65

SILICON - SYNTHESIS AND REACTIVITY

ANNUAL SURVEY COVERING THE YEAR 1973

ROBERT F. CUNICO
Department of Chemistry, Northern Illinois University

DeKalb, Illinois 60115

CONTENTS
I. Introduction 65
1I. Reviews 66
III. FPormation of the Silicon-Carbon Bond 66
IV. Carbofunctional Silanes 14
v. Silatunctional Compounds 92
1. si-H 92
2, Si-Group VII 94
3. Si-Group VI 96
4. Si-Group V 108
5. Ssi-Metal 117
VI. Silacyclic Compounds 123
VII. Polysilanes 136
VIII. References 139

I. INTRODUCTION

In an effort to maintain some degree of currency for a review which
must abstract an sver-increasing number of publications, the approach
to coverage has been selective instead of inclusive. No attempt was
made to report on the patent litsrature, dissertations, or the organo-

silicon chemistry of polymers. In addition, other areas were treated in
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a selective manner in the hope that the material presented would be of
value to the greatest number of readers. To the extent 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 review includes, with few exceptions, only those publications
which appeared in 1973 in time to be included in volumes 78 and 79 of

Chemical Abstracts.

II. REVIEWS

Review articles involving silicon have appeared in the following
areas: general chemistry of organosilanesl, carbosilanesz, acetylenic
silanesa, cyclopentadienyl compounds of silicon‘, silacyclobutaness,

6'7, fluoroalicyclic silaness,

10
silyl isocyanatesg, chemistry and applications of hexamethyldisilazane ,

polyfluoroaromatic derivatives of silicon

organophosphorous compounds of the type Rssi-PR2 11, organosilicon

derivatives of heterocyclic compoundslz'13

14,15,16

and organometallic compounds

containing silicon-metal or silicon-carhon-metall6 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-reducaing Grignard reagents (allyl-,
methyl-, benzyl-, vinyl-, and phenylmagnesium bromide) with the Si-H

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

substitution with a high degree of retlntionl7.

(PPh3)2NiC12
= -l B T -
CH CHZHgBr EtZO PhMGZSiCH2CH CH

PhHSZSiH + CH (100%)

2 2

Retention of configuration has also been observed for the reaction of
(CH3)2CuL1 with chiral methoxy-, hydro-, fluoro-, but not chloros:.lanes.18

A mixture of acetone, lithium metal and chlorotrimethylsilane leads
to direct C-silylation of the ketone. The product can be hydrolysed

9
quantitatively to the u—hydzoxys;lanel .
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THF

- e

Me,C = O + 2 Me,SiCl ———> uezc': siMe, (42%)
OsiMe,

The Measicl/Mg/HMPT system continues to provide novel entries into Si-C

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

Me_Si OSiMe Me_Si OS iM
Ve e
€l ,ccH0 —— 3 >c-c\ 3 T3 Scee” 3
cl H m3s1/ NH
(60-70%) (5%)
Cl\ /OSLMe3 _
+ CmC + Me,SiCECSiMe
v ~ 3 3
H H
(<5%) (<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., 2-cyclo-

hexenones) .21

H,O
A RCH - CH = CR'OS:I.Ma3 —:T» 3-silyl
— sI:LHe carbonyl compound
3
RCH = CHCOR'
H20
B RCH - CH = CR'OSiMe, —— 1,6-dicarbonyl
L ' 3 H+
RCH - CH = CR'OSiMe, compound

The hydrosilylation of substituted acetylenes (RCZCH) with Speier's
catalyst is known to afford varying amounts of both 1- and 2- silylole-
fins. Using triethylsilane, the product ratios for R = alkyl, phenoxy,
phenyl, hydroxymethyl and acetyl were determined. The (l-gilyl):(2-silyl)
product ratio varies from 10:90 to 55:45 for the R order given al::ove.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 Addition Product composition, &
yield,s
Me Si Me si Mo si
1,4- 75.5 87.2 9.3 3.5
trang-1,3- 74.6 42.0 39.1 18.9
otg-1,3- 82,2 1.3 23.2 10.5 4.2 60.8

The adducts observed are explained by a combination of 1,2- and 1,4-addi-
tion, with the amount of iscmer (3) suggesting a propensity for silyl
group attachment at the position alpha to an unsaturated site. Only
cis-1,3-pentadiene underwent significant isomerization under the reac-
tion conditions, and 11% of product (2) plus all of products (3) and (4)
obtained from this diene are assumed to arise from trans-1,3-pentadiene
formed in 8itu., The origin of 1.3% product (1) is unknown. An approxi-
mately three-fold slower rate of hydrosilylation for the cis-diene over
the trans-diene was attributed to steric factors in the former which
disfavor the s-cis geometry thought to be preferred for complex forma-
tion with platinum species.23

wWhen internal olefins are hydrosilylated with trichloro-
silane 1n the presence of chloroplatinic acid, terminal adducts are
usually obtained because of simultansous isomerization. This problem
has been circumvented by the finding that dichlcrosilane adds to internmal
olefins to give only internally substituted alkyldichlorosilanes in
high yieldl.“

st!.Cl

CH_CH=CHCH,CH_CH ————i CH;G'ICH2C82C82CH3 + a!3cu2a-xai G'I2CH3

3 2273 HthCIG

H51C12 HSi('.‘l2
In a further sophistication of the hydrosilylation process, the
use of [W--Csl-l5 (('.‘O)Ni.]2 was found to catalyze the rapid and high-yield

addition of trichlorosilane to styrene at room temperature. In contrast



to chloroplatinic acid, which is known to afford a mixture of l- and
2-trichlorosilyl-l-phenylethanes, the nickel catalyst yields l-trichloro-
silyl-l-phenylethane as the sole product.zs The general utility of
phosphine-nickel (II) complexes for catalysts in the hydrosilylation of
alkenes and diphenylacetvlene has been investigated. A variety of cata-
lysts having the composition N:I.(Pl3)2C12 or Ni(RzP-R'-sz) Cl2 were found
to effect the addition of methyldichlorosilane accompanied by varying

amounts of hydrogen-chlorine exchange on silicon.

~ catalyst
n-CcH, ,CH = CH, HSiNecl, CgH, ,SiMeClH + C.H, .5iMeCl, + MeSiCl,

(n) (B)

The ratio of A/B formed varied from 4/96 for Ni(thPCH CH PPHZ)Cl (98%

272 2
yield) to 83/17 for dichloro [1,1'-bis(dimethylphosphino) ferrocene]-
nickel (II) (95% yield). Both A and B consisted of approximately a 9/1
mixture of, respectively, the l- and 2-octyl product. The order of re-~
activity for several catalysts in terms of the silane employed was
I'IS.'I.Cl3 > HS:I..H.2C1; HO3S$.H, (Ew)asill and thmsm did not react. Aas
with platinum catalysts, extensive isomerization of the olefinic sub-
strate was observed with these complcxes.zs In an extension of this
work, it was found that the use of dichloro[l,2-bis-(dimethylphosphino)-
1,2-dicarba-closo-dodecaboranel-nickel (II) as catalyst resulted in sig-

nificant amounts (33-80%) of 2-silylated products from either l- or

2-olefins. Very little hydrogen-chlorine exchange was obumd.27
C/”“z\
.
B10%160| Nicl
~ 2
e 77 cH
e, 3
RCH-CH2 + unesiclz — !&l-lS:I.M.CJI.2 + R('.‘l-lzt:l-lzS.‘I.l\!eCJI.2

In another invegtigation, tris(diphenylphosphine)chlororhodium(I)
was found to catalyze the addition of trialkyl- and trialkoxysilanes
to alkenes. Hydrosilylation is accompanied by extensive olefin iso-

merization, and results in the production of terminal alkyllillh.l.ze
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Triethylsilane reacts with allene in the presence of the olefin complex
bis(triphenylphosphine) (maleic anhydride)palladium to form the terminal
adduct, allyltriethylsilane, exclus:.vely.29

Siloxanes of the type (Measio)nsine nH have been used for the

3=
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 observad.30
The use of halomethylmercurials as methylene transfer agents has
led to the formation of the following compounds via insertion into the
31 32

S1-H bond: Et3SlCHFC02R, Et3SJ.CHFCF3 and Et3SJ.CHBrF.33

Carbene complexes of the type (CO)EMC(X)C Y, where M = Cr, Mo, W;

674
X = OMe, NCnH2n (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.

pyridine
(CO)SCIC(OMG)Ph + Et351H hexane Et3SiCH(OHe)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.
Triethylsilane was found to be about four times as reactive than tri-
phenylsilane. The latter also gives rise to a by-product, triphenyl-
methoxysilane, in 30% yield. Triethylsilane does 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, 1,l-diphenyl-
gilacyclobutane affords a product which appears to be the methanol

adduct of Si = C.35

Ph_Si —
2
| hv, 35%, CH, + (Ph,SinCH,) 0P, ph,si-CH,D
Me

Further results employing an earlier method for the formation of sti -

7
CH, have also appeared.36'3



Ph_si

2 thsl."“'-o
600° RR'CO
s e o S
‘ Cu, o IPhSisCh) T
J 274 R
aryl
R'=malkyl R’
aryl ,H l

(Ph2510)3 s [PhZSiI'OI + RR'(':-CH2

Enolizable ketones yisld olefins plus vinyloxysilanes, while nitriles

give low yields (4~34%) of a - silyl derivatives.

HO B 1
N [Ph,Si=cH, .
- - i 3. P M@S10 H
R - C=0 /C-C\ 5 \c-c/
'
CH2R' R R / N
R R*
Mezs:l. ,
! .6.}-9:.,‘ [Mezsi-CHzl -—R—%—% HeasiCRR'CN

In other approaches to systems containing the silicon-carbon double bond,

the thermolytic interconversion of cis- and trans-propenyl allyldimethyl-
38 :

si1lanes was interpreted as proceeding via a Cope rearrangement, while

the photolysis of ethyl trimethylsilyldiazocacetate in alcohols afforded,

/\ 4 Mezsi/\/
Me,8i” N Me,Si -
K/) X &
among other products, a rearranged species which may have been derived

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

OR Me
Me SicN.CoR RO . e gi-bcoR 4+ me si-b-co.r
351N, C0, hv 3517600, 2}y 0%
H OR H

hv
. /cozn J
[neasi—c-oozn] v Me,Si=C ROH
\He

The following type of condensation-disproporticnation has been

reported for the preparation of some carbosilanes.4o
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RN

3
H + e iMe iMe
S:I.Cl3 C.'lCl'lZSi.l'leC.'l2 c1351cuzs C12 + C1351C1'125 2C.'l

The steric requirements of trichlorosilane relative to tetrachloro-
silane have been assessed in regard to their reactions with o-alkoxy-
phenyl magnesium bromides. While only diaryl(aryloxy)chlorosilane were

obtained from sic14, Hsicl3 yielded the normal triarylsilane.u

G Oe

HSiCl

Vinylsilanes containing a 2-cis-boryl substituent were formed when
the adduct of sodium methylacetylide and a trialkylborane was treated
with chlorotrimethylsilane. The principal chemistry of thess species
is as follown.‘z
Me R

Vd
Na(R_BCECHe) + Ma,5iCL —= Neme + MeCzZCSiMe

e ~
Ma351 BR2

3

HX,X = OMe,OAc,0C(Me)=CHCOMa

Et AL Me R
R,CuC(Me)SiMe, €———— Me SICH(Me)C(R))BXR + C=C(_
X=OMe Me ST H
(50%)
Me R 1.A1 Mo R
~cuc” E”T?"" >c-can + CwCHMe
uo3si’ Ser, M2 Megst Me,S{

Tetrasilylated l,2-pentadien-4-ynes have been obtained from the
reaction of 1,3-pentadiyne with E-hntyuithiu-totrmthyltthylemdia-
mien (TMEDA) followed by derivatization with masicl, tmzsicl and

EtHGZSICI .43
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BuLi R351C1
l-lC=C-C=C-(:l'l3 —-TEE—E;’ C_,’I.-i4 -—ﬁ——) R3510=C—CH-O-C(SLM03)2

In similar work, metalation and subsequent trimethylsilylation of various

1,3-diynes led to introduction of one to four silyl groups.44

- - 1.RLi - - -
= = mrr———— = = =
CH3C c-C C-Cl-l3 2.Me3SiC1 CH3C C=C C-Cl-lzsim3 + CH3C C-CII-C-C(SLHB3)2 +
siHe3
SiMe
3
Cl-l:,--?-C--C--C--C(S:me:,)2 + Me:,S:I.CEC-C)-()-(':—C!IzSi.Me3
sme3 SiHe3
CH3C=C-C=C-CHZCH2CH3 e (Meas:l.).‘,C!-C-(I'.:-CEC-C!-I,‘,(:H2(:H3
S:LHe3
PhCEC-CEC-CHs ———g PhCEC-C-O-C(SiHe3)2
siMe3
CH3G'12C=C-CEC-CHzG-I3 ——— CH3CH2CEC-(i‘.-C(G-I20'I3)G-I2CHZCH2CH3 +
SiMe3
(2 isomers)
?1!03 sms
CH:’CH-C-f-C-C-CHCHs + CH3F-C-!:-CEC?HCH3
S:I.Hes s:uus 51!103
HC‘C-C.HZCHZCECH —- H.3SiCEC-CHzC32C5CSim3 + Hc3SiCEC-(':HCHzC32C=CSﬂh3
S.'LHe3
?ines
+ Hlss:lCEC-CHCH CHC=C-SiMe
i 2 3

SiHe3

It has been observed that the best yields of silylacetylenes are
obtained by the reaction of lithium acetylides with Measir.45
RCECM + m351x e !CEC-SLMOB

R = Ph, CH, =CH X=Cl, F M = Li, MgHal

Mixed organosilyl, alkoxysilyl acetylenes can be prepared in ca.

50% yields as lhown.46

HD3SLC 2 CNa + ClSi(OR)nHI3_n — H0351C = ¢csi (OR)nMﬂ3_n
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Iv. CARBOFUNCTIONAL SILANES

Treatment of vinyltrimethylsilane with t-butyllithium-TMEDA fol-
lowed by deravatization with trimethylchlorosilane affords only products

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

In contrast, the sterically hindered trans- and cis-l-trimethylsilyl-3,-

1.tBul1/TMEDA

2.Me35iC1 '

Me351CH=CH

2

+ Me3

+ Me351CH CH

2772

(5%)
2R,
Sive,

SiCHZCH

(6%)

tBu + (Me351)2CHCH

tBu + MeBSiCH2CH

2tBu

(71%)
2}:HCHztBu

SiMe,CH,_siMe

2772 3

(18%)

3-dimethyl-l-butenes were metalated by organolithium - TMEDA systems at

the silicon-methyl groups and (for the latter) at the a-silylvanyl

poaitxon.47

RLi/TMEDA
Me_CCH=CHS1Me Retou,nbu

3 3

Me CCH-CHSiHe2CH2L1 + Me_CCH=CL1SiMe

3

3 3

(from cis substrate only)

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

nolithium compounds which preferentially derivatize at the position y

to silicon.

The corresponding Grignard reagent undergoes similar reac-

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

nBuLi
SiCH. CHmCH, —3 5 R 5i CHT-CH==CH
R8I G, Eeo/mmnns  RoS ATCT,
Li
R = Me, Ph
Ph,SiCH=CH-CH,Br Mg, Ph,SiCH=CH, -CH, MgBx

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

silane to yield both a- and y-silylated compounda.AB
1.nBuli/TMEDA . <
=CH = S Sy -
PhSSiCH CH Cﬂzsiﬂe3 7. 351C1 Ph351CH-CH CH(S:I.HAS)2 (12%) +

Ph_SiCH~-CH=CH-SiMe

3
siHe3

3 (88%)



Organolithium Reagent Grignard Reagent

Deriva- Yield Deriva- Deriva- Yield Deriva- Deriva-
tizing (%) tization tization (%) tization tization
Agents a (%) y (%) a (%) v (%)
H30+ >80 30-40 60-70 80 >95
CO2 60 20 80 80 85
PhZC-O 90 >95 65 >60
CH,_-CH 70 40 60 70 90 10
\2/ 2

[}
CH3I 80 100 no reaction
Me35xc1 70 100 50 >95

vinylsilanes were effectively coupled with Li/THF in the presence of

t-butyl alcohol to give products expected from intermediate radical

; 49
anions.

R3S:|.CH - CHZR'

RBSiCH - CHZR'

+
R3SiCHZCH2R'

(CSHS)

R,SiCH,-CHR'
-— R381-CH = CHR' —»
R,S1CH,-CHR'
ReCH, ReCgtlg
+
[ [
R'=C H_ R'=H,CH,
1]
R,S1CHCH,R

CH = CH
V4 2 : P
251\ —_— (CSHS) 251 (50%)

CH = Cﬂz

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

pared.

group migration.so

Referencesp 139
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SiMe, iMe,
nBu.Li
—~————— “nBuH /
Sive, SiMe, H

Me, sicCl
R -LiCl
SiMe s .‘LHe
Li+ l::'} SiMe 3
nBuLx
SiMe, A siMe
siMe
1 Me 3sic1
S :me

S iHe

R AT Z= L

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

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

SiMe Me,Si SiMe
Me_Si SiMe, Me,Si 3 SiMe SiMe iua
3 3 Mey 3 3 Me,Si
Me S i,
SiMe
SiMe, Me 51 iMe, 3
1 2 3 4
Me3si SLMe3 He3si e Si
Me351 Me Si\@
MeyS 1483 meysi siMe Me,
3
5 6a 6b 7

Heating 1 at 90° readily converts it into 2, while 3 can be photolyzed

to produce 1, 2, 4, and 5.51

The following cycloaddition chemistry of trimethylsilylecyclopenta-

diene has been roportad.sz



1

Me Si
/K/cn-can
@- SiMe + CH -CH-CH-CHR ——
R=H ,Me
Me,
CH
3
i, ...m

\\/
Vinylsilanes and tetrafluoroethylene afford tetrafluorocyclobutyl-
silane; yields are best with t'.z'imet:hylvinylsilm‘le.53

F) P,

400-
Clnﬂea_nSiCH-Cﬂz + !‘2C-CF2 W

SiC1 Me,

The reaction of organomercurial carbene precursors with unsaturated

silanes gave substituted cyclopropanesaz'”.

Br
Me SiCH=CH, + PhHgCFBr, —_ Measi__x

F, CF3

ue3sicuzca-cuz+ PhHgCPBrCF3 — He351CH2

Treatment of acetylenes and allenic silanes with (:1502 (051!93) or

soa-dioxane yielded products of so3 insertion into Si-C= and si-0 borull.54
S°3
RCH2C=CSiHe3 —— RC.H2C=CSO3S:I.H33 (R=H, Ph,He3C,Me3Si) +
MG3SLOSOZCHzCECSiHe3 (R = Me3SiO)
Qe Y coce,
Me_SiCR=C=C ———— Me,SiCR=C=C + Me_SiCR=C
3 3 \ 3
OsiMe, 80,SiMe, 50;SiMe,
(R = masi,nBu)
Silyl ketenes have been prepared under both thermolytic and basic
conditions in 30-80% y:l.olds.ss
CH,=C=0 9
IL.’S:I.CH2C02H ———— RasiCH C02CHQ ——) RasiC-O-O

(R=Me ,Et,)

RasiaichI -if-é nasic-c-o

[

(R=Et,Ph)

References p. 139



78

Traimethylsilylketenes undergo reaction with phosphines to give

adducts which rearrange upon heating56

0SiMe

Me_SiC=C=0 + R,PH —» Me_SiCH.COP —]E-)- CH, =C ’
3 2 3S1CH,COPR, 2

PR,

Arene- and alkyl- sulfonyl chlorides reacted with 3-buten-1l-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 tr;ethylamine.57 Benzenesulfonyl halides add in a 1,4 fashion

RSO,Cl Et_N
=C~- — iC=C~ S
Me3sic C CH-CH2 cucl Measxc C ?{CHZSOZR ——— MeasiC C-CH-CHSOzR
Ccl

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

halogenated by tr:n.et:l':ylam:l‘ne.58

PhSOzx Et3N
+ - e —— - i
E 2MeSLCl'l CH-CH-C.H2 X=C1,Br,1 EtzMeSi(i‘.H CH=CH CHZSOZPh —
X

EtZMeSiCH-CH—CH-CHSOZPh

Halohydrins may be prepared in good to moderate yields from the
reaction of trialkylvinylsilanes with N- or O-halo compounds in an acidic
59

aqueous medium.

N-bromosuccinimide

i CHwm: iCH H =Br,Cl; 30-70%
R351CH CH2 or 1 R351f CH20 (X=Br, )
HgO/1, X
2%
R,S1CH=CH, —71;6'—’ R3Sj.(':HCH20H (32%)

I

The reaction of trichlorovinylsilane, AlCl3 and o-, m~- or p-carborane
leads to the corresponding mono- or bis-B-(B8-trichlorosilylethyl) car-

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

products could be trimethylated at silicon with methylmagnesium iodide.GO
PhC — CPh Cl_SiCH=CH PhC —— CPh
\ / 3 2 o
BlOHIO }\lCl3 BlOHB (CHZCH2$1C13) 2

Triethylsilylacrylic acids may be prepared by oxidation of the

61
corresponding aldehydes without Si-C bond cleavage.



Cro

Et3S:|.CH-CHCHO W EtasiCH-Cﬁcozl'! (70%)

A series of a-lithio and a- and B-bromomagnesium vinylsilanes was
treated at low temperatures with acetic and benzoic anhydrides in order
to prepare silyl a,B-unsaturated ketones. Best results were obtained
with acetic anhydride, but higher condensation products were always pre-
sent and led to reduced yields.62

R3SL ~ (R'CO) 20 R3Si R3Si\ /CHZ\ P SiMe
C=CH + 0

~ 3
s CH

Q=0

M R'CO 2 Ve
B ocor!

(M = Li,MgBr)

(R = Ph,Me) SiRr
T3
CH
—
N (R'CO) ,0 Rasi\ A cH Sn
C=C ———ni CeC + “ "
H/ \MgBr H/ \con' ¢ C
N r N ocor

R3Si

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

to occur in a stereospecific fashion upon reaction with dj.elzcalmet:ha.ne.63
cHN,
Me3SiCH-CﬂcozHe — He3SiCHZCH-CHC02He (70-80%)

(cis or trans) (cis or trans)

Bagsed upon product mixtures obtained by hydrolysis and trimethyl-
chlorosilane treatment of reaction mixtures, the reaction of trans-2-
bromovinyltrimethylsilane with lithium appears to produce the following
compounds in the ratios shown.“

MB3S:i.CH-Cl'IBr —L—i——-, He3SiCH-CH

other /Me 3S:i.CECL1/Me3SiCH-CHL1/

2
“coupling products" (2/1/3/3)

The yield of utilizable 2~lithiovinyltrimethylsilane is thus low, al-

though im situ reaction of trans-2-bromovinyltrimethylsilane, trime-

thylchlorosilane and lithium affords trans-bis(trimethylsilyl)ethylene

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

this product.

References p 139
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Me_SiCl MassiCI

Me3SLCH-CHBr T— HC3S!.CH-CHSiMG3 T.) (MO351)2CHCH251H02C1'1251M83

The reaction of (l-bromovinyl)trimethylsilane with lithium gave

similar results.

7]
i |
Li
He3Si('J'CH ;——-bl hex HeasiCH-CHZ/Heasi@CLi/HeaSiC-CHz/

Br
"coupling products” (2/1/1/<1)

Characterizable complexes are formed between bis~(trimethylsilyl)

acetylene and bis-(trimethylsilyl) butadiyne with iron, cobalt and man-
ganese carbonyls.ss

Me3SiC5CSi.Me + Fe3 (co) 12 — (Me3SiCZSiMe3)Fe (d))4

3
" + C0,(CO)g ——=  (Me,SiC,SiMe,)Co, (CO)
» + CpMn(C0) ; ——  (Me,51C, SiMe,) CpMn (CO)

(Cp = cyclopentadienyl) Fe (CO)
R F.(m)3 R 3

Meas:lCEC-C=CS:lMe3 + 1"63(CC>)]_2 ——t-

(RewMeSi)

' + C°2 (CO)8 ———— (HO351C4SLMG3)C°2(CO)6

(He3sic4sn403)Co4 (co) 12

Platinum complexes are formed by the reaction of acetylenic

silanes with tran--HPt(ma)ZCI and trans—Ith(PEt3)2.66

PEt PEt
3 -H2 ] 3
Cl—Pt—H + RCECSiH, —> Cl—Pt—SiH,CZCR
E

PP (rem,cE,) FPEt,

PEE, PE|:3/ I o f3t3
I—'Pt-—I + RCXCSiH, —> 1——#&-—11 —-:H—-—> I—-IPt—-SiHICECR

= 2
PE\:3 (R-H,cr3) RCECSiH, PEt3 PEL,
(isolable) (R-C!'a)

Potassium trichloro(trimethylvinylsilane)platinate(II) was pre-

pared by a metathesis reaction in acetone, The complex underwent clea-
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vage with water and replacement of chloride with pyridine N-oxide.

Me SiCH-CH + K[PtCl (CH =CH )] — K[PtCl (Me SiCH-CH )] + CH

1. HZO

3
S (Me,S1),0 Il @
ey
Me, 84

3

=CH

2 2 2

The following reactions of B-functional acetylenic silanes have
68

been reported.
R.SiCZCOEt + LiNEt —— RssiCECNEt

R
3 2 2 CH C1l2 | 3
R,S1C=CBr + Et_N —» R_SiC=CNEt i
3 3 3 2 Me/NO ¢

(R = Me,Et)

Chlorine added to a number of aromatic silanes to form hexachloro-
derivatives which coula be dehydrochlorinated thermally. For example,

phenyltrichlorosilane gave trichloro(trichlorophenyl)silane .69

3cl 5500

2
C6H551C13 W C6H5C1651C13 —— C6H2C1351C13

Organohalolithium compounds have hean employed to prepare

a-haloalkylsilanes.

70
Br M‘35 Br
nBuLi, 'I‘HF Hessic1
-108 ’
(only)
Hzc.Brz MsasiCl‘ 7
Emmee e I.:I.I'ICB:l.'2 — m3sic1m:2 (62%)
THP
iprx NLi Sae

uoasicunrz nC4H91 71
l—» Me, SiCBr Li ————— Me SiCBz'ZC4H9 (93%)
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CH_CHI Me_S1Cl
3 2 3 72
 ———— —————r
CH3C12CL1 Me3SJ.C12CH3 (49%)
(Me351)2NL1 —
Me_Si1CHI Me_S5i1C1l
3 72
—_— Me3S1C12L1 ——— (Me3s;|.)2CI2 (69%)

Me_sO

I o
CHyCl, + MeySiCT Li —2—» Me SICI,CH_(45%) 2

Me:‘lS:l.CHI2 + CHClzLi

72
Ma3S:I.CHCl2 (12%)

The monohydroboration of acetylenes with disiamylborane [HB(Sil)zl
gives vinylboranes which may be metalated at the allylic position. Sub-
sequent reaction of the organolithium reagent thus formed with trimethyl-
chlorosilane followed by oxidation affords 3~trimethylsilyl-substituted
aldehydes. In addition to the example shown below, the following acety-
lenes gave similar products in the yields shown: 1l-hexyne (66%), l-octyne

(75%) and 3-hexyne (90%).”>

CH,CH,CH,C=CH + (Sia),BH ——> CH,CH,CH, Ci=CHB(Sia), Q
1)Me,SiCl / f
ﬁ_—_ L
c1-13cuzc':ucu2cuo 280,08 cn3cu2fucn CHB (Sia) , La
SiMe Li

3

Ester-containing organotrichlorosilanes can be obtained by the
following procedure.74 Base treatment cleaves the Si-C bond.
CH..CN

3
HOZC —-@— COzEt + l'lSiC].3 -;P—r;i-) C13SiCHZ COzEt (79%)

Several acylsilanes have been photolyzed in cyclohexane aolvsnt.75
Products arise whose appearance may be rationalized by silyl radical
formation, followed by subsequent attack of these species on original
substrate or some of the products subsequently formed. Triphenylsilyl-
benzyl ketone is thought to give rise to triphenylbenzylsilane by an

intramolecular process.



Ph_5i0 SiPh Ph,510 Ph_Si H
/ ]
Phsicome 1Y 3 Soxc 3, 3 Scmcu, + °>c’
Ph,Si ~H Ph_Si ph,si” cH
3 3 3 3
(14%) (22%) (14%)
Ph_si0 Ph Ph_510 CH,Ph
PhasicoCHzPhh—v, 3 SecZ o+ P >l 2, Ph, SiCH,Ph
Ph_si H ph.si” cu ph
3 3 2
(8-12%) (408) (30-35%)

when the photolysis of acetyltriphenylsilane was carried out in

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

isolated.
Ph_si H
hvy 37N -~
—— -
Ph3S1COCH; ~Giciachct AN (34-45%)
H cl
hv
—
Ph,S1C0CH Eercet, Ph SiCHeCC1, (28%)

A rearrangement of the type Si-C-0-N ——— N-C-0-Si has been
reported in which migration of silicon to oxygen is accompanied by
migration of nitrogen to carbon.

50°

masicrlcuzou (cra) 2 ﬁ-)- (cr3) ZNC‘IHCHZCN (cr3) 2 (100%)
ON(CF3)2 osima3

(CF,) ,NOSiMe CHON(CF.). —=20—»  (CF.,).NCHOSiMe ON(CF.). (100%)

3’2 2 3’2 T1h 3’2" 2 3’2
CH,ON(CF,) , CH,ON(CF,) ,
150°

Measi(.'ﬂzou(cta)z ——— No Rearrangement

Cl,sicMe ON(CF,), 22,  (CF.).NCMe_0SiCl (98%)
3 2 3’2 "2h 3’2 2 3

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

6

L} i
be ClssiCRR ON(CF3)2 > ClssiCHRON(Crs)z > ClasiCklzw(Cl?s)z.

The carbinols R3_nCPhnOH (R = p-Me3SJ.C6H4; n=1,2) have been pre-
pared by way of p—MeasiCSH 4HgBr and the appropriate ketone or ester.77
Bischloroformates may be synthesized from certain organosilicon

61015.78
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C!)Cl2
O(SiHGZROH)z -—ﬁ—r-—) O(SiHGZH)COCI)z

R= Cﬂz,(CH2)3,CH20CH2CH2
Silicon-carbon bond cleavage has been observed during treatment
of trialkylsilylalkyl sulfides and tetraethylsilane with 30% Hzo2 in

acetic acid. 9

H, O
272
EtSCilzsiBt3 _—-’HOAc Etsozaizsmt3 + (Btsi) 20 + "C3H603si"
(56%) (108)
20,
Et4Si TOA? (Et3$1)20 + "C3H603$i"
(14%)
1-Trimethylsilyl-l-~(phenylsulfinyl)methyllithium can be generated
in high yield from the n- or t-butyllithium metalation of phenyl tri-
methylsilylmethyl sulfoxide. The reagent reacts normally with cubonyi
containing compounds, to give, ultimately, olefinic products by way of
8-elimination. 80
Me_SiCH,sOPh —E——r Me_SiCHSOPh
3 2 -70° 37
Li
81 82
A variety of 2-benzothiazolylsilanes  and 2-imidazoylsilanes,
have been found to be very susceptible to transsilylation and Si~-C bond

cleavage in the presence of weak electrophiles,

O 2= CL2
i
. moc @: PR

mzsimz

Cpem ™% ) o
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The stability of some B-aminoethylsilanes to a variety of reaction

conditions was examined .83

300°
Me3sictlzuizun2 ——> No Reaction

300°
He3SiCH2CHzNHR —i-a-h——) He3S:|.NHR + Cl'l2-Cl'l2 .
(30%)
+ - 250°
He3SiC112CHzNEt2He I — HB3SiI + Cﬂz-Cliz + Etzﬂue
+ _ H,O
HB3S:|.Q!2CHzNEt2MO OH “refiux (HG351)20 + (:l'lz-'Cl'l2 + EtzNH.l
Me_SiCH_CH R:Et we 1° -PBULL_ e SiBu + Et_NMe + CH_=CH
3 272 2 3 2 2 2
nBuLi R
HeasiCHZCl-IZNRz W No Reaction
Me_SiCH,_CH_NBu -ﬁ;msmmsu»fca-cn + CH, + Me_Si(NHBu)-
3 2 2' 3 2 2 4 2
L NB\!SiM.a

A variety of silicon-containing tertiary amines have been prepared

4

utilizing tril(chloromethyl)anino.a The compound with X=0, R=Ph, R'=Me

polymerizes at 25° with loss of uethsLOH to give a C,H,N-containing

polymer.
-3NaCl
N(CH,Cl) ; + 3R,R'Si-X-Na ————> N(CH,-X-SiR,R') 4
x R R
0 Me Me
o] Ph Me
s Ph Ph
CHzo Me Me
CH, Me Me (via Me,SiCH)Li)

Reaction of tris(chloromethyl)amine with silyllithium reagents led
to tris(silylmethyl)amines which could be isolated (except for the dime-
thylphenylsilyl compound), but which were thermally labile towards poly-

merization at 40°,
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N(CH,CL) ; + 3R,R'SiLd ~BHCL. n(om,sirRY),
R ®
Ph Ph
Ph Me
Me Ph

The reaction of trimethylsilyldiazomethane with trifluoroacetoni-
trile gives triazoles via preferential (over H) trimethylsilyl group

migration in the original adduct.

F,C SiMe, F 3C\
Me:,‘siCHN2 + CF3CN B ? —_— N//——\>
N\N/ \th 7~
SiMe3

Reaction of the diazo compound with cyanogen chloride or bromide affords
open=-chain 1:1 m.iduc‘t’.s.85

Me3siCHN + XCN ——>» Me3siN - ?-—GiN

2 2

X
Silyl-containing ylids are found to form salts with certain tran-

sition metal ccxuplexes86

rr')Y M(co), com 1"

Me 3 Ssfs

3P-CRR' + 1-1»1((:0)3C5H5 —— [neapcﬂ

(R= SiMe, ,R' = H or SiMe,;

2
M = Mo,W)
These salts can be deprotonated with MtaaP-CH2 or nBuLi. Anions of these

salts react with chlorosilanes to give compounds containing silyl-metal
bonds.

Na'[Cr(CO) ;C Hg) ™ + Me,SiBr —»  Me;SiCr(CO) jCgHg

The reaction of silylated ylids with ketones is known to give com-
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 rat;o.87
3 Ph2C-O + 2 PhsP-CHSiHe3 - 2 Ph3PO + (Messi) 20 + Ph2C-CH2 + PhZC-C-Cth

PO + (Me3si) 2o + 2 Ph c-cH2 + Mszr(o)CH-Cth

3 thc-o + 2 Me )

P-CHS:LMe3 —» Me

3 3
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3 Me_C=0 + 2 Me _P=CHSiMe, —» 2 Me

2 3 3 3PO + (Measi)zo + Me _C=CH, + Me C=CHC=CH

2 2 2 \ 2
Me

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

thesis of the novel tetraorganofluorophosphoranes.88

R3P-CHSiMe3 + 2HF —> R3 (CH3)PF + MessiF (R = Me,Ph)
The analogous tetraorgano(trimethylsilyloxy)phosphorane can be pre-
89

pared, but decomposes above 0°.

MeaP-Cl-l2 + MeasLOH —» M¢a4POS:LMe3

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

— (Measi)zo + Meap-Cl-lz + Me3P-O + CH4

minary results concerning its use as a chelating agent for transition

metals has appeared.go

N CH2L:|. SiCH3

MeSiCl, + @ e (@ c“z) 3 oLicl

TPMS-LiCL + AgClO, EtoH, TPMS *LiC10, + AgCl

TPM,S'LJ.ClO4 + M(C104)2 — TPHS'M(C104)2 + Lfl.ClO4

(M=Ni,Cu,CO)
Silyl ylids have been found useful in stabilizing gold(I) compounds
by establishing a neighboring onium center.gl

/S:LMea _
Me_P + AuCl + Me_P=CHSiMe_ —»Me_P -+ Au-CH Cl +
3 3 3 3 N fue
3
+
Me_Si - PMe
37 cH-Ru-cH 3l a
+/ AN
Me3P siue3
?:I.Me3
MeaP <+ AuCl + MeaP-C(SiMe3)2‘. M63P + Au-c|:-$m3 Ccl
siHe3

Treating l-phenyl-10-lithio-1,10-dicarba-closo-decaborane(10) with
trimethylchlorosilane gave the corresponding l-phenyl-10-trimethylsilyl-

1,10-dicarba-closo-decaborane (10) .92
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Some silylmethylgermanium compounds have been prepared by direct
ﬁym:l'les!.s.g3

xme, sichc1 SO/, e $icH,GeCl

2 2 + [XMezsiCl'lzl 2G-QCIL2

3
(5-8%) (26-47%)
X =F, OCH3, OS:LMGB3
Hydrosilylmethyl Grignard reagents were used to synthesize the
silylmethyltin compound shown. This did not give the expectad cyclic

product upon attempted ring c:lcsm':e.94

HezclSncrlzCl
B~ PN,
mzﬂsi(:lizugCl nozﬂsimzsnm2CH2CJ.
ClCH20C33.2nc12
CH
Me & 4 2\ i Cl8i 1
2 n\ /S:I.lhz other ch s CﬁzsnMeZCHZC
CHZ

A number of (hydrosilyl)alkyl Grignard reagents have been found to
reduce chlorcsilanes. Two equivalents of Grignard are involved in hydro-

silane formation.

H o e -siMen
i ) 12 2
Ph3SiCl + Mezs:l.(:!izngB: e Ph3si\\ /smazcuzngaz
“H
H

{
Ph SiH + Me,SiCH SiMe, CHMgBr

The Grignards employed and the yields of triphenylsilane obtained
were: Mezsiucuzngsz (90) ; MeSiH,CH MgBr (75); PthSiHCKzHgBr (80) ;
thsLHCHZHgBr (95) ; thsiﬂ((:liz)zuqar (50) ; mzsia(m2)3uqc1 (80) ; m2 -
Si.HCstiHezcﬂzugI (45) ; HazsiHCHZHUBr {with PhZHeSiCI gave 49% thmsiﬂ
and 44% phzmsimzsiue2; with m351c1 gave 39% He3SiCH25iMo2H and 34%

95
nezsiHClizsiHQZCHZD after Dzo treatment) .

The behavior of (83351)30-1 and (Haasi.) 4C toward some metalating

reagents has bean examined. No metalation of (Measi) 3CH was observed

with nBuli in ether, tetrahydrofuran (THF), or pentana-TMEDA or with
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tBuli in pentane or pentane~THF. Metalation did occur with methyllithium
in ether-THF to give (Me,Si), CLi and with tBuLi in pentane-TMEDA to give
(Heasi)ZCHs:LmZCllzLi only. The tBuLi-TMEDA system (but not CH3L:U also
metalated (Me,Si) C to give (m351)3csm2cuzni.96

The use of trimethylsilylmethyl groups for the stabilization of
metals in low coordination states continues to be an active area. A
dialkyltin{II) compound has been prepared by the use of the bis(trimethyl-
silyl)methyl ligand.

(H.351)ZCHL1 + SnCl, -—3 [(m3s1)2c11125n (54%)

2
This compound forms stannylene complexes with c:(oo)s and no(co)s, as well

as a 1:1 adduct with a-picoline. A 3% yield of [(masu 2Cl'l] 2Pb was also
z'opoz't:ed.97

In contrast to other bis(trialkylstannyl)mercury compounds, bis-
[tris{trimethylsilylmethyl)stannyl] mercury is stable, and undergoes
expected transmetalation and exchange roactionl.ge

snCl 4 snCl LiAlH n Etzllg

4
RMgCl ———p R“Sn s RZSnCI e o stnﬂ Enmman 4 (%&)fb
{(R= HBBSialz)

2 L4
(535")21‘9 ———a» Hg + 2 Rasxu:.i

(R,Sn) Hg + HgX, —> 2 Hg + 2 RySnX

[X=C1, cuzcozue, C=CPh, Co(CO) 4]

(Ry5n) Hg + HGIC(CF )], —p 2Hg +2 R,SnE + 2(CF,) ,C=CF,

The hydride Rssn!i also was employed to prepare a dialkyl cadmium compound.

% Rasnl-l + Etzcd —_— m3m3 + (strn zcd

A stable copper(I) alkyl has besn prespared from Me stcnzu and CuI.

3

z-CHCHzBr, PhI and I’hCl'l2

gave the expscted alkylation products. With a 2:1 ratio of m3s1c1-12m to
9

The rxeaction of this masicuzc:u with masiCI, CH Br

Cul, a stable solution of (lhssia-lz) 2CuL1 was obtainable in qthar.g
The trimethylsilylmethyl Grignard reagent was used to prepare (Hca-

100

si.cuz)au-ozez and (mssicnz)zzu. The latter formed isolable complexes
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with 2,2'-bipyridine, 1,10-phenanthroline, tetramethylethylenediamine,
quinoline and pyridine. The first two of these were stable in air for
several days. In contrast to the reaction of Me351CH2M (M=Li or MgX)
with NbCl5 and TaCls, which affords complexes such as (Me3siCH2)2Nb -
(u—SiMe3)2Nb(CHZSiMe3)2, the interaction of (Me3SiCH2)ZZn and TaCl5
gives a mixture of (Me351CH2)2TaCl3 and (Me381CH2)3TaC12. Niobaum pen-
tachloride affords mainly (Me3siCH2)3NbC12.
Tras(tris(trimethylsilylmethyl)stannyl) thallium has been prepared
from triethylthallium and three equivalents of (Me3SiCH2)3SnH. This

compound underwent the following reactions in high yields.lol

_Hg
((Me3siCH2)3Sn]3T1 ((Me3siCH2)3Sn]2Hg + Tl
BrCl'lzCHzBr
—
4 (MeasiCHZ)asnBr + CHZ-CHZ + T1Br
32202
" ———— (MeasiCHz)ZSnoBz + ThOB2

Stable alkyls of titanium(IV), zirconium(IV) and hafnium(IV) have
been prepared which contain tramethylsilylmethyl- and tramethylgermyl-
methyl stabilizing groupa.loz Detailed preparative procedures, stabili-
ties, and thermal and chemical reactivities are given for these compounds.
n-Cyclopentadienyl (Cp) species were best prepared from szucl2 and
Me3M'CH2Li in ether, while the neutral tetrachlorides were starting
materials for obtaining (Me3M'CH2)4M products. The thermal stabilities
of the cyclopentadienyl complexes lie in the order HfVZr>Ti, the stabili-
ties of these species being greater than the methyl and ethyl analogues.

The compound (He3siCHz)4Zr exhibits a thermal stability which is

close to, but somewhat less than, (Ma3CCH2)4Zn.

Compound Starting reagent Yield (%)
szTi(CH251Me3)2 Me351CH2L1 60
70
szTi(CHZGeMe3)2 MeacOCHzLi
szzr(CstlMe3)2 Me351CH2L1 70
Me,SiCH,MgCl 5

38
Cp, 2r (C1) CH, SiMe, Me SiCH,MgCl
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Compound Starting reagent b4
Cp,Hf (CH,S1Me,) Me . SiCH,Li 50
MeS1CH, MgCl 65
(H0381CH2)4T1 (MeasiCHz)zMg 73
Me S1CH,L1 69
Me_SiCH, MgCl 63
(Me3SiCH2)4Zr (Me3SiCH2)2Mq 60
Me3SiCH2Li 89
(Me,SiCH,) JHE Me SiCH L1 96
(PhMeZSJ.CHZ) 4Ti (PhMezsiCHz) 2Mg 50-75
(PhMe,SiCH,)  2r PhMe_5iCH, MgCl 66
(Ph2MesiCH2)4Ti (thueSiCH2)4Mg 60
(PhCH,Me,SiCH,) \T1 (PhCH, Me,SiCH,) ,Mg 66

In a related investigation, the preparation of the necpentyls

(Me3CCH2)4M, M = Ti, 2n or Hf is reported, and thermal stability compari-

sons made with the corresponding (Me3SiCH2) M canpounas.103 Stabilaty

increases 1n the order M = Ti<Zn<Hf and for RM: R = He<<Me3CCH2~'\He3SiCH2.
As was previously mentioned, treating niobium or tantalum penta-

chloride with Me siCH2MgC1 affords the compounds (u-CsiMe.)_M (CHZSiMe3)2,

3 322
M = Nb, 'ra.lM The niobium complex has the structure

lSima3

Me351CH2 /E\\ / ctizs:l.Me3
_ b/ ,/Nb\
\\ -

Ma3SiCH2 IC Cﬂzsiue3

Sina3

The first well-characterized binary alkyls of lanthanide elements

have also been prepared via Me siCHzLi and the anhydrous metal chloride,

3

MC13. Thus, (MeBSicaz)asc-z THF and (ueasicuz)av-z THF (along with the

neopentyl analogues), and the solvent-free (o_-MeOC6H4s:LHe2CHz)3Sc have

been reported. 105

Carbonyl complexes of iron, cobalt and nickel with tris(trimethyl-
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silylmethyl)phosphine (L) were synthesized and some of their chemistry
exploted.106

(Me3siCH2)3P + E‘e3(C0)12 — 1"e(00)31.2

+

l?'ez(c:o)9 —_—r Fe(co)4L

+

Hg[l-‘e(CCJ):,’(NO)l2 — Hg(Fe(OO)z(NO)le

+

NL(CO), —— Wi(CO),L
+ Co,(C0), —+ ([Co(cO),Ll, ~—“L“—"5-’+uacuco)3:.

+c<>2(c0)a —_— [Co(CO)BLzl ICo(co)4l

1&14

€1CCo, (oo) + CoCl(CO) P
Hqu
NaCo(CO)JL + i'Ig(CN)2 —— l-lg[Co(m)alc]2 --———-——-) ClHqu(CD) L

+ 'rmo3 — Tl(cO(co)3L13

The reaction of trichloromethyl compounds with dicobaltoctacar-
bonyl yields alkylidenetricobalt nonacarbonyl species. The use of

Co2(<'JO)8 + mas:u:Cl3 — Mnasmc%(co)g (41s)

+ PhHeZS:LCC13—-—--b PhMe281C03(CO)9 {50%)

%
+ mssiozccus — mssiozcccoa(co)g (38%)

Me3SJ.OCH2CX (X = C1,Br) followed by hydrolysis afforded HOCH

3
in 4-5% yields. 107

2CCO3 {co) g

V. SILAFUNCTIONAL COMPOUNDS
1. S1-H
In the presence of (Pphs) 2Ni(212 alkoxy-, chloro-, and fluorosilanes

are reduced sterecspacifically to the corresponding hydride by the action

_-1-naphthyl 1-naphf.hy1

si _20¢
@]/\: Nx + RigBr (PPh y,Nicl, @Q

X = OcHy, Cl, F, D

[¢ retention = 94-100, 0, 90, 100 {100% inversion for Cl))



of Grignard reagents possessing S-hydrogens. Reactivity of the Grignard

depends markedly on structure. Por example, the use of X = OCH_., above,

3'
plus a Grignard under standardized conditions gave the following yields

after 72 h (R, & SiH, % retention given): Et, 90, 100; nPr, 62, 98;

iPr, 24, 94; nBu, 85, 99; iBu, 6, 97; tBu, O, —). .Vinylsilanes are re-

duced at the clefinic site faster than the Si~o<:ll3 bond is atncked.ma

Ph P
EtMgBr
- * > —— —
CHp=CH-g1%-0cH, (BPh,) NiCL, 7 CHyCH,— Si— oCH
l-naphthyl !

; 3
1-naphthyl

(optical purity > 95%)
Several perfluorophenyl-containing chiral silanes were synthesized
to provide an electronegative group on silicon which would not be suscep-

table to easy nucleophilic rap.‘Lac:en\em:.m9

?4Qn ?H‘n iBuzth H

a~Np~Si-Me + CGFSLi —a o~Np-Si-Me ————m qa-Np-Si-Me
1 i

Ccl CGFS C6F5

Ph Ph LiALH Ph

! ! BrCl 4
a-Np-Si-Me + csrsm ~—% @g-Np-Si-Me G —> H-Si-Me

! | 3

Ccl CGFS CGFS

Chiral reducing agents (alkaloid-LiAiH 4 OF alcohol-LiAlH 4 combi~
nations) have been used to reduce a series of silanes [MeSi(OMe)RR';
R = l-naphthyl, Et, PhCHZ, meaityl, iPr, R' = Ph and R = cyclohaxyl,
R' = Et] to optically active mixtures of enantiomers suitable for further
stereochemical -tudies.uo
Diethylfluorcsilans has been reported to undergo thermal dispropoxr-
tionation in the abgence of catalysts. Disproportionation occurs to the
a

2 HSlEtzP —_— stmtz + E‘zletz

extent of 49% in 3h at 56° to give (by weight) 51% of unchanged fluoro-
gilane, 10% diethylgilane, 33% difluorodiethylsilane and 5% of an unknown
substance. In 15 h at 20°, 63% disproportionation is observed. Thus,
hydrosilylation employing, e.g., diethylfluorosilane leads to products

of mono- and di- substitution at lilicon.ul
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Heating phenylmethylsilane with (PhaP)3RhC1 led not only to dis-

proportionation products, but also to higher condensation products pos-

sibly arising through a silylene-type intezmediate.llz

(Ph P)3RhCl Me Te Me Th Me
PhMeSiH2 -——-—-:’-6,———) thMeSiH + PhSi-SiPh + Ph-Si—S.‘L-lSi—Ph
i
H H H Me H
30%
14% 30%
Pr
Ph251H2 W Ph3SiH + ph251-51ph2
8% 3ss
I;I ll'l l;l lI“I Ph l"h Ph
" |
PhSiﬂ3 —_— Ph'SJ.-'SJ.Ph + Ph—?i-—ls.l-ﬂ + H~Si-?i-$i—H
i ]
H H Ph Ph H H H
l|-l H H Et ll'l
; " L A D
EtZSJ.HZ —_— EtZSi-SJ.Etz + EtZSI-'Ll-SIEtZ
Et

thSi.H2 + EtasiH (1:10) ——> Etasi-S:LPhZH (8%)

Mixtures of trimethyl- or triethylsilane with nitrogen dioxide
react in the gas phase, explosively under certain conditions, to give

hexaalkyldisiloxanes, nitric oxide and water as the predominant produccs.113

2, Si-Group VII

The redistribution reaction between bromofluorosilanes and HSiI3

has been used to prepare the following Br/1 exchange products: sirc121,

114

SiFClIz, SiFBr,I, SiFBrI,, SinBrI, SiF13 and Sil?zlz.

2 2

Disproportionation occurs when trichlorosilane, a-chloromethyl-

chlorosilanes and tertiary amines are allowed to react. This reaction

18 accompanied by condensation products.115

amine
Clcuzsiue cl + 2Hsicl — ClssiCstiMezclz + si.c14 + H2

2
amine
clcnzsine2c1 + Hs:l.Cl3 ——— 2 CH351013

The exchange equilibria of fluorine with the gilicon substituents
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Br, H, OMe, NMe_, and &Me in the mono- and trimethylsilyl (substituent)

2
series have been determined. The order of substituents in terms of their

preference for the least alkylated silicon atom was given as OMe > NMe_ >

2
H>F > SMe > Cl1 > Br.116

Methods for the preparation of aryloxyfluorosilanes (stiroc4usx;
R = alkyl, aryl) have been investigated. The best preparative method
involves the reaction of stiHF with the required phenol, although signi-

ficant amounts of RzS:L(OM:)2 compounds are alsc produced. The synthesis

of the required stuxr starting compounds was also given.n7

Exchange of chloro and ethoxy groups during the hydrosilylation of
vinyldimethylethoxysilane by dimethylchlorosilane was found to occur both

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

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

-CHS:LMQZCI

Me_SiClH + CH=CHSiMe OEt -—— Me Si(OEt)H + CH
2 2 ~—— 2 2

2 ClsiMe CH_CH, SiMe OEt —> ClSjiMe_CH
2 -_— 2

oG, 2 Csti.Me2C1 + EtOSiHe2CH

2 2CH2$iHezoEt

The replacement of dimethylamino groups by iodine has proven to be

the best route to pure fl\:lon::l.cxlosl.lanes.]']'9

SiF,  (NMe)) + 2xHI ——> SiF, I+ xNH,Me,I (x = 1, 71%; x = 2, BOW)

Some chemistry of these species was reported, among which were the
following:

2F.SiI +H0 —— F

3 ) 351-O-Sii’3 + 2 HI

+ Hg0 —> F,51-0-SiF,
+ HgS —> F,Si-S-siF,
F3SiI + Hg(QN), —> F,SiN

+ Hg(NCS) —» F3S:LNCS
+ Me N o n381-2 NMe

+ Hezﬂl'l — r3simae2

3

A number of chloro- and fluorophenylethynylsilanes have been
prepared from phenylethynyl magnesium bromide and the appropriate mono-,
or trihalosilane. Yields of partially substituted halosilanes were bet-
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ter when organofluorosilanes instead of organochlorosilanes were used as
starting materials.lzo

The reaction of silicon difluoride with trifluorocacetyl 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-4,8-dioxa-1,

5-dichloro-1,5-bis(trifluoromethyl) cyclooctane. 121
1 F, B
\c P Si — Si\o
7 i ~C1
F3C [0} Y C g
Nei —si cry
P, R

The reaction of Sii‘4, sizl"‘s, SiC14- 512C16. SiH.I, SiHanr, S:LF3I

3
and p—ClC6H4SiH3 with various nitrogen oxides has been studied with and
without U.V. irradiation. Silicon tetrafluoride is generally inert, but
reacts below -60° with N203 to form a thermally labile (above 0°) aéduct,
probably No' (SLF,-NO,); S1,F¢ and NO or N,0, produce (F,5i),0, and
s:i.2C12 behaves similarly. Other silanes produced siloxane mixtures, but
no reaction occurred between p—ClC6H 4S:i.H3 and NO in the absence of irra-
diation., No evidence for isclable Si-nitroso compounds was obtainod.lzz
The first example of a metal carbonyl complex where the halogen
atoms of a metal halide serve as ligands has been reported. Thus, the
irradjation of a mixture of E‘e(co)5 and 5114 gives the compound 5114 -

[Fe (00)312 in low yield.123 Its proposed structure is

L AN I P
oc — Fe i Fe _c0
o’ N1 N1 N

3. Si-Group VI
An insoluble polymer-supported chiral rhodium complex for the asym-

metric hydrogenation of olefins and hydrosilylation of ketones has been

prepared. 124
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H
° Peh, insoluble
PPh, + [l!hCl(C2H4)2]2 —> complex
=
H

The hydrogenation of olefins (2-ethyl-l-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

Me 0 Ph, Soluble
+ [RhCl(C2H4)212 —_— complex

M Pth

Tigin

for the hydrosilylation of acetophenone with dihydrosilanes (diphenylsilane,
phenylmethylsilane, a-naphthylphenylsilane) gave high optical yields

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

ble complex. Iscbutyrophencne was an exception in that somewhat lower

optical yields were obtained from the insoluble complex. An extremely

0-si% oH {200%)
PhCOCH, + H,SiPh(a-Naphthyl) catalyst, Ph%-CHa —+  PhCHCH,
H

(s)-(-)

58.5% optical
yield

useful observation is that with the soluble catalyst, dihydrosilanes
afforded much higher optical yields, and under milder conditions, than
did monohydrosilanes.

A chiral cationic complex, [Rh{ (5)-(PhCHz)NePhP)2ﬂzszl+ C104-
(S = solvent) has also been found effective for asymmetric hydrosilyla-
tion of a number of alkyl phenyl ketones. The silyl ethers produced were
isolated and converted to carbinols by methyllithium treatment.lzs

The reaction of hydrosilanes with ketones in the presence of col-
loidal nickel produces both monosilylethers and silylated dimerization
products.
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PhCOR Sailyl Ether Carbinol Optical Yield
R= Yield (%) Configquration (%)
Me 97 s 31.6
PhMezsiH Et 94 . S 43.1
tBu 84 S 61.8
Me 100 s 5.1
Me3S:|.H Et 92 S 6.4
tBu 81 R 28.1
OSiRg R"3sicly C')S:I.R"3 ?H OS:|.R"3
RCOR' + HSiRY colloidal M1 . GHR' +  RRC -CRR'  + RR'C - CRR
R =R'=Ph R" = Et 40.4% 57.08 = ceccceaee-
R = Ph; R' = Me R" = Et 50.3% 42,6% 20 oceemmmeeeeo
" = nBu 67.1% 14.3% 8.2%
R = Me; R'tBu R" = Et 47 .5% trace = 2 c-cemmmmeeo
" = nBu 70.1% 8.6% 8.4%

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

responding silyl enol ether may have been present in the monosilylether

product.126

A facile O-silylation of alcohols has been reported using a homo-

geneous system containaing Cth(PPh3)3 as catalyst. Isomerization or dis-

proportionation is not observed. A mixture of cholesterol, diethylsi-

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

of cholesterol diethylsilyl ether. The rate of silylation 1s in the

s 127
> stlﬂz > RasiH.

Diarylalkoxysilanes (stiHOR') can be prepared by either the mono-

order phenol > MeOH > EtOH > iPrOH > tBuOH and RS:LH3
alcoholysis of diarylsilanes or the hydrosilylation of ketones with
diarylsilanes, both in the presence of either rhodium or ruthenium com-

plexes,
(PPh3)3RhC1
or (PPh3)3RuC12

> RZSiH(OR') + H

stiH + R'OH 2

—28 ~ R, SiH(OCHR'R")

TR"Cam
R2SLH + R'R"C=0 above 2

The method appears to be general in the nature of R' and R". For both



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 methoa.l29

CH_CN
Et351H + PhCH20H E;F——F Et3SiOCH2Ph + H2
(95%)
CH3CN
EtBSLH + PhCHO E;F——-—*- EtBSLOCHzPh
(96%)

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

Ph,_SiCOPh + HX LA Ph,510CHPh (X)

X = OAc, CN, pyrrolyl, SPh, Ci, CH(CN)2

Triethylsilane adds to the carbonyl group of ketones under cataly-

sis by indium trichlonde.l31
ma, 5=t
—_——
PhCOCMe3 + HSiEt3 TofLux PhCHCHe3
OS:I.Et:3
s as .
PhCOSiMe3 + HSlEt3 —sss;gﬁ PhCHSLHe3

Optically active O-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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*
0sit

t+ &
RCOCH.COR' + -8i-c1 —Y& 3 docu-cor'
2 | or NEt,

Silylated enol ethers have been prepared as follows.

-Et_siCl psiEt,

—_
CH3COC1 + 2 Cl-12-C(0Me)OSiEt3 —CH3C02H6 CH3C-CHC02Me (67%)
(cis:trans = 9:1)

-Me_SiCl
3 JEN
~Et,S1CH,COCL 4

Et:3SiCH2COC1 + 2CH2-C (OMe) OS.‘I.Me3

os iHe3 OsiMe 3

Et3S:I.CH-C-CHzC02lh + xtssicuzo-moozm

In the latter case, the principal product is the B,y-unsaturated 1so|ner.133

A number of soluble and insoluble (polymer-supported) palladium
catalysts were investigated for the addition of trimethylsilanol to
butadiene.

PA catalyst
Me,S1O0H + CH =CH-CH=CH, u’T;sTo’ﬁL"' Ma ,S10CH,,CH=CH (CH, ) ,CHeCH,,

The soluble system PdClz(PhCN)z-PPhs-Messj.ONa was the most advantageous.

Polymeric catalysts could not be recycled and lost palladium content after
134

one use.

Lithium derivatives of the compounds Hssilm (X=0,s,Se) and of
(H3si)2YH (Y=P,As) can be prepared indirectly by treating fully silylated
X or Y with methyll:l.th:l.um.las
(H3Si)2x + MeLi ——> Lixsiu3 + MeSiH3
(H351)3Y + MeLi ~——> LiY(siH3)2 + H.S:I.H3
Chloral inserts into the ring structure of a cyclic silylether to

give the acetal product in quantitative yi.ld.136

Me Me
Me,Si + Cl1.,CCHO -——— Me,Si
2 3 2
% Vot
o‘ﬂ

H CCl,
A series of (w-ethoxysilylalkoxy)trimethylsilanes has been synthe-
sized and their cyclization studied under basic (NaCEt) and acidic (HCl)

conditions.



-EtosiNe, V™
—_ 3
(Et0) Me,  si(CHj) OSiMe, (Et0) M, si
\__0
(h=1-3, m = 3,4) (n=0-2, m=3,4)

Six-membered rings are formed faster than five-membered rings, and
with base catalysis, the reactivity towards cyclization increases with
increasing numbers of ethoxy groups on silicon. The latter observation
is also true of acid-catalyzed cyclizations to five-membered rings, but
a reversal in reactivity is observed for cyclization to the six-membered

137

heterocycles,

Cyclic vicinal diols produce heterocycles upon appropriate silyla-

138
tion. o
g CHor c(.\ O~ sive,
(ci,) | + ClMe_SiCH,Cl -—> (CH)) | |
n CHOH 2 2 2'n cH -
\/ \_r \0/ 2
ns= 3.4

Trimethylsilylcyanide affords functionalized silyl ethers with a

number of co-reactants

mssicu + coc12 —— ne3sioc(CN)3 139
" + ClcocoCl ————>- [ue3sioc(cn) 212 139
" + P,CCOCL ——— ue3sioc(cu)2c::-3 139
" + RCOR! —u-w— nessiocm'cn 139,140
AlCl, 141
" + —>  Me;S10CH,CH,CN
" 4+ poocl  Byridine, e, s10c(an) & M4t
" + RCO-G-COR ————>  Me,5i0CR(CN)GCR(CN)O5iMe, 141
(G = CMe,, o-phenylene) + He3siOCR(CN)GCDR
Trimethylsilyl phosphite was found to add to 2,3-butanedione.l??
0 OSiMe
20° ! 3
(Et0) ,POSiMe + MeCOCOMe —— (EtO),P '-com (45%)
Me

Organctrichlorosilanes react with B-diketones to form chelate com-
plexes of the form [RSi(diket) 2] *x" (diket-H = acetylacetone, benzoylace-

tone, dibenzoylmethane, benzoylacetanilide); the complexes with X = Cl

References p 139
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4 and SnCls. Similar

complexes of formula (siL3)+x’ were prepared from SiCl, and B-hydroxy-

were eagily converted into those with X = HC12, FeCl

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

to be ionic and contain pentaccordinate silicon.l43

Stannyl-silyl group transesterification has been effected in some

Group IV esters.l44

e Ri 'SnOH

[l Il
R3SiOCCH (CH3) cazsm:; —— R:; ' SnOCCH (C}!3)CHZSiR3'

Bistrialkylsilylcarbonates have been prepared and the reaction of

t-butyl trimethylsilyl carbonate with aminoacids investigated.145
i
1. NaH |
RasiOH W %SimOSiR3
3. R §1c1
3
ﬁ Et.N
t'.B\:LOOOSi.Ei:3 + HzNCszzl{ —— Measi-y-mlzcozsiuea
CozsiHe3

Unsymmetrical organosilicon peroxides result from the treatment of

46
a mixture of hydroperoxide and chlorosilane with anhydrous ammonia.l
NH3
PhasiOOH + RS:LM62C1 —-—-\Etzo PhasiOOSiMezn
(R = aryl, akyl)
R 147
Heating some peroxides results in phenyl group migration.
]
Ph,$10054Ph, Loo7, Pho (Ph) ,S10S4Ph, (100%)
A method for the high-yield synthesis of mono- and bis-peroxysi-
148

lanes has been reported.

. 74-95%
tBuooH + N/N\UN + R,SiCL —>  tBuOOBiR; + N, /~N-HCL ( )

NAN /I\‘ .

r N, /NeHC1

PhCMe,00H + E'%) + sticl2 —_—> (1=hcuezoo)2s.m2 + (N}})
(76-95%)

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

nucleophilic, electrophilic, oxidizing and reducing agents has been

probed. 149
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(EtO) 3P
Et.S

PhsSH
nBuLi
EtMgI
NaOH ,H20
NaOMe , PhH
Li,Na or K (M)
Ni{Co) 4
PhZCr
Pb(OAc) 4
Cz:O3 ,HOAC
Ph3COH

S0,

The ¢ig- and trans-isomers of

103

Products

@ + Me,51051iMe, (HMDS)
N
6

Ph3P0 + HMDS

(EtO)} 3PO + HMDS -

Et2$O + Et‘.zSO2 + HMDS

PhSO3H + HMDS

nBuOSiMe3 + Me 3sior..i

EtOSiMe, + Me3S.‘|.(l491 "

3

Me SiOH + H202

EtOSiMe, + r«a?‘sioo"m+
Me3SiOM
(ue3510)2N1 + Co

C1'203 + HMDS + th + H20

Me 3Si0COMe + Pb(OAc)2 + 02

+'HMDS + H O + O

Cr (OAc) 3 5

2
(Ph:CO)2

Me 3510502051Me 3

a fluorine-containing diorganocyclo-~
150

siloxane have been prepared and characterized.

Mo O e

,Si lst\
R R
o
k si”
’ \
Me R

R-CE‘(CF)CHCH

237272

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

trol of a polycondensation react:ion.151
Ph Ph Me Me Phsi SJ.He
HO— b1 —0—b1—0H Hbi—o—bin | ~o ok | L
| 1 | ) 0 i-— (o} S:LHB
0 0 + 0 ) — |
| | | D, PhSi
Ho—‘s:x.—o—fi-OH HSi—O—‘S:LH No
Ph Ph he Me Nsi—— °~ SiMe
Ph
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The preparation and physical properties of cyclic organopolysil-

oxanes having the following structures have been rcported.lsz
Ph
Si-8iR S$1-0-5i-0-5iR
R}/ G R’n I |2
o\ o) o) (I) o)
| |
Si/ R,Si-0-Si-0-51R,
Me Ph
2
$i-0 0-SiR Ph_Si-0 0-5iMe
N /N PN TN
o si-Q-si o o si o
N, / et N, /N~
R,51-0 0-siR, Ph,Si-0 o-sime,

(R = Me, Ph; Q = p=C,H/)

Treatment of lithium octamethylcyclotetrasiloxane with cyanogen is

reported to give 80% of the cyanomethyl derivative.153

Me2
0—Si —
. (@0, /o si
M0251 ? —_—— Me_Si o]
! SiMe (CH_Li) zé SiMe (CH_CN)
\ / 2 \ 2
Si--0 Si——0

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

by standard met:hods.ls4

The silylation of dimethylnitromalonate occurs nearly quantitatively
to afford the O-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 malonate does
not react with trimethylchlorosilane. The O-silylated product underwent

1,3-dipolar cycloaddition reactions with olef:l.na.]'55

(Meozc) 2CHN02 + PhNHCON(Ph)S:LMe3 0

. ~ —> (Me,C), CmN__
Ag [c(no)z(cozue)zl + Me,SiCl 0SiMe,

(Co,Me)

MeO,C CO Me M8l 5

2 \c/ 2 ?{2

+ — R
/’ri\ ICHR o)l\osum3

Me,S10 ° (R = CO,Me, Ph)
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Similar behavior has been reported for the nitro compounds l-lc(N02)3,156

CH2(N02)2157 and MB02CCH2N02-157 Other products can arise from mgc(tioz):,.]'58

~ NO,
AGC(NO,) ; + Me,SiCl + U _ O\—OE\O

. N02

" + "+ PhCH=CH, —>

N\ g

Ph O Ph

Silylation of AgC(NOz)s-p-dioxane with RthsiCl (R = Me, Ph) led

to 1solable products (in contrast to silylation with Me_SiCl) which

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

with methyl acrylate by conjugate addition.lsg

Silylation of trifluoronitrosomethane under u.v. irradiation has

been reported. 160

HSiX, + CF.NO u.v., CFNOSiX, X = Cl, 17.3%
X = F, 80%
The preparative chemistry of some compounds containing Si-o-P
bonding has been studied.
(o} (o] 2

i |
(M8 S10) ,PH + CH,CCOMe -——>  Me,SiOP (H)OCHCO Me

161

[0} [o] CH. O
I | 3
Me, S0P (OEL) , + a’ag“!‘“t’z —~  (EtO) 211—!:——'1!(051;)2 162
SiMGa
o]

i
(R,S10) ;P + R'COCL —> (R,S10) ,PCOR' + R,SiCl 163

[R=Me, Et; R' = CF,, (CF.) ,CH]

3)2
3 R3P(X)‘l!-l + 3 M0351C1 + l-m(si.m3)2 —

[ 164
L.-y nzp(xnrsmo3

R3P (X) YM + m351c1

[R-alkyl;XandY-Sando;M-Nn,NH‘]

Siloxymetallic compounds have been synthesized as shown.

165
3
165

NH“VO3 + 3 n.l’z'ﬂl'lsi.lle3 —_— (mssio) 3Vllﬂ-nl’lr

NH4,VO3 + 2 HN(SiHOs)z —_— (mssio) 3V"NS!.M.
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siMe3

- ]
(Me3P)3N1Me + MeOH ___ZE__; Me3P(He)Ni Ni (Me) PMe 166
N

2 Me3SiOH 3
7
SJ.Me3
166
Ph3510CdEt + 02 — Ph3SiOCdQOEt
W 4 (PhCO,), —>  Ph,SI0CAOOEt + Ph,S10CAOCOPh 167

Silicon digulfide reacts with 2,6-dimethylphenol (ArOH) and ethanol

to form ethoxyaryloxysilanes.168

OH
o M peon
sis, + O Zt% 5 (5to) SiOAr + (EtO),Si(0AT), + EtOSL(OAT),
e

Substitution of HZS for EtOH and a variation in mole ratio of reac-

tants allows the formation of silanethiol and cyclodisilthiane.169
CH3 OH
M3 s s
Si52 + O — (Ar0)3SiSH or (ArO)ZSi S:l.(OA:I.')2
S

Moderate yields of silyl bis (thioethers) are obtained by the pal-
ladium-catalyzed condensation of alkyl- and aryl-thiols with diethyl-
silane.17o

. P
Et,SiH, + HSR —Ad+ Et:zsi(sn)2 (19-41%)

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

ever, has now been found which affords nearly quantitative yields.171
(PhaP)3RhC1
[} [}
R351H + R'SH R351SR + H2
(Ph,P) .RhCl

3°°3
' .. A— '
R251H2 + R'SH R251(H) SR' + H2

The known reaction of silanethiols with silver nitrate has been

used to develop a potentiometric method for the determination of silane-

thiols.l72

(RO) ;SiSH + AgNO

3 — (FO);SisAg + HNO

3

Silanethiols have been reported to undergo the following reactions:
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Ph3sisﬂ + ROH —> Ph3sion + st 173

(R = 1°,2°,3° alkyl, allyl, aryl)
Et3Sl.SH + EtLi —> EtBSLSLi + EtH 174
Methylphenylcyclosilthianes have been synthesized which are capable
of cis, trane-isomerism, and their conformational preferences investi-

gated.ns A complementary investigation of the trimethyltriethylcyclo-

trisilthiane and the trimethyltrivinylcyclotrisilthiane systems has also

176
appeared.
S
idine A PhMeSi—~——S§
PhiesiCl, + H,S -BYTiCIN®,  phMesi SiMePh -3 |
I § —— SiMePh
s S
\ -~
si
PhMe

The following preparative methods for the formation of sulfur-con-
taining silyl esters have appeared.

o]

il

-+ 1 177
PhCS K+ uessim — PhC-OS:LHes

78

s
11
PhCS ﬁm:t3 + Me_SiCl ——> Phlc-ssm3 1

3

s
N - |
iPrCs go + Me,SiCL —>  iPrC-ssiMe, 178
2

Compounds containing the P-0-5i and P-S-Si moieties have been

synthesized.
o]
F gﬂ + (Me_Si) NH —> F.P-0SiMe 179
2 3 2 2 3
(CF.).PF + (Me.5i).0 —>  (CF,) POSiMe, 17°
3'2 3 2 3'2 3
179,180

(CF3)2PC1 + (Me351)25 —_— (CE‘3)2PSS:I.H63

Attempts at synthesis of the P(V) isomers (e.g., R,P(0) siMes) gave

only P(III) forms. Cleavage reactions of the P-containing silyl esters

with HCl and mzm-l as well as with HBr and (CFs)zPCI,mo were reported.

Silicon-substituted selenium compounds have been prepared by a

number of routes. 181
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Me3sicl + MeSeH + Me3N

Me3siNMe2 + MeSeH

ue3sic1 + Lial (Sene)4

H9351C1 + MeSeM (M = Li, MgI)—1

Eummm— mssiseue

Pentafluoro-orthotellurates of silicon [Me3SiO‘.l‘eF5, s1(o'rer5) 41

are formed by the reaction of lh3siC1 or sic14 with, respectively, HOTeF

and AgoTeF, 182

5

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

phenyl)germyl} cadmium with silicon derivatives of Group VI elemem:s.]'83
(PhsGe)ZCd + (EtBSi)ZM —_— (PhBGe)zcdll(SiEt3)2

(M = s, se, Te)

4. Si-Group V

The scope of aminosilane preparation by amine-silane condensations
catalyzed by (Ph3P)3RhCl has been reported. Good to excellent yields of
the monoaminosilanes are obtained in all instances. Phenylsilane and

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

transformations. 184

cat
R251H2 + R'2 NH ———> R251HNR'2

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

cular nitrogen by trimethylchlorosilane and lithium.ms
Cr(:l3
Me SIClL + N, + Li —mr=>  (Me;Si) N

Syntheses of the following silylamines have appeared.

186
[(CFEI) 2N] 2Hg + H3S:lI —_—> (C?3)2NS!.H3

Me3SiNH2 + HN(CHz)n —_— Me:;s:l.-u(cuz)n (n = 2,3) 187
s s s
RN
Me_SiN. + \\p/ \p/ —_— \ / / 188
TN N\ g NG TN

i,
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/ \ + HGSS.‘I.C]. B o] !/ \5 189
! Y
SnBu, SiMe,

2-Trimethylsilylpyrrole has been shown to slowly isomerize into

the N-gilyl 1souer,189

Silylation of substituted phenylacetonitriles by trialkylchloro-
silanes varied according to subltitution.lgo

R = Ph

> Ph2C-O-N-SiR'3
R' = Me,Et,Pr

R = H SiRa',H
—» PhCH,-C-N-siR',
LI ]
R R' = Me ond o
phoncy L)NaH
2)R351Cl
R = Me e
> PheC-SiMe, + Ph(Me)C=CeNSiMe
R' = Me | 3
oN

R = Et or nBu ft,nBu
- Ph-C-SiMea
R' = Me '.I:N
L
R NHZ N

R'NHSiMe, + Ph,CHON
(R" = ph,uo,csﬂu,nalio)

PhZC.C'N-SiHG 31

HS iEt3

> thc-CHN (S:I.Hes) SiE‘I’.3
PtCl 4

Treatment of silyl amines with tetrasulfur tetranitride leads to a

nitrogen exchanged product. The same product is obtained using 53N2C12.191

maswp’ + S4N4 —— He351-N-S-N-S-NR2

(R = Me,Et)

Heptasulfur imide anion and chlorotrimethylsilane afford an adduct.l®?

S, NK + m351c1 —_— S7NSiM.3

7
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Under the catalytic influence of 10 mole % bromotrimethylsilane, the

following carbon to nitrogen silyl group migration was effectad.193
Me _ SiBr
Me C-CH=NR ————> Me,C=CHNR (R = Me, Et, nPr, iBu)
i
SiMe, iMe,
Trifluoromethyl-containing silylimines have been preparod.194
Me sicCl
MeLa 4-n

—_— >
(CF3) 2Cﬂll’i ——— (CF3)2c-NLi = 1-4) Me4_nSi [NIC(CF3)2]n

N-Halohexamethyldisilazanes are preparable in good yields by the
use of N,N-dihalobenzenesulfonamides. Poor yields (ca. 15%) were ob-

tained with N-bromosuccim.mide.19
Bz O

272
PhSOzNX2 + 2 (He3Si)2NH — PhSOZNH2 + 2(He3si)2NX (70%)
(X = C1, Br)

The synthesis and reactions of some silylated hydroxylamines have

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

lithiated and O-lithiated forms was observed.lg6

: - THF - :
(Mess:.) ZNH + HO§H3 Cl p‘——a—tm—) Mess:.NHOSiMes

Et_N
2(m351)2NH + 3 Hoﬁﬂ3 cl” ——-3-—7 Me3siNHOSiH03 + 2 Hznosim3 (1:1)

Et.N
(Me,Si) ,NH + Hoﬁﬂzuecf A MeNHOSiMe,,

(Me,51) NH + ueoﬁuacl —  (Me,5i) N-OMe

EtssiCl
| E— (Messi) zlj'losil:'.t:3

+
RLi H «
Me S{NHOSiMe > > Me,SiNHOSiMe,

IMe (Me_si) NOMe + MeSiN (Me)OSiMe,

1) 2tBuLi

Me3s:lNHOS:LMe3 2)Mel

(Me3si)2N-ue

L)RLi
e
l'12NOSiM93 2) tBuM 251C1 tBuMezsINHOSiHe3 + HC3SiNHOSiH02tBu



ML, e osive,

MeNHOSiMe hBuLi, |

—_— MeasiNOS:LMe tBu
tBuMe SiCl Me

Silylated hydroxylamines have been prepared by other workers, and

similar rearrangements observed.

197
N - [] iR!
R3510N1-12 + PhZC-C N-SiR 3 — RasiWHS:l.R 3 + PhZCHCN
(R, R' = alkyl) (70-90%)
L]
Me, SiONHSiEt —1-10—-& Et,SiONHSiMe 198
3 3 3 3
Silylation of some hydrazine derivatives has been carried out.]'99
llmz l'lHSiMe3
CHZ-GIO-NNHGZ + EtZNS:I.Me3 —_> EtZNCH2CHZC-NNH02
Nl-lNMe2 'S:.He3 tilHNMez
Mesz-lCl'lZCI-lZC-NN‘Me2 + EtzNSiHea —> MezN—NCI-I2C1-12C-INNMe2
or Measi-T-NHez
MezﬂNHC!izcﬂzc-NNHez

The preparation and reactions of some silylaminoboranes have appeared.

1)RLi 200
e I T S g
(Mo Si) ,NH 3 iR PR (Me;S1) ,NB (X) Ph (x = Cl, NH))
tBu Ccl
N—B
BC1, 150° C1B NtBu 20t
Me Si-NtBu ——> Me,SiNtBu ——_1—1"" ]
Li llscl ~Me,SiC tBuN BCl
2 \B—N/
Cl tBu
202

R.zuimi + ueasicl — Rzmilsi.m3

R’ R'

(R= Me, R' = Et; R= Ph; R' = Me)

N
(\ I /j + Me,SICL —> T/j 202
NIBNN N
L

N”B

| [
S:i.He3 H

H
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] 60° 203
(Me S1) NMe + ClBH,*OEt, ——> H,BN(Me)SiMe, + Me,SiCl
" + ClBH,*CEt, —— H_B_N(Me)SiMe + Cl_BH.OEt, 203
22 52 3 2 2

+ MeasiCI
Attempted preparations of compounds containing two -BH2 groups on the
same nitrogen or containing the HZB—NH-SL fragment 4id not succ‘od.2°3
New chemistry of silylaminophosphorus compounds has appeared, in-
cluding those containing the first example of the phosphazene structural

component, -P=N,

204
(He3si) N for (ue3si) zm..j.] + OPF, —> (Msasi) JN-FOF,
{Me_si) N [or (Me_si) NPOF.] + P.O_F, —» Me_SiN(POF.). + Me_SiOPOF 204
373 372 2 2°3°4 3 2’2 3 2
204
(e 54) N [or m351)2n1] + OPCl, — :4easiot'(cl.z)-ns:.m3
(RO) zp oy
7/ N
-l ? Ia:u?.c1 205
(RO) ,PONCL, + RSICl, —2» ClRsi o
N p/
(R = Me, Cl) (OR),
(m3si) 2NL1 + (Me3Si)2NPF2 ——— (m3si)2ur-usim3
cc1,

206
MeasiN-PCI (CC13) N (SiHea) 2

207
(ueasi)zm.i + KCl, —> Mn:*s:m-pcl3

Unusual thermal stability is observed for mono N-silvlated amino-

tellurium pentafluoride, whereas attempts to isolate the bis-silylated

analogue [from (Meas:i.)ZNLi and 'rersl were unsucce-sful.zoa

(masi)znu + TeF, ——» Heasu.-* + HoasiNBMS

6

Pyridines and ring-methylated pyridines form stable adducts with
diaminosilyl cobalt and zinc compounds. Triethylamine appeared to form
complexes in solution, but no stable adduct was obtained, possibly due

to steric factors .209
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MIN(SiMe;) ], + {O'n — (O neniNsidey) ),

(M = Co, 2Zn)

A novel titanium-nitrogen heterocycle has been reported.zlo

Cl
s PhH \. N
4 T1C14 + 4 N(SiMe3)3 ——EOT’ 8 Me3SiC1 + C1-T1—N81Me3 4
(65%)

The reaction of Pchl2 with silicon-containing amines affords stable

complexes. For example, [l-:t:_'szl.(Cl-lz):,'Nl‘izlz-Pc:lcl2 was characterized.2u

A series of low-coordinate lanthanide and actinide complexes was
attainable because of the large steric requirement of the bis(trimethyl-
silylamino) li.gands.u'2

MCl, + 3 LiN(SiMe,), —> MIN(siMe,) ],

(M = La, Ce, Pr, Nd, Sm, En, G4, Ho, ¥, ¥b, Lu)

silicon and nitrogen are heteroatoms in a variety of new cyclic

compounds.
'y -
N 2 213
N /51\
177° N N
H H E &
(24%)
(erythro)
RR' RR' H
si Si—N 214
VAN /
NH HN SiRR'
RC1SiR' + NH; —> | +
RR'SL /sinn' RR'SL NH
Ny N SifR’
H H

(R=Me, Et; R' = cazcazocn-caz)

References p. 139



114

[\

(012msi.c:uz)2 + RNH, —————> RNHMeSi SiMeNHR
N .7

(R = Me, Pr, Bu, Ph)

215

Z o —— 2z
z
o
w

Me \Me

si si
Mk
7 \

sio 5t
Me H Me

(Et3sio)281.012 + NH, ——>» (E:t:’s.'l.o)2S:.(N!-12)2 +

3
H
N
(Et,510) ,Si-NH iE é \
4510 2's -N -"si(os ty), + (Et,sio) 251\ /si.(051.131-.3)2 216
NH NH N
2 2 "

s s
N/\/\ X

N
Il Ni I+ Me,si-X-SiMe, —> Me st sive, 27
S / \ s 2 ] 2 2‘ ‘ 2
~ W a1 A N N
s/ N N
N\ /‘ N /S
(X = 0, NMe) Ne—s§ s—n/
B
NH N—Si—N
Me s/ + Cl SiR2 -ﬂ» Me s/ \Sne
2 2 27 Y ain’
\NH \N—si—N/
Ry
(R = Ph, Me)
/N\ 218
R,Si e
S T
ve 57 \,51112
N N
N Y4
si s
R, Mo
(ClSiMe2CH2) 2GeMe2 + BuNHz Me, 219

Me251 ):I.Me2

u



Complexes of aminosilanes and metal haiides have been characterized.

R

[ 20
Elsi-—NRR' + Alcl, —> l Si—N-sAlCly z
|
L]
CH, CH; R
(R = l___%x, R' m H; R, R' = Et; R = Me S, R' = H; R, R' = E_—%i)
cu, CHy
L
(MeZSiNH)4 + MCl, ——> (MeZSiNH)4(MC13)2-2L 221

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

(Mtazsi.Nl-l)4 + 'I‘:I.Cl4 — (Mezs:LNH)4(Ticl4)2 ~ 221
H
/N\ 21,8 S s A H,S S=—giMe, 222
Me,si SiMe, -——3 Me,Si siMe, —> Me_si—s
] ] 2 2 [ [ 2 2
HN /NH s /NH

\Si \Si

Me, Me,

Thermolytic decomposition of silylphosphine has been shown to pro-

ceed via two routes. The first chemical evidence for phosphylene was

thus obtained.223

Sin + PH3

H3$1PH2

— Si.l'l4 + PH

A high-yield method for the preparation of organosilylphosphines

(and arsines) is now at hand.zu

HMPT

PCl, + Me_SiCl + Mg ——> (ueasi)ap (76%)

3 3

tBu,PCL + Me_SICl + Mg ——"» Me SiP(tBu),  (95%)

Silylphosphines add to ketenes and diketenes to form silyl enol

ethers which isomerize upon heating.zzs
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1"‘E!:2
Me3SiPEt2 + R2C-C-O — He3Si-O-C-CR2
250°
PEtz

HG3SI-CR2—C-O (R = Ph)

(R = H, Ph)

Me_SiPEt. + CH =C—CH —> Heasio—ﬁ—CHZ—ﬁ—PEt

3 2 2 2

| I,

OwrCuO 2 °

Partial isomerization and cyclization occur when the hydrosilane

adduct is heated.

CH

72
o—C
M i \
62? PE(:2 + Cl-iz-lc-—'aiz —— MezlsiO%CHZﬁPEtz R M.ezsi /CHZ
H O~==CmQ H Glz (o) 0-—-?!
(40%) PEtz
a
/c"’a
o—cC
N
Me Si—0—0-CHCPEt2 -—_ uezsi CH
7 Lo /
CH3 o] 0—?‘1
(60%) PEt2

6
Silylphosphines undergo similar carbonyl additions to a-diketones.zz

CH

| 3
Me3SiPEt2 + CH3COCOCH3 —_— Hﬂ3510?m3 (90%)
PECz
M3
i —Q=C +
MGZSJ.(PEtz)z +CH3CWOCH3 — Mﬁzfi O (': COCH3
PBtz PEtz
PEf.z
CH
|3 d 3
Mezsi e C=—COCH 2 + mZSi\ CH3
PEtz (o]
Et



CH

| 3
Mez?iPEtz + CHaCO(nCH3 —— MBZSi—O—C'—COCH3
H
PEtz
HthCI
) 0 CHy
PEt
Me,S1 3 (cie & trans)
N cH
o 3
H

0 Me, 510
MeSIPEE, + . —— EtPH + c:l/fj (74%)

5. Si-Metal

Further chemistry of silyl-containing C_B,H. derivatives has been

2748
explored, including silyl migrations from bridging to terminal positions.
~M8,S1C,B H, — 24 4-Me §iC,B,H "Na'
s 4"7 2°47
1 Measicl
M,4~(Me Si.)2C254l-l6
MlSiClzli
u-(MeSiH,)C,B H.
m281c12
‘—_—_—__’ -
u-(Ms S:I.H)C234H7 (trace)
Na C234I'LI ————
sticlz

f—— . u,u'-SiH2 (C234H7)2 —>

4,4 -S.‘ll'l2 (CzB‘H.,) 2

(cu ) Sicl, E/\ C234H7
CBety
©
c1
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Ethyl bis(triphenylsilyl)aluminum has been utilized for the pre-
paration of bisg(triphenylsilyl)mercury. Results obtained upon treatment

of the aluminum compound with alkyl hydroperoxides followed by hydrolysis

suggests that structures with Si-0O-Al bonds are formed as 1ntezmediates.228

~4 THF

2 . .
Ph3SiAl151Ph3 2 LiBre2 THF + 3 Hg(OAc)z —TLE?

Et

2(Ph,S1) Hg + Et,Hg + 2 AL(OAc), (40-70%)

2
(Fluoroalkyl) silylmercurials may be formed by exchange reactions

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

analogues are not.229

THF
(Et,S1) JHg + HgR, ——> Et Siligk (R = CF,, CF,CF,)

CsF

EtasiF + Hg + (CFZ)n

THF
[(Me,SiCH,) ;sn] By + Hg[C(CF,) ;], —> 2 (Me;SiCH,) ;SnHGC(CF;) 4

in situ
2 (MessiCHz)3SnF+2Hg+2(CF3)zciCF2

Onium salts containing silicon and transition metal complexes have

been characterized. These undergo the normal reactions of onium halides.23o

Me 1:’-CHS.’I.MG3 + HM(CO)a-ﬂ—C H, ——> [M93PCH

+ -
3 Hg sme3] [M(Co) 3—1r-c5H51

2

Iron-substituted silacyclobutanes are readily preparable and under-
go reactions involving ring cleavage and demetalation.231

Halogen-alkoxy exchange can be effected by treating w—CpPe(C!o)2 -
SiCl3 with sodium alcoholates. The species w-cPFe(CO)ZSi(OR)3 [R = Me,
Et, nPr, iPr, tBu] were thus prepared. An excess of alcoholate results
in Fe-Si bond cleavage yielding the [w-che(Co)zl_ ion.232

An optically active derivative of an Si-Fe compound [(-)-(n-Cp)Fe
(CO)zsiMePh(l—Np)] has been prepared.233

Evidence has been presented which indicates that a vicinal bis-
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silylation of an acetylene occurred vig bis(trichlorosilyi)bipyridyi-

m.ckel(II).234
Ph sicl Ph SiMe
N8 N\~
(bipy)N4(SiCL,), + PhCECPh~ (bipy)Ni-+ || HeMgBa |
c c (55%)
/7
cl,si Nen Me3si/ Ph

The nickel-silicon complex ﬂ-CSHS (Clasi) (Phar)Ni was cbtainable in 35%

yield from (n-csﬂs) 2N:I. and clasiﬂ. Ligand exchange reactions were ob-

served.235

Et_P
1I-C5l'l5 (C13S:|.) (Et3P) Ni

'lT-CSH5 (Clasi) (PhaP) Ni
HGeCl

' 3
'n-CSHS (C13G0) (PhaP) Ni

Vaska's compound [trans-carbonylchlorobis(triphenylphosphine)irid-

ium(I)] added the silanes H3S:LX (X =H, C1, Br, I), MeSincl and 512H6

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

H co
h l / h
P 3P—Ir—-——PP 3
Cl
xnzsi
Upon several weeks standing under an equimolar excess of H3SiC1, the 1:1

adduct from Vaska's compound and H351Cl formed the compound

H SiH2Cl 236
Ph3P e 1L — H
Ph3P o

Low oxidation state transition metal complexes react with hexa-

237

chlorodisilane to form higher oxidation state trichlorosilyl metal species. 3
In contrast to an earlier report, no reaction to form Pt(PPh3) (51Cl.2)2

was observed between Pt (1’17*h3)2(51C13)2 and PPha.
A series of compounds Ir(Cl,Br) (H,D) (S:LR3) (co) (Ppha)z' where R =

halogen, alkoxy, alkyl, has been prepared to assess the trans-influence

of the silyl group in these complexea.zse
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(l-CBHSPb (co} 3] 2 + 512c16 — Mo(co) 3 (ﬂ-CSHS) SiC13

1r(C1) (CO) (PPh,) , + Si,Clg —> Iz(Cl) (CO) (PPhy), (S1CLy),
H0
Ir(C1),(CO) (8 ) (PPRy)

P sl
RhCl (PPh3) 9 + SiZCIG Rh(PPh3) Sl(.',‘l2

Fe (CO) 5 + si

2016 RS {Fe(CO) 4sic121 2

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

Siﬂlzﬂ
Hez
Siﬂlzﬂ si
™~
v @ Pt (PPh3) 2
e

si
Me,
Pt(PPhy), (CH,)
si2
@I = pr(pehy),
/
Smezﬂ 58
e R
CH, SiMe H
Ph,
(HPh,S1) 0 /5t
o Brieen,,
7/
Nt
Ph,

Pt(PPhy), (0284)

oig PtH(Sime,OSiMe H) (PPh,),
(HMe,54) ,0

Hez
75
o
7
\Si

Me,

Pt(PPh, ) 2

The dihydrides e~ (Hﬂizsi&lz) C6ﬂ4 and mzsi(caz)4simzﬂ do not afford
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cyclic products. Ligand exchange with thPCHZCHzPth and Pt-5i cleavage

with bromine were both observed for the 5- and 6- membered cyclic chelate
compounds.
A migration of the trimethylsilyl group from cobalt to oxygen is

observed upon heating trimethylsilylcobalt tetracarbonyl. This cobalt

complex also reacts with tetrahydrofuran to give silyl enol ethers.24o

Q
Me 51Co(co)4—1°5—— Me

+ s
3 S:LOCCO3(CO)9 (Me3510C)4C02(CO)4

3

THF room
temperature

MeasiOCCo3(C0)9 + Me_SiOCH=CHEt + Me3SLOCH-CHCH CHZOSiMe3

3 2
Convenient syntheses have been described for a number of silyl-

transition metal complexes.241 Analogues containing the Mn(co)5 moiety

H,SiCl, + NaCo(CO) Nacl, H,S1C1Co(C0)

~-2NaCl

}12s.~|.c12 + 2NaCo(C0)4 —_— sti[Co(C0)4]2
-NaCl
Me,SiClH + NaCo(CO)4 —_— HeZSiHCo(d))4
_Hz
2 HyS2C1, + Coz(co) s —_— 2 HSiC12Co(C0) 4
..Hz
H251C12 + COZ(CO)B W SLC12C02(C0)7

were formed in a similar fashion. Heteropolymstallic silanes are also
accessible by an extension of the method.

smzclmx(oo)5 + Co,(CO) g ——> siﬂCan(co)SCo(co) st 5iC1Mn (CO) 5C02(CO) 4
SiHCan(CO)SCo(CO)4 + Fe, (co) 12 —_— Fe(co)4[SiCan(CO)5]2[C02(C0)7]

Transition metal complexes containing the trifluorosilyl group have

been prepared.242

170°
M,(CO),, + F;SiH T2-> F3SiM(CO) ¢ (M = Mn,Re)
[ﬂ-csl-lsFe(CO)z]2
F3Siﬂ
or F3siFe(n—C536)(00)2 or F3sin(n—C5H6)(co)3

[w-CgH M(CO) 41,

(M = Mo,W)
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VI.  SILACYCLIC COMPOUNDS

The first synthesis of the elusive silacyclopropane ring systenm

has been reported .243

Br Me
Br
Br
M L N 1/ pr
Br nBuLi Me251c12
——-——-—)- B e ]
THF,-95¢
Mg | THF
Me /He
si
Me Me Br Br Me
Me,SiCl 2 g 2
Me Li —'—2"'—-3*
THF
si Me Si
Br 2 He
2
Mez Me2
H
B:
i MeH *  Br e Me HMe
Me i Mezsic]_z
it i 1 y Mg
H daturm Br MeH si HMe THF MeH si HMe
Me M.2 Me

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

opening reactions with HCI, CH3L1 and HOCH3, e.qg.,

ve, Ke,
DVQ I>]__<\ X = ocHy, €1, CH,
Mez Me2
Me, Mezsix

A subseguent report indicated that this high reactivity is a general
characteristic of silacyclopropama.u‘ In addition to the above, the

following reagents afforded the ring-opened product with X derived from
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the anionic portion of the reagent: HOH, HOtBu, HOPh, mtz, HNiPY,

2

H3N . st, HStBu, HOAc and HOZCQlea .

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

pPressures, monocyclic products in addition to et:hylene.“s

Csib 470-725., l:CH =Si —> polymer or st@

Mixtures of ¢is~ and trans- 1,3-dimethyl-n-butyl~l-silacyclobutanes have
been prepared and subjected to PhHgCCIZBz treatment. Both Si-C and 8~-C-H
bond insertion products are formed with the latter predominating. The

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

tion for both px:v:)c:eue-.z“6
Me Me
PhEgCC1_Br
>si me -BEULL >si Me ————-——:e\si
nBu \
Ho\ Me
si
nBu
CHCI2

Arene complexes of chromium which contain silacyclobutane rings
have been prepared. 1,l-Dimethyl-2,3-benzo-l-silacyclcbutane polymerized

under the reaction conditionl.zn

LN R P, R
cr(co), + siy —_ @— si
- R R
Rl

Cr (Co) 3

R' = Ph, R= H
R' = Ma, R = Me
Cobalt and nicksl complexes containing the ligand l-methyl-l-(3-

248
pyridyl) -1-silacyclobutane have also been reported.



125

i of s-eomgcgu N M Mel, M
—_—2 .
a” CgH N ethanol 7 /59 MCl,
sHeN

(M = Co,Ni)

A variety of mono- and disilacyclobutanes were cleaved with chlz
in alcohol at the 5i-C bond. Products were not isolable becauss of
thermal instability. Relative reactivity studies were carried out and
compared to earlier results of HCl- and alcoholic KoH-induced ring
opening. Electrophilic attack of the [Hgx}® ion on the ring was indi-
cated as the rate-controlling ltep.249

Open-~chain organometallic compounds are formed when silacyclobu-

tanes are treated with alkali metal silancates or hydroxidos.zso

H 0
SiOH -———-) anS:I.He OS:LHe
Me,Si —(-m;-)-) M(Cliz)3s:l.l4ozos:|.n.3 —

|
—-—)CH (CHZ)351H92051M03

o

Mol Mo Si
Me,Si e MOSiMe nPr -——————3 M(CH,)_SiMe_OSiMe _nPr
2 2 2°3 2 2
A strong ring-size effect has been observed in the attempt to form
a silacyclohexane by intramolecular hydrosilylation. Although in acyclic
systems, hydrosilylation leads to terminal silanes, silacyclopentanes
resulting from the formation of a Si-C bond at a secondary position are

the major products in this cne.zn

//\/Y ety Yo

81 Me s{
Moz H.z
(txace) (738)
H PtCl
//\/\ SilMe, 2 s (60%)
si
Ney
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Also of synthetic interest were the following observations.

C1,8a(CH,) cncn M s No cyclic product

Br (CH2)4$HCH —T - (23%)

Silacyclopentanes containing hydroxyl or amino functionality beta

to silicon underwent derivatization by acyl chlorides and phenyl isocya-

252
nate.
Me OCONHPh
Me Me OR
~\ 1BjH R 2 >
276 ‘ si
s1” 2H,0,,08 si Me,
Me Me RCOCL
2 2 ‘ ’ Me OCOR
ISij
Me,
(R = Me, CH-CHz, cue-caz)
Me Ne N, Me NHCOR
- 1)BH
276 ROOCL
2 5 TR T R i ————
si 2}!&1{203035 si si
Mez nez Me,

(R = Me, CH=CH,, , cm-caz)

A w-complex of 2,2-dimethyl-2-silaindane has been reported.’ >

" sine, + crico), 495 (oo 5 iMe
2 6 nBuzo S 2

Free-radical bromination of silacyclopent-3-enes results in alpha-
and/or beta-bromosilacyclopentenes. Product distribution is highly

depéndent on the substituents at silicon. The ring-opened product,

Br
{""‘) NBS ﬂ
PR S +
st ccl,.B2 0, D Z/ st S
R/ \R' R \Rl R/ \k'

A B
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A (V) B (%)
R = Ma; R' = Me 35 65
= Ph; = Me 25 75
=Ph; = FPh 0 100
= Ph; - c[-x-cﬂ2 0 100
RR'SiB::(:H-C!-l-Cl-I-(:H2 was not observed in these reactions. Reduction of
the B-bromo product affords a method for the overall conversion of a
B,y- to an a,B-silacyclopentene.254 An unexpectedly facile ring-opening
Br
/ LiAlH 4 {/ ! + @ + 1>h2s|;:|.c1-l-<:!i-CI-I-CH2
Si si si H
th Ph, Ph,
(70%) (10%) (20%)

reaction of 2,2-dimethyl-2-silabicyclo(3.l1.0]hexane by anhydrous HCl has
been observed. In contrast to the behavior of the isomeric 3-silabicy-
clo(3.1.0]hexane, in which C-C bond cleavage is observed, Si-C bond clea-

vage occurs in the 2-sila isomer.zss

HCl
(Si—y IS0°,6n >  ClSiMe,CH,CH,
Me,

A number of new synthetic methods leading to the silacyclopenta-

diene system are now available. One proecn256 is thought to involve
NAC1, (PEE,), (/ \5
= | S S .Y *
HMst:I.siMezli + RCECR 900 R' si R' + st:uaez
ke,
R = Ph; R' = Ph (56%)
R = Ph; R' = Me (44%)
R = Et; R' = Et (95%)
R, R' = Me or nBu (100%)

the intermediacy of "dimethylsilylene", as the omission of acetylene
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results in the previously cbserved formation of the trisilane HmzsiM-
Hezsimzﬂ. Dimethylacetylenedicarboxylate does not afford eyclic product.
The use of 1,3-dienes under similar conditions led to products of appa-

rent dihydrosilylation and hydrodisilanylation. In another method,

R R' R R!
HMe _SiSiMe H + NiCIz (PEt3)2 \C C/ +
*—-—-——-—————-—) -
2 2 90° yd N
HH.zsia‘lz Cﬂzsmzﬂ
R= H; R' = H H‘CR-CR'Cstmizsmezﬂ
R = H; R' = Me

R = Me; R' = Me
R = H; R' = Ph

1,1-dimethyl~2,5-diphenyl~-1-silacyclopentadiens was prepared by dehy-

drogenation.257
o
Cl CN
I W)
ph—[s: >—Ph a o P J-Ph

Similarly substituted compounds are obtainable by a three-step
synthesis beginning with the silacylclopentane. Yields for each of the

last two steps range from 40-65%.

By Ph
Ph—C)— P 25, ﬂ %"ar #h ﬂm
i U TR 3 si
7N\
R R'

R/ \n' R/ \n-

R = Et; R' = Et

R = nBu; R' = nBu

R = Me; R' = Et

R = Me; R' = Ph
The dienes thus prepared underwent the expected gycloaddition reactions
with diphenylacetylene and maleic anhydride to give 7-silabicyclic com-
pounds. Dimethyl acetylenedicarboxylate afforded an adduct which spon-

taneously lost silicon to form a compound identified as a dimethyldihy-
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drodiphenylphthalate, but may more likely be the dimethyl diphenylph-

thalate itgelf. Reaction of the silacyclopentadienes with iron carbonyls

resulted in good yields of the iron complues.zsa

!'ei(Gl.'))3

ﬂ Fe(CO),140°,12h ‘m_

Fh si h or rez(CO)g,CO',lh' h st Ph

7 N\ 7N

R R'  or Pe.(cO)..,80°%,1h R R'
3 1200 !

(61-75%)

Fully arylated silacyclopentadienes have heen prepared by the di-
merization of diaryl acetylenes with lithium followed by reaction with
diphenyldichlorosilane. The mixed acetylene, phenyl-p-tolyl acetylens,

gave three isomers whose proportions were determined by NMR lp.ct:a.zsg

R
€1,84Ph,
R - csc-re by 22, R'I—S» R' + RUR + RM'
si si
Ph

R= R' =« Ph

R = Ph; R' = p-tolyl (25%) (25%) (50%)
Silaazaspiro{4.5]decanes and silaazaspiro[5.5]undecanes have been
synthesized from 4,4-di.nothy1—4--ihcyclohmnom.26°

(CH ) NMe
0
(C"’z)l 2
—_—
¥
Me,

The synthesis of 1,l~dimethyl-l-sila-4-cycloheptyne was attempted
in the expectation that the longer Si-C bond would render this alkyne
more stable than its all-carbon counterpart. A product was obtained
that had a half-life of 108 h in dilute CH,Cl, solution at 4° and reac-

ted in the expected fashion with utnphonylcyclopontadunom.zsl

~
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NNH
Ac20 4O
M T i N0
9251 . DMSO Mezs Me S3

Ph Pb(OAc) 4
h
h
h h
h
o i
Mezsi ~Co Mezsl \ l
Ph
Ph

The product cbtained from the reaction between trimethylmethylene-
phosphorane and 1,l-dimethylsilacyclobutane suggests that this may repre-
sent ring opening via C-C bond cleavage instead of the normal Si-C bond
attack usually experienced by s:.lacyclobutanes.zsz The use of silacy-
clobutane itself in the reaction leads at 0° to a cyclization of the

initial product.

ue B-Cu, + <:51Me2 —> (e Bon,cu CH siMe,CH) )

Me P-CH_CH,CH,SiMe
2&‘222 3

2

-H
Me $-CH + SiH, —=> Me P(CH ) si.uoH ——-i-)- Me.P SiHMe
3 2 2 2y 2' |

Cﬂz 2(:\ C!'l2

Normal Si-C bond cleavage is observed when 1,1,3,3-tetramethyldi-

silacyclobutane is employed.
R3$-Cl'12 + mzsi sj.mz ———- RE,P-CH-Si.!loz‘iﬂzsi!d.3 {RmMe ,Et)

Vapor phage thermolysis of 1,2-dimethoxytetramethyldisilane in the
presence of 2-butyne afforded the novel and highly reactive hexamethyl-
1,2-disila-3~-cyclobutene, perhaps formed via a dimethylsilylene insertion

into an intermediate nilacyclop:opene.zsa
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Me
- 400° ™ SiMe
= ———
(MeO) Me,SisSiMe, (OMe) + MeCSCMe e 51 (oMY ! 2
/—-——--sme2
Me
O2 room temp.
Me
2
Me si
\
\ o
si/
Me Ne,

A number of partially- and extensively-methylated cyclic and acyclic
derivatives of 1,3-disila-4-trimethylsilylpentene are produced upon treat-

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

cl
2

/\ e Me3SiCC1251C12-CEC-siHe3 (60%)
Cl,8i  SiMe, MeMgCl

S_( cl

2
< Sitie; > Clysi sime, (8%)
Me SiMe

3
8-fold excess of methyllithium resulted in cleavage of initially-formed

open-chain products to give Me,Si, Me 51cumsme3 and Me Sj.ccmesi.ue3 as

4 3
the major components of the product mi,xt:m:e.ze'4

3

The disilapentene employed for the above investigations was obtained
by a ring~contraction reaction of perchloro-l,3,5-trisilacyclohexane with

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

trisilacyclohexanes with this Grignard reagent was also involtigatad.zss
Clz Clz Clz

cLsi sicl PN N

21| ] 2 mewgal  clLsi Sia, + Clsi  BiMe,
[o
Nst” 2
c

c1, SiMeCl, c Sime,
H, Hy
s1/| 2 >==<
Clz Me s:mo3
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Cl2
N
CJI.2 i S:I.Cl2 1
_Mengcl
H 38
2
C12
Cl2
P
l-l si 8iH
2 mewgcl

ku)

Cl2

N

H si SiH

HKSLJQ

engQl

c,
HL  BiH,  yeygcl
Clk . . /‘c1
H
H,81
H, siH, .

N 51)

The reaction of calcium carbide with dichlorodimethylsilane in

fused LiC1-KCl affords low yields of a twelve-membered tatrasilatetrayns.

CaC, + HQ251C12

2

In contrast with earlier results which showed that l-chloro-3,5,7-
trimethyl-1,3,5,7-tstrasilaadamantane (u-3mc1) was only slugglishly
reactive with lithium aluminum hydride and water-triethylamine, this

silaadamantane has been found to undergo facile reaction with various

other reagents

LiCl-KCl
400°

at 25°,

qpen-chain products

no reaction

mz?i-csc-?nhz

e B,

T ill
ngi-CEC- mz

266
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f/s\

; Si cl — Me si \/ Si X
Me
Reagent Solvent Rxn Tinme Product Yield
(X =) (%)
NaOMe HOMe <15 min OMe 86
phcazﬁne36x: HOMe <15 min Mo 92
HOMe HOMe 24 h no reaction
c-c6un§n3r HOMe 1.5h F 90
" CHCl, 12 h F 89
MeLi Et,0-TMEDA 0.5h Me 70

The dichloro analogue, lthClz, was also found to be very reac-
tive towards NaOMe/HOMe; mzm(ou-)z was formed in 93% yield in less
than 2 minutes. In addition, Hn3hdalo was easily reduced (25°,4h) by
etllmml i.BuzAll-l to m3adn in 86% y1¢16.267

A number of transformations involving the octachlorohexasilaasterane

system have been carried out. Treating the compound with !!1-!16 = Cl with
two equivalents of I.:I.MH4 gives the products with R3 - R6 = H; Rl, Rz,
B, B® = cl and R'-R® = & in a 1:5 ratio.
~ 3 r _—SiR
$ " S Rz S1 /
i — si
i 2 10 8
& R gg— R
r—51 — \
. Si
si 12 — i
st h R,’S “\R7

Both of these may be rechlorinated to give back the original starting
material. If a 10-fold molar excess of L:I.Albl4 is employed in the reduc-
tion step, ring cleavage occurs to give the tricyclic compound shown with

2
R7—R1 = H, Use of MeMgCl in place of Lum4 results in the production
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of methylated derivatives with Rl,Rz,R4,R5 = Cl, R3,R6 = Me and Rl—R6 =

Me. No reaction of the octachloro compound with chlorine or bromine is
observed, but the octamethyl derivative is cleaved by HBr to give the
tricyclic product with R7,R8 = Br, R9—R12 - Me.268

Separation of the products formed in the pyrolysis (700°) of tetra-
methylsilane has afforded a new type of carbosilane whose six-membered
rings of alternating silicon and carbon atoms exist only in boat forms.
A nomenclature system for this class of compounds was also proposed.

For example, the product shown below is named 3,7,11,15-tetramethyl-l, -

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

—e = 5i-CH

other products characterized were as follows, the last structure repre-
senting a combination of chair (carborundane-type) and boat configura-

tions.269

&;M&%

A preparation of the novel 1,2-disilacyclohexadiene system has been

described. The disilane undergoes yready oxidation to the cyclic siloxane.
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2 Phc=CPh —I,;iﬁ— PhCLi = CPh - CPh = CLiPh
(Hezsxcl)z
Ph

Ph Ph

P
2
(5%) /4 \ + ?“"‘2 (55%)
5i > ph

Ph Ph N S:i.Mez

e, Ph

0,,hv | or m-C1C_H,CO H

2’ 643

Ph
Ph Me 2

/

Ph
Ph

Other peroxides [(1'.B|.10)2 and tBuOOH] also led to the siloxane.
since si-si bonds in, e.g., 1,2-diphenyltetramethyldisilane are much less
reactive towards oxidation, ring strain may be a factor in the enhanced
reactivity displayed by the cyclic 'y.m_270

The facile reaction of 2,3-bis(trifluoromethyl)-7,7-dimethyl-l,4-
diphenyl-7-silanorbornadiene with water was investigated and a ring-

opened product characterized. 1In addition, the facility of thermal

Me
2 Me,
51" pn P sidu
cF
cr, H,0 3
—
Ph CF3
cr

3 rh

decomposition (presumably via expulsion of dimethylsilylene in each case)
of a number of 7-silanorbornadienes was determined by mass spectrometry
and compared with reported data. In general, stability towards elimina-
tion is increased by increasing numbers of substituents on the basal ring.
The following order of thermal stability was indicated for the compounds

shown, 271
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Me
Me
si° s
h Ph
ORI
Ph Ph

Ph

An eight-membered silicon heterocycle is formed upon irradiation of
an st-dimthyldialkyliilm mixture at -78°, Irradiation of an indepen-

dently prepared sample of the intermediate thiol under like conditions gave

[ S |
\ s
//I’:; igs , AN hv | <:;~ii> (25%)
\'
M‘z Hez Mez
__ |

comparable yields of 1,l-di.methyl-l-lila-S-thiacyclooctane.272

Both germanium and silicon are constituents of a novel eight-mem-

bered ring system prepared as nhown.z:l'9
c12
™71

(c1ct-12)2lsi--o--si(cuzc1)2 L8/Cu,  \agi—0—siNe

376°
Me Ge
c1,
MeMgCl
Me, Me Me,
Ge Ge Ge
| MeLi socl, N
Hozsi S 2 4———= ClMeSi SiMeCl <t MeSi—0-—SiMe
Lo L e H0 L
Ge Ge Ge
Hez mz Mez

VII. POLYSILANES
273 274
The first boron-containing and unsubstituted cyclopentasilanes

have been gynthesized. The dilithium precursor to the boron heterocycle
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can be isolated as its tetrahydrofuran complex.

Ph251—519h2 thsi—-Si.th
N Li
4 ths:lC12 'Tn%ﬂ ‘ ' W \ '
Ph251--S£Ph2 thfi fith
Li Li
Clzmmez
PhZBi--‘Slth
Ph_ 51 SiPh
2 2
b
2
l’hysiw--s:l.l’h2 - Bt%Si—Si.Brz L iAlB4 l'IZ/S:I.---S:I.H2
thsi Sith el Brzs 1322 ey HZSi Slﬂz
si \\Sf/ 5i
th Bx‘z 82

Syntheses of various polysilanes have been carried out by the

methods indicated below.

ek i S PhSiH,SIH(SIH ), —e BrSinsiH(siH3)2275
Ksi(SiH,), ‘ B
PhSlH2C1 > Ph51ﬂzsi(SiH3)3 —— Bz‘SiHZSi(SiH3)3
KSL(SiH3)2(SiZH§) PSLH,S1 (S1H,) HBr, Brsi i (SiRy)
SiH2SiH3 Siﬂzsiﬂ3
" 275
Brsin si(sif,), ———> Si(siny),
LiAlH, 275
BroiuSi(sing); ————>  (H;S1) sisiH sn,
SiH SiH,
LiAlH, 276
si(sicla) g T siH, + (H,S1) ,SiHSiN SiMe, + st(sma) 4
(tBuO)z 277
(m3s1)3sw—-i—3-57—-—~> (M-351)3sisi(sm3)3 {92%)
s, Ma, Ma, Me, Mo Mo, M, 277
sits Me si2-s1 sissi
sl M s Suh T N, o
$1i—S1 R si~si” | si—st
He, Me, Mo, Me Ne, Me,
Mesin(Sime ), —ronds (o5 51— (stka), (520 m
Me Me
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Cl
. 2 MeOH 278
Ca512(+1m Fes:.zl — sj._.’cl8 -é—gﬁ-a- 513(09!43)8 {12-15%)

The following transformations are of interest in the chemistry of

polysilanes.

Me,Si (SiPhMe) ,SiMe, AV, [.sirhMe) + Me,SiSiPhMeSiMe, 279

O Bt MeSiH

< > Et,MesisiMePhH
HSiPhMe

(a transient silacyclopropane was postulated)

Cl
I_ Nal |
+ PhHgCCl, ——» c13sificc13 + PhlgCl

Cl

280

€1,8454C1, — — + PhHgCCLBr 255 1

3 §isi(Cl,)cCl, + PhHgBr

3

Cu
+ CHZNZ —_— (ClCHz)Clzsi.SiC13

C‘!:IZN2 Cu

(ClCHz) c.l.zsisiclz (CHZC].)

(PPhs) 3RhCJ.

ue3sismezu + ROH  commmereononiiion. MGZSi(H)OR + Msasiﬂ 281

" 281
HMQZSiSLMBZB + ROH e hZSi (H)OR + HOZSLHZ

or

mzsi(omz + Hazsiﬂz

(ppha) 3Rhc:L 28
————y
mzsismzsmzu + ROH Mezsm(on) + (Hllez) 2512

1
or
282
Me,Si(OR), + (HMe,),sSi,
(PPh3) 31a.hc1 282

Phuasmz -—-—.’OT——~> ththiH + HMaPhsSisiPhMeH + HMePhSiSi(MePh)SiPhmex

(30%) (14s) (30%)

" 282
—
ths:l.liz Ph3$1El + HPhZS.‘lS.‘lthﬂ

(8%) (38%)

" 282
e P - Y
PhSiH, (1-121>hs:L)2 + 1~n’hzsi.s:u’l-m2 + Hzrhsi(mm) sj.pl'u-l2
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The formation of charge-transfer complexes between both linear and

283,284
cyclic polysilanes and tetracyanoethylene has been observed. '
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