 

R\__,Cl‘ 1 
@-Si\ 

(RO)2P(0)NC12 + R;SiC13 .-> (RO)P . . .Si 
I I. 

. . ;>g op 

References p. 89 
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.‘The..beha*ior of-<dimet~~Ssilylmethyl)-substituted..benzoi~.aci~-.fowards -. : _. i - .._. _‘P- 
lac~one~fk~tion has been‘investigated.22g- _ .. ---‘I .- -- .. ,/. ‘:: 

(78%) (22%) 

CH2SiMe2H 

8 

0 -+&p lpolymeric silyleste9 + 

O2H 
Co2H 

CH,SiMe,H 

b 
0 

Cb2H %O,< 
, 

A novel silicon cage compound was obtair.ed from the controlled 

hydrolysis of C13Me3(SiCH213. 
230 

Me, ;, Cl 
21 

M-p ‘ct12 
A-Me 

Cl' .cHz/ 'Cl 

H20 ~ 

Me 

Me' Me 

Detailed preparations 'of hexamethyldisilthiane and hexankthylcyclotr-l- 

silthiane are now available 
231 
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Me2 
Si 

3 Me2SiC12 + 3 H2S pyridine> 
s, .s. 

Me2s!_ 
6. lMe2 

+ C5H5N*HCl 

S0 

(83%) 

Imidazole catalyzes'the reactions of thiols with hexamethyldisi- 

lazane, probably via the intermediacy of 1-trimethylsilylimidazole, to 

afford trimethylsilylthioethers 232 

/+N 
RSH+HN 

WJ 
+ (Me,Si)2NH & RSSiMe3 (SO-93%) 

<R = C10Hz2> Ph, Ph2W, C6Hll. my 2, t-amyu 

Bis (alkoxysilyl)sulfides were prepared as follows. 
233 

Et3N 
2 RR1(OR")SiCl + H2S - [RR1(OR'q)Si]2S (5842%) 

(R,R' = Me, Et, Ph; Rt* = n-alkyl, isoalkyl) 

Some metal sulfides can be obtained upon treating their oxides with 

hexamethyldisilthiane 
234 

(Me3Si) S + MO 2 2 d (Ele2Si)20 + MS 2 C25-70%) 

04 = Ba, Pb, Ma) 

Both mineral acids and carboxylic acids are silylated in high yields 

by hexamethyldisilthiane. 
235 

(Me3Si)2S + H2S04 __f (Me3Si)2S02 (93%) 

I, + HsPO 4 __f 04e3Si)5P0 (96%) 

1, + H$O3 + (Me,Si@3B (82%) 

(1 + RC02H _j ! MesSi R (SO-90%) 

A sulfur to carbon rearrangement is effected in benzylthiotrimethyl-._ 

sil&e upon metalation with t-butyllithium. 
236 

Lithium disiopiopylamide 

: : : 
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tBuLi . . PhCH2SSiMe3; 
THF,-78o 

+ PhFSSiMejY+ Phf.HsLii :.- ..: ‘. 

Li SiMe3 

PhCHSR. .. RX 1. 

&Meg 

= HOH, Et3siCi, : 

cH$, tip&j 

may also be used for the metalation. Small amounts of products &sing 

fmm Si-S cleavage .and Si-methyl metalation were also found in the 

t-butyllithium reactions. 

Various trialkoxysilanethiolates were prepared by the reaction of 

trialkoxysilanethiols with.metals. 
237 

(RO)3SiSH + M - (RO)3SiSM + l/2 Hz (100%) 

(R = n-, set-, tert-, isb-alkyl, Me; M = Li, Na, K) 

(RO)+H + M -5 [ (RDlsSiSIZM + H, (90%) 

(M = Ca, Sr, Ba) 

Hydrolysis of trialkoxysilanethiols afforded the corresponding 

trialkoxysilanols 
238 

(RO)3SiSH + Hz0 & (RCl)3SiOH 

(R = iPr, s-Bu, t-Bu, Am) 

The methylselenosilanes MeSeSiH3, (MeSe)2SiH2, MeSeSiH2Me have been 

prepared using the following reaction type. 
239 

LiAl(SeMe)4 + 2 H2SiBr2 d 2 (MeSe)2SiH2. + LiBr + AlBrj 

4. Si-GroupV 

In contrast to the behavior of chlorotrimethylsilane, iodosilane 

reacts with bis[bis(trifluoromethyl)amino] mercury to give the previously 

unknown N,N-bis(trifluoromethyl)silylamine. 
240 

[(CF3)2N],Hg + 2 MegSiCl _ 2 Me3SiF + 2 CFBN=CF2 + H&l2 

,1 + 2 SiH31 - (CF3)2NSiH3 + CF3N=GF2 + SiH3F + Hg12 

(37%) 

.- 
: 

.- 
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:- Silylakion of me&ykit&ine affords'tautomeric adducfs-which.are 

: 
.sensitive to hydrolysis; nie skier salt of.met.hyl~ikunine~& silylated 

241 . . by chloro&uethylsilane to afford the same. adducts; ;, 

CH.$IHN02.+ Me2SiNHMe M CH3N=N C$&SiMeg 

NO2 

Hydrosilylation of carbodiimides offers a hiih-yield route to 

N-silylformamidines. These may be hydrolyzed or acetylated. 242 

R-N=C=N-R + %SiH 
PdC12 or SiR.? 

) R&&N-R (60-98%) 

R-NH-C=N-R 

(R = iPr, C6Hll; RI = Ph, Et, Me) 

Arylazotriphenylsilanes have been prepared 

hydrazines. 
243 

P_XC6H4NHN3 
Ph$iCl 

> p-XC6H4NHNHSiPh3 

(X = H, Cl, CH3) (41-68%) 

from the corresponding 

chlorani3_ X-C6H4N=NSiPh3 

(12-45%] 

The preparation of metalated silylhydrazines has been carried out 

by two routes.244 

G\N-N/H 
-RSSi 

/ \ + ElR'-> 
Yhl N/“I 

SiR_ 3 RgSi "- \iR3 

(G = H or R3Si; M = Li, Na, K) 

R3Si-N=N-SiR3 + 2 El .+ 
M\N N/M 

R3Si ' - 'SiR -3 

Azo compounds afford adducts with silanes. 
245 

R-N=N-R +. R;SiH --+ R-NH-T-R 

SiRj 
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50 
.: : 

_. : 
-: . : 

-(k&;Me, C02+, Ph; R' = Et, Ph) ‘-. : ,: 

The&&y stabl~..(~00-30~0C).N~silyl-1,3,4-~xadiazolin~2-qne~ are 

a~&sib~e as shown.246 

(R = Me, tBu, Ph, CHzCHCH3) 

A number of siiylated amidophosphates have been prepared. 
247 

PR 
(RO)2YC1 + (Me3Si12NH d (RO)*PNHSiMe3 - 

- 
H-P=NSiMe3 (41-54"s) 

bR 

(RO)2PC1 + 2(Me3Si)2NMe __1zc MeN [P(OR),], (43-46%) 

Other phosphorus chemistry involving silylamines is shown below. 

F\ Jo 248 
(Me3Si)2NR 

//S-N\bNRSiMe N 

;S<', 
3 

F 

(R = H, Me, Et1 

RSiCl, 
(R012PtO)NC12 -----&Lb (Ro)q=N-SiRCl 24g 

! 

(R = Me, Cl) 

d 0 

I 
ClRSi-N&(OR)2 

ClSiMe CH Cl 
LiPMe LiEiMe2 

a2 2 
.h C1SiMe2CH2PMe2~ Bie2NSiMe2CH2PMe2 

LiNMe2 
Me2NSiMe2CH2Cl-----;z 

n 
‘.- 

L! 

250 

Me2~SiNe2CH$Me2 



I 51 ~. 

.NaN(SiMe5)2.- - -. 
.Ni(PFS)4 ~.Ni(PF313SPF~NCSiMej)2] +.Ni(PF3)2CPF2N(SiMe3)2]2 

251 

I I 
A 

1 

+ Ni(PF3)5(PF2NH2) 

.-if 
PF2N(SiMeS). 

Sulfur dichloride reacts with N-silyl amines. 
252 

SC12 + MeSSiNHtBu __Z 
tBuNH2 

MeSSi~SClI Me8Si~SNHtBu 

tBu tBu 

(85%) (75%) 

The preparation of aminosulfinyl chlorides and their reaction with 

the Si-N bond have been ekamined. 
253 

MegSiNR2 + SOC12- R2NS(0)C1 + MeSSiCl 

(R = Me or morpholino) 

1 

R;NSiMe_ 3 

MeSSiCl + (R2N)2S0 + (3N)2S0 

2 Me2NS(0)C1 + RW(SiMeS)2 _ (Me2N)2S0 + R"NSO + Me8SiCl 

(R" = nPr, nBu) 

MeSSiNS + Xe2NS(0)C1 & Me2NSNS0 + SO2 + MeSSiCl 

Silylamines are cleaved by diphenylselenium dichloride. 
254 

PhSeC12 + MegSiNMe2 
-Me$iCl 

> Ph2Se@IMe2)C1 

PhSeC12 + (Me3Si)2NH 
-Me$iCl 

> [Ph2Se=N=SePh2]+C1- 

IV-Silylated 2-amino-1,3,2-dioxaborolanes-and d&jxaborinanes.are 

255 
preparable in high yields.. 

- 
:- 
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. . 

: 

Rjo\ 0 ... -:~: 

Rz -)B;-NHs~M~~- 
\oi 

B-Cl + (MegSi)2NH----, 
0 

+ Me$iCl 
.- 

-.- 

(R = -".$ii2-, 

I 

U+SiI 2Nfi 

-CMe2-C$A3fe2~I (<&NH ‘- 

-Cl + (Me3Si)3N & 
-1 

B-N(SiMe3)2 
0' 

The-2-chloroborole shown below reacts similarly with hexamethyl- 

$isilazane.256 

+ (MegSi)2NX __p_ 

(X = H, SiMe3) 

The reaction of phenyl(dimethylamino)chloroborane with N-lithio- 

silylamines forms stable silylaminoboranes, but the stability of simi- 

lar products obtained from phenyl(dichloro)borane was dependent on 

Me3SiNLi + ClB(Ph)NMe 

k. 
2 v Me3Si(R)NB<Ph)hie2 

(R = iPr, Et, Me stable) 

Me3SiyLi + C12BPh .- Me3SiN[R)NB(Ph)C1 

R' 

[R' = tBu, iPr stable; Et, Me unstable to give 1/3(RNBPh13 + Me,SiCl] 

Stepwise cleavage by Me2BBr of the Si-N bonds in B(NMeSiE13]3can 

be carried out and all members of the cleavage sequence can be isolated. 
258 

- __ _ _ _ . . ^I.-^-__ . 

B~~siMe3)3 
Me2BBr, 

: ble2B-~-a~~r;slfi~e3J2 

Me 
-Me3SiBr Me Me 1 Me2BBr, 

-- 

: 

Me2BBr, 
i -Me3SiBr 

04e28~138 f [Ne2B~)~B~Si~le3 

Ne -hle$iBr Ele Me ’ 



53. 
. . 

T~is(trimethy%nnyl)amine reacts with chlorosilanes to form 

silyl stannylamines. 
259 

(Me3Sn)3N.+ Me4_nSiCli +.(Me3Sn12NSiMe4_nCln_l Cn = l-41 

2(Me3Sn)2NSiMe3 + S4N4 _j @ie3SnN)2S + Me3SnHSNSiMe 
3 

2(Me3Sn)2NSiMe2NCS + S4N2 4 W4Sn + Me2SnN2S2 + 

-Me3SnNCS _,-N=S=N , 
2 Me3SniWISiMe2NCS _ Me2Sx 

\ 
SiMe2 

N=S=N 
/ 

A new 4-coordinate thorium compound containing silylamino ligands 

has been reported. Attempts at introduction of a 

were unsuccessful. 260 

ThC14 + LiN(SiMe3)2 
THF, 

_ C1Th[N(SiMe3)2]3 

fourth such ligand 

Numerous aminofluorosilanes have been obtained from mixtures of 

tetrafluorosilane and primary and secondary amines in +he presence of 

dehydrofluorinating agents such as 

tive metals. 
261 

Complexes stable to 100" were 

chloride.262 

IiMe2Si~SiMe2H + A1C13 -+ 

R 

(R = H, Et) 

LiAlH4, NaBH4, B2H6 and electroposi- 

formed between silazanes and aluminum 

(HMe,Si)$-AlC13 

R 

Disilazanes have been transsilylated by some chlorosilanes; the 

263 
reactivity order was found to be Me2SiCL2 c CH3SiC13 =. SiC14. 

+‘Ie3_n SiCln+l *Me, 3 msiclm+l 
(Me3Si)2NR 

-Me3SiCi 
) Me3SyR - - 

-Me3SiC1 
)- 'Ie3-m Cl NR ml 

Me3 nSiCln SiCln 

(n = 1-3; R = H, Me] 

Simple, high yield, routes to tetramethyl- and pentamethyl-1,3- 

.dichlorodisilazanes have been described. 
264 
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.- 
.: I '. 

-NH4Cl 
bk2SiCli + i-NH3 

: - ,'-. -NH -, :; : -H I ..: ._ : 
->: Me,$i (C1)NH2'.a Eie 

__ 

.o” :: !XZ) 

~MeNl$Cl 
Me2SiC12 + 2 MeNH2 

-MeNf~ 

O0 
f Me2Si(Cl)FHMe Me27-i-SiMe2 80%) 

(X21' (-1 kr 

k contrast, ethylamine gives only dimethylchloroethylamiqqsilane under 

similar conditions. 

A number of 1-chloro-3-dialkylamino disilazanes were prepared as 

indicated below. 265 These could be transformed into disiltriazanes, 

but not into cyclosilatanes. 

R-N(SiMeiCl)i + HNR'R" + R-+Me2Cl 

&Me NR'R" 2 

(R 2 Me, Et; RI = H, Me, Et; R" = n-, iso-, tert-, cycle-alkyl) 

2 
R-f;-SiMe2C1 ___fIf R-N-SiNe2NHEt 

Sihle2NHR !5iMe2NHR 

Et3N M"2 R Mt2 
_- 

mc1_: - ;;>R 

Me2 R Me2 

Thermolysis of bis(trimethylsilyl)diimine has been found to proceed 

as follows.266 

O0 
2 Me3SiN=NSiMe_ - 3 

2 .I -50". 
- 

3 II -lso"_ 

Products containing N-H 

+ (Me3Si)2NH + above two products 

bonds appear to arise via hydrogen abstrac- 

tion by intermediate silylhydrazyl and silylamiio radicals. 
267,268 

(Me3Si)2N-N(SiMe3)2 + N2 

(74%) 

(Me3Si) 2N-X=N-N(SiMeg!2 (88%) 

(Me3Si)3N + N2 + (Ke3Si)2NNHSiKe3 



..-- _. . . 
,. ., .-55. ..- 

~_ .--. : 

:: :-Alkali. met& -.(Li, -Na, K) .reduce.:bi;(trimethylsiiyl)diimi~e 'to:the~. : 

dianion or radical anion; the latter is unstable.tow&ds..decomposition . . 
into nitrogen. plus the metal bisitriAth;lsilyl )&de. &. the pl&kl’ 

269 .- -bis(t&methyl~ilyl)amide,~ .tris(trimethylsilyl)hydra~~de and &de. 

Netalation and subsequent.silylation of aldimines afforded a series 

of C-silylated products. 
270 

R-CH=N-Cli2-Ph nSuLi_ R_C+N_&h 
ClSiR'S 

ti 

-RCH=N-jIHPh 

SiRIS 

(R = Ph, p-Me NC H 2 6 4, C6Hll; R' = Me, AxI 

N-trimethylsilylketimine reacts with bis(benzonitrile)palladium 

dichloride to afford an N-silylketimine complex. 271 

(PhGQ2PdC12 + 2 Ph2C=NSiMe3 B (Ph2CNSiMe3)2PdC12 

(67%) 

Aldimines can be metalated by isopropylmagnesium chloride. Subse- 

quent silylation affords mixtures of N- zind C-cilylated products that 

are interconvertable when heated or treated with halosilanes. The 

amount of N-silyl material at equilibrium is governed by the steric 

requirements of R. 272 

Me2CHCH=NR iPrMgC1 > 
MrSSiCl 
_ Me C-Ui=NR + Me,C=CyR 

21 
SiMeS Sipleg 

The following silyliminophosphorane chemistry has appeared. 

(R,R' = Ph, CHS) 

MeN&=N-&Me 3 + (Me$SiN)2S + 

Ph2MeP=NSiMeS + Ac20 - 

’ 2 FtkjP=NSiMe5 + 2 S4N4 i FP=N<*=%N + (Me,SiN),Sz7 
N-S’ 

(71-86%) 

1 
2 Me2NSiMeg- 

Me21hN=S=NSiMeg~+ RR$P=NSiMe3 

Ph2MeP=NCOMe + AcOSiMeS 
274 

(98%) 

11 +-R-N& - 
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Ph2MeP =NCO~SiMe~(62-86%)274 
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: . . . -. .‘. 

_2 

Ph2MeP=NSifIe3; +.PhNC$J 
: Ph-N=C=N-Ph i Ph-N=&&?, .274:- 

: .>. 
. . -. (38%) :- (15%) 

.. 
: .+ Ph2@qP0 + Me3+NCO 

(?1%). (57%) . . 

II + cs2 - Me&iNCS + Ph,MeP=S 274 

(Pw (76%) 

%NP=NR + 2 RN3 -> R$P(NR)2 + RN3 275 

(R = SiMe3) CH3OH 

OR 

R2NL=NSiMe3 (70%) 

HkSiMe3 

276 
R2P-PR2 + MeSiN _l_?r 

v=NS=3 + R2f;-p2 

PR2 Me3SiN NSiMe3 

I 
'8 

R2;-f;R2 
S NSi&le3 

(C13C)2P=NH + RX- 
(C13C'2P=NR 

277 

Cl Cl 

(R = SiCl3, X = Cl; SiBr3, X = Br; SiMe2Cl, X = Cl) 

(Me3Si)2NLi + PX3 __t 1 (Me3Si)2NP=NSiMe3 (.59-61%]278 

(X = Br, Cl) I C CMe3Si12NI 2PN3 

Ph2P(CH2)nPPh2 + 

(Me3Si)2NP(=NSiMe3)2 

2 Me3SiN3-+ Me3SiN=P(Ph2)[CH2]nP(Ph) 2=NSiEfe3 27g 

(90-98%) 

zoo0 
Me3SiN=SF2=NSiMe3 + 2 SF4 + 

CsF 
F2S=N-SF4-N=SF2 l 2 Me3SiF 

280 

A bicyclic compound is produced by the Faction of methyltrichloro- 

281 
silane with N,Nl-bis(trimethylstannyl)gulfur diimide. 



. . 

. . : 

.-. 2 UeSiClg + 3 UegSnNSNSnM*S b 6 MeSSnCl 

De- and trans-silylation reactions of silyl 

as folloWs.282 

57. 

sulfur diimides proceed 

R2S(=NSiMe3)2 + Ph2PC1 __1)c R25(+Wh212 

.I + Ue2PCl - R2S(=NSiMe33 (=NPMe2PMeICl- 

,I + b!e2SiC12 _j_ R2S(=NSiMe2C1)2 

11 + MeSiCl3 d R2S(=NSiMeC1212 

II + AlMe --I ue3SiN=SR2=N(AiMe3)SiUe3 

New heterocycles 

silyl) sulfur diimide 

acid chloride.283 

result from the interaction of N,N*-bis(trimethyl- 

and chlorosulfinyl isocyanate end imidobissulfonic 

07 

hN*i 
Me3SiNSNSiUe3 + ClSO2NCO - + Ue3SiCl 

(10%) 
'OSiUe 3 

II 
+ HN(SO*ClI;! b 

O2 
(7%) 

Other reactions of-the silyl_.sulfur diimide are shown below. 
284 

Me3SiNSNSiMe3 t Cl2 _ Me3SiN=S=NCl (82%). .\ 

0 0 
II .+ F&L 

.If / 
__r yC-4 

“3 

\ s 4 : 

Referencesp. 85 : 

: 





59 

RC02R.' + Me+N3- --- RCON, + R80SiMeg 

(R’ .= C6ClS) 

I 
-N2 

R-NC0 (40&O%) 

CHZ=f-F + Mk$iN_ 
5 d H,C=F-C%NCO + CH_-C=CHNCO 

31 
o-co OSiMej 0SiMe3 

(45-50%) 

FY-I"2 + Me3Si.N3 + N3CH2CH2C02SiMeg (75%) 
o-co 

An iron complex is formed between diironenneacarbonyl &d N-tri- 

methylsilylbenzophenonimine. 
290 

Ph2C=NSiNe3 + Fez&O)9 -> 

Evidence for a species containing a silicon-nitrogen double bond 

has been reported. 
291 

+ Ph(R']C=NPh 

(2%41%) 

The preparation, characterization, and reactions of a series of 

isocyanato- and isothiocyanatosilanes and halosilanes have been reported. 

These are of the form HSi(NCQ)3, Si(NCQ)4, HSiX(NCQ)2 and HSiX2(NCQ) 

(Q = 0 or S; X = Cl, Br.and I).'?' 

The heterocyclic chemistry of silicon-nitrogen compounds has been 

en active area of investigation. 
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5‘ R 
_-~. ; 

R*R"SiC12 + H2~-C2H4-b12 no 

R'R" 

(R "Me, Bi; R'-= Me, Et; RI1 = Me, Et, Ph, vinylj 

293 
R1R%i(NEt2)2 + 

NH4X 'NR 
H2NyC2H4NHR, R@, 

R 
120* Si 

,kR 

R'R" 

(R = bfe, Bu, ipr; R' = Me, iR" = Me, Ph, Vinyl) 

iv 
ClMe$iSiMe$l + MeN-NMe -Z 

?%d 
Me2Me2 

M"2 
vy 

MeN%?Me 2g4 0 + MeN-NMe 

:yn 295 

?.fe~Cfi2=CH]Si(NEt212 + HPJ(W$ny -. ----+ 

k 
ml /“” 

R 
Me' 

Si, 
CH=Ct$ 

(R = alkyl: xx = 2,3) (n = 2, 82%) 

bie (cH~=cH) Si (NEt2) 2 + yJ~2aJ2~~2CH2~R d 

H R H 

CR 

R 

w$\cy2 
295 

Rk AR 
'Si' 

Me' 'CH=CH2 

= Me, 59%) 

Rkl, clS;~Me ,m.&-R (R' = Me, 92$296 
2 2 11 

0 

Me2 

-. 



cg2-g5%' 
296 .. 

-2 

RN=c=x, 
'CH-; 

_ Me_Si 
'N -c=x (X=0 $1 

L 
(90-95%) 2g6. 

R 

Me,. \ 

b 
RNPit,R 

Me2Bi ,;,:,, 

(34-41%)297 
Me2Si(NRLi12 + ble2C1Si~SiC1Me2 

R' 

tR,R' = alkyl) 

R-N 
,SiMe2C1 R1NH2 ,siMe2c1 

'SiMe2Cl 
FL R-N\Sib*e NHR, 1 

2 

I 
R'WH 2 

R-N 

(60%) 

CR+ R' # 

2 

R" = alkyl) 

1)nBuLi 

2)Me2SiC12 

,SiMe2NHRsr 298 
R-N 

'SiMe2NHR' 

WW 

Ph Ph 299 
B 

HN' 'NH NB\ 

+ PhBC12-+Me2?i 
,N,diPle2 

T '1". 
+ PhB 

.p*e2 

H H 

Me 
SiLNH 

(26%) /29%1 

J 

NH: 
.~1MeRSi(CH2)nSiRMeC1 & 

-H: .-:.. .- ._ 
,<R.t_~,_.~h;-n'-=-~1-3j.~ ;. :I:_. 

-. 
: :- : ’ ~, ; 

_._- .: : : 



._-62 : 
. 

: 

"e2 
._ 

Me2SiC12 .+ MeNHNHMe ,-> 
/Sk 

MeN 

1 
Y- (42%) 301 

Mei \SiNNMe 
Me2 

Mee, 

F=" Y 
Me SiN-N$iMe2 1)nBuLi Me2Si SibfeZ (52%) 3" 
21 2)Me2SiC12 \ 
NHMe NHNe 

N-N/ 
Me Me 

Me2 Me2 
Si-Si 

tfe\le \ 

1)nBuLi 
MeN/ 

Me SiN-NSiMe2 
21 

! Y 

NHMe hiMe 
2) Me 

2, 
Si-SiMe2 Mep, -jjiMe2 

Cl h1 
N-N 
Me Me 

301 

F + MeN-NMe 
7 0 

Me2Si ?u_N!iMe2 

Me Me 

Me 

(Me3Si-If+2S + Me Si-FMe - 
Me 21 

Cl Cl 
MeN SiMe2 

'S-.N' 

Me 

7 2 
(Me2si-fJ&2S + MeNH2 - Meti NMe 

Cl he 'Si' 
Me2 

301 
(25%) . 

(72%) "* 

(89%) 302 



. . . : 
63.. 

Me~~Si?le.$Me,NHMe' + &Cl~ .A 

3o3 

Me . 

Et 
Me 

EtNkSiMe$WEt + ClPNPCl _ 
1 I 

MeP 
303 

MeMe 
I 

MeN 

Me 

ClSiMe2SiMe2CI + RP(NHMe)2-------, Me S- -SiMe 
2/r \ 2 

MeN NMe 
(R=tBu, 34%) 304 

(R = tBu, CH30) 
'P' 

L 

Me2Si-SiMe2 

tBu~(NMeSiMe3](=NSiMe ) + Me2C1SiSiC1Me2---t PJ be (52%) 304 

Cl 
+-/- 

tB/ 'Cl 

Me 
N 

CS 
2 

---: Q-C-S- 

Me 
305 

8, 
Co12 

=- Q2(Co12)-2 

II Me1 _ QI- 

Me$iN_ 
sew QRSiMeg 

Me Si-X-SiMe2 + RtNHS02NHR' - 
.NXl- 

21 
Me2S; SiMe 

Cl :1 Me_&,_ JR* 
2 (30%) 3oo 

L SU’ 
2 

(X = 0, NR; R = SiMe3, Me; R' = H, alkyl) 
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., 

(M g Ni, Co; ]i z-0, SJ -. . . 

. . 
..: (C5H5)2TiC12 + LiN[SiMe3J2 e 

: 
.’ 

_’ 

: 
. . The:p$paratian tip che&cai rc?cfivit$es.of a number bf silylphos_T 

:. 
'phine:species;have'been i&estigs+ed. -. .. .. .y ‘1 .’ .. 

+:AlBr3 + MBr (M x ii, NaJ 
369. .--. 

: .: : 
1’: .(Bi2SiF2 and Bi3Skdid not.yieid,silylphosphinesJ -. .- _: .~ -. -’ .--., 

.I’.- .: ._ : , 



^ __ 

-1. (R3Si~2PH.+.A1Br~.3t1~ 

H3SiPk2 + F#%I -250? F5f=(PH$2 /__ ‘(hi = 

(7op)' : 
-_ : : 

. 
. . Ele~3SiPHe~~_ + (CF3)2PH k- --. 5 Me3SiPCbF$2.* Me2PH '13.- .‘... 

F3SiBr ht&3SnEH2--~- .>F$iiEH2 -cE = p, .& _si?, 

: 

-.. 
-H2SiP%_+ HNI+' 4 

. ‘- 

:. CR, R’ : 

~H~~i~112 + GCN.,h 
_ 

H3SiNCX : (X 7 O,.S) -sT? _I.; ..- _- 
: .- -. 

:‘ &iooj 
Y : 1. 

. . 
. 



PhPK2 + 2 Me$iCl ___Lj (Me$i)2PPh (64%). 317. :. 

AlCl; 
._ 

Ne2PH + BuLi F Me2PLi 318 -----* LiAl(PElei)4 

11 
R3SiX 

" _I___+ R3SiPMe~ (68-80%f.318 

CR3 = E$, MeH2, Me2H, Mees) 

Phy-(CH21n-FPh + Me2SiC12e 
/(cH2)n\ 

PhP 

Li Li 1 Si 
-PPh 

A-. 
(17~51%) 3" 

(n = 2, 3) 
Me2 

Exceptionally stable dialkylarsenido-transition metal complexes 

containing silyl groups have been prepared. 320 

C5H5(CO>5MoAsMeZ + Me3SicH2C1+ [CsH5(C013MoAsEIe2CH2SiMe31+C1- 

CSHS(CO)sWAsEfe2 + Me_+, [C5HS(CO)3WAsM~2SiMe3]+I- 

_ 
(MegSi)3Sb + Ni(CO)4 W (Me3Si)gSb-Ni(C0)3 (60%) 3" 

5. Si-Metal 

Several trifluorosilylpentaboranes have been prepared and charac- 

terized. 
322 

LiBSH8 + SiF4 ether 

-78O 
9 Z-F3SiBSH8 

(45%) 

+ l-F3SiBSH8 

(1%) 

Boron insertion reactions have been used to prepare the first 

-examples of apically‘substituted hexaborane(10) derivatives. 
323 

H2BC1 + l- or 2-Me3SiBSffLi -. 1-Me,SiB,H, (5%) 

Compounds containing germanium-silicon bonds are formed from 

difluorogermylene and.cblorosilanes. 
324. 

: GeF2 + Ph4_n SiCln----_?t.Ph4~nSiGeF2Cln 

: (n =. 1-3) .. 
- 

.: .: . . -.. ., .- 
__ ‘- ._ -.. -. -’ 



_.. 
,.. .- . :-_ 67. 

. . : -. 
A: somewhat &&ov&prepeation of anopticaliy active mercurial-.. -_- 1, 

has'been rep&ted, along withsome of .its reactions which proceed pre- .. 

525 
dominantly by. retention. 

tBu2Hg + 'OoO * (-)-(RSSi)2Hg + 2iBuH (+)-RSSiH 
9h 

<R; = methyl-I-naphthyl-phenyl) 

(-)-(R3Si)2g + LiA1H4 - (+)-RSSiH 

‘8 + (BfCH2)2 - (-)-RSSiBr 

1, hu _ 
I-)-(RSSi)B 

New chemistry of t-butyl[trimethylsilyl)mercury has been investi- 

gated. 
326 

5"" 
tBuHgSiMeS + XC6H4CH=C(CN)2 a- XC,H,y-C=C=NSi>lee, (95%) 

tBu 

P 
,I + rleOC,H,CH=C[CN)CO2~ MeOC6H4~HC=~-OEt 

tBu OSiMef 

HgSiMeS 

tBuHgSibleB + PhCsCCN ----,PhC+N (96%) 

tBu 

A number of alkyl(trimethylsilyl)mercury compounds have been pre- 

pared, and-their stability to heat and light investigated. 
327 

(MeSSi)2Hg + P&gX ..=3T* RHgSiMeS 

(R = t4e. Et, Pr, iPr, t0u) 

Conditions for the symmetrization reaction were also discussed. 

2 Rt~gSiJleS e R2Hg + (MegSi)2Hg 

New work on silyl-platinum 

try of some cyclic compounds of 

complexes has been reported. The chemis- 

this type is sho&n below (L = PPhj)"' 

PtL(C$Hi) + 

References p. 89 
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.-.Ptc(C2H4, +. 

bk2. 

Ph2 

+ (HPh2Si)20 450, 
LPt/Si\; 

\Si' 

Ph2 

.PtL(C2H4) + (Hlfe2Si)20 A07 PtHfSiMeZOSihfe2H)L2 

I 

x0 

"e2 

L Pt/s='O 
* \/ 

Me2 

(75'5) 

(92%) 

Attempts to prepare 7-membered ring systems only gave acyclic species. 

PtL2 G$41 

+ HMe2SiCXSiMe2H - PtH(SiMe2CZSiMe2H)L2 (92%) 

PtL2(C2H4) + H R2Si(CH2)nCH=CH2-~ PtH[SiR2(CH2),CH=CH2]L2 

H- .A 

(R = 1, 2; R = Me, Ph) 

L 
2 

pt/ cH2\ 
CH2 \. ./ 

SiKH2), 
.R2 __ -11 ._ 

._.. _- 



69 
. 

? Br2 
w' L2PtBr2 (94%) : 

2 CH-I 
A R2Pt(MeJI (73%) 

II 2 PhC=CH 
----------r-L2Pt(PhCrCH) CSO%J 

Ph2PCH2CH2PPh2 

Silyl-platinum complexes containing varied functionality in the 

silyl group have also been prepared (L = PPh3J.32g 

PtL2(C2H4) + R3SiH - PtH(SiR3)L2 (4598%) 

[R3 = Ph3, Ph2Me, Ph2H, PhMe (CH2=CH), Et?;, (Et0J3, Me(Me3Si0)2] 

PtL2 K2H4J + 

PtL2(PhCXRJ 

(R = H, 

Me2ClSiH d Pt(SiMe2C1J2L2 (74%) 

+ Ph,2MeSiH + PtH(SiMePh2)L2 (47%) 

PhJ 

Pt(PPhtMeJ4 + R3SiIi~---?- Pt(SiR3J2(PPn2MeJ2 (60-70%) 

(R3 = Clg,.C12bIe) 

A new m&hod for the synthesis of silyl-p&at&n compfexes has 

been described. (L = PMe2Ph).330 

PtMe2L2 + Ph2SiH2r _ cis-[Pt(SiHPh2J2L2] (57%) 

11 + R.$iH --- > c&-fPtH(SiR312L2] [18-64%) 

(R = Ph, p-FC6H4J 

PtNe2L2 + Ph2MeSiH e-p cis-[Pt(SiMe2PhJ2L2] (21%) 

PtNe(PkPh2J2 + Ph2SiH2 w cis-[PtH(SiPh2tI)(PEIePh2J2]. PO%1 

Reported chemistry of non-platinum transition metai-silicon bonds 
; 

appeared as follgtis.. 

Referencesp.89 
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(~SHSlFe(COli+R3 + AgBF4_ *’ .(C5~5)>e(CC)&i~3 
.:. q : 

(?5%) 

(RI= Cl, OHe) : 

-2 Ph&XnSiH + E'f2 - 2 Ph3_nXnSiM +.% -332 

[xl =- 1,2; X = Cl, C6H5; EI.=.~(C0)5,'Fe(CO)2Cp; the reactivities of 

these species with C6H5Li are described] 

3. 

iwco1, + Ue.$iCH2Cff.$iMe, -I C~OIJ 533 

H H 1 ‘si 

M = Fe, n = 1, m = 5, 51% 
Me2 

hi = Ru, n = 3, m = 12, 89% 

B! = OS, n = 3, m = 12, 89% 

co2cCo)8 + Ne3~CH2CH2~ibIe2- [(CO)4CoSi(Me2)CH2]2 (36%)3=3 

H H 

hJ 
Hg(SiMe3)2 + Fe(CO)5 - Hg[Fe(CO)4s‘We3.2 /28%)334 

1 
Hg(SiJkQ2 

(CO)4Fe(SiMe3)2 (78%) 

An iron to carbon silyl group rearrangement has been observed under 

.335 
thermal or catalytic (AlBr3) conditions. 

(C5H5)Fe(CO)2SiEie2_nClnCH2Cl --+(C5H5)Fe(CO)2CH2SiMe2_nCln+1 

(n = 012) 

Cleavage of metal-metal bonds occurs when the silyl-iron complex 

shown is treated with electrophilic reagents. 
336 

Me3SiFe(CO)2(C5H5) + A-B __jc bIe3SiA + BFe(CO)2(C5Hg) 

(A = B = Cl; A = B = I; A = Cl, B = H; A = Cl, B = I; 

A = CF 3, B = 11 

Silyl-metal complexes have been formed by coupling reactions. 
337 

Na[M(CO) C H ] .+ Me 
.355 4_nSiXn p Me4_nXn_lSiM(CO)3C5~5 : 

'~ (n = l-4; X - Br, Cl; ii ='Mo, k) : 

: 
.- .-. 



-7i. 

: Na[Fe(CO) d H ] 
255 

+ Me- 4_nSiXn.- Me4 nXn.;SiFe(C6j2C5H5. -... ;. -. _ _ 

(n = l-3; X =;Br, Cl) -. 

Na[Mn(CO),J -+ Me3SiBr \ Me3SiMn(CO)5 

A mild halogenation method has been developed 

silicon hydrides. 
338 

for transition metal- 

with 

C5H5(CO)3MSiHRR* + CC14- C5H5(CO)3MSiC1RR1 

C5Hg(CO)3MSiHMe2 + CBr 4 
*-C5H5CCO) $45iBtie2 

(M = Cr, MO, W; RR' = Mea, MeCl, Cl21 

C5H5(CO)5MnSiHCHgC1 + CC14:- C5H5(CO)5MnSiC12CH3 

C5H5(CO)2FeSiHRR1 + CC14 v C5H5(CO)2FeSiC1RR1 

(RR' = MeCl, C12) 

Silylcobalt carbonyls have been synthesized and their reactions 

some electrophilic reagents investigated. 339 

Co2(CO)g + R3Si.H - R3SiCo(CO)4 

R3SiCo(CO)4 + HgX2d R-Six 3 

II +HX 9o" 
4000 atm -+ RsSiX 

CR3 = Ple2C1, MeC12; X = Cl, Br) 

Reactions of some transition metal complexes with fluorine-con- 

taining acids in glass apparatus reollted in the formation of salts. 

Boron trifiuoride affords the tetrafluoroborate analogues of these salts. 
340 

(Ph3P)31r(CO)H + SiF4 
glass 

[(Ph3P)31r(CO)H2]SiF5 

+ HF 
silica 

(Ph P) Pt + HF 
-..3 3 silica>[(Ph3P)3PtH]SiF5 
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._ +=iiminary'results concerning the formationand reactions of. :. -- 

. :. 
.-zvinyl-silyl~metal complexes have appeared. 341- 

-.,_'C&(~&U?Za + ClR+CH=+B $HS(CO)nMSiR$ZH=CHz 
*_ 

: CSH~(CO)nMSiC'&H=CH2 + AgBF4 - ~CSHS(CO)nMSiF2CH=CH2 : 

@2 =Me 2’ Cl*, MeCl; M = Fe, n = 2; A;BF4 

M=.Wo,W,n=3) I 
: 

CSHS(CO)3MSiF3 

CSHS(CO)2FeSiMe2CH=CH2 + HX - CSHS(C0)2FeX + HSiMe,CH=CH, 

(X = F, Cl, Br, I, CF3CO2, CC13CO2j 

HBr 

CSHS(C0)2FeSiC12CH=CH2 

i_: CSHS(C0)2FeSiC12CH2CH2Br 

HF/BF3 
CSHS(C0)2FeSiF3 

New silicon-nickel complexes have been added to the limited number 

of this compound type. 
342 

Ni(bipy)R;! + 3 HSiX3----3 Ni(bipy)(SiX3)2 + RSiX3 + H2 + RH 

(85%) 

CR = Me. Et; X3 = C13, MeC12) 
. .> 

Other hydrides [HSiPhC12, HSibh2Me, HSi(m-CF3C6Hi) 2Efe, HSi(OEtI31 gave 

no stable silicon-nickel complexes. 

CSHSNi(PPh3)Et + HSiCl.. 
-EtSiClj 

3 p CSHSNi(PPh3)SiC13 (49%) 

1 u-I;1 

MeSiC13 (24%) 

The bipyridyl complexes wereinactive as olefin hydrosilylation 

catalysts. They were also.found to undergo Si-Ni bond cleavage -with 

HCl. The dichlorouethyl complex reacted with tetracyanoethyiene to 

give-a 9% yield of-~e~12SiSi~12Me: 
_-: 

- _:_ . . c-. 
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Evidence for.the.formation of silyl-ruthenium complexes has been'. 

.rep&ed (Ph3P = L).. 

L3RuC12 + Et3SiH-L RuHCl 343 
3 

I, +. (EtO13SiH -L3RuHCl + L3RuHSi(OEt)3 343 

11 
+ c13siH -----% L$uH(SiC13) + L3Ru(SiC13)2 543 

L$uH2 4 R+H------+ L3RuH5SiR3 344 

[R3 = Et3, EtMe2, PhMe2, (Et0)3, Et2H. PhMeH, Ph2H, PhH2, cyclo- 

hexyl-H2] 

Ru(CO)4(SiMe3)2 + CDT d Ru(C0)2(CgH9)SiMe3 345 

(low yields) 

II + COD - Ru(C0)2(CgH9)SiMe3 (19%) 345 

Ru(CO)4(SiMeeg) + COT - Ru(CO)2(C8H9)SiMes (17%) 346 

(CDT = all trans-cyclododeca-1,5,9-triene; COD = cycloocta-1, 

5-diene; COT = cycloocta-1,3,5- and 1,3,6-trienes; Ru complexes 

free of silicon were also obtained as products). 

VI. SILACYCLIC COMPOUNDS 

A silacyclobutane has been shown to undergo'ring opening by inter- 

nal nucleophilic displacement. 
347 

rl --Si-Me 0 
loo'_ 

b Id- Me 
ccl4 

Me 
b!e 

Stereoselective syntheses (60-90%) of some. silacyciobutanes were 

achieved by alcoholysis or amminolysis of 2- or 3-methyl-l-chloro-l- 

silacyclobutanes. 
348 
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Ml.. 

?--I ROH 

Me 

)R') 
I -&RC1 3O &ne :-. L’- SiR(C 

(R = H, Me; R' = Me, tBu, Ph) 

Me Me 

(R = H, bte; RI = Me, Et) 

Reactions between organolithium or Grignard reagents and t-butoxy- 

dimethylamino- and fluorosilyk methyl-substituted silacyclobutanes have 

been investigated. 349 

X = tBu0, Z/E = 15/85 

X = tBu0, Z/E = lo/90 FM = nBuLi, Z/E = lo/90 

Me 

.F 
RM _ 

.-Si-X 

b 

x= tBu0, Z/E = 65/35 

X = tBu0, Z/E = 80/20 

X = Me2N, Z/E = 60/40 

X = F, Z/E = 60/40 

IUI = MeFlgI, Z/E = 65/35 

R&l = nBuLi, Z/E = 80/20 

RM = nBuMgBr, Z/E =&O/40 

RJl = nBuLi or nBuMgBr, 

RM = MeIeblgI, Z/E = 15/85 

Z/E = 55/45 

Photolysis of 2,4,4-trimethyl-4-sila-3-methylene-1,5-hexadiene 

led to the formation of a silabicyclic photoproduct. Other trienes.did 

not.undergo cyclization. 
350 

. . 
-. 
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Alseries of 1,3Ldii(Group IV)-metalloidal cyclobutanes h'as been ... 
-. : 

prepared..by a novel route. 
351 

: 

(MeSSi)2CBrLi + Me2MC12-- 

(b1 = Si; Ge, Sn) 

Acyclic ylids have been used as precursors to silacyclic ylids. 
352 

6 Me5P=CH2 EiejP=C(SiMe2X)2 Me3P=C(Si.M2X)2 

+ + + 

2 Eie2SiX2 3 &!e+.H2 2 ble2PCH2CHLi 

L _._ .___.~_I 
PMeS 

/'lSiS*e 

Me2 

HC 
,P* 

Ele2Si 
KC/ 2 

A 21 F 
* Me Si 

2 -\.C/ 
SiEle2 

II 'II 
PMeiej PE!eJ 

2 LiCH2~!e2P=CHSiMe3 

A new route to S-membered silacycles utilizing the intramolecular 

addition of a silyllithium to a C=C bond has been developed. 
J53 

Me2ClSiH + CH2=CHCH2CH=CH2 -- -----+ ClMe2Si(CH2)jCH=CH2 

I 
Na/Hg 

LiSiMe2(CH2)$H=CHZC. Li Hg[SiEle2(CH2)3CN=CH2]2 
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~. 

The'effect of ring size.,* the utility of~chloroplatinic~acid- -.- -.. 

catalyzed intramolecular cyclizatfon of alkenylsilanes has been-. 

:o;Aed_354 
: 

H*PtC16 
_CH2=CH(CH2)nSiMe2H~ w 

s 

(CH21n+2 

+CHMe 
SiMe2 + -@12)n 1 

l-l .~..-"2 

Yield (%) Distribution (%) 

n=O,l 0 0 0 

n=2* 46 100 0 

n=3 58 10 90 

n=4 70 48 52 

n = 5 16 46 54 

n=6 2 0 100 

Silacyclopentenes have been obtained from cblorosilenes and conju- 

gated dienes or trienes. 

. . \ + R2SiC12 M~C12 3 cSiR2 3" 

(R = Me, 45%; Ph, 61%) t_ 

R" 

RR*SiC12 + R"CH=CHCH=CHR"' "g (22-68%) 356 
THF 

RII' 

CR, R’ = Me, Ph, H, vinyl, allyl; RI', Rul = H, Me; the use of 

HWT as co-solvent increases yields). 

Thermolysis of an a-diazosilane affords a benzosilacyclopentene. 
357 

5oo” 
Me3Si-;-Ph - 

h2 
Ph'C=C\Sihle 

3 
Me2 

(15%) 

The reactivity of silacyclopentenes 

.358. 
has been investigated. 

towards a number of-reagents 
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-- 
SiFh2:+ P-N~~C~H~CO~H - (60-g:%) ~, 

R '- 

77 

** 
+ (1) B2H6 (2) i$02. OH-yH 

HO 
SiPhZ 

R 
W, R' = H, H; H, Me; Me, &!e) 

@O-93%, 

R- 

r> 
I 

R 
'SiT + Br 

-7OO 
z- 

(R, R' = H, H; Me; Me; R" = Me or Ph) 

Me 

iMez +-HCl_* U-$=CH-y=CH2 + (Eie2SiC1)20 

Me 

HO 

Ph2SiCH2CHCH=CH2 

bii- btr 

SiPhz + Hx --> ‘(\ SiPh2 
A-\/ 

(X=Cl, Br) 

Ph 
21 21 
SiCH CHCH=CH2 

H. OH 

,I 
Cr03 

> 

by the addition of dihalocarbenes to l- Silabicyclics are formed 

silacyclopent-3-enes. The thermolysis of these species was investigated. 
359 

Ph2SiCH2CH2COCH3. 

OH 
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-. 
.SilyJene, generated from neutron iiradiatio$&P!ii. has been. fowid to- ._ 

reakt witIi 1;3&utadiene to fojin silacyklopent-3-ene. 360,361. -; .. 
. . 

Thermally generated sily&&e (from disilanej-.reacted with'trans, 
.:. yy : 

t&s-2,4 hexadikne tb.afford a 1:l mixture of silacyclopentene &ereo- 

isomers.36? 

H2 

Cycloaddition reactions of silacyclbpentadienes 

“)I \ 
Si 

H2 

have been reported. 

Ph-Q- Ph + 

Me2 

0 
363 

i H 

JL 
% 

I/ 
\ .$ 

(19%) Me2 

%! 
Si Ph 

Ph 

! ;1 

364 

Ph + PhC-EC-CPh 

364 
It + CH2=CHX _ 

(X=C02Et,CN) 

E!e, 

Ph Ph 
Si’ 

h/Ph H 
Ph\I,-_/ _/ 364 

(R = Ph, Me, CH=CH2) 

Attempts at the ring &osure.of perchlorobipyridyl khlorosilanes 

were ims&cessfui. 
365 

1 .- 
.c 

. . . . 
: : 

: 
: 

.: 



A.number of transition metal complexes employing the silacyclopen- 

tadiene ring as ligand have been reported. 

+ C5H5Co(CO)2 xylene 

reflux 

i 

CR = H, Ph) 

\.-,- 

t 
dioxane/HClO4 

,,x-'L ph + Br2 A I;&% Ph + ";<==&;,i*' 
i' 

Me2 Me2 
ph/ 

Me2 

L____ .-- -._. _.. ._J 

I 
Fe2 (CO1 g 

-, 

Fe(CO)3 
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