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I. INTmm3cTIoN 

Inanoffort tominhin mowdogroeofcurroncy for aroviawwhich 

aust abetract an war-incrtiing numbor of publications, the approach 

to covoraga ha8 boon l elactive instaad of inclusive. No attrpt was 

made to report on the patent literature, dfs8artationa, or tha organo- 

silicon ohemi*try of polymrm. Inaddition, othrareaswantraatedin 
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a selective manner an the hope that the material presented would be of 

value to the greatest number of readers. To the extant that these selec- 

tions may reflect the bias in interest of the author, and for the inevi- 

table involuntary omissions, apologies are offered in advance. The scope 

of the revlew includes, wlth few exceptlons, only those publlcatlons 

whlch appeared in 1973 in tlme to be Included in volumes 78 and 79 of 

Chemlcal Abstracts. 

I I. REVIEWS 

Review articles involving silicon have appeared in the following 

areas : general chemistry of organosilanes I , carbosilanes 2 , acetylanic 

silanes 3 , cyclopentadlanyl compounds of silicon 4, silacyclobutanes 5, 

polyfluoroaro~atic derivatives of silicon 6' 7, fluoroalicyclic silanes 8, 

silyl isocyanates 9, chemistry end applications of hexamethyldisilazane I0, 

organophosphorous compounds of the type R3SI-PR 2 11, orga~silicon 

derivatives of heterocyclic compounds 12'13 and organometallic compounds 

containing s~l~con-meta114'15'16 or silicon-carbon-metal 16 bonds. 

III. FORMATION OF THE SILICON-CARBON BOND 

A new method for forming silicon-carbon bonds has been reported 

which involves the reaction of non-reduclng Grignard reagents (allyl-, 

methyl-, benzyl-, vinyl-, and phenylmagnes~um bromide) with the Si-H 

bond in the presence of nlckel (II) complexes. Chiral silanes undergo 

substitutlon wlth a high degree of retention 17. 

(PPh3)2NiCI2 ~ PhMe2SiCH2CH - CH 2 (i00%) PhMe2SiH + CR 2 - CH-CH2MgBr Et20 

Retention of configuration has also been observed for the reaction of 

18 
(CH3) 2CuLl wlth chiral methoxy-, hydro-, fluoro-, but not chlorosllanes. 

A mixture o f  acetone, lithium metal end  chlorotrimethylsxlane leads 

to direct C-silylation of the ketone. The product can be hydrolysed 

19 
quantitatively to the ~-hydroxysllane 
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m32C - 0 + 2 Me3SiCl 
THF 
Li w Me C - SiMe3 

21 
(42%) 

osiMe3 

The Me3SiCl/Mg/RMFT system contmues to provide novel entries into Sl-C 

20 
bond formation. Chloral, for example, reacts as shown. 

Cl3CCHO - 
Re3Si,c_c/0Sfie3 MesSi, , osineg 

Cl' 'H 
+ 

Ne3Si 
, c=c 

'H 

(60-708) (5%) 

Cl 
+ 'C=C' 

0SiMe3 

?I' 'Ii 
+ Me3SiCXSiMe3 

(<59) (<5%) 

Conjugated aldehydes, ketones, esters, and amides undergo two principal 

reactions with the above system. If R is a conjugated group, path A is 

favored; otherwise, path B is favored in some instances (e.g., l-cyclo- 

hexenones). 
21 

A RCIi-CH - CR’OSiMe 
H2° 

I 
3 -iz 

3-silyl 

-r 

Sit4e3 
carbonylcompound 

RCR - CRCOR' 

RCR - CR - CR'OSiMe 
H2° 

3 H+' 
l,B-dicarbonyl 

I 
RCH- Cli = CR'OSiMe compound 

3 

The hydrosilylation of substituted acetylenes (RC%Xi) with Speier's 

catalyst is known to afford varying amounta of both l- and 2- silylole- 

fins. Using triethylsilane, the product ratios for R = alkyl, phenoxy, 

phenyl, hydroxymethyl and acetyl were determined. The (l-silyl):(2-silyl) 

product ratio varies from lOr90 to 55r45 for the R order given above. 
22 

The effect of diene structure on the regio- and stereochemistry of 

monohydrosilylation products arising from the addition of methyldi- 

chlorosilane to pentadienes with chloroplatinic acid has been investi- 

gated . The results obtained after methylation of the original adducts 

are shown below. 
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Pentadiene 

1,4- 75.5 87.2 9.3 3.5 

tlww-l,3- 74.6 42.0 39.1 18.9 

o&7-1,3- 82.2 1.3 23.2 10.5 4.2 60.8 

Addition 
yield,% 

Product capoaition, a 

14e3si Me3si Me3si MeSSi uegi 

Lb-h,l.&G-\ 

1 2 3' 4 5 

The adducta observed are explained by a c&in&ion of 1,2- end 1,4-addi- 

tion, with the aamnt of iamer (3) suggesting a propensity for ailyl 

group attachment at the position atpha to en unaaturated site. Only 

cia-1,3-pentadiene underwent significant iaomeriaation under the reac- 

tion conditions, and 11% of product (2) plua all of products (3) end (4) 

obtained from this diene are amad to arise from Pram-1,3-pentadiexe 

formed in situ. The origin of 1.3% product (1) is unknown. An approxi- 

mately three-fold slower rate of hydroailylation for the &a-diene over 

the &rums-diene was attributed to ateric factors in the former which 

disfavor the a-cia geometry thought to be preferred for complex forma- 

tion with platinum apaciea. 
23 

when internal olefina are hydroailylatad with trichloro- 

sllane In the presence of chloroplatinic acid, terminal adducts are 

usually obtained because of aimulteneoua iaomeriaetion. This problem 

hem been circumvented by the finding that dichloroailene adds to intereel 

olefina to give only internelly aubatituted alkyldichloroailanea in 

high yielda.24 

Cn3CIi-CHCii2ai2M3 
H2SiC12 

H2PtC16 
W Cn3CliCli2Ck2m2CP3 +Ca3Ck201CI12M2~3 

I I 
&Cl2 &Cl2 

In a further aophiaticatiox of the hydroailylation process, the 

use of [n-C5H5(CO)Ni12 was found to catelyae the rapid and high-yield 

eddition of trichloroailane to styrena at ram temperature. In contrast 
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to chloroplatixic acid, which ia knom to afford a aixtura of l- and 

2-trichloroailyl-l-phenylathauea, tha nickel catalyst yielda l-trichloro- 

ailyl-1-phanylathane aa the sole product. 
25 

The general utility of 

phoaphino-nickel (II) ocxplexoa for catelyata in the hydroailylation of 

alkenea and dipheuylacetvlene he8 been investigated.' A variety of cata- 

lyata having the ampoaition NUPR3$C12 or Ni(R2P-R'-PR2)C12 were found 

to effect the addition of amthyldichloroailane aeccmpanied by varyixg 

amounts of hydxogex-chlorine exchange on l ilicoa. 

“_‘C6H13cH * cH2 
oatalyat 
Hsif4ec12 

Y C8xl,siReClH + CsHl,simC12 + MeSiCl3 

(A) (B) 

The ratio of A/B formed varied from 4/96 for Ni(Ph2PCH2CH2PPH2)C12 (988 

yield) to 83/17 for dichloro [l,l'-bia(dixethylphoaphino1 ferrocenel- 

nickel(II) (955 yield). 00th A and B couaiated of approxiamtely a S/l 

xixture of, respectively, the l- and 2-octyl product. The order of re- 

activity for several catalyst8 in term of the ailane employed was 

HSiC13 > HSiRe2C1; Me3SiH, (EtC13SiH and Ph2ReSiH did not react. As 

with platinurm catalyata, extensive iaomeriaation of the olefinic aub- 

atrate was obaerved with these ccxplexea. 
26 

In an extenaion of thia 

work, it waa found that the use of dichloro[l,2-bia-(dixethylphoaphino)- 

1,2-dicarba-cloao-dodecaboranel-nickel(I1) aa catelyat reaulted in aig- 

nificant amounts (SS-SOS) of 2-ailylated products from either l- or 

l-olefina. Very little hydrogen-chlorine exchange was obsenmd. 
27 

_NPRe2 
L 
NiC12 

\PRe/ 73 
RCH-CH2 + HReSiC12 

2 
W RCHSiReC12 + RCR2ai2SiHeC12 

In another invmtigatfon, tria(diphenylphoaphine)chlororhcdiuu(I) 

was found to catalyae the addition of trialkyl- and trialkoxyailanea 

to alkenea. Hydroailylation ia acooxpaniad by extensive olefin iao- 

xeriaation, and reaulta in the production of terminel alkylailanea. 
28 
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PiethYlsilane reacts with allene in the presence of the olefin complex 

bls(triphenylphosphine) (maleic anhydridejpalladium to form the terminal 

adduct, allyltriethylsilane, exclusively. 
29 

Siloxanes of the type Ne3SiO)nSiWe3_nH have been used for the 

hydrosilylation of 3-chloro-2-methylpropene employing a variety of 

Group VIII metal catalysts. The expected terminal adduct and/or products 

of chlorine reduction were observed. 
30 

The use of halomethylmercurials as methylene transfer agents has 

led to the formation of the following compounds via insertion into the 

Si-H bond: Et3SiCHFC02R, 
31 

Et3SWCF332 and Et3iiHBrF.33 

Carbane complexes of the type (CO)5MC(X)C6H4Y, where M = Cr, Mo, W; 

X = OMe, NCnHZn (n = 2,4) and Y = p-OMe, p-Me, H, p-Cl, react with R3SiH 

(R = Et, Ph) in the presence of pyridine or acetronitrile to give a- 

methoxy and a-dialkylaminobenzylsilanes. 

(CO)5CrC(OMe)Ph + Et3SiH pyrfdine + 
hexane 

Et,siCH@!4e)Ph (82%) 

Although the reaction proceeds slowly in the absence of added pyri- 

dine, the addition of a coordinating base is necessary for good yields. 

hiethylsilane was found to be about four times as reactive than tri- 

phenylsilane. The latter also gives rise to a by-product, triphenyl- 

methoxysilane, in 302 yield. Triethylsilane &es not exhibit this be- 

havior.34 

The chemistry of the elusive silicon-carbon double bond has been 

spurred by the finding that, upon photolysis in methanol-d, l,l-diphenyl- 

silacyclobutane affords a product which appears to be the methanol 

adduct of Si - C.35 

hv, 5Se MeoD 
l C2H4 + ~Ph2Si-CW21 + Ph2Si-CH2D 

b Me 

Further results employing an earlier method for the formation of R2Si 

CR2 have also appeared.36'37 
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Ph2Si 

ci 

Phzsx--o 

600* RR’CO 

*2R4 
+ IPh2Si-CH21 r 

awl 
R 

4-J 
R'-alkyl R' 
ayl,n,H 

1 
(Ph2.W$ - fPhZSi=O] + RR'C=CH2 

Enolizeble ketones ytald olafins plus vinyloxysilanea, while nitriles 

give low yields f&34%) of a - silyl derrvatzve6. 

HO H 

R-C-O - \‘C-C' 
[PbzSi-cH21 

- 
R ' 'R' 

> Ph2WBSi0,CrCjH 

R/ 'R' 

M&p1 

cl 6100_ [Me2Si=CB21 
RR'CHCN a- Me.$WRRTN 

In otbet approaches to systems mntaininq the silicon-carbon double bond, 

tbe thermolytrc interconversion of cis- and trans-propenyl allyldimatbyl- - 

silanee was interpreted as proceeding via a Cope rearrangement, 
38 while - 

the pbotolysis of ethyl trimethylailyldiazoacetate in alcohols afforded, 

emong other products, a rearrenqed species which may have been derived 

from an intermediate containing a silicon-carbon double bona.39 

OR Me 

Me3Sim2C02R $R fi Me3Si-&02R + & 

I 

I: 

Me si- -C02R 
21 I 

hv 
OR H 

The foU0winq type of co~enMt~on~inp~~~i~ati0~ ba8 been 

rewxbd for the preparation of some carbosflanes. 40 

Referancesp 139 
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R3N HSiC13 + ClCH2sIMeC12 -T c13sicIi2siMec12 + Cl3Sictf*Si.m2Cl 

The steric xequirements of trichlorosflane relative to tetrachloro- 

siiane have bsen assessed in regard to their reactions with a_alkoxy- 

phenyl magnesium bromides. While only diaryl(aryloxy)chlorosilane were 

obtaznad frua siClq, HSiC13 yielded the no-1 triarylsilane. 41 

Ro Cl 

Vinylsilanes containLug a 2-cis-baryl substituent were formed rrhen - 

the adduct of sodium methyla~etylide and a trfalkylberme was treat@ 

with chlorotrimetbylsilanc The principal chanistry of those species 

is as follows.42 

Me R 
N&(R3RCxlW + He3SiCl ---9 %C=C' 

W&_Si/ 'BR 
+ Mec~csixe3 

Rg2-c me) sine3 

(sor) 

we 
'c-C/ 

R 

Me3src '5 

9 

! 
I 

Hx,X - oMe,oAc,ochle)-cHcoHcl 

Et3Al 
Q 
X-We 

Ms3SiCWer)C(R2fBXR + 
H", /R 
/=\ 

MB3Si ?I 

l&R3 us, R\ 

2.H20 * 
,C-C?iR + 

Me3Si 
R"liW 

Wa3Si 

Tetrasilylated 1,2-pentadfen-l-ynes have bati obtainsd from tbs 

reaction of I,3-pentadiyne with n_butyllithi~-~tr~thylate~- 

mien JT%BlnL) fol&Wad by *rivatisation with He3sic1, tBuns2sic1 and 

EtMe2S.iCl. 
43 
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R3SiCl 
RCPC-CIC-CR~ ERw CsLi4 llIF * R3SiC=R-@C(S*3)2 

In similar wrk, rnetalation and subsequent trimethylsilylation of various 

1,3-dxynes led to introduction of one to four oily1 groups. 
44 

l.RLi 
CH3cx-Ctc-ai3 2*"e3sicl * CH3crc-Csc-CR2siMe3 + ui3c~c-_c-C-C(siMe3)2 + 

s*3 

sine3 

CH -c!-c-c-c-c(siMe3)2 + Me3SiC~C- 
3 I 

cd -CH2SiMe3 

sw3 
SiMa3 

cli3cmcIcai2ai*cH3 c (Me3Si)2C-C~-C~C-CH2CIi2CR3 

Sine3 

PhCX-C~C-CH - 
3 

PhC=C~C=CW4e3)2 

SiMe3 

cH3ai2CtC-cx-c?12cH3 - cii3cH2cIc-yc mi2cH3m2CH2cy3 + 

&la, 
(2 imoBor8) 

7-3 s-3 
Cn3ai-C-GC-C-CHCR3 + CR C-C- 

&me, 
31 

!z -CxCHCR3 

s-3 
bine, 

* m3SiC~C-Cn2M2CECSiMe3 + Me3sicDj2iCti2CR2cxSiHe3 

SsMe3 

+ ne3sicx-CiiCE12aicEc-siMe3 
I 
Si14e3 

It has been observed that the best yields of silylacetylenes 

obtained by the reaction of lithium acetylides with t4e3SiP. 
45 

RCECt4M+Me3SiX + Rc%c-sIMe3 

R - Ph, CH2-CR X = Cl, F n - Li, MgRal 

Mixed organosilyl, alkoxyailyl acetylenes can be pregared in 

502 yields as shown. 
46 

Me3SiC E CNa + ClSi(OR)nMe3_n ----5 He3SiC = CSi(OR)nM3_n 

are 

ca. 
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IV. 

lowed 

CARBOFDtKTIoNALSILAEES 

Treatment of vinyltrimethylsilane with t-butyllithium-TMRDA fol- 

by derivatisation with trimethylchlorosilane affords only products 

arising from addition of the organolithium reagent to the double bond. 

In contrast, the sterically hindered tranr- and cis-1-trimethylsilyl-3,- - 

Me3SiCH=CH 
l.tBuLi/TMRDA 

2 2.Me3SiC1 
+ + Me3SiCH2CH2tBu + (Me3Si)2CHCH2tBu 

(5%) (71%) 

+ Me3siCtI 
2 21 
CH CHCB2tBu + Me3SiCH2CE2CHCH2tBu 

1 
stie_ SiMe_CH_SiMe3 

3 L I 

(6%) (18%) 

3-dimethyl-l-butanes were metalated by organolithium - TMEDA systems 

the siliconlnethyl groups and (for the latter) at the a-silylvmyl 

posit1c.n. 
47 

at 

Me3CCH-CHSiMe 
PLi/TMEDA 

3 R-tBu,nBu 
w Me3CCH=CHSiMe2CH2Li + Me3CCH=ChSiMe3 

(from * substrate only) 

Aliylsilanes are metalated by n-butyllithium-TMEDA to form orga- 

nolithium compounds which preferentially derrvatize at the position Y 

to silicon. The corresponding Grignard reagent undergoes similar reac- 

tions, but with a preference, in some cases, for a-derrvatisation. 

RpcH2cn-CH2 
neULi 

R Si 
Et20/TMEDA* 3 

CH=XIi~CH 

R - Me, Ph 

Ph3SiCH-CX-CH2Br * Ph3SiC?i-CH2-CE2MgBr 

A y-silyl product was further lithiated and treated with trimethylchloro- 

silane to yield both a- and y-silylated compounds. 
40 

Ph3siCIi-CH-Ui2SiMe3 2.Me3sicl 1.nsuLi'RIEna.Ph3SiCH-CH-CH(SiMaj)2 (12%) + 

Ph3SiCH2HIi=CE-SiMe3 (88%) 

3 
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Organolithium Reagent Grignard Reagent 

Derava- Yield Dsriva- Deriva- Yield Oeriva- Deriva- 
t1zing ($1 tization tisation (2) tiaation tization 
Agents a (8) Y (W a (2) YW 

tf30+ MO 30-40 60-70 SO a95 

C02 60 20 SO 80 85 

Ph2cI) 90 a95 65 ~60 

CR-CR2 
\;/ 

70 40 

CH31 SO 100 no reaction 

Me3SiCl 70 100 50 a95 

Vinylsilanes were effectively coupled with Li/TiiF in the presence of 

t-butyl alcohol to give products expected from intermediate radical 

anions. 
49 

R3SiCR 

I 

- CH2R' 

R3S'CIi - CH2R' 

+ 

R3SiCH2CH2R' 

c- R3S1-CH=CRR - 
R3SiM2-CRR' 

I 

-3 R-C6H5 

R3SiCH2-MR' 

R'-C6H5 R'=Ii,Ui3 
+ 

R3SiUiCR2R' 

CR-c!N 
/ 2 

(C6&J2Siv 
\ 

4 (C6R5)2Si 

/-I 

(505) 

CR-CH 
2 

Tris- and tetrakis(trimethylsilyl)cyclopentadienes have been pre- 

pared. The tetrakis canpound &es not undergo isomerisation by silyl 

group migration. 
50 
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S%3 

cx- 
sm3 

d 
tie3 

nBuLi 
-nBuii’ 

s e3 
H 

u- 0 3 
Sit48 

/ 

s*3 

I 
Me3Sicl 

Photolyeis of 1,2,4,5-tetrakis(trimethylsilyl)benzene yields a 

number of rearnut@ products which include either 6a or 6b, but not 7. 

3 4 

5 6a 6b 7 

Heating 1 at SO0 readily converts 

to produce 1, 2, 4, and 5.51 

it into 2, while 3 can be photolyzed 

The following cycloeddition chmistry of tri.methylsilylcyclopente- 

diene has been reported. 
52 



0 si14e3 + cH2-cH-cli-CHHR 

mi,Me 

$3 
+ cH2-c-cH-cIi* ---a 

Vinylsilanes and tetrafluoroethylene afford tetrafluorocyclobutyl- 

silane; yields are best with trimethylvinylsilane. 
53 

F_ F_ 
400- 

I z 
ClnMe3 nSiCR-CR2 + F2C-CF2 

500*b CL sic1nM3-n 
The reaction of organaaercurial carbene precursors with unsaturated 

silanes gave substituted cyclopropanes 
32,33 

. 

Me3SiCH-CR2 + PhIigCPBr2 4 Me3Si 

- Me3SicR2 

Treatment of acetylenes and allenic silanes with ClS02(oSiMe3) or 

S03-dioxane yielded products of SO3 insertion into Si-CZ and FL-0 bonds. 
54 

SO3 
PJxi2CfCSiMe3 - RCR2C~CS03SiMe3 (R = Ii, Ph,Me3C,Me3Si) t 

ne3SiOS02M2C~CSiMe3 (R - Me3SiO) 

/ -3 
Me3sicR-c-c 

\ 
__t Me3sicR-c-c 

osible3 
\ 

S04sm3 

(R - Me3Si,nEU) 

/ -3 
t Me3SiCR-C 

\ 
S03SW3 

Silyl ketenes have been prepared under both thennolytic and basiCr 

conditions in 30-801 yields. 
55 

cH2- : 
R3SiCIi2C02H ) R3SiCR2C02ClW b' R,SiC-C-O 

(R-I’@,=,) 
R' N 

R3sic.R2cOc1 + R3sic-c-0 

(R-Et,Ph) 

References p. 139 
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Trimethylsilylketenes undergo reaction with phosphines to 

adducts which rearrange upon heating 
56 

give 

/ 
0SiMe3 

Me3SiC=C310 + R2PH - Me3SicH2CoP Rz 
1500 

+ CH2=c 

'PR 
2 

Arene- and alkyl- sulfonyl chlorides reacted with 3-buten-l-ynyl- 

trimethylsilane in the presence of cuprous chloride to give products of 

1,2- addition across the double bond. These were easily dehydrohalo- 

genated by triethylamine. 
57 

Bensenesulfonyl halides add in a 1,4 fashion 

Me3SiCRC-CH=CH2 
RB02c1 

cucl W Me3SiCRC-$CH2S02R 

Et3N 

__) Me3SiCHC-CH=CHS02R 

Cl 

to 1,3-butadienyldiethylmethylsilane; these products are also dehydro- 

halogenated by triethylamine. 
58 

PhS02X 
E+2MeSiCH-CH-CH=CH2 x_cl,Br,I) 

Et3N 
- 

Et2NeSiCH=CH-CH=CHS02Ph 

Halohydrins may be prepared in good to moderate yields from the 

reaction of trialkylvinylsilanes with N- or O-halo compounds in an acidic 

aqueous medium. 
59 

N-brcmosuccinimide 
R3SiCH-C!H2 - 

or tBuOCl 
R SiCHCH20H (X=Br,Cl; 30-709) 
3 I 

R3SiCH-CH2 
HgO/12 X 

w R SiCHCH20H 
31 

(32%) 
2 

I 

The reaction of trichlorovinylsilane, AlC13 and o-, I- or p-carborane 

leads to the corresponding mono- or bis-B-(B-trichlorosilylethyl) car- 

boranes. 1,2-Diphenyl-o_-carborane underwent a similar reaction. All 

products could be trimethylated at silicon with methylmagnesium iodide. 
60 

PhC - CPh 
\/ 

C13SiCH-CH2 PhC - CPh 
\/ 

BIOHIO 
AlC13 

W 
B10HB(CH2CH2SiC13)2 

Triethylsilylacrylic acids may be prepared by oxidation of the 

corresponding aldehydes without Si-C bond cleavage. 
61 
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Et3SiCB-CBCBO 
W03 
- Et3SiCB=UiCO2H 
H2S04 

(7W 

A series of a-lithio and a- and B-bromomagnesium vinylsllanes was 

treated at low temperatures with acetic and bensoic anhydrides in order 

to prepare silyl a,@-unsaturated ketones. Best results were obtained 

with acetic anhydride, but higher condensation products were always pre- 

sent and led to reduced yields. 
62 

R3sl\C_CH (R'CO)20 
R3Si 

/z- 
M R'CO 

>C,, + 
R3Si.C/CBRC/Sti3 

b, 
II 

R&XOR' 

(M - Lr,MgBr) 

(R = Ph,Me) 
SiR3 

R3S1\C_C/H (R'CO)20 
R3Si 

_) \C=J 

,h, 

H/ 'COR' 

P 

MsBr 
R S/\ H 
3 

RycL OCOR’ 

Homologation of a-silyl-ca,B-unsaturated esters has been observed 

to occur in a stereospecific fashion upon reaction with diasanethane. 63 

CH2N2 
Me3SiCIi-CBC02Me - 14e3SiCH2CH-CiiC02Me (70-805) 

(cis or tram) (cis or tram) -- -- 

Based upon product mixtures obtained by hydrolysis and trimethyl- 

chlorosilane treatment of reaction mixtures, the reaction of trans-l- 

brcmovinyltrimethylsilane with lithium appears to produce the following 

compounds in the ratios shown. 
64 

Me3SiCH-CHBr 
Li 

ether 
m Me3SiCB=C3i2/Me3SiCXLi/me3SiCB-CRLi/ 

"coupling products" (2/l/3/3) 

The yield of utilizable 2-lithiovinyltrU&hylsilane is thua low, al- 

though is situ reactioq of tram-2-bromovinyltrLnethylsilane, trime- -- 

thylchlorosilane and lithium affords trans-bis(trimethylsilyl)ethylene 

in 82% yield. Longer contact times lead to reductive silylation of 

this product. 
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Me3SiCl 
Me3SiCH=CBBr y 

The reaction of (1-brcemvinyl)trixethylsilane with litbiux gave 

similar results. 

Me3SiCl 
Me3SiCB-CBSi.Me3 Li 4 (Me3Si)2CHCH2SiMe2CB2SiBe3 

Li 
Me3SiC=CH d 

I ether 
Me,siCB=CB,/Me3SiCSCLi/Me3SikXi2/ 

Br 
"coupling products" (2/1/1/W 

Characterizable complexes are formed between his-(trixethylsilyl) 

acetylene and bis-(trixethylsilyl) butadiyne with iron, cobalt and sum- 

ganese carbonyls.6' 

Me3SiCXSiMe3 + Fe3 (CO) 12 - (Me3SiC2SiMe3)Pe(CO)4 

II + C02(CO)* - (Me3SiC2SiMe3)Co2(CC)6 

I + CpBn(CW3 - (Me3SiC2SiMe3)CpMn(CC)2 

(Cp - cyclopentadienyl) 

Me3SiCX-C32SiMe3 + Fe3 (COjlz - 

(R-BegSi) 

8, + co,(CC)S - (Me3sicqsiMe3)co2(co)6 

Ne3sic,siMe3)coqEo)12 

Platinux coxplexee are formed by the reaction of acetylenic 

silanes with trans-HPt(PEt3)2C1 and trans-12Pt(PEt3j2. 
66 

p"' 3 -I.l2 
PEt3 
I 

Cl-Pt--H + RCXSiH3 

!?Et) 

___I) Cl-Pt-SiH2CBCR 

(R-H,CP3) 
Lt, 

PEt 
I3 _ I-r&I f$w) PEt 3 I-pt-I + RCiCSiH3 I-_Pt-SiBICBCR 

PEt3 (R-H,CP3) ,X&Et 
2 

2 3 
PEt3 

(isolable) (R=CP31 

~otaeoium trichloro(trixethylvinylsilane~platinate(II~ was pre- 

pared by a metathesis reaction in acetone. The complex underwent clea- 



81 

vage with water and replacement of chloride with pyridiue N-oxide. 
67 

Me3siCH-CH2 + K[Ptc13 Kycxi2)I - K[PtC13(Me3SiCH=CH2)1 + clipi 

f- 

The following reactions of B-functional acetylenic silanes have 

keen reported. 
68 

R3SiCXOEt + LiNEt2 - R3SiCXNEt2 9 

R3SiCXBr + Et3N ----_) R3SiCXNEt2 
--CH2 

(R - Me,Et) 

Chlorine added to a number of aromatic silanes to form hexachloro- 

derivatives which could be dehydrochlorinated thermally. For example, 

phenyltrichlorosilane gave trichloro(trichlorophenyl)silane. 
69 

Xl2 
5500 

C6H5SiC13 hv - C6H5C16SiC13 - C6H2C13SiC13 

OrganohalolithiumcanpoundS haW~~l0yedtoprroUn 

a-haloalkylsilanes. 

Br 

Be3SiCl~ 
\ Me3SiCHBr2 (62bj71 

nCqHgI 
Me3SiCBr2Li - Me3SiCBr2CqHg (932) 

71 
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82 
CH3CHI2 Me3SiCl 

CH3CI2CLl ___c 

-i--_ 

Me3SiCI CH 
2 3 

(49%)'2 

(Me3Sij2NLi 

Me3S1CH1 2 
Me3SiC1 

Me3SiC12Li - (Me3SiJ2C12 (69%)72 

F 
CH2C12 + Me3SiC12Li 

%@ZS04 
-Me3SiC12CH3(45%) 

72 

Me3SiCH12 + CHC12Li 

-t 

I Me3SiCHC12 (12%) 72 

The monohydroboration of acetylenes with disiamylborane [HB(sia)21 

gives vinylboranes which may be metalated at the allylic position. Sub- 

sequent reaction of the organolithiura reagent thus formed with trimethyl- 

chlorosilane followed by oxidation affords 3-trimethylsilyl-substituted 

aldehydes. In addition to the example shown below, the following aoety- 

lanes 

(75%) 

gave similar products in the yields shown: 1-hexyne (66%), l-octyne 

and 3-hexyne (90%). 
73 

CH3CH2CH2CBCH + (Siaj2BH + Cli3cH2CH2CH-CHB (Sia) 2 

l)Me3SiC1 $>c /N 

CH3CH2yCH2CHo f2)H202,0H- 
CH3CH2CHCH-CHB @ial I 

I 
Ll 

Sine, ii 

Ester-containing organotrichlorosilanes CM be obtained by the 

following procedure. 
74 

Base treatment cleaves the Si-C bond. 

H02C -@- C02Et + HSiC13 

Several acylsilanes have been 

Products arise whose appearance may 

CH3CM 
nPr3N 

7 C13SiCH2 
-@- 

C02Et (79%) 

photolysed in cyclohexane solvent. 
75 

be rationalized by silyl radical 

formation, followed by subsequent attack of these species on original 

substrate or some of the products subsequently formed. Triphenylsilyl- 

bensyl ketone is thought to give rise to triphenylbensylsilane by an 

intramolecular process. 



Ph SiCOMe hv+Ph3SiO\&SiPh3 + 
3 .A \R 

Ph3SiO\C_ 
2 
+ 

Ph3sl Ph3si' 

(14%) (22%) 

Ph3SfMCt12Ph~ 
Ph3Si0 Ph Ph3Si0, ,CIi2Ph 

Ph3Si 
;Dc/ + 

'?I Ph3Si/C1CH2hh 

(S-128) (40%) 

83 

Ph3Si0, /Ii 
C 

Ph3si' 'ui3 

(14%) 

+ Ph3SiCE12Ph 

(30-355) 

when the photolysie of acetyltriphenylsilane was carried out in 

di- or trichloroethylane, products of reaction with the solvent were 

isolated. 

hv 
Ph3SiCm3 CHc1-CHcl' 

Ph3si, /Ii 

/C-C (34-45%) 
H 'Cl 

hv 
Ph3SiCOCR3 cHclrcc12 l Ph3SiCH=CC12 (28%) 

A rearruagament of the type SI-C-O-N --+ N-C-0-Si has been 

reported in which migration of ailicon to oxygen is accanpanied by 

migration of nitrogen to carbon. 

ne3siyRCR20NKF3)2 +++ (CF3)2R~CR20NQ3)2 (1005) 

oN(Q312 OS&la3 

1500 
(CF,) 2NOSine2yONEF3)2 Ih + (CF3)2N~OSiMe20N(CF3)2 Uoo11 

cH20NKP3)2 a2aJ(Q3)2 

Me3SicH20N (cF3) 2 
150. 

u No Rearrangement 

1000 
C13siCNe20N(cz3)2 2h * KP3)2NCNe20SiC13 (982) 

In compounds of the last type, the ease of rearrangement was found to 

be c13sm?R'ON(CP3)2 > c13siCmoN(CP3)2 > c13siCH2CN(CP3)2. 
76 

The carbmols R3_nCPhnOH (R = p-Me3SiC H ; n=1,2) have been pre- 
64 

pared by way of p-Me3SiC6H4MpBr and the appropriate ketone or ester. 
77 

Bischlorofomates may be nynthesieed from cartain orgahosilicon 

diolEl.78 
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a4 

R - M2, (a21 3 r-2-2Cif2 

Silicon-carbon bond cleavage has been observed during treataent 

of trialkylsilylalkyl sulfides and tetraethylsilane with 308 H202 in 

acetic acid.2' 

H2o2 
EtSCh2SiEt3 SO_+ EtS02CH2SiEt3 + (EtSi)20 + V3H603SI" 

(56%) UW 

Et4Si 
H2o2 
z (Et,Si),O + "C3H603Si" 

1-Trimethyl8ilyl-1-(phenylsulfinyl)methyllithium can be generated 

m high yield from the n- or t-butyllithium metalation of phenyl tri- 

methylsllylmethyl sulfoxide. The reagent reacts normally with carbonyi 

containing compounds, to give, ultimately, olefinic product8 by way of 

S-elimination.80 

Me3SiCU2SOPh w i 
-709 

&m siCHsoPh 
3 I 

A variety 

have been found 

cleavage in the 

Li 

of 2-benaothianolylsilane8 
81 

and I-imidanoyleilanes,S2 

to be very su8ceptible to tranmailylation and Si-C bond 

presence of weak electrophiles. 

Me 
I 

Me2SiC12 

sime3 - 



86 

The stability of sc4ae B-aminoethylsilanes to a variety of reaction 

conditions was examined. 
83 

s No Reaction 

3000 
10h F Me3SiNHR + CR2-CR2 

(30%) 

N(CK.Cl), + 3R..R'Si-X-Na 
-3NaCl 

l N (CR2-X-SiR2R'13 
4 a L 

X s 
0 Ne 

0 Ph 

S Ph 

CR20 Me 

CR2 Me 

Reaction of triskhlorcmthyl)aaine 

to trisWlylmethyl)amines which could be 

thylphalylsilyl cmpound), but which were 

meriaation at 40°. 

R' 

Me 

Me 

Ph 

Me 

He (via Me3SiCR2Li) - 

with silyllithium reagurts led 

iwlated (except 

therrally labile 

Refe?ancesp 139 

+ - 
Me38iCR2CR2NEt2Me I 

250*+ 
Me3SiX + CH2-CR2 + Et2NHe 

+ 
14e3Sic!R2CR2NRt2ne OR 

H2° 
reflus 

v (Me3Si),0 + CR2=CH2 + Et2NW 

+ 
Me3SiUi2CH2NBt2Me I - nBuLi, 

Me3siBu + Et2NMe + cH2-CR2 

Me3SiCR2C!H2NR2 nBuLi ldoo p No Reaction 

Me38icH2CR2?Bu 

1400 
W Me3siNHBu + c!R2-Cii2 + CR4 +14e2siWnBuI- 

Li 
NBuSit4e3 

A variety of silicon-containing tertiary amine8 have been prepared 

utilizing triskhloromethyl)amino. 84 ThecxqouAd with X-O, R=Ph, R'-He 

polymarises at 25* with loss of WePh2SiQW to give a C,H,N-containing 

polymer. 

for the dime- 

towards poly- 
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N(CH2CU3 5 + 3 R'SiLi -3Lic1, N(CH2SiR2R1)3 

R R 

Ph Ph 

Ph Me 

Me Ph 

The reaction of trimethyleilyldiaxomethane with trifluoroacetonI.- 

trile gives trlazoles via preferential (over H) - 

migration m the original adduct. 

- I 

1 F3C \ slMe3 
/ I 

trimethyleilyl group 

F3"\ 

Me3SiCHN2 + CF3CN 9 

siMe 
3 

Reaction of the diaso compound with cyanogen chlorzde or brcmide affords 

open-chain 1:l adducts. 
85 

Me3SiCHN2 + XCN - Me3SiN = 
F 
-CHN2 

X 

Silyl-containing ylids are foutid to form salts with certain tran- 

sition metal caaplexes 
86 

Me3P=CRR’ + HM(C0)3C5H5 __) INe3~2RR’l+ [M(CO)3 - 

(R= SiMe 
3' R' = H or SiMe - M = Mo,W) 

3' 

These salts can be deprotonated with Me3P-CH2 or 

salts react with chlorosilanes to give compounds 

bonds. 

nBuLi. Anions of these 

containing silyl-metal 

Na+ [Cr (CO) 3C5H5J - + Me3SiBr - Me3SiCr(CW3C5H5 

The reaction of silylated ylids with ketones is known to give mm- 

plicated sets of products, but the course of this reaction is explainable 

in a straightforward manner if the ylid and carbonyl compound are taken 

in a 2:3 molar ratlo. 
87 

3 Ph2C=o + 2 Ph3P=CHsiMe3 -L 2 Ph3P0 + (Me38i)20 + Ph2CICH2 + Ph2C'C'CPh2 

3 Ph2C!-o + 2 Me3P-UfSiMe3 + Me3Po + (Me3Ed20 + 2 Ph2C-CH2 + Me2PWCHrCPh2 



3 Me2C30 + 2 Me3P-CHSiMe3 e 2 Me3P0 + (Me3Si)20 + Me2CWZi2 + Me2CIcHC=CH2 
I 

Me 

Silylated ylids have been used as starting materials for the syn- 

thesis of the novel tetraorganofluorophosphoranes. 
88 

R3P=CHSiMe3 + 2HF ---_) R3(CH3)PF + Me3SiF (R - Me,Ph) 

The analogous tetraorgano(trlmathylsilyloxy)phosphorane can be pre- 

pared, but decomposes above O". 
89 

Me3P-CH2 + Me3SiOH - Me4POSiMe3 -W (Me3Sij20 + Me3P-CH2 + Me3PIo + CH4 

The synthesis of tris-(2-picolyl)-methylsilane (TPMS) and preli- 

minary results concerning its use as a chelating agent for transition 

metals has appeared. 
90 

MeSiCl3 + 

TPMS'LiCl + Agcloq -=% TPMS.LiC104 + AgCl 

TPMS*L~CIOq + M(C10qJ2 __C TPMS*M(C104)2 + LiCIOq 

(M=Ni,CXl,CO) 

Silyl ylids have been found useful in stabilizing gold(I) compounds 

by establish&ng a neighboring onrum center. 
91 

- 

Me3P * AuCl + Me3P-CHSiMe3+Wle3P + Au-CR 
/iMe 

\$Me3 
I 

M%Si. _ 
cl- 

Me3P * AuCl + Me3P-C(SiMe3)2+Me3P + 

Treating l-phenyl-l0-lithio-l,l0-dicarba-closo-decaboraneU0) with 

trimethylchlorosilane gave the corresponding 1-phenyl-lo-trimethylsilyl- 

1,104icarba-clo*04ecaborane(10).g2 



XMe2SiCH2C1 Ggfcuh J@ie2SiCH2GeC13 

(5-m) 

X - F, CCH3, CSiMe 3 

have been prepared by direct 

4 Gme2sictr21 2M612 

(2647%) 

Hydrosilylmethyl Grignard reagent8 wera wed to synthaefze the 

sily~~y~tin compound 8hmm. This did not give the axpscted cyclic 

product upon attempted ring clouure. 
94 

~2~~i~2~l 
Me2ClSnCH.p 

+ Me~~si~2~2~2cl 

I c1CH2OCH3,znc32 

/cH2\si”e T?f-= 
4 

Me2Sn 

‘CHf 2 ether Mo2clsicx2snMe2cx2c1 

A number of [hydrosityl)alkyl GrtgMta reagents have been found to 

reduce chlorosflanes. Two equivalents of Grignard are involved in hydxv- 

s&lane fomatian. 

Br 

& 

H 
/-- \ 

Ph3siCl + Me2bi2MgSr - 
Y1 

p2-sine2n 

Ph$i. \“S ,kme2=2w*r 

J 51: 
Ph3SiH + ~2Si~2S~2~~r 

The Grignerds employwi and the yields of triphenyleflene obtained 

mre: Me2SiHC!H2NgSr (90) t 14eSiH2C!H2HgBr (75); PhMeSiHCH2)*JBr (80); 

Ph2SiSCS2~Br (95): Ph2SiH(CS2)2MgSr fSO)r Me2SiHKH2~3MgCl (80); Me2 - 

SiHCK2SiMe2CH2MgI (45); M2SiHC%2npEr fwitb Pb2KeSiCl gave 49* Ph2MeSiH 

and 44% Ph2MeSicH2Wfe2 ; with m3SiC1 gave 39% Me3siai2siwk2H and 34% 

Me2SiWJi2SiMe2M2D after D20 txeatxnent). 
95 

The bhavior of &e3Si)3W and @ie3Si)4C toward scans metalating 

xeagent3ha8beenexamined. No metalation of &le3Sif3CH was observed 

with n&L& in ether, tetrahydrofuran fTfZF), or pentane-'L'MEDA or with 
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tBuLi in peut4um or pontane-THP. Metalation did occur with aMhyllithium 

fn etbr-l%F to give (WajSi)BCLi and with tRuLi in purtalm-l34RDA to give 

Oie3Sif2CRSiRe2CS2Li only. The tRuLi-TnRDA syetem OJutMtCii3Lif alma 

atetalated me3Si)4C to give we3si)3CSiHe2CR2Li.96 

The use of trimethylrilylmethyl groups for the stabilization of 

nmtal6 in low coordination states contiaues to be an active area. A 

dialkyltin(11) colnpound has been prepared by the ume of the bisftrimethyl- 

silyl)mthyl ligand. 

Me3Sf)2CIiLi + SnCl2 --+ [(Re,Si)2CRl2Sn (54%) 

This mmpouad form* stannylebe cciapleue8 with Cr(CGt5 abd nO@Gl5, a8 well 

as a 1:l adduct with a-picoline. A 3% yield of [Me,Si~pil2Pb was also 

reported ." 

In contrast to other bir(trialkyletanuyl)mercury conpounds, bio- 

[tria(tripna~~l8ily~e+hylf6~yll mercury ia stable, and undergoes 

exPected trawmetalatfon and exchange roactiorm. 
96 

s"cl4 
IMgCl- R4Sn 

SK14 
b R3SnC1 

LiAlH4 
. 
' sSnS 

Stp3 
"7 mppg 

fR = Mct3SiCli2) 

(R.pn)pv 
2 Lb t Xp+2R3SnLi 

cFp2Hg+wx2-+ 2Hg+2 

[x-cl, cx2C02we, CPCPh, CoKG)41 

cR3SM25 + RgwP3)312 y 

The hydride R3SnH al- wao employed to 

2 R3SnR + Et203 _C 
CRjCS3 + 

2 ng + 2 Rp + 2(cpI)2clcp2 

propare a dialkylcadniuncompound. 

apa) 2cd 

A stable copper(I) alkyl has been prepare& fram Ble3S5.CR2Li and CuI. 

The reaction of this Me3SiCR2Cu with Me3SiCl, M2-CIiCH2Br, Phi and PhCJi2Br 

gave the expected alkylation products. With a 2:l ratio of Me3SiCR2Li to 

CuI, a &able solution of tHe3siCH2)2CuLi was obtainable in ether. 
99 

The trimethylsilylaathyl Grignard reagent was used to prepare (He3- 

SiCR2),Al*GRt2 and we3siCR2)2Sn.loo The latter formed iwlable co&exe8 

Ref~ncwp.199 
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with 2,2'-bipyridine, l,lO-phenanthroline, tetramethylethylenediamine, 

quinoline and pyridine. The first two of these were stable in air for 

several days. In contrast to the reaction of Me3SiCH2M (M=Li or MgX) 

with NbClS and TaClS, which affords complexes such as (Me3SiCH212Nb - 

(lPSiMe3)2Nb(CH2SiMe3)2, the interaction of (Me3SiCH2)2Zn and TaClS 

gives a mixture of &le3SiCH2)2TaC13 and (Me3SiCH213TaC12. Niobium pen- 

tachloride affords mainly (Me3SiCH2)3NbC12. 

Trrs[tris(trlmethylsilylmethyl)stannyllthallrum has been prepared 

from triethylthallium and three equivalente of (MejSiCH2)jSnH. This 

compound underwent the following reactions in high yields. 
101 

[Mep3i2)jSnl jT1 
Iig 

i [(MeJSiCIi2)jSn12Hg + Tl 

BrCH2CH2Br 
I, ,-+ (Me3SiCH2)jSnBr + cH2-CH2 + TlBr 

B=2°2 
I, - (Me3SiCH2)2SnOB% + ThOBs 

Stable alkyls of titanium(W), zirconium(W) and hafnilrm(IV) have 

been prepared which contain trlmethylsilylmethyl- and trunethylgermyl- 

methyl stabilizing groups. 
102 

Detailed preparative procedures, stabili- 

ties, and coeval a& chemical reactivities are given for these compounds. 

n-Cyclopentadienyl (Cp) species were best prepared from Cp2MC12 and 

Me3M'CH2Li in ether, while the neutral tetrachlorides were starting 

materials for obtaining 04e3M'CH2)qM products. The thermal stabilities 

of the cyclopentadienyl complexes lie in the order HfiZr>Ti, the stabili- 

ties of these species being greater than the methyl and ethyl analogues. 

The compound (Me3SiCIi2)qZr exhibits a thermal stability which is 

close to, but somewhat less than, @le3CUi2)qZn. 

coaapouna Starting reagent Yield (2) 

Cp2Ti (a2Sintr3) 2 Me3SiCN2Li 60 

CP~T~(CH~G~M~~)~ Me3GeCH2Li 70 

Cp2Zr(CH2SiMe3)2 Me3SiCH2Ll 70 

Me3SiCH2MgCl 5 

Me3SiCN2MgC1 38 Cp2Zr(C11CN2SiMe3 
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Starting reagent Yield (8) 

Me3SiCH2Li 

Me3SiCH2MgCl 

c 

(Me3SiCH212Mg 

Me3SiCH2Li 

Me3SiCH2MgCl 

i 

(Me3SiCH212Mg 

Me3SiCH2Li 

Me3SiCH2Li 

(PhMe2SiCHZ)2Mg 

PhMe2SiCH2MgCl 

(Ph2MeSiCH2)4Mg 

(PhCH2Me2siCH ) * 22 ~g 

50 

65 

73 

69 

63 

60 

09 

96 

SO-75 

66 

In a related investigation, the preparation of the neopentyls 

(Me3CCH2)& M - Ti, Zn or Hf is reported, and thermal stability compari- 

sons made with the corresponding (Me3SiCH2),,M compounds. 
103 

Stability 

increases m the order M - TiGngHf and for R M: R - Me<We3CCH2?Me3SiCH2. 

As was previously mentioned, treating niobium or tantalum penta- 

chloride with Me3SiCH2MgC1 affords the compounds (u-CSiMe3)2M2(CH2SiMe3)2, 

M = Nb, Ta.lo4 The niobium complex has the structure 

.W4e3 
I 

Me3sicH2\Nb/;/-c:\Nb/ CH2SiMe3 

Me SiCH’ \‘CT’ \ CH Sit& 
3 2 

&Me3 
2 3 

The first well-characterized binary alkyls of lanthanide elements 

have also been prepared via Me3SiCH2Li and the anhydrous metal chloride, 

MC13. Thus, (Me3SiCH2)3sc*2 THF and (Me3sICH2)3Y*2 THF (along with the 

neopentyl analogues), and the solvent-free (o-MeCC6H4siMe2CH2)3Sc have - 

been reported.lo5 

Carbonyl complexes of iron, cobalt and nickel with tris(trimethyl- 
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silylmethyl)pbosphine (L) were synthesized and some of their chmiatry 

explored. 
106 

(Me3SicHz) 3P + Fe3 (Co) 12 -4 Fe(cW3L2 

Fe2 GO) 9 ----P Fe(C0)4L 

Hg[Fe(CO)3 (NO)lZ I Hg~FeKX?12@O)L12 

NiCO), - Ni ICO, jL 

co2 m)g ---+ Eoum3L12 m NaCo(CX3tjL 

QpO)S ---+ [CoEO)3L21 tCo(Co)41 

CC14 

c1cco3 fax 9 + CoCrKlJ)2L 
HgCl, 

NaCo(COj3L + Hg(CN)2 ---+ ngb20mjL12 ~-----=P ClHgCom) St 

+ TlN03 ---P Tl 1C.b (CO) jLl 3 

The reaction of trichlormetbyl compounds with dicobaltoctacar- 

benyl yields alkylidenetricobalt nonacarbonyl species. The use of 

co2 (co) 8 + Me3slcc13 ---+ Me3sicco3 020) 9 (41%) 

* PbMe2SzCC13---+ PbMezslco3(co)Q (50%) 

+ ~s3sio~cccl3 --+ ~a,sio,CCCo3(00)9 r3W 

Me3S10CHzCX3 (X = Cl,Br) followed by hydrolysrs afforded HOCH2CCo3(CO)9 

in 4-59 yields. 
107 

V. SI~~I~N~ CAKES 

1. S1-Ii 

In the prasance of [PPh3)ZNiClZ alkoxy-, cbloro-, and fluoraaif6ne6 

are reduced stereospacifically to the corresponding hydride by the action 

x=ocH 3, Cl, F, D 

[a retention - 94-100, 0, 90, 100 (1001 invarsLon for Cl)] 
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of Grignaxd reag6nt6 po66e6sing &~6Xh6. Rwctivity of thei Grigaard 

depends markedly on structure. For example, the use of X = OCH 3' abwa" 

@US a Grfgnard under 6tandaXdiZod Condition6 g6Va the fo~hwhg yi6ldS 

after 72 h (R, ri SiB, a retention given): Et, 90, 100; nPr, 62, 98; 

iPr, 24, 94; nBu, 85, 99: IBu, 6, 971 tBu, 0, -_). .Vinyl6ilane6 are re- 

duced et the OlefiniC 6ite faster th6n the Si-WB3 bond is attacked. 
108 

Ph 
I 

cx2ui-Si*-ocH 
EtMgBr Th 

I 3 
I-n6phthyl 

(PPh3)2NiC12,200 ' CB3CB2-~i--n3 
l-napwhy 

(optical purity > 95%) 

Several perfluorophenyl-contafning chiral 6flan66 w6re syntheciised 

to provide an electrcmegatfve group on silicon which vmuld not be cluwep- 

table to easy nucleophilic r6placemnt. 
109 

Wen ONen 
I I 

a-Np-Si-Me + C6F5Lf - a-Np-Si-Be 
I 
Cl 

I 

'6'5 

Ph Ph 

u-Np-be + C6F5Li --+ 6-Np&de 

&l 
I 

iBU,hlB 
H 

w a-Np-Si+e 
I 
'6F5 

Chfral reduci6g agent8 (alkaloid-LiWi4 or alcohol-LiAlB4 co&f- 

nations) have been used to reduce a 6erfer of silano6 [Besi(oMe)~~@; 

R = 1-naphthyl, Et, &WB2, 6e6ity1, fPr, R' = Ph and R = cyc&hexyl, 

R' - Et1 to optioelly active mixture6 of enanticmarr rruiteble for further 

stereoche6ical 6tudie6.11o 

Diethylfluorosilane k6a bee6 reported to undergo tlmrau11 dispropor- 

tion6tion in the absence of cat6ly6ts. Disproportionation occur6 to the 

2 HSiSt2P % H2SIEt2 + F,SiEt, 

extent of 491 in Jh at 56. to give (by weight) 51% of unchanged fluoro- 

silexm, 101 diethyl8ilw, 33% difluorodiethyl6il6m 66d 5% of 6n tmknom 

6ub6t6nce. In 15 h at 20*, 63% di6proportiOMtioll i6 ob6eW6d. Ttru6, 

hydrosilylation e6@oying, e.g., dlethylfluorosilane leed6 to product6 

of mmo- and di- 6ub6tftution at 6ilicon. 
111 
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Heating phenylmethylszlane with (Ph3P13RhCl led not only to dis- 

proportionation products, but also to higher condensation products pos- 

sibly arising through a silylene-type intermediate. 112 

Me Me Me Ph Me 

PhMeSiH2 
(Ph3P)3PhCl 1 II 

700 + Ph2MeSiH + Phki-iiPh + Ph-Si-Si-Si-Ph 
II 
H H b Ceh 

30% 
149 302 

Ph2SiH2 -+ Ph3SiH + Ph2si-SPh2 

8% 38% 

H H H H Ph Ph Ph 

PhSiH3 " Ph;i-LiPh + Ph-!&-H + H-++-H 

Ah ;h AH H 

H H H EtH 

Et2SiH2 " Et2:i-;zEt2 + Et2?i-+t2 L 

Et 

Ph2SiH2 + Et3SiH (1:lO) (I\ Et3Si-SiPh2H (8%) 

Mixtures of trimethyl- or triethylsilane with nitrogen dioxide 

react in the gas phase, explosiVrlY under certain conditions, to give 

hexaalkyldisiloxahes, nitric oxide and water as the predominant products. 
113 

2. Si-Sroup VII 

The redistribution reaction between bromofluorosflanes and HSiI3 

has been used to prepare the following Br/I exchange products: SiFC121, 

SiFC112, SiFBr21, SiPBr12, SiF2BrI, SiF13 and SiF212. 
114 

Disproportionation ocaurs when trichlorosilane, a-chloromethyl- 

chlorosilanes and tertiary amines are allowed to react. This reaction 

is accompanied by condensation products. 
115 

ClCB2SiMe2Cl + 2HSiC13 
amine + C13siCB2SiMe2C12 + SiC14 + E2 

c1CB2siMe2C1 + BsiC13 
amine + 2 CH3SiC13 

The exchange equilibria of fluorine with the silicon substituehts 
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Br, Ii, OMe, NMe2 and 8Me in the mono- and trintethylsilyl(substituent) 

series have been determined. The order of substituents in terms of their 

preference for the least alkylated silicon atom was given as Ohe > NMe2 T 

8 * F > SMe > Cl > Br. 
116 

Methods for the preparation of aryloxyfluorosilanes (R2SiFOC4H6X; 

R - alkyl, aryl) have hen investigated. The best preparative method 

involves the reaction of R3SiIiF with the reguired phenol, although signi- 

ficant aauxnts of R2Si(OAr)2 compounds are also produced. The synthesis 

of the required R2Siw starting ccqouuda was also given. 
117 

Exchange of chloro and ethoxy groups during the hydrosilylation of 

vinyldimethylethoxysilane by dimthylchlorosilane was found to occur both 

before and after addition, and was not dependent on the presence of chlo- 

roplatinic acid. Vinyl-hydrogen exchange was shown not to occur. 
118 

Me2SiClH + Ui=CIiSiMe2cm - Me2Si(OEt)H + CH2-CHSiMe2Cl 

2 C1SiMe2CE12C!S2SiMe20Xt e C1SiMe2M2CIi2SiMe2C1 + EtOSiMe2CH2CIi2SiMe208t 

The replacement of dimethylamino groups by iodine has proven to be 

the best route to pure fluoroiodosilanes. 
119 

SiFq_x024e21x + 2x81 __) siF4_uIx + xNH2Me21 (x - 1, 71%; x - 2, 80%) 

!&me chemistry of these species was reported, among which were the 

following: 

2 F3SiI + Ii20 W F+O-SiFj + 2 HI 

+ Iigo _j F3Si-O~SIP3 

+8gS _j F3Si-S-SIP3 

F3SiI + HgKW2 + F3SiCN 

+ Iig(NCS) 4 F3SiNCS 

+He3N -f Fe3Si*2 NMe3 

+Me2N8 _ F3S-2 

A nmber of chloro- and fluorophenylethynylsilanes have been 

prepared from phenylethynyl magnesium bromide aud the appropriate mono-, 

or trihalosilane. Yields of partially substrtuted halosilanes were bet- 
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tar when orgenofluorooilanes instead of organochlorosilaaea were uaed as 

starting materials. 120 

The reaction of silicon difluoride with trifluoroacetyl chloride 

at liquid nitrogen temperatures afforded a volatile product which was 

characterized as 2,2,3,3,6,6,7,7-octafluoro-2,3,6,7-tetrasila-Q,8-di~-l, 

S-dichloro-1,5-bis(trifluorcmethyl)cyclooctane. 121 

-_ F2 F2 

The reaction of SiF4, Si2F6, SiClq, Si2C16, SiH31, SiH3Br, SiP31 

and p-C1C6HqSiH3 with various nitrogen oxides has been studied with and 

without U.V. irradiation. Silicon tetrafluoride is generally inert, but 

raack below -60° with N203 to form a thermally labile (above O") adduct, 

probably NC+ (SiFq.N02)-; Si2F6 and NO or N204 produce (P3Si)20, and 

Si2C12 behaves similarly. Other silanes produced siloxane mixtures, but 

no reaction occurred between p-ClC6HqSiH3 and NO in the absence of irra- 

diation. No evidence for isolable Si-nitroso compounds was obtained. 
122 

The first example of a metal carbonyl complex where the halogen 

atans of a metal halide serve as ligands has been reported. Thus, the 

irradiation of a mixture of Fe(CO)5 and SiId gives the compound SiIq - 

[Fe(CO)3]2 in low yield.123 Its proposed 

;>,,A/\ /Co 
Fe-CO 

(./ \,/ \I/ lco 

3. Si-Group VI 

structure is 

An insoluble polymer-supported ohiral rhodium ccmple~ for the asym- 

metric hydrogenation of olefins and hydrosilylation of katones has been 

prepared. 
124 
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H 

0 
PPh2 %I imoluble 

PPh2 
+ Mhc1(c2Hq)212 + complex 

2 
=. 
ii 

The hydrogenation of olefina (2-ethyl-1-hexene, a-ethylstyrene, methyl 

atropate) is effectively catalyzed by this material, but optical yields 

are lower (0.6-2.5%) than with the soluble complex shown below (15% 

optical yield with a-ethylstyrene). However, use of the insoluble complex 

Soluble 
+ [RhC1(C2Hq)212 + complex 

x 
H 

for the hydrosilylation of acetophenone with dihydrosilanes (diphenylsilane, 

phenylmethylsilane, a-naphthylphenylsilane) gave high optical yields 

(up to 58b) which closely paralleled those obtained employing the solu- 

ble complex. Isobutyrophenone was an exception in that somewhat lower 

optical yields were obtained from the insoluble complex. An extremely 

o-sit 

L I TH (100%) 

PhCOCH3 + H2SiPh(a-Naphthyl) s Ph,-CH3 l! --t PhCHCH 
3 

H 
W-(-1 

58.58 optical 
yield 

ureful observation io that with the soluble catalyst, dihydrosilanes 

afforded much higher optical yields, and under milder conditions, than 

did monohydroailanes. 

A chiral cationic complex, (Rh((~)-(Ph~2)~Php~2H2S21' Clod- 

(S - solvent) has also been found effective for asyxmetric hydroeilyla- 

tion of a number of alkyl phenyl ketones. The silyl ethers produced were 

isolated and converted to carbinols by methyllithium treatment. 
125 

The reaction of hydrosilanes with ketones in the presence of col- 

loidal nickel produces both monosilylethers and silylated dimerisation 

products. 
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PhCoR Sllyl Ether 
R= Yield (0) 

( 

Me 97 
PhMe2SiH Et 94 I 

tBu 84 

Me 100 
Me3SIH Et 92 

tBu 81 

Carbinol 
Configuration 

Optical Yield 
(0) 

S 31.6 
S 43.1 
S 61.8 

S 
S 

R 

OSiR; R" SiO 3 OSiR" 
II 3 

P.COR' + HSiR; colloidal N1 I 
l R-CHR' + RRC -CRR' 

R= R' = Ph R" - Et 40.4% 57.0% 

R = Ph; R' = Me R" = Et 50.3% 42.6% 

II = nBu 67.1% 14.3% 

R = Me; R'tBu R" - Et 47.5% trace 

II = nBu 70.1% 8.6% 

5.1 
6.4 
28.1 

TH TR”3 + RR’C - CRR 

___________ 

8.2% 

----------- 

8.4% 

For those ketones which are enolizable, small amounts of the cor- 

responding silyl enol ether may have been present In the monosllylether 

product. 
126 

A facile 0-silylation of alcohols has been reported using a home- 

geneous system containing C1Rh(PPh313 as catalyst. Isomerization or dis- 

proportionatlon is not observed. A mixture of cholesterol, diethylsl- 

lane and catalyst m hexane, for example, afforded a quantitative yield 

of cholesterol diethylsilyl ether. The rate of silylation is in the 

order phenol > MeOH > EtOH > iPrOH > tBuOH and R8iH3 > R2SiH2 > R38iH. 
127 

Diarylalkoxysilanes (R2SiHOR*) can be prepared by either the mono- 

alcoholysis of diarylsilanes or the hydrosilylation of ketones with 

diarylsilanes, both in the presence of either rhodirnn or ruthenium com- 

plexes, 

%SiH + R'OH 
(PPh313PhC1 

or (PPh313RuC12 ' 
R2SiH(OR') + H2 

R2SlH + R'R'T-0 as L 
above 

R Sz.H(OCHR'R") 
2 

The method appears to be general in the nature of R' and R”. For both 
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reactions, the rhodium complex was found to be the more efficient cata- 

lyst. 
128 

Ionic fluorides catalyze both the alcoholysis of hydrosilanes and 

the addition of hydrosilanes to conjugated ketones and aldehydes. The 

following conversions are illustrative of the method. 
129 

CH3CB 
Et3SiH + PhCH20B e Et3SiOCIi2Ph + H2 

(95%) 

Et3SiH + PhCHO 
CB3CB 
CsF 

t Et3SiOCH2Ph 

As part of an investigation concerning the mechanism of acetal for- 

mation from the photolysis of acylsilanes in alcoholic media, the photo- 

lytic behavior of acylsilanes in other protic solvents has been reported. 

In almost all cases, the indicated products were formed in good yields. 
130 

Ph3SiCOPh + 8X hv, Ph3SiOCBPhtX) 

X - OAc, Cti, pyrrolyl, SPh, Cl, CH(CW2 

Triethylsilane adds to the carbonyl group 

sis by indium trichloride. 
131 

0 
F&t3 

PhCOCMe3 + HSiEt3 
InC13 

reflwc 
Z PhCBCMe3 

osiEt3 

PhCOSIMe3 + HSiEt3 rh,> 
I 

PhCBSiMe 
3 

of ketones under cataly- 

Optically active 0-silyl enol ethers are formed with inversion of 

configuration at silicon when optically active methylphenyl-a-napthyl- 

chlorosilane is allowed to react with an active methylene compound in 

the presence of base. Both B-keto esters and ketones behave similarly. 
132 
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osi - 
RCOCH2COR' + -1;i-Cl 

Na 
R-k::4,. 

I or RXt3 ' 

Silylated enol ethers have been prepared as follows. 

4t3sic1 
osiRt3 

CH3COCl + 2 CH2-C(OMe)OSiRt3 -cH Co Re+ CR3kCHCO2Me (675) 
3 2 

(cis:trans = 9:l) 

Et3SiCH2COC1+2CH2-CKW)OSiMe3 

-Me3SiC1 
-St SiCH cocl ) 

3 2 

Ye3 osiMe3 

Et3SicH=C-ai2C0211e + rt3sicH2Lco2me 

In the latter case, the principal product is the B,y-unsaturated iscnner. 
133 

A number of soluble ahd insoluble (polymer-supported) palladium 

catalysts were investigated for the addition of trimethylsilanol to 

butadiene. 

Me3Si0H + Cli2-CbCH-CH2 ~ s ONa Y=- Ne3SsicH2cH-cH @Hz) 3cH-cH2 

The soluble system PdC12(PhW2 -PPh3-Me3SiORa was the most advantageous. 

Polymeric catalysts could not be recycled and lost palladium content after 

one use. 134 

Lithium derivatives 

(H3Si)2YH (Y=P,As) can be 

X or Y with methyllithium. 

of the compounds H3SiXH (X-O,S,Se) and of 

prepared indirectly by treating fully silylated 

135 

(H3Sij2X + MeLi ----+ LfXSiH3 + MeSiH3 

(H3Sij3Y + MeLf ---t LiY(SiIi3)2 + MeSiH3 

Chloral inserts into the ring structure of a cyclic sflylether to 

give the acetal product in guantitative yield. 
136 

Me 
+ C13CCHO - MeSi 9 

Me 

2\ 0 
0 

-k 
H cc13 

A series of (oa~y8ilylaUroJcy)trinuthylailures ha6 been qnthe- 

sised and their cyclisation studied under basic (NaOEW and acidic (HCl) 

conditions. 
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-EtOSiMe3 ~(~2)lll 
NO)n~3_nSi(Qi2QSiMe3 > (=O)nW2_n 

/ 

(n = 1-3, m - 3,4) (n = 0-2, m 9 3,4) 

Sir-mearbered rings are formed famter than five-tnembarad rings, and 

with ba8e catalysist, the reactivity towards cyclization increases with 

increasing numbers of ethoxy groups on silicon. The latter observation 

is also true of acid-catalyzed cyclizationa to five-membered rings, but 

a reversal in reactivity is obrrved for cyclization to the six-membered 

heterocycles.137 

Cyclic vicinal dials produce heterooyclea upon appropriate silyla- 

tion.13S 

rCRoH 
(CH2jn I + C1Me2SiCH2C1 ---+ ( c 

Cii~"Wne2 

LCROR $$n.o,LR2 

n = 3,4 

Trimethylailylcyanide affords fuactionalired rilyl ethers with a 

number of co-reactants 

Xe3siCN + COC12 - 

II +c1COCOC1- 

II +P3CCOCl ___, 

II +RCOR' - 

II + A *Cl3 ), 

II +RCOC1 Bridinl, 

II +RcO-O-COR-----_j 

(G * CMe 2, o-pheuylene) 

Trlmethyleilyl phomphite 

WO)2Wsme3 + mCOCOHe 

Me3sioc(cN) 3 13g 

me3siOC(Cm212 
139 

Me3si0CNt02a3 139 

I(s3Si&'m 139,140 

Me3SiOCU2Cii2Cbl 141 

Ne3SiOC(CNN)2R 14' 

Me3siOCR(CN)GCR(CR)osiMe3 
141 

+ Me3SiOCR(CN)GCDR 

warn found toadd to 2,3+utanedione. 142 

s 
oOSiMe3 

WO)2L+COMe (45%) 

Me 

Orgmotricblororilane8 react with Pdiketone8 to form &elate cm- 

plexeo of the form [Rsi tdiket),I+X- (dikot-x - acetylaoetone, bemoylace- 

tone, dibenxoylmethane, beuxoylacetauilide) 8 the complexen with X - Cl 
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ware easily converted into those with X - HCl3, FeCl4 and SnC15. Similar 

complexes of formula CSiL,)+X- were prepared from Sic14 and B-hydroxy- 

ketones and B-hydroxynftro (or nitroso) compounds. These complexes appear 

to be ionic and contain pentacoordinate silicon. 
143 

Stannyl-silyl group transeetsrification has been effected in some 

Group IV esters. 
144 

ii % I 'SnOti 
R3SioccH (CH3) CH2Sil$ 

R 
P Rj'SnOCCH(CH3)CH2SiR; 

Bmtrialkylsilylcarbonates have been prepared and the reaction of 

t-butyl trimethylsilyl carbonate with aminoacids investigated. 
145 

0 

1. NaH II 
R3SiOH 2. co ' R3si0CosiR3 

3. R38iCl 

0 
II 

tBuocoSiEt3 + 
Et3N 

H2NCH2C02H __+ Me3Si-~-CH2C02SiMs3 

C02SiNe3 

Unsymmetrical organoeilicon peroxides result from the treatment of 

a mixture of hydroperoxide and chlorosilane with anhydrous amnonia. 
146 

Ph3siOOH + RSiMe2Cl 
NH3 , 
Et20 

. Ph3SiOOSiMe2R 

(R - aryl, akyl) 

Heating some peroxides results in phenyl group 

Ph3siOOsiPh3 
loo@* 

Pho(Ph)2siOSiPh3 

A method for the high-yield synthesis of 

lanes has been reported. 
148 

- 

migration. 
147 

(100%) 

mono- and bis-peroxysi- 

tBuOOH + t?&iN + R3SiCl + 
/ 

WOOSiR + N 
,\r 

N.HC.l (769%) 

PhCMe200H + 
N*$*HCl + R2SiC12 4 (PhcMe200)2SiR2 + (t%) 

N 

(76-95%) 

The reactivity of bis (trimethylsilyl) peroxide with a variety of 

nucleophilic, electrophilic, oxidizing and reducing agents has been 

pro:obed. 
149 
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Agent Producte 

C-3 0 
N 

Ph2P 

(RtO)2P 

Et2S 

PhSH 

IlRdLi 

EtMsI 

NaOHrH20 

NaOMe,PhR 

Li,Na or K (M) 

Ni(Cojq 

Ph2Cr 

Pb(OAc), 

cl-o3 , HOAC 

Ph2CoR 

s02 

+ Me3SiOSiMe3 (HMDS) 

Ph2PO + HMDS 

(EtO)$O + HMDS * 

Et2SO + Et2S02 +_?IMDS 

PhSO2R + IiMDs 

nBuOSiMe2 + Me2SiOLi 

EtOSiuej + Me2SiOMgI** 

MesSioR + Ii202 

EtOSiMe2 + Me_,SiCO-Na+ 

Me2SiOM 

@legSiO)2Ni + CO 

Cr202 + RMDS + Ph2 + ~20 

Me3SiCCO14e + Pb(OAc)2 + 02 

Cr (OAc) 3 +‘HMDS 

(Ph$O)2 

MejSiOS020SiMe2 

+ ii20 + 0 
2 

. 

The tie- and trane-ieamers of a fluorine-Containing diorganocyclo- 

siloxane have been prepared and characterized. 
150 

R’ <,p ‘R 
Me’ 'R 

R - cFJ(cF2)JcH2cH2 

An excellent yield of a polycyclic compound can be obtained by con- 

trol of a polycondeneation reaction. 
151 

Ph Ph Me Me 

HO-Li-o--si-OR &I-o--SIR 
I 

P 
+ L, :, 

Ho-Si-O-i-OR 

;h 
7 
Ph 

Ph 
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The preparation and physical properties of cyclic organopolysil- 

oxanes having the following structures have been reported. 152 

Si-SIR 
% l2 
O\ s/ o 

Me2 

p'-0, 
/O-F2 

R$i-0 
/ si-Q-sil 'O 

O-SIR2 

(R = Me, Ph; Q = p-C4H6) 

Ph 

Ph2y-o, ,c~-s~~ 

PLO~s~o-SLeo 2 2 

Treatment of lithium octamethylcyclotetrasilox~e with cyauogen is 

reported to give SO* of the cyanaaathyl derivative. 
153 

/ 
o-siL 

Me2si ‘? u3a 
0-a 

----A / \ 
Me2? 

? 

\ / iiMB(M2Li) 
si4 

A, / &Me m2cNN) 

si4 

l-(chloromethyl)- and 1-(3_chloromethyl)- silatranes have been synthesized 

l 154 
by standard methods. 

The silylation of dimethylnitromalonate occurs nearly quantitatively 

to afford the 0-silylation product. The same product, though in lower 

conversion, is obtained from the silver salt of the malonate and tri- 

methylchlorosilane. In contrast, the sodium salt of the mlonate does 

not react with trimethylchlorosilane. The 0-silylated product underwent 

1,3-dipolar cycloaddition reactions with olefins. 
155 

(Me02C)2CRN02 + PhNHCON(Ph)SiMe3 

Ag+[C(NO)2(C02Me)2]- + Me3SiC1 
7 (Re2CJ2 -:~_a, 

W"2c\c/co2~ 
Ko2Me 1 2 

Me,,dC4, 

R c o&S, 
3 

(R - C02Me, Ph) 
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similar behavior has &en reported for the nitro coqounds HC(N02)3,156 

CH2(NO2)2 157 and Me02CUi2N02.157 Other products can arise from AgC(NO2)3. 
158 

I\rrc(N02)3 + Me3SiCl + 

. NO2 

+ ” + PhCWH2 --i* 

PII- Ph 

Silylation of AgCWO2)3*p_dioxane with RPh2SiCl (R - Me, Ph) led 

to isolable products (in contrast to silylation wrth Me3SiCl) which 

underwent the expected 1,3-dipolar cycloaddition with styrene but reacted 

with methyl acrylate by conjugate addition. 
159 

Silylation of trifluoronitrosanethane under U.V. irradiation has 

been reported. 
160 

I-WC3 + CF3N0 u'v-> CF3NOSiX3 x - Cl, 17.3% 

X - F, 80% 

The preparative chsanistry of some compounds containing Si-O-P 

bonding has been studied. 

P ii r2 161 
(Me3S~O)2PH + CIi3CC02Me -> Me3Si0P(H)OCHC02Me 

0 0 

Me3SioF(oEt)2 + aI3 L!(ow , F ,,,,2u-%oEt~ 2 162 
b -@3 

0 

(R3SiO)3P + R'COCl __t (RjGiO$COR' + R3SiCl 163 

[R-He, Et; R' = CF3, (CP3)2CHl 

3 R3P(X)YH + 3 M e3SiCl + iiNL?~Ule~)~ 

R3P(X)YM + Me3SiCl 
7 ?12P(X)YSiue3 16* 

@ - alkyl; X and Y = S and 0; M - Na, NIid 

Silo~ymetallic ccmpounds have been synthesized as shown. 

NH4V03 + 2 HN(SiHe3)2 r (Me3SiO)3V-NSiMe3 MS 

NH4v03 + 3 nPrNHs~3 + (ne3SiO) jV-N-nPr X5 
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SiMe3 

(Me3PI3NlMe2 + MeCHi Me3SiOHb Me P(Me)N/ 
b 

-700 
3 'Ni(Me)PMe 166 

'0' 
3 

&Me3 

Ph3SloCdEt + 02 -+ Ph3SiOCdCCEt l66 

II + (PhCC212 Y Ph3SiOCdOoEt + Ph3SiOCdOCOPh 
167 

Slllcon disulfide reacts with 2,6_dimethylphenol (ArOH) and ethanol 

to form ethoxyaryloxysilanes. 168 

CR3 
OH 

CR3 
SiS2 + Eton + (EtO)3SiOAr + (EtO)2Si(OAr)2 + EtOSi(OAr13 

Substitutron of H2S for EtOii and a variation in mole ratio of reac- 

tants allows the formation of silanethiol and cyclodisilthiane. 
169 

CR3 
OH 

SiS2 + @ 
0 

CH3 HS 
2_ (ArO13SiSH or (ArOj2Si 'SYS~(OArI 

\,/ 2 

Moderate yields of silyl bis (thioethers) are obtained by the pal- 

ladium-catalyzed condensation of alkyl- and aryl-thiols with diethyl- 

silane.17' 

ever, 

Et2SiH2 + HSR 
% 

Et2Si(SR)2 (19-413) 

A highly effective catalyst for this type of transformation, how- 

has now been found which affords nearly quantitatrve yields. 
171 

R3SlH + R'SH 
(Ph3Pj3RhCl 

F RjSlSR' + Ii2 

R2SiH2 + R'SH 
(Ph3P)3RhCl 

+ R2Si(H)SR' + H2 

The known reaction of silanethiols with silver nitrate has been 

used to develop a potentlometrlc method for the determlnatlon of Sllane- 

thiols.172 

(RO13SiSH + AgN03 + (PC)3SiSAg + RN03 

Silanethiols have bean reported to undergo the following reactions: 
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Ph3SiSH + ROIi + Ph3SiOR + Ii2S 
173 

(R - l",2",30 alkyl, allyl, aryl) 

Et3SiSH + EtLi __) Et3SiSLi + EtH 
174 

Methylphenylcyclosilthianes have been synthesized which are capable 

of eis, tzwzs-isomerism, and their conformational preferences inveati- 

gated. 
175 

A ccanplemntary investigation of the trimethyltriethylcyclo- 

trisilthiane and the trimethyltrivinylcyclotrisilthiane syatears has also 

appeared. 
176 

pyr idine 
AS\ PhueSi-s 

PhMeSiCl, * H,S + PhMeSi sWePh6, 
I I L L 

I I 
s\ AS 

s - hiHePh 

-!Si 
PhMe 

The following preparative methods for 

taining silyl esters have appeared. 

the formation of sulfur-con- 

8 
PhCS-K+ + Me3sicl ___) 

i 
PhCS- ht3 + Me3siC1 w 

A- 4cl B2 
+ Me3sic1 

4 
PhC-osiMe3 

177 

mkss tie 17* 
3 

+ iPJ-SSiMe 178 
3 

Ckmpamde containing the P-O-si and P-s-si moieties have been 

eyntheaized. 

F % + 2 (Me Si) 
3 2 

NH b F2P-oSIMe3 
179 

KF3)2PP + me3su20 _I_) EF3)2POSiMe3 
179 

179,180 
(CF3j2PC1 + (Me3Si)2S w (cF3)2PssIMa3 

Attempts at synthesis of the P(V) iscmers (e.g., R2P(0)SiMe3) gave 

only P(III) foxme. Cleavage reactiona of the P-containing l ilyl ester6 

with HCl and Me2NH as well aa with HBr and (CF,) 2PC1,180 were reported. 

Silicon-substitut&l selenium compounds have been prepared by a 

number of routes. 
181 
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Me3SfCl + MeSeH + Me3N 

Me3SiNMe3 + MeSeH 

Me3SiCl + LiAl(SeMejq 

+ 

He3SiSeMe 

Me3SiCl + MeSeR 04 - Li, MgI) 

Pentafluoro-orthotellurates of silicon [MejSiOTeF5, Si(OTeF5)ql 

are formed by the reaction of HO$iiCl or SiClq with, respectively, liCTeF5 

and AgCTeF5?*' 

Crystalline complexes are formed by mixing bis[tri(pentafluoro- 

phenyl)germylJ cadmium with silicon derivatives of Group VI elements. 
183 

(Ph3Ge13Cd + (Et,Si),M - (Ph3Gd ,CiWSiEt,) 2 

(M - S, Se, Tel 

4. Si-Group V 

The scope of aminosilane preparation by amine-silane condensations 

catalyzed by (Ph3P13RhCl has been reported. ~cod to excellent yields of 

the monoaminosilanes are obtained in all instances. Phenylsilane and 

triethylsilane, as well as aniline, were successfully employed in similar 

transformation*.184 

cular 

cat 
R+IiZ + R'3 NR __C R3SiRRR'3 

Transition metal halides are found to catalyse the fixation of mole- 

nitrogen by trimethylchlorosilane and lithium. 
185 

CrCl3 
Me3SiCl + N3 + Li THF P (Me3Si)3N 

Syntheses of the following silylamines have appeared. 

[(cPJ) 3Nl3Hg + H3SiI __* (CF3)3NSiH3 'S6 

MejSiNHZ + HN(CH2), 4 Me3si-NKH2)n (n - 2,3) la7 

188 
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189 + Me3SiCl - 

3 3 

2-Trimethylsllylpyrrole has been shown to slowly isomerise into 

the N-silyl isomer. 
189 

Silylation of substituted phenylacetonitriles by trialkylchloro- 

silanes varied according to substitution. 
190 

R - Ph 

R' = Me,Et,Pr 
b Ph2CICIN-SIR'3 

R-H 
,-a 

phLCN 1)NaH 
R' - Me 

2)RjSfCl 

R-BW 
Me 
I 

RI - Me 
i Ph-C-Sine3 

434 

R * Et or r&u B 
t,nBu 

R' = Me 
d Ph-C-Si.Me3 

b 

Ph2C-C-N-SUM3 

1 

I IisiEt, 
1 e 

+ Ph,C=CHN (SU4e3) SW3 
PtClq 

6 

Treatabent of silyl amines with tetrasulfur tetranitride leads to a 

nitrogen exchanged product. 

Me,SWR, + SqNl d Me3Si-N-SIN-S-NR2 

(R - Me,Et) 

Heptasulfur 

s,NK + 

+ Ph(Me)C-mNSiMe3 

+ Ph2CRCN 

The sams product is abtained using S3N2C12. 
191 

imide anion and chlo~~trimethylsila~ afford an adduct. 
192 

ns3sic1 __) S,NSiMs3 
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Under the catalytic influence of 10 mole I bromotrimethylsilane, the 

following carbon to nitrogen silyl group migration was effected. 
193 

Me2C-CH=NR 
Me3SiBr 

(R = Me, Et, nPr, iBu) 
I 

+ Me2ClCHNR 

SiM03 giMe3 

Trifluoromethyl-containing silylimines have been prepared. 
194 

(cP3)2Cwi MeL1 + (CP3)2C=NLi 
Me4_nSiC1 

(n = l-4) k t4e4_nSi(N-C(CP3)21n 

N-Halohexamethyldisilazanes are 

use of N,N-dihalobenzenesulfonamides. 

tained with N-bromosuccinimide. 
195 

PhSO2NX2 + 2 (Me3SU2NH 
B=2°2 

(X = Cl, Br) 

preparable in good yields by the 

Poor yields (ca. 15%) were ob- 

PhS02NH2 + 2(Me3Si)2NX (70%) 

The synthesis and reactions of some silylated hydroxylamines have 

been reported. Equilibration (via silyl group migration) between N- 

lithiated and 0-lithiated forms was observed. 
196 

(Me3Si)2NH + HO&i3 Cl- *a"(td ) Me3SiNHOSiMe3 

Et3N 
2(Me3Sij2NH + 3 H&Ii3 Cl- V Me3SiNHOSiMe3 + 2 H2NOSiMe3 (1:l) 

(Me3SiJ2NH + HO&2MeCl- 
Et3N 

+ MeNHOSiMe3 

(Me3Sij2NH + Me&H3Cl- __) (Me3Si)2N-OMe 

Me3SiNHOSiMe3 RLI_ 
H+ 

i- 

nejsiNHosiMej 

(MSI (Me,Si) 2NOMe + Me3SiN (Ma) 0SiM3 

l)?tBuLi . 
Me3siNHosiMe3 2)MeI 

. (Me3Si)2N-Me 

1)RLi 
H2NOSiMe3 2JtBW2SiCl c tBuNe2SiNHOSiMe3 + Me3SiNf10SiMe2tBu 



Me1 

*iI 
Me2NOSiMe3 

UeNHOSi14e3 
nBULi 

tBuMe2SiCl 
Me3SiriMe2tBu 

Silylated hydroxylamines have been prepared by other workers, and 

Slmlla rearrangements observed. 

R3SiONH2 + Ph2C=C=N-SIR'3 + R3SiCNHSiR'3 + Ph2CHCN lg7 

(R, R' = alkyl) ('O-909) 

1200 
Ne3SiONHSfEt3 , . Et3SiCNHSiMe3 

198 

Silylation of some hydrasine derivatives has been carried out. 
199 

5 Y-3 
CH2-CHC!-NNNe2 + Et2NSiMe3 - Et2NCH2CH2C-NNMe2 

NHNMe2 
I 

Me2NNHCH2CH2C-NNMe2 + Et2NSiMe3 + Me2N-NCH2CH2CWNMe2 

or hle3si- -NMe12 r 
Me2NNHCH2CH2C-NNMe2 

The preparation and reactions of some silylsminoboranes have appeared. 

1)RLi 
(Ne3si)2NH Z)ClB(X)Ph ' 

(Me3Si12NB(X)Ph (X - Cl, NH21 
200 

tBu Cl 
N-B 

BC13 
/ 

Me3SiNtBu _ti'z& l 

ClB 
lNtBu 201 

Me3Si-NtBu v 

ii L1, 
I I 

3 tBuN BCl 
\ / B-N 
Cltml 

Re BNLi + Ne3sic1 * R2BNs*3 
202 

2 k, kl 

(R = Me, RI - Et; R - Ph; R' - Me) 
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(MB3S~)2NMe + ClBH2'0Et2 600_ H2BH(Me)SlMe3 + Me3siCl 
203 

II + ClBH2'OSt2 ----f H5B2N01e)SiMe3 + C12BH'OSt2 
203 

+ Me+1 

Attempted preparations of compounds containing two -BH2 groups on the 

same nitrogen or containing the H2B-NH-Si fragment did not succeed. 
203 

New chemistry of silylaminophosphorus compounds hae appeared, in- 

cluding those containing the firat example of the pho8phazene 

component, -P-N. 

(Me3SiI3N [or (MeJSi)2NLiI + OPF2 ---$ (Me3Sf)2N-POP2 

structural 

204 

W3Si) 3N [or ~B~s~)~NFOF~~ + P203Pq -b i4e3s~(pop2~ 2 + Me3SiOP01+2 204 

04egSiJjN [or Me3Si)2NLil + OPC13 ---t Me3SiOP(C12)=NsiMe3 
204 

(RO), 
P-N 

/ \ 

-Cl2 0 
SiRCl 205 

mo)2PONc12 + RSic13 d ClRSi 
I 

\ /O 
N-P 

(R = Me, Cl) Km2 

&le3Si12NLi + 04e3Sij2NPF2 __*I We3Si)2NP-NSiMe3 

I 

ccl4 

Me3SiN=PCl@C13) N(SiMe3j2 206 

04e3Si)2NLi + PC15 Y Me3siN-PC13 
207 

Unusual thermal stability is obrerved for mono N-8ilylated amino- 

tellurim pentafluoride, whereas attempt+ to i-late the his-silylated 

analcgue [from (Mo~SI)~NL~ and TeF6] were unsuccessful. 
208 

(M~~s~)~NH + TeF6 4 HepF + Me3SiNHTU5 

Pyridlnee and ring-methylated pyridines form stable adducte with 

diaminosilyl cobalt and zinc compounds. hiethylamine appeared to form 

complexes in solution, but no stable adduct was obtained, poesibly due 

to steric factors. 
209 
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A novel titanium-nitrogen heterocycle has been reported. 
210 

4 TiC14 + 4 N(SiMe3)3 PhH 
5o. * 8 Me+Gicl + 

(65%) 

The reaction of PdCl2 with silicon-containing amines affords stable 

complexes. For example, [Et3Si(CH2)3NH212*PdC12 was characterLzed.211 

A series of low-coordinate lanthanide and actinide canplexes was 

attainable because of the large steric requirement of the bis(trimathyl- 

silylamino) ligands. 
212 

Mc13 + 3 LiNmle3)2 

(M = La, Ce, Pr, Nd, 

Silicon and nitrogen 

compounds. 

M[N (SiM3) 2l 3 

Gd, HO, Y, Yb, LU) 

are heteroatans in a variety of new cyclic 

(erythro) 
(24%) 

RR’ Rx’ H 

m/si\ Si- N 214 
/ \ 

NH SIRR’ 
RC12SIR' + NH3 --_* 1 I 

RR’SI 
I 
S&R’ RR’SI NH 

‘N’ 
\ 

N- Si& 
Ii H 

(R - MB, Eti R' - CH2CH20CH-CH2) 
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(C12MeSiCH2)2 + RNIf2 -j RNHMeSi SiNeNHR 

'N' 
(R = Me, PI, Bu, Ph) 

k 

215 

(EtjSiO)2SzC12 + NH3 \ (Et3Si0)2S1(NH2)2 + 

H 

(EtjSiO) Si-NH-Si(OSiBt312 
AN\ 

21 
NH2 NH 

2 

+ (Et0Si0)2S1\N,Si(OSiEt~)2 216 

H 

Me Si-X-SiMe2 
21 

Cl Al 

+ C12SiR2 

EtjN / N-si-N\ 

N ..& ,//""2 -- 

(R = Ph, Me) 

+ 

217 

218 

s -2 

(C1SiMe2CH2)2GeMe2 + BuNH2 - 
Me2 

219 

Ge 

Iv 
Me2Si iMe 

22 

U 
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Complexes of aminosilanes and metal halides have been characterised. 

c Si-NRR' + AlC13 -+ SJbI\lCl 
220 

I c 
7 3 

CH3 
b, R' 

(R = c v, R ' = H; R, R' = Et: R = Me SX, 3 
RI = ii; R, RI = c 

Si) 

CH3 CH3 

(Me2SiNH)4 + MC13 L (Me2SiNH)4(MC13)2*2L 221 

(M = Ti, V, Cr; L - THF or Me3N) 

04e2SiNH)4 + T&l4 ---_) 01e2SiNH)q(TiClq)2 c 221 

H 

Me2 Me2 

Thermolytic decomposition of silylphosphine 

teed via two routes. The first chemical evidence 

thus obtained. 
223 

H3SiPH2 

has been shown to pro- 

for phosphylene was 

A high-yield method for the preparation of organosilylphosphines 

(and arsines) is now at hand.224 

PC13 + Me3siC1 + Mg HMPTb (Me3Si)3P (76%) 

tHu2PCl + Me3SiCl + Mg HMPTt Me3SiP(t13u)2 (95%) 

Silylphosphines add to ketenes and diketenes to form silyl enol 

ethers which isanerise upon heating. 
225 

RefereecWp 139 
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Pm2 
I 

MejSiPEt2 + R2C=C=O -> Me3Si-0-CXR2 

(R = H, Ph) 

I 

2500 

PEt 
I 2 

MeJsi-CR2-C-O (R = Ph) 

MejSiPEt2 + CH2=C-Cli _+/ 
I I 

MegiO-~-CH2-fi-PEt2 

6-&O 

Partial iaolnerization and 

adduct in heated. 

h, s 

cyclization occur when the hydrosilane 

Me2SiPEt2 + Cli2=C-CR2 - 

!I b-b0 

Me2Si4--CWCHCPEt2 

L &I,! 

o-c 
4”’ 

/ \ 
-----f Me2si 

\ 72 
o-CH 

I 
(40%) PEt2 

73 

/ O-$ 

-j m2Si\o_ /CR 

(60%) Et 
2 

Silylphosphines undergo similar carbonyl additions to a-diketones. 
226 

3 
Me3SiPEt2 + Cli3COCOCR3 d 

Me+TCR3 
(90%) 

PEt2 

Me2Si (PEt212 + CH3COCOCR3 4 
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Me SiPEt2 + CIi3m3 
73 

21 
* Me2si4-c-CCCIi3 

Ii 

I 

At, 

H2PtCls 

0 
Me3SiPEt2 + 

0 
M Et2PH + (745) 

5. si-rntal 

Further chemistry of eilyl-containing C2B4Hs derivatives hae been 

explored, including eilyl migrations fraa bridging to tenninal poeitione. 227 

We3SiC2B4H, 
N&i 

l 4-Me3SiC2B4H, 
- + 
Na 

1 
Me3siCl 

M,4-(He3W2C2B4H6 

+ 
Na C2B4'4 

r-U4e2SiH)C2B4H, (trace) 

C2B4H7 
4- 
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Ethyl bis(triphenylsilyl)aluminum has been utilized for the pre- 

paration of bis(triphenylsilyl)mercury. Results obtained upon treatment 

of the aluminum compound with alkyl hydroperoxides followed by hydrolysis 

suggests that structures with Si-O-Al bonds are formed as intermediates. 228 

2 Ph SiAlSiPh3*2 LiSr*Z lTiF + 3 I-I~(OAC)~ 
-4 THF 

31 -4 LiBr* 
Et 

2(Ph3Si)2Hg + Et2Hg + 2 A1(OAcj3 (40-702) 

(Fluoxoalkyl)silylmercurials may be formed by exchange reactions 

at mercury. Silyl B-fluoroalkylmercurials are stable but the stannyl 

analoguee are not. 
229 

(Et3Si)2Hg + ligR2 THP, Et3SiIigR (R - CF 3, cF2Q3) 

I 

CsF 

Et3SiF + Hg + (CF2)n 

[(Me3SiCH2)3Sn12Hg + Hg[C(CF3)312 q 2 (Me3SiCH2)3SnHgC(CF3)3 

I 

in situ 

2 ~Me3SiCH2)3snF+2Hg+2KF3)2C=CF2 

Onium salts containing silicon and transition metal complexes have 

been characterized. These undergo the normal reactions of onium halides. 
230 

Me3P-CliSiHe3 + HM(C0)3-n-C5H5 4 IMe3PCH2SiMe31+IMKQ)3-v-C5H51- 

Iron-substituted silacyclobutanes are readily preparable and under- 

go reactions involving ring cleavage and demetalation. 
231 

Halogen-alkoxy exchange can be effected by treating v-CpFe(a))2 - 

SW-l3 with sodium alcoholates. The species v-CpFe(CO)2Si(OR)3 [R - Me, 

Et, nPr, iPr, t~u] were thus prepared. An excess of alcoholate results 

in Fe-si bond cleavage yielding the [n-CpFe(C0)21- ion. 
232 

An optically active derivative of an Si-Fe canpound I(-)-(v-Cp)Fe 

(CO)2SiMePh(l-Np)] has been prepared. 
233 

Evidence has been presented which indicates that a viCiM1 bis- 
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b 
5: 
. 
N 

-N 

;2 

+ 
l-l 
0 

N 
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silylation of an acetylene occurred t&a bis(trichlorosilyl)bipyridyl- 

nickel(II).234 

(bipy1NiW13)2 + 

Ph\C/ 
siC13 Ph 

\/tie3 

PhCXCPhLc)(bipy)Ni'+ I& ==% It 

(551) 
C13Si 

/c\ 
Ph 

M% SiAPh 
3 

The nickel-silicon Complex a-C5H5(C13Si1 (Ph3P)Ni was obtainable in 35% 

yield from (n-C5H5)2Ni and C13SiH. Ligand exchauge reactions were ob- 

semed.235 

Et3P 

n-C5H5(C13Si) (Ph3P)Ni 

-{~;~~:::":::~~~:::: 

Vaska's caepound [trms-carbonylchlorobis(triphenylphosphine)irid- 

iUrn( added the sllanes H3SiX (X = H, Cl, Br, I), MeSiH2Cl and .B.12~6 

to afford 1:l adducts. These appear to have the general structure 

Ph3P-Ir-PPh3 

XH2Si 
41 

Upon several weeks staudingunder an equimolar 

adduct from Vaska's caapound and H3SiC1 formed 

siH2c1 

Ph P- !rL H 

Ph3P'!!C 
3 

excess of H3SiC1, the 1:l 

the compound 

236 

Low oxidation state transition metal complexes react with hexa- 

chlorodisilane to form higher oxidation state trichlorosilyl metal species. 
237 

In contrast to an earlier report, no reaction to form Pt(PPh3) (SIC12)2 

was obsemed between Pt(PPh312(SiC13)2 and PPh3. 

A series of oompounds Ir(Cl,Brl (H,D) (SiR3)(cO) tPPh3j2, where R = 

halogen, alkoxy, alkyl, has been prepared to assess the *lYms-influuboe 

of the silyl group in these complexes. 
238 
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D+c5H5Ko tcm 3f 2 + Sf2C16 - Mo(CO)3mC5H51SiC13 

Lr(Cl) (CO) (PPh312 + Si2C16 --+ Ir(C1) (Co) (PPh3)2(SiC13)2 

I 
B2Q 

Xr(Cl)2(COltH 1 tPPhQ2 

RhCX(PPh3)2 + Si2C16 M Rh[PPh$SlCl2 

FeKO)5 + Si2ClS - trsm)p12l2 

Cyclic bis-silyl chelates of platinum have baen reported. 
239 

or 
0 

SiH82H 

Me2 
SitU2H 

si\ 

c 

a 0 
Si' 

Pt(PPh3j2 

Ma2 

Pt(PPh3)2(C2SQ) 

cx 

SiMs2H 

0 

CS2SiwCr2S 

mle2su20 
& 4i8 PtIf(SiMe20SiEtcr2S)(PPh3)2 

He2 

F\, I 

O\Si/ 

Pt(PPh3)2 

*2 

Tba dihydrides o-~mo2SiCH2)c6Hq and me2~iKzii2)g~i~2~ do not afford 
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cyclic products. Llgand exchange with Ph2PCH2CH2PPhZ and Pt-Si cleavage 

with bromine Were both observed for the 5- and 6- membered cyclic &elate 

wrapounds * 

A migration of the trimethylsilyl group from cobalt tc oxygen is 

observed upon heating trimethylsilylcobalt tetracarbonyl. This cobalt 

complex also reacts with tetrahydrofuran to give silyl enol ethers. 
240 

Me3slco(co) 4* Me3s10cco3 (CO) g + (Me,SiOC) 4C02 (CO) 4 

THF room L temperature 

MejSiOCCog (CO) 9 + MejSiOCH-CHEt + ne3sioCH=CnM2CH20S13 

Convenient syntheses have been described for a number of silyl- 

transition metal complexes. 
241 Analogues containing the Wn(COI5 moiety 

H2SiC12 + NaCc(CO14 
-NaCl 

l H2SiC1Co(CO)4 

H2SiC12 + 2NaCo(C0J4 
-2NaCl 

5 H2Si[Co(CO)412 

Me2SiClH + NaCo(COj4 
-NaCl 

) Me2SiHCo(CO)4 

-H2 
2 H2SlC12 + Co2(CO)S + 2 HSiC12Co(CO)4 

H2SiC12 + Co2(CO)S -$+ SiCl,Co,(CO), 

were formed in a similar fashron. Heteropolyrutallic silanes are also 

accessible by an extension of the method. 

SlH2ClWn (CO) 5 + Co2 (CO) S ---+ SiHClMn (Co) @O (Co) 4 + SfClMn (CO) $02 (Co) 4 

siHC1Wn(CO)5Co(CO)4 + Fe3(CO)12 --+ Fe(C0)4[SiCl~((CO)512[Co2(CO),l 

Transition metal complexes containing the trifluorosilyl group have 

been prepared. 
242 

M2(CO)10 + F2SiH 
1700 
_H b FJSiM(cO)5 (M = Wn,Re) 
2 

or 

[n-C5H5M(CO)212 

(H - Mo,W) 

FpFe (n-C5H6) (CO12 or F,SiM(v-C5H6) (w), 



Vl. SILACYCLIC~S 

The fzrst synthesis of the elusive silacyclopropane ring system 

has been reported. 243 

BE 

~ LI 
Br nSuLi 

THF,_95 o -~ 

M k~/M 

128 

b/ Br Si Me 2 Me 2 
Me 2 Me 2 

H Br Br 

H d, t,.,.,[ Br Si HMe THF MeH Si -HMe 

Me Me 2 Me 2 

These silacyclopropanes are oxldatively unstable in air, and undergo facile ring- 

opening reactions with HCI, CH3Li and HOCH3, e.g., 

Me 2 Me 2 

Me 2 Me2SiX 

X -OCH 3, CI, CH 3 

A subsequent report indicated that this high reactlvity is a general 

244 
c h a r a c t e r i s t i c  o f  s i l a c y c l o p r o p a n e s .  In  a d d i t i o n  t o  t he  above,  t he  

f o l l o w i n g  r e a g e n t s  a f f o r d e d  t h e  r i n g - o p e n e d  p r o d u c t  w i t h  X d e r i v e d  f r ~  
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the anionic portion of the reagent: HOH, HOtBu, HOPh, HNRt2, X2NiPr, 

H3N, H2S, HStBu, HOAc and H02CCXe3. 

Pyrolysis of 4-silaspiro[3.3]heptane leads to polymeric, or at low 

pressures, monocyclic product0 in addition to ethylene. 
245 

470-725* 

-CH2=Ch2 
--+ polymer or H2Si 

3 
I 

Mixtures of tie- and tm- 1,3-dimethyl-c-butyl-1-silacyclobutanes have 

been prepared and subjected to PhRgCC12Br treatment. Roth Si-C and B-C-H 

bond insertion product8 are formed with the latter predominating. The 

data obtained is consistant with a high degree of retention of configura- 

tion for both proceoses. 246 

Cl Cl 

he\ 

/si 3- 
Me= Xi 

t&lo llBU 3- 

Me 
PW@12Br y 

+ 

‘\ 
5 r, 

Si 

nBU Me 

Me 
\ m 

/ si 
nBU 3( 

CHC12 

Arene complexen of chromium which aontain ailacyclobutane rings 

have been prepared. 1,1-Dfmethyl-2,3-ben&o-1-silacyclobutaue polymerized 

under the reaction conditiona. 
247 

Ph 

CrKO), + 
\ 
Si 

/ 
R' 

R 

dr (CO) 3 

R' = Ph, R - H 

R' -Me, R-Me 

Cobalt and nickel complexes oontaining the ligand l-methyl-l-13- 

pyridyl)-1-silacyclobutane have also been mpoad. 
240 
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T 

Cl' 
Si 

3 

2-BrhgCp4N 

> 

A variety of mono- and disilecyclobutanee 

in alcohol at the di-C bond. Products were not 

- 
(M - cO,Ni) 

were cleaved with IigCl2 

ieolable kcauee of 

thermal iamtability . mlative reactivity l tudie8 were curid out and 

compare83 to earlier reeulte of IiCl- and alcoholic KOli-induced ring 

opening. Electrophilic attack of the [HgX]+ ion on the ring we8 indi- 

ceted as the rate-controlling step. 
249 

Open-chain organometallic compounda are famed when ailacyclobu- 

tanes are treated with alkali metal silenoater or hydroxides. 
250 

Me2Si 3 Ms3SiON 

(t+K,Na)' "("2)3SUe20Slne3 

3 ihi' 
Mcr2Si S HXW4e2nPr 2 M(CH2) 3SU4e20SiMe2nPr 

A stiong ring-mize effect hee beenobeerved in the attempt to form 

a silaoyclohexane by intramolecular hydroaflylation. Although in acyclic 

syatame, hydroeilylation leada to. tanninalsilanee, silacyclopentane* 

resulting from the formation of a Si-C bond at a secondary po8ition are 

the major producta in thi8 ca8e. 
251 

Wreoe) (73%) 

‘-,-, eaPtc16* 0 (60&b 

Si 

-2 
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Also of synthetic interest were the following observations. 

C13S~(CH2)4CHCH 3 Mg ~. NO cyclic product 

|Cl • ~ . %  
Mg 

Br (CH2) 4~HCH 3 ............ ~ (23%) 
Me 

HSIMe2 Me 2 

Silacy¢lope1~ta1%es conta in ing  hydroxyl or amino functionality be~ 

to silicon underwent derlvatizatlon by acyl chlorides and phenyl isocya- 

nate. 252 
Me OCONHPh 

M b Me~__~OH PhNCO ,. 

2).2o2,0H; "si ~ L|~K::OCl Me2 
Me 2 Me 2 . Me OCOR 

Me 2 

(R m Me, CHINCH 2 , CMe-~H 2) 
Me Me NHCOR 

I) B2H6 M e ~  NH 2 

2) NH20S03 ~" ~ ~Si ~ 
Me2 Me2 Me2 

(R- Me, CH-CH 2, CN~-CH2) 

A w - ~ p l e x  o f  2,2-d/oaethyl-2-sila~ has beL,~ z ~ o r t a d .  253 

i l ~  2 + CrlCO) 6 r~u2 0 

Free-radical bromlnatlon of silaoyclopent-3-enes results in alpha- 

and/or beta-hromosilacyclopentene8. Product distribution is highly 

dependent on the 8ubstituents at sillcon. The ring-opemed product, 

Br 

CCl 4 ,Bz202" Br 

R / ~R' R' 

A B 
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A (8) 

R = Me; R' - Me 35 

= Ph; =I& 25 

= Ph; = Ph 0 

= Ph; =CR-CR 
2 O 

RR'SiBrM-CH-CR=CH2 was not observed 

the B-brcxw product affords a method 

B,Y- tc an a,B-silaoyclopentene. 
254 

Br 

LiAlH4 

Ph2 ph2 

(70%) 

B (%I 

65 

75 

100 

100 

in these reaOtions. Reduction of 

for the overall 

An unexpectedly 

+ 0 + 
Si 

Ph2 

(lor) 

conversion of a 

facile ring-opening 

Ph SiCR-Cli-CR-CR2 
21 
Ii 

(2W 

reaction of 2,2-dimethyl-2-silabicyclo[3.l.0lhexane by anhydrous RCl has 

been observed. In contrast to the behavior of the isomeric 3-silabicy- 

clo[3.l.Olhexane, in which C-C bond cleavage is oboerved, Si-C bond clea- 

vage occurs in the 2-sila isomer. 
255 

diene 

c-7 Xl 

Si 
150°,6h + c1sti2CR2CR2 

-2 

Anumber of new synthetic methods leading 

system are now available. CQe proMti 
256 

NiCl,(PEt,), 

to the silacyclopenh- 

is thought to involve 

R - Ph; 

R = Ph; 

R = Et; 

R, R' - 

the intermediacy of "dimethylsilylene", as the 

Raference~p 139 

R' = Ph (56%) 

R' - Me (44%) 

R' - Et (95*) 

MeornBu (1001) 

mission of acetylene 
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results in the  previously observed formation of the  trisilane HMe2SiSI- 

Me2SiMe2H. Dimethylacetylenedicarboxylate does not afford aycllc product. 

The use  of 1,3-dianes under similar conditions led to products of appa- 

rent dihydrosilylation and hydrodisilanylation. In another method, 

R R' ~ICl2 (Pst3~ 2> ~ /a' 
HMe2SISiMe2H + 90" /C s C 

m4e2SICH 2 CH2SiMe2H 

Rm H; R' sH 

R m H; R' s Me 

M~Re CH2SiMe2SiMe2H 

R s Me; R j m Me 

R s H; R' m Ph 

I, l-dimethy1-2,5-diphenyl-I-sLlaoyclopentadiane 

drogenation. 257 

was p r e p a r e d  by dehy-  

O 

C CN P Ph 

Me 2 O Me 2 

Similarly substituted cos~ounds are obtainable by a three-step 

synthesis beginning with the silaoylolopent~ne. Yields for eaoh of the 

last two steps range fr~ 40-65t. 

sr  ~ Ph 
Ph Ph sBS)_ , ~  ~ ~ a c  . 

P~ Si "Br C~3C N. Ph Ph 

/ ~R' / ~ R / ~a' R R R' 

R s Et; R e m Et 

R s I I B U ;  R ~ I ,  

Rs Me; R t sEt 

R s Me; R e s Ph 

The d i o n e s  t h u s  prepared u n d e r m m t  t h e  e x p e c t e d  a y a l o a d d i t i o n  r e a c t i o n s  

w i t h  d i p h e n ¥ 1 a c e t y l e n e  and m a l e i ¢  a n h y d r i d e  t o  g i v e  7 - s i l a b i c y ¢ l i c  cou-  

pounds. D imethy l  ace t y l ened i ca rbox¥1a te  a f f o r d e d  an adduct  which spon- 

t aneous l y  l o s t  s l l £ r ~ n  t o  form a ~ L a e n t i f i e d  as a d i a e t h y l d t h y -  
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drodiphenylphthalate, but may more likely be the dimethyl diphenylph- 

thalate itself. Reaction of the silacyclopentadienes with iron carbonyls 

resulted in good yields of the iron complues. 258 

Ph 
Fe(C0)5,1400,12h 

or Fe2&O)9,40*,lh' 

or Pe3(CO)~2,800,1h 

(61-75%) 

Pully arylated silacyclopentadienes have ken prepared by the di- 

mriution of diary1 l cetyleaes with lithium followed by reaction with 

dipheayldichloroailane. The mixed acetylene, pheayl-E-tolyl aaetylene, 

gave three isomers whose proportions were determined by m spectra. 259 

R - CIC-R' Li, 
C12siPh2 

+ R)$Rg +RR@: + R)$ 

R = R' - Ph 

R = Ph; R' - &tolyl 

ph2 Ph2 Ph2 

(25*) (25*) (5OW 

Silaaaa8piro (4.5ldeaanes and r~laazampiro (5 -51 undecanes have heon 

synthe8ised from 4,4-dimethyl-4-silaoyclohexanone. 260 

me synthesis of l,l-dinethyl-1-sila-4-cycloheptyae was attempted 

in the expectation thatthelonger Si-C bonduouldrender this alkyne 

more stable than its all-carbon counterpart. A product wa8 obtained 

t&t brd a tif-life of 108 h in dil~ti CH2C12 solution at 4m a *a- 

ted in the expected fashion with tetraphenylcyclopeatienone. 261 

Reference8 p. 139 



The product obtained from the reaction between trimethylmethylene- 

phosphorane and l,l-dimethylsilacyclobutane suggests that this may repre- 

sent ring opening uia C-C bond cleavage iustead of the norma1Si-C bond 

attack usually experienced by silacyclobutanes. 
262 

The use of silacy- 

clobutane itself in the reaction leads at O" to a cyclisation of the 

inxtial product. 

Me3hi2 + C SiMe2 j hle3kH2CH2CH2siMe2~$Ei2-l 

I 
Me2LFSme3 

Me3Gli2 + C SiH2 -+ -H2 
Me 

211 
PKX2)3SiMeH2~ MePHc\SiHMe 

21 I 
-2 

n2c\MjCL12 

Normal 6ii-C bond cleavage is observed when 1,1,3,3_tetramethyldi- 

silacyclobutane is employed. 

vapor phase thermolysis of l,2-dimathoxytetr~thywthyldis~lane in the 

presence of 2-butyne afforded the novel and highly reactive hexamethyl- 

1,2-dislla-3-cyclobutene, perhaps formed oia a dimethylsllylene insertion 

into an intermediate silaoyclopropene. 
263 
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0480) m*sisiMe2 (om) 

Me 
4000 

+ uecxMe -Me2Simse~2~ 
SiMtl2 

I 

SW2 

O2 
1 

room temp. 

)_ ’ / Si 

A number of partially- and extensively-methylated cyclic and acyclic 

derivative6 of 1,3-diefla-4-tr~thyleilylpen~ne are produced upon treat- 

ment of the diailapentene with methyl magnesium chloride. Use of an 

A 
m3sicc12sic12-CX+SiMe3 (60%) 

Cl2 i sU4e2 MeMgCl 

Cl k siNa c Cl &&& 2 (SW 

H 

2 

ue s-3 

s-fold exceea of methyllithium reeulted in cleavage of initially-formad 

open-chain products to give Me4Si, W3SiCSMeSiMe3 and Me3SiCClMeSU4e3 as 

the major oomponente of the product mixture. 
264 

The dieilapentene employed for the above inveetigations was obtained 

by a ring-contraction reaction of perchloro-1,3,54risilacyclohexane with 

methylmagneaium chloride. Concurrently, the behavior of other 1,3,5- 

trieilacyclohexanee with this Grignard reagent was aleo invertigated. 
265 

Cl SiI 
21 I 

SiC12 

Cl2 Ls/12 
==L 

c12 

A 
C12Si sic1 

LJ 
2==L 

Si 
Cl2 

Cl sT$,cl 2 2 
As* 

+ C12Sf 2 

C H SiMeC12 C )=r s-3 

c12 
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H2Si siH2 

\ J > 

H2 si -2 

H2 

*2 

Me sfisim 2 

<I 

2 

H2 si n2 

H2 

As_ 
M02Si 

II “2 81 Cl2 

Me2 

J=g.=+ no reaction 

The raaction of calaiur aarbide with dichlorodimthylmilaaa in 

fused LiCl-KC1 afford8 low yioldm of a twelvo-momhorod totramilatatrayne. 
266 

m si==c-8- 21 
Cac2 + rn2SiC12 LiCl-KC1 C 

400. - II Cl 

l&i2 6 e i-ctc- i&W2 

In contrast with earlier rosultr which mkmmd 

trimethyl-1,3,5,7-totraeilaadaman tan. 04e3AdC1) was 

that 

_lY 

l-chloro-3,5,7- 

l luggliBhly 

mactiva with lithium aluminum hydride and water-triothylamino, this 

silaadamantam has been found to undergo facile nactioa with varioum 

other roagonta at 25.. 



133 

Me 

Wagant 

NaOM8 

PhCH2dys3&i 

Hone 

"C6H11 3 
fFIIE? 

l4eLi 

HoMa 

HoMe 

cmC13 

Et20-TIIEDA 

RxnThO 

cl5 rain 

<15 rain 

24 h 

1.5 h 

12 h 

0.5 h 

Product Yield 
U - 1 (5) 

we 86 

ale 92 

no reaction 

F 90 

F 89 

M8 70 

The dichloro anelogue, Me2AdC12, warn al80 found to k vary reac- 

tive toward8 NaC+i~; Me2Ad@ne)2 ua8 formd in 93% yield in lees 

than 2 minutea. in addition, He3Adcue warn earily reduced (25*,4h) by 

ethereal iBu,AUi to He3AdH in 861 yield. 
267 

A number of tranafozmatiom involving the octachlorohexasilaasterane 

cry&m have been carried out. Treating the mmpound with R1-R6 - Cl with 

two equivalents of LUlli qivem the product8 with R3 = R6 
12 

-HtR,R, 

R4 , R5 = Cl and R1-R6 - H in a 1:5 ratio. 

Bothof thesemaybe rechlorinatedto giveback the original starting 

arterial. If a lo-fold molar excere of LiAlH4 is employed in the reduc- 

tion *tap, ri.q cleavage occurm to give the tricyclic coaqpound ahown with 

R7-R12 - II . Use of HeMgCl in place of LiAlH4 reeulte in the production 

Rcference~P 139 



134 

of methylated derivatives with R1,R2,R4,R5 = Cl, R3,R6 = Me and R1 R6 - m 

Me. No reaction of the octachloro compound with chlorine or bromine is 

observed, but the octamethyl derivative is cleaved by tiBr to give the 

tricyclic product with R7,R8 9 12 
= Br, R -R - Me. 

268 

Separation of the products foamed 

methylsilane has afforded a new type of 

rings of alternating silicon and carbon 

A nomenclature system for this class of 

For example, the product shown below is 

3,5,7,9,11,13,15-octasiladodecascaphahe 

in the pyrolysis (700°) of tetra- 

carbosilaue whose six-membered 

atoms exist only in boat forms. 

compounds was also proposed. 

named 3,7,11,15-tetramethyl-l,- 

. = si 

d - SI-CR 
3 

Other products characterized were as follows, the last structure repre- 

senting a combination of chair karberundane-type) and boat configura- 

tions .26g 

A preparation of the novel 1,2-dlsllacycloheradiene system has &en 

described. The disilane undergoes ready oxidation to the Cyclic siloxane. 



135 

2 PhCxCPh $& PhCLi - CPh - CPh - CLiPh 

I 

W,SiCl), 

(5*;hpk@ph + $_: (55r) 

-2 Ph 

02,hv 

I 

or m-C1C6HqC03H 

Ph 

si 
/ 

ne2 
Ph 

Other peroxides [(teuO), and ~LIOCHI 

Since Si-Si bonde in, e.g., 

reactive towards oxidation, 

reactivity displayed by the 

L 
alao led to the siloxane. 

1,2_diphenyl~tramethyldi~il~ are much less 

ring strain may be a factor in the enhanced 

cyclic system. 
270 

The facile reaction of 2,3-bis(trifluoroxethyl1-7,7-dimethyl-1,4- 

diphenyl-7-silanorbornadiene with water was investigated and a ring- 

opened product characterized. In addition, the facility of thermal 

Ph 

decomposition (premmably V&Z expulsion of dixethylsilylene in each case) 

of a number of 'I-silanorbornadienes was determined by mass epectrometry 

andocmparedwith reporteddata. In general, stability towards elimina- 

tion is increased by increasing numbers of eubstituents on the basal ring. 

The followixg order of themal stability was indicated for the compounds 

ShOWlL271 

Bsfereneu p 139 
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An eight-membered silicon heterocycle is foxmed upon irradiation of 

an H2S-dimethyldialkylsilane mixture at -70O. Irradiation of an indepen- 

dently prepared ample of the intemsdiate thiol under like conditions gave 

comparable yields of l,l-dimethyl-1-sila-54hiacyclooctane. 
272 

Both gemanium and silicon are constituents of a novel eight-- 

bered ring symtm prepared as &own.219 

(clcH2)2~i4-si(cH2c1)2 +$% 

Me 

rcll Ge2 

Mai-0-Sil& 

LeJ 

VII. POLYSIIAUES 

The firstboron-aontainiag 
273 

and un8ubstituted274 oyclopeataeimaem 

havebeen 8ynthesised. Thedilithiumprecursor to the boronheterooycle 
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can he iwlatea a8 it8 tetrehyarofuran cc+ex. 

Ph Si-SiPh 2 2 Ph2si-SiPh2 

4 Ph2siCt2 +$A 1 1 Li . TIiF- I 1 . . 
Ph2si-siPh 2 

Ph & 
21 

SiPh2 

Li ti 

4 

Syllthers of various 

method8 indicated below. 

PhSm2Cl 
KSifSiHj)3 

I 
e 

1 KSF mijl * (Si2?y 

BrSiH 
‘1 

Si (SiH,t 3 

sia2siH3 

HBr 
PhSiH2SiH&iH3>2 - BrSiH2SiH(SiHj)2275 

HBr 
PhSiHZSi(SiHg)3 ---D BrSiHZSi(SiHj)j 

PhSiH2~(SiH3)2 HELI-_ BrSfH2f$i(SiH3)2 

&.H2SiH3 &i2SiH3 

LfAlH4 
+ simIi3)4 275 

=-4 
? (HjSi)gSiSili2SitIj 275 

sf(siClj)4 
L-4 

* SUE4 + (H~s~)2s~s~2s~~ + 

Waa2 
(Me,si)3suI llOm * (~jsi)jsisi(s~g)3 (928) 

siwy4 
276 

277 

277 
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% 
CaSi2(+101 FeSi.2) b si3Cl8 z> si,foxe+S (12-151) 278 

3 

The following tranaformationa are of intereet in the chemistry of 

polysilanes. 

Me3Si(SiPhMe)2SiMe3 -k [:SiPhMel + Mci3SiSiPhMeSiMe3 279 

Q ~~ Et2N*SiSiMaPhS 

IiSiPhMe 

(a transient silacyclopropane we8 postulated) 

[ 

* 

C13SiSiC13 + 

+ 

Cl 

PhSgCC13 
UaI, 

C13Sip3 + PbngCl 
280 

PhI@CC12W NaI, c13sisi(c12m3 

cu 
CH2N2 __I)c fClM2fC12SfSiC13 

I 
CS2N2,a 

+ PhHgBr 

Me3SiSit4e28 + RDH 
(PPh3) 3Rhcl 

1 Me2Si(8)OR + Me38IIi 
281 

A 
281 

Sne2SfSixe21i + Rm Me2Si0i10R + Mepi 

or 

xe2si(oN 2 + He2sin2 

me2sisiMe2sme2n + ROH 

(Pi'h3)3Rhcl 

* Me2SiR(OR) + WMe2)2si2 
281 

or 

Me2Si(OR)2 + @Me2)2Si2 
282 

fPPh313RhC1 282 
PhmSin2 

700 % Ph2WWi + ~P~iSiP~R + ~PhSiSi~~P~)s~ 

(30%) (14I) (3OW 

Ph2SiH2 I( Ph3SiR + HPh2SiSiPh2H 
282 

f8N (389) 

PhSiIi3 d (H2PhSi12 + Hph2SiSiPhR2 + H2PhSi(PhS)SIPhR2 282 



The formation of charge-transfer complexes between both linear and 

cyclic polysilanes and tetracyanoethylene has bean observed. 283'284 
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