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I. INTRODUCTION 

This section of the annual survey of organosilicon chemistry covers 

material reported in volumes 96 and 97 of Chemical Abstracts. It is in- 

tended to cover the carbon-silicon bond and carbofunctional organosilanes. 

In many cases the reader will note that equations are written in a general 

form utilizing the designations R and Ar for alkyl and aryl groups, res- 

pectively. Some overlap of material with other sections of the survey is 

inevitable, but preferable to omissions. 

Although the survey is arranged in sections, other examples of each 

particular class of compounds will be found in other sections as well due 

to the "dual" nature of much of the chemistry. This has been separated 

out whenever possible, but to do so in every case would fragment and lengthen 

the survey excessively. 

II. REVIEWS 

Thirty six review articles appeared in volumes 96 and 97 of Chemical 

Abstracts. These are given below with the number of references cited in 

each given in parentheses. Thus, review articles appeared on the structure 

and properties of organocyclodisilazanes (164) [l], I-silacyclohexa-2,4- 

dienes as ligands (20) [23, preparation and properties of organosilicons 

(0) [3], industrial preparation of organosilicons (23) [4], cyclic polysi- 

lanes (27) [S], the silicon-hydrogen bond in organosilanes (193) [6], thio- 

phene derivatives of silicon, germanium, tin and lead (46) [7], heats of 

formation of organosilicon compounds (76) [S], silyl groups as leaving groups 

(86) [9], and organosilicons with unusual structures (31) [lo]. Several re- 

views dealt with the topic of organosilicons in synthesis (26) [ll], applica- 
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tions of organosilicons in organic synthesis (29) [12], applications of 

allylsilanes to organic synthesis (30) [13], allylsilanes as ally1 cation 

equivalents (29) [14], reactions of allylsilanes with synthetic applications 

(52) [15], allylsilanes as synthons of ally1 alcohols (41) [16], chemistry 

of cyclopropylsilanes (47) [17], silyl methods for the modification of peni- 

cillin and cephalosporin (121) [18], silylation of functional groups (70) [19], 

and the use of organosilicons in the synthesis of naturally occurring compounds 

(36) [ZO]. Five reviews deal with silicon reagents. These are organosilicon 

reagents (86) [Zl], organopseudohalides (282) [22], syntheses with trimethyl- 

silyl cyanide (9) [23], trialkylsilyl triflates in organic synthesis (77) [24], 

and trialkylsilyl perfluoroalkanesulfonates in organic synthesis (191) [25]. 

Five of the reviews deal with biologically active organosilicons. These are 

systematic sila substitution of drugs (127) [26] sila substitutions (17) [27], 

bioactive organosilicon compounds (53) [28], biologically active silicon com- 

pounds (23) [29], and novel achievements in organosilicon chemistry: its 

application to organic syntheses, catalytic possibilities and biological activity 

(54) [30]. The topic of reactive silicon species was reviewed as the reaction 

of silicon atoms and silylenes (234) [31], the chemistry of silacyclopropenes 

(30) [32], and silylene, germylene and stannylene (19) [33]. Hydrosilylation 

was reviewed regarding the stereochemistry and mechanism (book) [34], polymer 

supported metal catalysts (23) [35], and the synthesis of vinylsilanes from 

olefins and hydrosilanes (23) [36]. 

III. DISSERTATIONS 

Doctoral dissertations, which are available from Dissertation Abstracts, 

Ann Arbor, Michigan, are given in this section. These include the chemistry 

of silenes, silenoids and 2-silanorbornenes [37], synthesis of unsaturated si- 

lacycles [38], mechanism of shock-initiated decomposition of disilane [39], 

chemistry of silylsilylenes [40], reaction of halomethylsilanes with alkoxides 

[41], reduction of a-chlorosilanes with tri-n-butyltin hydride [42], regio- 

and stereochemical studies of organosilanes [43], internal dynamics of tri- 

tert-butylsilanes [44], sterically hindered silyl enol ethers [45], permethy- 

lated polysilanes [46], secondary mass spectrometry of organosilane films 

[47], reactions of trialkylsilyl metal carbonyls with aldehydes and ketones 

[48], trimethylsilylmethyl substituted organotin compounds [49], and tri- 

methylsilylmethyl indium( III) compounds [50]. 

IV. ALKYLSILANES 

This section includes silicon-carbon systems wherein the carbon ligands 

contain no or remote functionality. 
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A. Preparation 

The preparation of adamantylalkyl(aryl)allyloxysilanes has been re- 

ported. [51] A study of the catalytic activity of steam and pressure-cured 

copper in the direct synthesis of methylchlorosilanes has been made. [52] 

Tetraalkylsilanes were prepared by treatment of silicon tetrahalides or alkyl 

silicon trihalides with two or more organometallic compounds. (Eqn. 1) 

The mixtures were useful as lubricants and hydraulic fluids. 

"C8H17MgBr + nC10H21MgBr + MeSiCl3 + MeSi(nCgH17)m(nCl~H21)3_m (1) 
c531 

m= 3 28.0% 

= 2 48.0% 

= 1 21.7% 

= 0 2.3% 

The nucleophilic substitution at silicon was employed in the preparation 

of some potential sila perfumes. (Eqn. 2) 

2 
MeSiC13 + R'MgCl j R1MeSiC12 ,R R1R2MeSiCl (2) 

1541 

R' R2 
NaOH 

Me PhCH2 R’ R'MeSiOH 
Et 

Me 

Et 

Vi 

PhCH2 

PhCH2CH2 

PhCH2CH2 

PhCH2CH2 

65-89% 

In another synthesis of sila perfumes, the silicon analog of linalool 

was prepared. (Eqn. 3) 

SiRMeCl 
+ RMeSiC12 

c551 
(3) 

OH LA PhNH2 
R= Me 53% 
R= Vi 63% 

SiMe 

Et20/H20/acetone 

ii 

R= Vi 

44% 
silalinalool 
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The intriguing disila[4.1.l]propellanes were prepared as shown below. 

(Eqns. 4-7) 

Li 

&I_ R= Fle 100% 

& R= Ph 66% 

RSiC13 c56, > R-SiRi 

R= H 37% 

R= Me 33% 

SiC14 [56], RFi 

(5) 

(6) 

74% 

R2 
.Si 

2a 
l)"BuLi+TMEDA 

2)R2SiC12 

R2 

R= Ile 23% 

R= Ph 8% 

The preparation of &trimethylsilylmethyl carboranes was accomplished. 

(Eqns. 8,9) 

9-I-o-C2B, OH,, + TMSCH2MgC1 
(Ph3P)2PdC12 

(8) 
Et,0 

> 9-(TMSCH2)-o-C2B,0H,, 

c5G 83% 

9-I-m-C2B,0H,, + TMSCH2MgC1 
(Ph3P)2PdC12 

> 9-(TMSCH2)-m-C2B,0H,1 (9) 
Et20 

71% 
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The stereochemistry of the reaction of triphenylsilyllithi~ with 2- 

octyl tosylate, chloride and bromide was studied. The resulting Z-octyl- 

triphenylsilanes were optically active, but not necessarfly optically pure, 

as a result of net inversion. (Eqn. 10) The reaction is not a clean $2 

reaction. 

X 

PhSSiLi + 

SiPhS 

X 

OTs 

Cl 

Br 

OTs 

Cl 

Br 

Addition e,e of silane 

normal 93.7 

normal 71 

normal 25 

inverse 100 

inverse 75 

inverse 25 

The addition of trimethylsilyllithium with the cyclopropyl enone below 

gives the remotely functionalized, ring expanded system. (Eqn. 11) A 

single electron transfer mechanism is postulated. 

MeSSiLi 

TH/HklPA ' 
WI 

(11) 

B. Reactions 

Tertiary alcohols are methylated with tetramethylsjlane in the pres- 

ence of AlBrS. (Eqn, 12) 'l-Adamantanol gave a mixture of mono, di, tri 

and tetramethylated adamantanes, with the methyl groups on the tertiary 

positions. 

RSCOH + Me4Si 
PlBrS 

cm 
> RSCMe 112) 

P$OH= 00, o( l-Ad-OH 
OH 
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It was shown that silyl substituted organolithium compounds can undergo 

1,2; 1,3 or 1,4 triorganosilyl migrations as seen below. (Eqns. 13-15). 

;r*1s TMS Li D 
"BuLi> 

DO 
Ph2CCH2Ph (13) 

TMEDA 
Ph2CFHPh s& Ph2&CHPh ,a, Ph2+HPh 

Li tMS 
60% 

C611 
TElS 

5 pts 

+ Ph2C-CH2Ph 1 !Jt 

Me2SiCH3 

I 

Me2SiCH2Li 
Me SiCH2TMS 

PhCR 
"BuLi 

I 
> PhCR 

TMEDA I 
x> P:;R 

D2° 

Me2TiCH2TMS 
(14) 

> PhCR 
I 

TMS 
C611 

TMS Li D 

65% 

R= Me, "Bu 

y1s 
Fle2SiCH2Li 

I 
Me2SiCH2TMS 

PhCHtHPh 
"BuLi 

TMS 
TMEDA 

> PhCH-FHPh .s> Ph&iCH2Ph 

[611 
TMS 2 

(15) 

C. Spectral and Other Studies 

The asymmetry of the methyl group in CH3SiH2F has been determined by 

ab initio gradient computation, the results differing from those determined 

by microwave spectroscopy. [62] The single crystal X-Ray structure of 

(Me3Si)3CSiMe2Ph shows a rather long Cl-S1 distance of 1.920 i, small Si-C-Si 

angles of 105.2" and large C,-Si-C angles of 113.5'. [63] 

Strained cyclosilanes were the subject of some studies. Thus, the MM2 

program for molecular mechanics has been applied to several cyclic and poly- 

cyclic silanes. The procedure gives good results with moderately strained 

systems, but should be used with caution for highly strained (e.g. silacyclo- 

butanes) systems. [64] Electron impact fragmentation of dimethyl silacyclo- 

butanes shows a ring expansion rearrangement involving the methyl groups on 

silicon. [65] Ring puckering in silacyclobutanes has been studied by infra- 

red spectroscopy [66] and calculations. [67] 
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v. ARVLSILANES 

A. Preparation 

As expected the reaction of an aryllithium reagent or aryl Grignard re- 

agent with halosilanes remains the most popular route to arylsilanes. Several 
examples, which need no further conment are given below. (Eqns. 16-25) 

63 3 > 
Br 

H,,Br 

S' 

0 
F2Si -SiF2 [701 

C v c Cl 

Cl 

Br 

Br 

Mg/HMPA 

TllSC1/80° 

C691 

PhMgBr 

38% 

c701 

6 PhLi 

TMS TMS 

Ph 

20 pts 

Ph, 

80 pts 

(19) 

Cl TMS TFIS 
r.4g , 4 

\ TMS 

TMSCl TlilSCl ' \Q ', 
(2Oa) 

c711 

Cl Cl 

MS > 

TMSCl 

c711 

TMS 

Br 

(2Ob) 
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Br 

I Br 

OR 

CN 

TMS TMS 
1)2 M9 

2)TMSCl > 

3)H30+ 

c711 

(21) 

Cl Cl 

74% 8% 6% 

1)"BuLi 
2)Fie2HSiC1 

3)"BuLi 
4)Fle,HSiCl 

[731 

l)"BuLi.TMEDA 
R 

R= Et 83% (24) 

THF/-40" 
> R= PhCH2 44% 

2)TMSCl MS 

[741 TMS 

NC 
1 )LDA/THF/-9i$ 

2)TMSCl 
t-751 83% 

(25) 

The silicon analog of the psychotropic drug dimetacrine, 2, was prepared 

as shown below. (Eqn. 26) 

I 

‘i”F2%iz2 > R,Qf@ (26) 

(CH2)3$ (CH2 13NR; 

X= Y= Br R1= H R1= H, R*= He 70% 

X= Y= Cl R1= H 

X= Y= Br R1= Cl 

R1= Cl, R:= Me, Et or Me2 

A reductive silylation-oxidation procedure was used to prepare 4-(trimethyl- 

silyl)indole. (Eqn. 27) 
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QJq ?SF &y !!??!I+ &) (27) 

H c771 55% TMS !i 

A cyclization was employed to prepare 3-(trimethylsilyl)furans from alde- 

hydes. (Eqn. 28) 

TMS 

l)tBuLi RCHO 
+ 

TMSCXCH20Me 
Z)Et,AlCl' 

-J+ (28) 

C781 
R 

R= 0 67% 

= "C9H,9 54% 

= Ph 62% 

The silylated pyrazoles, $ and 2 were prepared from the ethynylsilane 

and methyldiazomethane. (Eqn. 29) 

TMS 

TMSCXCOCl + MeCHN2 Et20 > MeJ$ocl :;&NTMs (29) 
20"/12d 

89% 
1793 

4 
'L 

5 
?I 

An interesting rearrangement provides 2-silylpyrroles from N-silylpyrroles. 

(Eqn. 30) The possibility of cleaving the silicon-nitrogen bond directly is 

seen in Eqn. 31. 
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0 
I\ 

"BuLi 
> 

0 
/ \ 

f BuTMS (31) 

C891 

1 '1" 
TMS Li 

The disilane residue from the direct synthesis of methylchlorosilanes 

has been successfully arylated with aryl halides in the presence of Pd(0). 

(Eqn. 32) This article contains 96 references and as such constitutes an 

excellent review of the subject. 

Ar(X) + (MenC13_n Si)2 em), ArSiMenC13_n (32) 
1811 

B. Reactions 

Examples of electrophilic substitution of arylsilanes appeared. The 

reaction of arylsilanes with sulfamoyl chloride gives the corresponding 

aryl sulfamide. (Eqn. 33) Treatment of ,Q with HCl/AlC13 gives benzene and 

the chlorosilane 1. (Eqn. 34) Acylation of 4-(trimethylsilyl)indole, ,Q, 

gives the 4-acyl derivative. (Eqn. 35) The arylation of 1-adamantanoyl 

chloride was accomplished. (Eqn. 36) The acid catalyzed reaction of phenyl- 

trimethylsilane with benzhydrol gives triphenylmethane. (Eqn. 37) 

0 : ’ TMS 

8 AC 
'L 

ClSO2NH2 
> 

C821 

HC1/A1C13 

c701 Cl2oiCl + Ql (34) 
2 

2 

S02NH2 

C'2 

(33) 

RCOCl 

A1C13/CH2C12 ' 

[771 

AdCOCl + 
X= 0 61% 

1831 ' 
X= S 82% (36) 

TMS 
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TWS 

t Ph$HOH bF3 
> PhCt$Ph + PhSCH (37) 

CH$l$O“ 

r.841 

E-X 

C691 
(38) 

E-X= ICl (94%); TMSOSO$l (88%); AcCl/AlC13 (80%); ClCH~COC~/AlCl3 (65%) 

It was determined that the protodesilylation of phenyltrimethylsilane 

with HC104/MeOH proceeds via the sigma complex 2 with the rate determining 

step being protonation of the arylsilane to form:!. The reaction showed a 

secondary deuterium effect of 0.79 (kH/kf)). L851 

9 Y=H 
'L Y= c 

The relative rates of nitrodesilylation of o, m and p-bis(trimethyl- 

silyl)benzenes were determined. The reaction proceeds to nitrodesilylate 

the trimethylsilyl groups. The rates followed the order km> ko> kp. 1861 

The pyrolysis of (I-naphthyl)vinyldichlorosilane gives the products 

shown in Eqn. 39. The thermolysis of 1,8-bis(trimethylsilyl)naphthalene 

gives the 2,8 isomer. (Eqn. 40) 

ClzSiVi 

co =I 1 

pyrolysis 

lc683 

az ~ az (39) 

major minor 

TMS 

150" 
TMS 

c733 z+ 
(40) 
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The presence of a trimethylsilyl group on the 2 position of thiophenes 

and selenophenes facilitates the ring opening of the 3-lithio derivatives. 

(Eqn. 41) 

R' ' 

Q- 
\ / 

TMS 
1)"BuLi , BuX _J=-T"s 

BuX 

2)"BuBr 
> R1 - 

k 
2 

R Br 

++ $K-H (41) 

<87] 

X= S, Se 
57-68% 58-72% 

R'= R*= H 

R'= Me; R*= H 

The base cleavage of a variety of ortho substituted arylsilanes employ- 

ing KOH/DMSO/H20 was carried out and the results show that the rate determi- 

ning step is formation of the aryl anion, which is then protonated. [88] 

Treatment of(3-trimethylsilyl)furans with NaF gives protodesilylation. 

(Eqn. 42) 

NaF 

R 
MeOH/50" 

t-781 

(42) 

Treatment of dibenzosilole JJ with lithium reagents give substitution 

at silicon. (Eqn. 43) The same is true for the dialkyl species ,J,J, and G. 

(Eqns. 44-45). A pentavalent silicon intermediate is proposed. 

/ \ 
Me TMS 



ti 
MeLi 

cm1 
>Jj/' 

The oxidation 

saturated lactones 

10% 37% 

of silylated furans proved to 

as shown below. (Eqns. 46-49) 

MCPBA 
> 

1.3 eq 
[781 

TMS, TMS 

MCPBA 

3.5 eq 
WI 

NaF s 
MeOH 

QTQ43 (45) 

/- -\ 
40% "Bu Me 

be a useful entry into un- 

TMS 

& I 0 O 
(46) 

CH3C03H 

l 
TMS c901 

E 

10 examples 
(N.R.+84%) 

TMS b 
TMS 

(47) 

(48) 

Y==== 
O- 

J (49) - 
AA 0 

0 - y==YoTMs 
HO 

0 

C. Spectroscopic and Theoretical Studies 

Spectral studies (UV, IR, NMR) on ,Q indicate that the TMS group has 

a weak +I effect. [92] 
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The effect of solvent on the absorption and fluorescence spectra of 

1-arylsilatranes has been studied. [93] The degrees of electron transfer 

from N to Si were calculated to be 0.07 to 0.10 electron. A series of 

arylsilanes were investigated as to the effect of attached silyl group. 

Thus, using the general series ,J,$, it was found via dipole moment, IR, NMR, 

pKa and AH complexation data that the Me2ClSi group is a n-acceptor and the 

~e2(~t~N)Si group is a weak rr-acceptor or strong n-donor depending on R. [94 

1 
R C6H4SiMe2R 

2 R*= Cl, NEt2 

M 

The electronic structures of a series of phenylethynylsilanes have been stu- 

died with the compounds 42-a. The effective charge on silicon increased in 

the order Jjj (n=O)<g (n=l)%x<<<< (n=2)%@<& (n=3). [95] X-ray 

fluorescence spectra, photoelectron emission and MO(CND0/2) calculations were 

ycH)* 

Ph4_,Si(CZCH) n 
Ph$i(CZ-Cs), (Ph2SiGC), 

M ti &z 

n= o-4 

carried out on Ph4_n SiH, (n= O-4). [96] The extent of delocalization in sev- 

eral silanes including PhSiH3 was calculated. [97] Rayleigh scattering has 

been used to study the electronic effects in PhSiMe3. r98] 

The mass spectra for the silyl~ndoo?iz~nes a-,Q have been measured. [99] 

COPh 

19 

Ph2 e 
20 

,Ph 

VI. HYDROSILYLATIDN 

A. New Catalysts 

The rate constants for the hydrosilylation of 1-heptene with ion-exchange 

bound hexachloroplatinic acid as a function of the sorbtion on the catalyst 

were obtained. The first step in the reaction is complexation of the silane 

with the catalyst. [loo] Several ketones were photolytically hydrosjlylated 
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or hydrosilylated with a variety of transition metal carbonyl complexes. [loll 

A highly active and selective hydrosilylation catalyst was prepared as a SiO2 

supported poly(y-aminopropylsiloxane)platinum complex, with H2PtCl6'6H20 being 

the platinum source. This catalyst gives higher yields, faster reactions and 

can be reused. [102] 

B. The Hydrosilylation of Alkenes, Alkynes and Carbonyls 

Several examples of hydrosilylation were reported. These are given in 

Table I. 

Two examples bear further mention. These are the silacarbonylation of 

ethylene and propylene shown in Eqn. 50 and the intramolecular hydrosilyla- 

tion leading to 2-silanorbornanes. (Eqn. 51) The 2-silanorbornanes represent 

a new class of compounds. 

OSiRB 

RCH=CH2 + RSSiH 
HRuS(CO),, 

> RCH,CH=C' (50) 

w I SiHRCl 

7 
l)Mg/THF 

2)RSiHC12 

r 

H2PtC16 

iPrOH/ ' 

Cl251 

brCl + brR (51) 

R Cl 
65-80% 

VII. VINYLSILANES 

A. Preparation from Vinylmetallics and Related Reactions 

The disilane residue from the direct synthesis of methylchlorosilanes 

has been coupled with vinylchloride to give vinylsilanes. (Eqn. 52) 

Pd(O) 
CH2=CHC1 + (MenClg_nSi)2 v 

CBll 
CH2=CH-SiMe,ClS_, (52) 
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m 

-m 
G 

I 

z 
m 

5 

I 

‘FJ 
m 

5 

N 
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m 

G 

3 “\._ 



49 

h 

2 
Y 

N 

z 

m 
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The TMSCl/Mg/l-NPA reductive silylation reaction has been employed to prepare 

the silylated cyclohexadiene, $3 (Eqn. 53), which was aromatized and also used in 

Diels-Alder reactions. (Eqns. 54-56) 

22 

Mg/HMPA 

140-150" 
t-1261 

TMS 

+ 

TMS 

6-121 

0 

In a similar approach the chloroenynes, ,Q, gave t ;he allenylsilanes ,$$. 

(Eqn. 57) The ethynylsilane a was the only example to give the ethynyl prod- 

uct in addition to the allenyl product. (Eqn. 58) 

(53) 

TMS 

/ Q TMS 

I 
(54) 

\ 

iris 

60% 

90% 

p’ Cl 

R4EC-C=C-bHR3 
TMSCl/Li/Et20-THF 

> (57) 

Ii2 
-20" 

or Mg/HMPA/rt R3 

G cl 271 2% 

5 examples 
50-80% 
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65% 30% 

The Shapiro reaction was used to prepare a variety of vinylsilanes optically 

active at silicon. These are shown in Eqns. 59-60 below. 

CH 
I 3 

CH3 
I 

TMSCZ-C=CHCH2Cl Cl271 3 
+ TMSCzC-C=CHWTMS (58) 

Li 

(+)NpPhMeSi*Cl 

El271 

Si*NpPhMe 

(59) 

69% 

Also prepared 

Si*NpPhHe S?NpPhMe 

Li 

vl 

* 

(+)NpPhMeSi*Cl 

El271 

' +pphMe 34% 

(60) 

The intriguing polyspirodisilacyclohexadienes below were prepared from the 

appropriate lithium reagents as shown. (Eqns. 61-64) A red shift is seen in the 

UV spectra going from aa-,$+a. The compounds form anion radicals upon treat- 

ment with K/ME at -90". 

l)"BuLi/Et 0 
SnEu2 -$ 

2)(Et0)2SiC12 
Me2Si 

2HCXMgBr 

w 

i(OEt)2-$ 

[1291 
26 

30% 

(61) 
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I 

7.6% 

The silyl Wittig reagents ,$I/, were prepared via the "vinyllithium" a. 

(Eqn. 65) 

+ I- 2 'BuLi 
Ph3PCH3 

c1301 
Ph3P=CHLi 

FgSiCl 
> Ph3P=CHSig (65) 

3? ?A 

(!?$i= various) 

(62) 

(63) 

(64) 

Several allenylsilanes have been prepared from the appropriate allenylli- 

thium reagents. These are shown below. (Eqns. 66-70) 
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R2 d 
,;=“=i 

X 

RLi 

or Li 

Cl311 

<Fc<R’ 
R3 Li 

R' R2 R3 

H H "Pr 90% 

H H "C8HV 
85% 

"Bll Me Me 95% 

TMSCl > 
R2 
)=c 

R' TMS 

(66) 

RCXCH20Me 

Li+ 

"BuLi , 
--__ 

RC=C-CHOMe 
TMSCl > (67) 

Cl 321 

2)TMSCl 

R,_ _/OMe 

H'+tWS 

ZCJ 
OMe TMSCl _/OMe 

Li, _/OMe 

CH2 7 
Li 

Cl331 9 CH2=C7TFIS 
tBuLi , ,=C7 (68) 

H TMS 

A? 

RCHO TH 
,$? ___3 RCH-CH=CH=C, 

l-1331 
(69) 

TMS 
TMS 

4 examples 

R= "Pr 95% Rose Bengal 
R= nCgH,g 02/hv 

MeOH 

0 
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_ Lit 

2 "BuLi 
_---.. 

> 
> 
=C-C=C-NR2 (70) 

L-1341 

I 

YMe 
Me2CCECH2NR2 

L TMSCl 
,TMS 

'NR2 

R= Me, Et 

Lithiation of 4,5-dihydrofuran followed by silylation gives the 4,5-dihydro- 

2-furylsilane in good yield. (Eqn. 71) The bis and tris compounds a and ,J$ 

were prepared similarly. 

0 

0 "BuLi Li 

I -3O"-25" ' 

TMSCl TMS (71) 

El351 
81% 

0 

0 / SiMe4_n n= 2 &I 
n= 3 JJ! 

n 

The 4-methylidene tetronic acids can be directly metalated and silylated 

as seen in Eqn, 72. The silylated material deprotonates, but reacts at both 

y and E sites. 

Me0 H Me0 TMS 

1)LDA 

2)TMSCl 0 

1)LDA 

I 2)RCH0 
PhlsSE<v;; 

OH 

70% (PhCHO) 
OH 17% (EtCHO) 
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The synthesis of the cyclopropenylsilanes a has been reported. [137] 

TMS 

B. Preparation From Silicon-Containing Molecules 

Ethynylsilanes continued to be an excellent source of vinylsilanes. Sila- 

cyclopropenes were shown to react with ethynylsilanes to give siloles J,Q. (Eqn. 

73) These react with HCl to give the diene. (Eqn. 74) 

Ph SiMe2R3 
NiCl (PEt ) 

+ PhCXSiMe2R4 23 (73) 

[13B1 dMe$i SiMe2R4 

36 

7 ezmples 

(N.R. (R1= R*= Fle3) - 99%) 

36 
HCl 

> 
Ph Ph 

Cl381 (74) 

Ethoxyethynylsilanes react with aldehydes and ketones to give the o-carbo- 

ethoxyvinylsilanes in good yield. (Eqn. 75) 

R$iCZCOEt + &=O 
A1C13 R'di Ri 

(75) 
or BF30Et2 

Cl 391 R~O~oEt 

Zl-96% 

The cycloaddition of the furandione, JJ, with bis(trimethy'isilyl)acetylene 

gives & photolysis of which gives the silylated cyclopentadienones $9, and ,$J. 

(Eqn. 76) 



The ethynylsilane ,!$J, can be hydroborated with 9-BBN to give the vinylsilane 

$J which rearranges to the final product $J. (Eqn. 77) 

(77) 

Q tle3Sn' YtlS 

The metalation of certain organosilanes can lead, via the reaction of these 

metalated derivatives, to vinylsilanes. The metalated dithiane 4J followed by 

alkylation gives a substituted dithiane E though in poor yield. A better route 

to this system is via the silylmethylation of anion a. (Eqn. 78) These systems 

upon treatment with n-butyllithium open to give the vinylsilanes. (Eqn. 79) 

n RX !A ( 
TMSCH2C1 

poor good n (78) 
Y 

Cl421 
Li 

Y 
R Sx 

S 

Ll R 

TMS TMS 

3 3-t 3-2 
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RIS 

via 

1)"BuLi 
> 

THF/HMPA 
2)MeI 

C1421-SiMe3 
J 

R 

+ 

\ 

S5 

6% (79) 

Trimethylsilyllithium reacts 

functionalized vinylsilanes which 

compounds. (Eqn. 80) 

with protected B-keto aldehydes to give highly 

are molecularly condensed to give aromatic 

TM 
Olle ?__- 

0 

+ 
Ar OMe 

R 

ki > llOQM/“ TiC14 A@ (80) 

R R 

5 examples 

12-59% 

Other silylallyllithiums were converted to carboxylic acids via their aluminum 

complexes. (Eqn. 81) The allylsilanes are the primary product of this reaction. 

l)tBuLi.TMEDA 

2)Et3Al $siR (81) 
SiR3 3)CO* 3 

U441 6 examples 
C02H 

ZO-85% 

Two silylmetallic reagents were useful in the preparation of vinylsilanes. 

The addition of the silyl cuprates to acetylenes followed by introduction of 

an electrophile gives the vinylsilanes 4g. (Eqn. 82) Even the ethynyllithium 

reagent reacts. (Eqn. 83) 



R'CXR' + Y-/siMe2Ph 
(PhMe2SiJ2CuLi [1451/ Rl/-7R2 (82) 

47 

R'= "Bu Ph Me H* R2= H , , ,, 

R'= R2= Et 

E+ 

I 

EwSiMe2Ph 

Rlr7R2 

48 
QA. 

59 

0 

Et= H+, 12, , AcCl, Me1 

-50" "BU 

47& - 

Li 

"BuCXLi t D2° > 
"BbD 

(83) 

W c14?l (Cuf?iMe2Ph 
D/--\ SiMe2Ph 

In a related approach 

to acetylenes. (Eqn. 84) 

PhMe2SiLi + Cp2TiC1 

the silyltitanium compound 2 was prepared and added 

MeOD "Bu \BU 

D /iMe2Ph 
< 

93% Deuterated 

Cp2TiSiMe2Ph 

"BGC"Bu 

nB”2 
(Ti) SiMe2Ph 

EtOH 

H/iMe2Ph 

50% 

(84) 

Malonate anions react with either l- or 3-trimethylsi lyl ally1 acetate to 

give the substituted vinylsilane. (Eqn. 85) The reaction also proceeds with 

enamines. (Eqn. 86) 
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OAc 

_J- TMS -CXYR 

- 
+/Or &OAc s 

TMS/--=\- ()Ac + ’ 3 

TMS 

Y-,,,R (85) 
X and Y electron withdrawing 

groups 

0 
R 

(86) 

A number of 1-alkenyl-l-trimethylsilylcyclopropanes were thermolyzed to 

give 1-trimethylsilylcyclopentenes. (Eqns. 87-89) 

570" , 

30-40 Torr/N2 

Cl481 

El481 ’ 

IS 

0 
80% 

TMS 

25 

0 
TMS 

(87) 

(88) 

(89) 

C. Reactions 

1. Reactions of Silylated Vinylmetallics 

A silicon-mediated Nazarov cyclization was carried out on the dienones 

@I,_, prepared from &(trimethylsilyl)vinylmagnesium bromide as shown. (Eqn. 90) 

This leads to the alternate double bond isomer to that obtained from the unsily- 

lated dienones. 
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CH 

CHo MS L 
+ 7 

MgBr rI1491 

(R': H; R*=$e; R'=R*= (CH2)n n= 3,4,5) 

/ 
I 

\ 

TMS 
W 

Lewis Acid 

Cl493 > 

best acid is FeClS 

/ 
I 

Ni02 

\ 
\ 

Ep+ 
\ MS 0" 

R' 

ti R2 
/ 

27-95% 

The Grignard of 1-(trimethylsilyl)-bromoethylene was reacted with the pro- 

tected keto aldehyde ,$Q to give an alcohol which was oxidized to the enone $,j,. 

Reaction of the enone with the enolate x gave the monoprotected trione 53. 

(Eqn. 91) 

CHO + 

El 
TFIS Cl 501 

A%+ - 
TMS 

fl? 

Meo& ’ 
42% 

This same Grignard reagent was reacted with epoxides in the presence of 

Q(I). The resulting vinylsilane was bromodesilylated to give the vinylbromide. 

(Eqn. 92) 

(9’) 

(92) 

~1~ H, R*= Me; R’= H, R*= Et; R'= R*= Me. 
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The a-trimethylsilylviny'iborane, z, was reacted with vinylepoxide to give 

the products shown in Eqn. 93. 

P 0 

> 
DMF/rt/l5 h 
Ni(acac)2 

73% 

El521 

"C6H13 
TMS 

E,Z:Z,Z 

57:43 

(93) 

2. Addition of Anions 

One example of this type of reaction of vinylsilanes is to be found in 

Eqn. 91. 

Alkyllithium reagents were added to silyloxyvinylsilanes. The a-lithio- 

silanes undergo a 1,3-silicon migration at ca. 0" as shown below. (Eqns. 94-95) 

Less hindered organolithium reagents tend to attack silicon leading to displace- 

ment. 

Me2 RLi 
TMSO-SiCH=CH2 & 

Me2 

(R= 2" or 3" but not 1" or Ph) 

(94) 

Me2 
HOSi-FHCH2R 

Me2 
TMSOSl CH2CH2R 

TMS 

R= 'BIJ 100% 

= iPr 95% 

= "Bu 86% (reaction at rt) 
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Me Ye 
(TMSO)2NeSiCH=CH2& (TMS0)2lilHCH2R * TMSOSi-OH 

153 
Li 2 TMS-CHCH2R 

(95) 

R= 'Bu 95% (after hydrolysis) 95 

= iRr 91 % " " 100 

= tBu 75 
(plus 25% rllarrangel;) - 

= "Bu ____ 40 
(plus 52% attack at Si) 

A clever cyclization was accomplished as shown in the addition of the aryl- 

lithium reagent to methyl a-trimethylsilylacrylateandsubsequent intramolecular 

alkylation of the formed a-silyl enolate. (Eqn. 96) Disecoestrenone, $$$ was 

r 

2 TW-100":lh ';d;02Me (96) 

\CO Me 

80% 

prepared via a Michael addition to an a-silylvinylketone as shown in Eqn. 97. 

A similar reaction is shown in Eqn. 98. 

References p. 191 



64 

(98) 

LiO 

3. Electrophilic Addition Reactions 

The relative rates of oxidation of some vinylsilanes with meta-chloro- 

perbenzoic acid have been determined. It was found that trimethylsilyloxydime- 

thylvinylsilane oxidizes very slowly, that trimethylsilyldimethylvinylsilane 

gives mostly the epoxide and that trimethylsilyldimethylallylsilane gives both 

oxidation of the Si-Si bond and the double bond. [157] 

The reaction of trimethylvinylsilane with Ccl4 gives an equimolar mixture 

of five products, four of which are dimeric. (Eqn. 99) 

TMSCH=CH2 + ccl4 
Fe(C015 

iPrOti 
> C13CCH2FHTMS + C13CCH2CHCH2CHTMS 

Cl 
I I 

Cl581 TMS Cl 

erythro and threo (99) 

+ Cl+=CHCHCH$HTMS 
I I 
TMS Cl 

erythro and threo 

The aminomercuration-demercuration of vinylsilanes has been accomplished. 

(Eqn. 100) 

R2 

1) DNHR' 

Et2MeSiCH=CH2 - 
Hg(OAc)* 

2) NaBH4/NaOH 

Cl 591 
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Dimethyldivinylsilane undergoes photocatalyzed addition of H2S to give the 

five and six membered heterocycles. (Eqn. 101) Wphenyldivinylsilane added two 

equivalents of HBr in the presence of peroxide. The resulting dibromide could 

be substituted by a secondary amine. (Eqn. 102) 

Me2Si(CH=CH2)2 + H2S hv + Me2Si 

3 

(101) 
II1601 

60% 40% 

11611 

The silacyclopentene W undergoes 

gives the acetyl product. (Eqn. 103) 

Br 

HBr / 
RNH2 

.A 
Ph2Si(CH=CH2)2 

tBuOOtBu 

> Ph2Si 4 Ph2SlUN-R (102) 

\Br 

electrophilic addition in N204. Acetylation 

1)N204 

2)AcCl 
Cl 621 

g 

The addition of electrophiles to 1-phenylthio-1-trimethylsilylethene is 

governed by the sulfur group and not the silyl group. (Eqns. 104-107) 

PhS TMS 

PhS 

Br2'CC14 TMS 

Me SPh 

X 
Br TMS 

N.R. (106) 

PhS 

\ 
RCOCl L 

TiCl 

AlCl; 
TF 0 

Ph 

\Br 

(103) 

(104) 

(105) 

(107) 
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4. Cycloadditions 

Silylated isoxazoles were prepared as shown in Eqn. 108. 

X= Br, -S- 

Cis or trans-l-benzenesulfonyl-2-(trimethylsilyl)ethylene, prepared by 

reduction of the acetylene (Eqns. 109-110) have been employed as an acetylene 

equivalent in Diels-Alder reactions. (Eqns. 111-115) The intermediate can be 

further elaborated before elimination to form the double bond as seen in the 

anthracene case. (Eqn. 113) 

H2/5% Pd-C 
PhS02 TMS 

PhS02CZCTMS > (109) 
EtOAc-Py 

&6 

PhSO 

PhS02C3CTMS 
H2/5% Pd-C 

> I__ 

\ 

(110) 
EtOAc 

Cl651 57 iris 
VL 

0 I \ 2.5 weeks 
56 + 

S02Ph 

0 I \ 20"/3.5 d 

&I+ > 
89% 

Cl651 

ws + Qso2ph (112) 

2.5 ptsS02Ph 1 Pt 

(114) 
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SO,Ph 

161"/7.5 d 

Cl661 

\ 43 \ TM 

4% 
Silylated butadienes were shown to be excellent reagents for Diels-Alder 

cyclizations. The products are allylsilanes and, therefore, useful in the 

further elaboration of the newly formed six membered ring. Representative 

examples from this complete study are given. (Eqns. 119-124) The syntheses 

of some of the dienes employed are given in Eqns. 116-118. 

TMSC3CCH20H 
LiA1H4 

> 
TMS-OH 

MnO2 

Cl671 
-+&, (116) 

H 

58 
IJ 671 

> T,4& ‘)MeM9I\ 
OMe 2)MeS+Cl TMS 

4 (118a) 

3)Et3N 

2)TsOH 
TMS (118b) 

W 
TMS 
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TMS 

02Me C02Me 
150"/24 h + 

(1201 
t1671 

CO$ie 

TMS 
vs 32% TFlS 10% 

If 
C02Ne 

+ (121) 

02Me OPFle 

TMS 

/ 

: 

-I- 

\ 

TMS 
TMS TElS 

44% 22% 



TMS C02Me 

+ 

If 

TMS 

TMS TMS 
I 
L 

HO0 

‘Q 

\ -1 

TMS 

TMS 

\ 

TMS 
BS/TtF/DMSO 

HO 

I 

\ 

p&i0 Br 

>3- 
/ C02Me 

RlS 
TMS I 

I 

[1673_ ---+I c[ 
“\oH (124) 

./OH 

I I 

k T/G 
J 

k 

I MsCl/py 

_ r 1 

0 

a 

-1 

Br2 

R= TMS 35% 

Br 

5. Electrophilic Substitution 

The electrophilic substitution of vinylsilanes produced some interest- 

ing transformations. These are given in Eqns. 125-127. Cis and trans B-trime- 

thylsilylstyrene react with the diethylacetal of benzaldehyde to give the prod- 

uct of bisaddition. (Eqns. 125-126) When this was carried out with the acetal 

of p-chlorobenzaldehyde it was shown that the second step proceeds via an allyl- 

cation which can react at either terminus. (Eqn. 127) The reaction is stereo- 

specific. 
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+ PhCtl(OEt)2 
MOC15 

2 
Cl681 

MS 

+ PhCH(OEt)2 
BlOCl5 Ph 

'1 

Ph 

/ 
d---- [I681 _ 

(125) 

(126) 

PhL_ MOCl5 

---I 

+ ArCH(OEt)2 

El 681 
TMS 

' 'boEt ---I (127) 

Ar 
Ar= p-ClC6H4 

The reaction of acyl chlorides with 1-phenylthio-1-trimethylsilylethylene 

was employed in a key step to the total synthesis of hirsutenes. (Eqn. 128) 

See also Eqns. 97-100 for other reactions of this vinylsilane. 

0 

SPh 

/ 
A@Q 

\ T!1S 
[169,1761 

hirsutene (128) 

The addition of bromine or chlorine to a-halovinylsilanes has been reported. 

The resulting dehalosilylation results in the overall electrophilic substitution 

of the vinylsilane. (Eqns. 129-131) 

R 

Br2 > 
1 

NaOMe 

---/ 
-78%0" EleOH 

Cl Cl711 \ 
Br 

(129) 



Br 

RL./ 

Cl 

c'z NaOMe R\ 

7 TMS 
-60'*0" WeQH 

Cl711 
\ 

Br 

71 

030) 

TMS 

Rw 

Br 

Br2 > NaOMe Fw 

\ 

(131) 
Cl711 t4eOH 

r Br 

The electrophilic substitution of l-trimethylsilylacenaphthylene and 1,2 

bis(trimethylsilyl)acenaphthylenes were investigated. (Eqns. 132-133) 

(132) 

EX= ICl; TMSOS02C1; AcCl; EtCOCl 

6. miscellaneous Reactions 

The (vinylallenyl)silane, E, undergoes oxidation to give the cyclopen- 

tenone 2. (Eqn. 134) 

H,02 

PhCFl 

Cl 271 

(134) 

The reaction of o-acylphenols as their sodium salts with trimethylsilylke- 

tene leads to coumarins. (Eqn. 135) 

R5 R5 

R4 R4 

(135) 

R3 R3 
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Reaction of the B-borylvinylsilane, $l, with sodium or potassium amide 

gives the cyclic system ,@ which could be N methylated or silylated to give 

63. (Eqn. 136) 

EtwMe 

Et2B TMS 

J?L 

Et Ile 

MNH2 
> -H 

- 
RX 

M;,NY~ K Et2B ,;,Sille2 

H ' 'Me 
I 

GJ? 
RX= MeI, TMSCl R 

R= Me, TMS 6J3 

(136) 

Vinylsilanes were used to silylalkylate aromatic rings with HC1/A1C13 ca- 

talysis. (Eqn. 127) , 
R' 

Ar-H + 
HCl .A1C13 

--J 

> 

iR2C1 Cl741 

Ar-!H-CH2SiR2C12 (137) 

2 

R1= H, R2= Cl 

R'= trans Et, R2= Me 

R1= cis + trans Et, R2= Cl 

The cyclopropenylsilane $$ was deuterodesilylated to give a. (Eqn. 138) 

C02Ne n (138) 

Me 
6tlL 

TMS 

The oxidation of allenylsilanes gives silylated propargyl alcohols (Eqn. 

139), or silylated propargylhydroperoxides (Eqn. 140) which can be oxidized 

to the silylated acylacetylenes. (Eqn. 141) 

RCH=C=CHTMS 30* 
> TMSCZfHR + some ketone (139) 

&a 
B2°3 OH 
t-1761 5 examples 

41-53% 

,@a + O2 [176,> TMSCZC,CHR 

OOH 

ti 

(140) 
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8 

a+ CrO3'PY c,761, TMSCZXR + small amounts of (141) 

5 examples 
alcohol 

43-74% 

Tetrakis(trimethylsilyl)ethylene, can be reduced with lithium metal in THF. 

The initially produced, green anion radical is further reduced to the red dianion. 

Quenching of the dianion with water gives 1,1,2,2_tetrakis(trimethylsilyl)ethane. 

(Eqn. 142) The 2gSi-NMR of the dianion shows the silicon resonance to be at 

-17.27 ppm. 

TMS TMS TMS TMS VI 

> x 

FIS 

Li/THF - . X Li ,'THF -_ 
(142) 

Cl771 
TMS TMS 

TMS TMS TMS TtlS 
red 

yellow green 
"20 

(TMS)2C~C~(~r!~)2 

21% 
7. Organofluorosilicates 

Potassium vinylfluorosilicates, available via the hydrosilylation of 

acetylenes and subsequent treatment with potassium fluoride,(Eqn. 143) undergo 

a variety of coupling reactions as shown in Eqns. 144-148. Treatment of the 

vinylfluorosilicate with PdC12 results in the direct coupling of the vinyl group 

(Eqn. 144). Treatment with Michael acceptors in the presence of Pd(I1) gives 

Michael addition of the vinyl group. (Eqn. 145) Coupling with ally1 halides 

gives 1,4-dienes (Eqn. 146). The coupling with aryl iodides leads to arylation 

of the vinyl group. (Eqn. 147) Finally, carbonylation 

esters. (Eqn. 148) Arylfluorosilicates react somewhat 

150) 

leads to a,B-unsaturated 

similarly. (Eqns. 149- 

RC=CH + C13SiH 
H2PtC16 

11781 

Sic1 
3 

PdC12 

\ 
CH3CN 

SiF5K2 Cl781 
54%\Ph 

SiF5K2 

(143) 

(144) 
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‘L + _,/“’ Pd(OAc)2 
> 

\ - 
SiF5K2 

ELdG= C02Me; C02Et; CHO; CN 

RL + 
-7 

SiF5K2 

-7 
SiF5K2 

7 
SiF5K2 

PhSiF5K2 

PhSiF5K2 

-rx - 

PdWh3)4 

135”/PhI 
[I 781 

PdC12/NaOAc 

CO/MeOH 
> 

[I781 

PdCl, 

CH3CN 

[1781 

/ Ph 

Ph-Ph 

48% 

/ 

Phi- l 
+ ph/-- 

Pd(OAc)2 \ - 

[I781 trace 
Ph 23% 

Pd(OAc)2 

> 

Cl781 

ph/-- 

-7 
EWG 

12 examples 

4-48% 

(145) 

V 

(146) 

11 examples 

4-71% 

(147) 

---I 
Ph 

28% 

30 Ile 
2' 

6 examples 
61-911 

(148) 

(149) 

(150) 

The copper (II) oxidation of vinylfluorosilicate leads to a variety of or- 

ganic systems. (Eqns. 151-154) These reactions also work with alkylfluorosili- 

cates. (Eqns. 155-157) 
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P 

I-- X= Cl (THF) 46% 

37 
(151) 

X= Br (MeOH) 59% 
SiF5K2 X 

R 
R 

I, CU(NCS)~ L 
--l OfilF 

3 

E1793 -7 
SiF6K2 SCN 

R 

L 
2 Cu(SeCN)2 

> 
R/-_ __fR 

--Y El791 --!,r 
SiF5K2 

58% fR= "Bu) 

(152) 

(153) 

R' R' 

L .,. R2QH cu'oAc)~, I, (154) 

\ 
02irt 

--/ 
SiF& [I791 OR2 

O-67% 

nCBHI,SiF5K2 
CL&l 2 

> nC7HtsCH0 (156) 
02/~~eOH 

El791 

iF5K2 
CuBr2 

SiF5K2 

product ratio independent 
of starting material. 

Referencesp.191 



76 

J- 

Cu(OAc)2 "C8Hl7 

nC8H,7SiF5K2 + _ w 
r-l 3 4 

za”e 16% of 

(157) 

Halogenation of alkenyl or alkylfluorosilicates leads to the corresponding 

halides. (Eqns. 158-160) The stereoselectivity in the vinyl systems is high, 

but solvent dependent, in the alkyl systems as seen from the reaction of the 

norbornyl systems ,QJ. (Eqn. 160) Thus in polar solvents such as MeOH or THF 

predominant inversion is noted. NBS is more stereoselective than Br2. 

RSiF5K2 
x2 

> R-X 
II131 

(158) 

X2= Br2 X= Br 4 examples 59-74% 

x2= I2 x= I 2 examples 32 and 73% 

x2= Cl2 X= Cl 2 examples 54 and 73% 

R= nC8H17; tB~CH2CH2; 0; Pl- 

"Bu "Bu 

L_ X2 
> L_ 

--J 

Cl131 
iF5K2 -\X 

(159) 

NBS 

or Br 

X2= Br2 X= Br 61% (E:Z 67:33) 

x2= I2 x= I 48% (E:Z 1OO:O) 

(160) 

SiF5K2 
c113; > 4 

Br 
exo or endo exo or endo 

Q_z 
predominant inversion 

Some further alkylfluorosilicate reactions are given here even though 

they are not vinyl systems, but because they are fluorosilicates. (Eqns. 162- 

167). 



II1 801 

68 NBS > 
'VL tl801 

68 MCPBA 
fvb b301 

'B~~H=CH~ + C13SiCH=CH2 
280' 

ct:oil 

Br 

nprw&ysic13 : - : 
u : Iis 

"P-By 

E:Z= 83:17 

(762) 

(163) 

(164) 

/ O x7 + 
\o 

C13SiCSCH Cl801 
MeO$ 

;~SiC13$+, )?&Br (lfx) 

2 

C13SiCH=CH2 + 0 I \ - 
F&ferencer B. 191 
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G! 
NBS 

Cl811 
(167) 

8. Spectral and Theoretical Studies 

An X-ray crystal structure has been carried out on tetrakis(trimethyl- 

silyl)ethylene, 7J. The C=C is a rather long 1.368 i, the =C-Si bonds are 

1.915 i and the =C-Si angle is a wide 124.10". Although each end of the mole- 

cule is planar the two planes form a dihedral angle of 29.5" due to the steric 

bulk. The molecule shows reversible thermochromism being colorless at -70" and 

orange at ca. 200". It shows an isosbestic point at 389 nm. [182] The X-ray 

crystal structure of a shows the structure to be similar to that of ,&Q with 

the dihedral angle between the two planes formed by Si2C units at either end 

of the molecule being 49.6". [183] 

TM TMS 

t/ 

TM n TMS 

ZJ 

Me2 

tBu-Si 

"Me 

*t Si- Bu 

TMS TMS 

ZJ, 

The microwave spectra of vinylsilane and its twelve isotopically substi- 

tuted species (2gSi, 
33si 13 C, D) have been recorded: structure, dipole mo- 

ments and internal rotatidnarediscussed. [184] 

The photoelectron spectra of some vinylsilanes show a slight increase in 

the dn-pn overlap in vinyldisilanes as compared to vinylsilanes. [185] Electron 

transmission spectroscopy of vinyltrimethylsilane indicates that the pi MO's of 

the negative ion state is stabilized (with respect to tBuCH=CH2) by interaction 

with the d orbitals of silicon. [186] The effect of an a-silyl group on the 

stability of vinyl cations was the subject of a study involving ab initio cal- 

culations. [187] 

VIII. ETHYNYLSILANES 

A. Preparation From Ethynylmetallic Reagents 

Not surprisingly the reaction of readily available ethynylmagnesium ha- 

lides or ethynyllithium reagents with halosilanes represents the single most 

popular entry into ethynylsilanes. Examples that appeared are shown below and 

are presented without further comment. (Eqns. 168-175) 



3-H 
1)"BuLi 
2)TMSC1, 

[I881 

c+TMs + (-+HTMS '6,,) 

S 
5 pts 1 Pt 

l)"BuLi(2.5 e;) S 
=-TMS *'2'3 

2)TMSCl CX 
Cl 881 

s TMS 
or Bu4NF 

=-TMS (169) 

CH3CXLi t iPr3SiOT CH3CtCSiiPr3 

_A Cl 
p Cl 
Cl 

(170) 

(171) 

HOCMe2CXH 
1)EtMgBr 

2)TMSCl 
3)HCl 

Cl911 

ClCMe2CXTMS (172) 

ClCH2Me2SiC%MgBr + ClSi(OMe)3 _3 C1CH2Me2SiCzfSi(OMe)3 
Cl181 

(173) 

47.4% 

PhCHMeOCH2CZCMgBr t TMSCl d 
Cl921 

PhCHMeOCH2C CTMS (174) 

BrMgOCH2C3ZMgBr + PhCH2Me2SiCl .w HOCH2CZCSiMe2CH2Ph (175) 

The reaction of ethynylstannanes and halosilanes gives the ethynylsilane 

and tin halide. (Eqns. 176-179) 

p. 
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CF3CZCSnMe3 + TMSCl a CF3CXTMS + Me3SnCl 
Cl941 

NCCXSnEt3 + TMSBr HE'PA > NCCXTMS 
t-1941 

HCZSnEt3 + TMSI 
HMPA 

> HCZCTMS 
[1941 

RSCZCSnMe3 + TMSBr M RSCZCTMS 
[I951 

R= Et 82% 

R= Me 79% 

(179) 

Hindered tertiary amines can be used to form the acetylene anion in the 

presence of the chlorosilane as opposed to preparing the anion separately. 

(Eqn. 180) This method tolerates certain groups. (Eqn. 

R-C=CH + TMSCl 
DBU > RCX-TMS 

A$1 (cat) 
CH2C12 

5 examples 

Cl 961 
84-94% 

OAc OAC 

DBU/AgCl -. 
CH2C12 

Cl 961 
'oc 

- 

90% 

181) 

(180) 

TMS (181) 

(176) 

(178) 

B. 



l)"BuLi/TMEW/-15" 
CHSCZTIPS > 

or t6uLi/Et20-Pentane/-10° 

LiCH2CZCTIPS 

X 
TIPS= iPrSSi or "BuLi/TW/-20" 

Cl891 I 
TIPS-Cl 

TIPSCH2CXTIPS 

;w 

100% 

I2 
nBuLi/THF > 

-20"/15 min 
TIPSFHC%TIPS 

[18gl 
Li 

M 

RCHO I-, 
74 > 
m THF or THF/HMPA &--TIPS + R 

Cl891 R 
-7\=- TIPS - 

major product in THF major product in THF/~PA 

81 

(182) 

(1831 

(184) 

The lithium reagent a was reacted with cyclohexene oxide (Eqn. 185) and 

cyclohexenone, (Eqns. 186-187) Alkylation of &$ gave the silylated acetylenes 

shown. (Eqn. lB8) 

G + 0 
0 

+ 0 I 

4 ix’ I 

Cl891 ’ 

THF 

fl8gl 

PA > 
Cl891 

82% (4.5% of the allene) 

CH2CX-TIPS 

6 CH2C=C-TIPS 

(185) 

(186) 

(187) 
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ZJ? + RBr RCH2CsC-TIPS (188) 

R= PhCH2CH2 96% 

R= geranyl 78% 

In a related study bistrimethylsilylpropyne was deprotonated and the result- 

ing lithium reagent reacted with Ti(O'Pr)4 to form the titanium reagent, which 

gives only the acetylenic product with cyclohexylcarbaldehyde and none of the 

allenyl product. (Eqn. 189) Similar reaction with 1-trimethylsilylacetylenes 

including the stereoselectivity are given in Eqns. 189-190. 

TMSCH2C=CTMS 
l)tBuLi 

2)Ti(OiPr)4 > TMs+iLn 
TMS 

Cl971 
CHO 

o^i =-TMS 

87% (Z:E>20:1) 

TKGCCH2d 
l)tBuLi 

2)Ti(01Pr)4 
> TMSI+CHR' 

TiLn 
Cl 981 I 

\1 R2CH0 

R<;>C-/ 
R' 

I 
6H 

R' R2 

H 
'gHll " 

H Ph 99 

Me 
'gHll 

1 

Me Ph 1 

R' R2 

+ TMSC&H-&OH 

1 93% 

1 87% 

99 69% 

99 79% 

(‘891 

(‘90) 
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TMS Rl 
RCHO/-78" 

,-LR2 
(191) 

Cl981 TMS 1 

bH 
TMS OH 

M d 8 
Li Me 

'gHll 
62 

Hg Me 'gHll 
65 

Ti Me 
'gHll 

89 (93") 

Ti Me Ph 84 

Zn OTHP 
'gHll 

71 

Ti OTHP 'sHll 
90 

Ti OTHP 
"C5Hll 

88 

*(at -100") 

38 48% 

35 42% 

11 (7*) 69% 

16 79% 

29 51% 

10 67% 

12 65% 

Trimethylsilylethynylmagnesium bromide was reacted with aldehydes, ketones 

and esters. (Eqns. 192-195) 

TMSCXMgBr 

IleCOCOMe 
> 

PH 
TMSCZ-CHCH(OEt)2 (192) 

63% 

OH 
TMSCZCfXH(OMe)2 

CH3 
60% 

(193) 

PH P 
(194) 

PH 
(TfWC~2C-CH(OEt)2 (195) 
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The propargyl chloride ,7J, prepared according to Eqn. 172, can be converted 

to the Grignard reagent, which can be silylated to give ,'@. (Eqn. 196) Protona- 

tion gives a mixture of products. Some reactions of $, are also given below. 

(Eqns. 197-199) 

Mg !TtF- TMSCl 
ClCMe2CXTMS _Il_j* 

CI9Jl 
ClMgCMe2-CXTMS -& TMSCMe2CZTMS 

100% 

If? 76 

Me2CHCXTMS + (TWX-CMe2)2 

(196) 

(197) 

Jr!? 

AgN03-KCN 

Cl911 or EtONa/EtOH 
> TMSCMe2CZCH 

85% AgN03 
(198) 

70% EtONa 

DIBAH 

100% 
TMSCMe2CH=rCHTMS 

cis 

(199) 

The ethynylsilanea, prepared according to Eqn. 169,undergoes the reactions 

shown below. (Eqns. 200-202) 

Iodocarboranes were coupled with TMSCZCMgBr to give the B-ethynylcarboranes. 

(Eqn. 203) These were hydrolyzed to the acetylene with KOH/MeOH. 
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(201) 

(202) 

(no allene product) 

(0) or (m) C2B10H91 + TMSCTMgBr (0) or (m) C2B10H9CZCTMS (203) 

90% 

E+= ~~0, D20, MeI, TMSCl, aldehydes, ketones, enones 

Allenylcuprates were coupled with 2-iodotrimethylsilyl acetylene ac- 

cording to Eqn. 204. Aryl halides have been coupled with trimethylsilyl- 

acetylene as seen in Eqn. 205. 

Rl 
l)n-BuLi 
2)CuBr 

> 
3)ICZCTMS 

r.2011 

Br 

/ 

d 

I 
+ TMSCXH cat. 

\ WQI ’ 
02Me 

R’ F? % Yield 

H H 85 

tBu H 77 

Me Me 80 

(204) 

C=_CTMS / Q I (205) 

\ 
C02Me 

cat.= Ar3P, Pd(OAc)2; or Pt(OAc)2 or Ni(OAc)2 and Et3N. 
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The bissilylated butadiyne, ,@, can undergo metal-metal exchange to give 

the monosilylated lithium reagent which can be alkylated. The remaining ethy- 

nylsilane bond can be electrophilically acylated to produce diynones. (Eqn. 

206) 

l)CleLi*LiBr R2 COCl 
TNSCZC- C%TMS - R'GC-CZTNS + 

82 
t&C-CZCCR 

2)RlX 
(206) 

G, 

Tic14 

m31 
6 examples 

The ethynylsilane bond is inert to conditions in which the ethynyltin bond 

is reactive. Thus, acylation of a to give the silylated ynone @ is possible. 

(Eqn. 207) 

(Ph3V4Pd 8 
TMSCZCSnBu3 + ECOCl - TWZCCR (207) 

PO41 
79 R= iPr 

QIQ 
71% 

R= Ph 64% 

C. Reactions 

1. Additions to the CZC 

The lithium aluminum hydride reduction serves as an excellent entry into 

(E)-3-(trimethylsilyl)-2-propen-l-01. (Eqn. 208) Best results were obtained 

with NaAlH2(0CH2CH20Me)2 in ether. Other reducing agents and conditions than 

those shown gave poorer yields and product mixtures. A similar reaction is 

shown in Eqn. 209, the resulting vinylsilane being converted to the unsaturated 

aldehyde in this case. 

TMS 

lT'lSC3CCH20H 
CN > T”-H:Mj/H (208) 

m51 

LiAlH4/Ttf/O" 95 3 2 

LiAlH4/tME/O" 98 1.5 0.5 

NaAlH2 (OJ'OMe), 100 0 0 

Et20, 0 25" 



- -TMS a H 

LiA1H4 

-yzg+ 

TMS TMS 
0 

// 
PhSCl 

S 

v 
'Ph 

Et20 

rt (209) 

CHO 
PhS 

CY 

AgN03 

o=+ 

TMS 

H2O 

68% 

3 other examples 

Diisobutylaluminum hydride undergoes cis addition to ethynylsilanes placing 

the aluminum atom geminal to the silicon group. These vinylalane intermediates 

can be converted to o-halovinylsilanes. (Eqns. 210-212) 

DIBAH 
RCXTMS + 

RYTMs 

NCS 

[2071 A$Bu)~ 
or Br2 

or 12 

B/Q 

Br2/hv 
> 

C2071 

K! 
NaOMe/MeOH 

m71 

RwX 
7 MS 

RL 
TX 

(210) 

(211) 

X= Cl, Br, I (212) 

12 examples 
68-93% from jj,Q 

Several examples of the addition of perfluoroalkyl iodides to ethynylsilanes 

have been reported. (Eqns. 213-216) 

120" f 
TMSC3ZH + I(CF2),I + TMSC=CH(CF2),I 

47 h 
(213) 

tBuOOtBu n= 6 73% 

C2OB1 
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I I 

TKC3ZH + W2)nI 
120" > T:~s~;CH(CF*)nCH'CI_TE1S 

85 h 

tBuOOtBu 
n= 6, 92% 

TMSC=C(CF2)nCZCTbIS 

-TMSI 
W2),1 + TMSCZCTMS - 

[208,2091 
T~~S~~(CF2)nC~T~lS 

n= 8, 86% 

R;SiCZH + R21 > 
iI 

1 W *2 H20/tieOH 

I 

R!$ii=CHR* 

(2141 

(215) 

(216) 

22.5-58.8% 

(Si= variety of ROnMe3_nSi groups 

R*= CF 3, CSE7, KF214H 

The photochemical addition of H2S to methoxydimethylsilylacetylene gives 

the trimer a (Eqn. 217) whereas the addition to triethylsilylacetylene gives 

the corresponding monoadduct, #,?. (Eqn. 218) 

lieOMe2SiCZCH (217) 

EtBSiCXH 

LSiMe20Ne a 
H2S > (Et3SiCH=CH)2S (218) 

@z 



The allylboronation of ethynylsilanes has been reported. (Eqn. 219) 

TEZS OEt 

TMSCZZCOEt + R;BCH2CH=CHRZ 

R2= 

& 

R2 

‘2 

H,RR1= "Bu 86% 

H, R'= ally1 59% 

Me, R'= CH2CH=CHFle 

89 

(219) 

86% 

The thermal cyclocondensation of trimethylsilylcyclopropylacetylene with 

methyldiazoacetate in the presence of CuSO4 gives @ and 8. Hydrolysis of 

g gives R and cycloaddition of E or 8J with cyclopentadiene gives $$, and $7, 

respectively. (Eqns. 220-222) 

G--TMS + N2CHC02Me 

123, 65% &$ 8% 

G? 
hydrolysis 

C2131 ' fi 

& 46% 

0 / \ E or 85 
c2131 

(221) 

(222) 

R= M 93% 86 

R= TWS 70%%87 

Bistrimethylsilylacetylene reacts with diazo esters to give the silylated 

cyclopropenes g. The ester functionality can be converted to other functional 

groups. The resulting carbene splits out acetylene and bistrimethylsilylacety- 

lene. (Eqns. 223-224) 
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TMSCXTMS + N2CHC02Me & 
[2l4] TMS MS 

86a 

(223) 

(H) 

(0) 

R= CHN2 

\i 
0. 

H 

+ HCXH + TMSCETMS (224) 

TMS 

The kinetics of the addition of MeSCl to l-silylated-enynes of the general 

structure aahave been studied. [215] 

/R' 
Me3MCZXH=C,R2 

87a 

M= C, Si 

R1= H, Me 

R2= AC, C02Et, CN 

2. Electrophilic Substitution Reactions 

The acylation of ethynylsilanes remains a popular route to ethynyl ketones 

as seen from the examples below. (Eqns. 225-229) 

R --o- / \ C=_CmS PhCoC1 > - A1C13/CH2C12/0" 

C2161 R= Br, Cl, Me0 

A1C13 

ArC%TMS + Ar'CH=CHCOCl & 
CH2C12 

c2l71 

ArCZCCOCH=CHAr' 

7 examples 

38-60% crude 
30-40% recrystallized 

R CzCCOPh (225) 

(226) 
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PhCZCTMS + PhCH=CHCOCl 
TiC14 

(227) 
CH2C12/00 

CH=CHPh 
c2171 

PhC=CCOCH=CHPh 

80% 

R'SiCZC-NR2R3 
3 

+ R4COC1 

R'= Me, Ph 

TMSCH2C=CTMS 

An electrophilic reaction 

the synthesis of resistomycin. 

CH3CN 
> R4COC=CNR2R3 

C2181 
6 examples 

21-73% 

(228) 

TMS 
AcCl 

> Z-J 

b 

(229) 
AlC13/CH2C12 

C 

-60" 
c2191 

of an ethynylsilane was used as the key step in 

This produced the vinylsilane $Q which had to 

1 be protodesilylated. (Eqn. 230 

It is noted that a similar transformation, although it is not electrophilic 

in nature, is possible under base catalysis, wherein the acetylene anion is 

generated directly from the ethynylsilane. This has been used in the formation 

of annulenes. (Eqn. 231) For another example see reference 222. 

(231) 
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C~(OMe)2 
I 

Me0 

OMe 

@it MdO NEt2 dMe 

R=TMS - R= H 

Me0 

NC6Hl 1 

I-cl; < ’ ‘NEt 
2 

OMe * 

bMe 
0 bMe 

1230) 

3. Cycloadditions 

The cycloaddition of the tetrazine Rwith ethynylsilanes gives the silyl 

derivatives of pyrazines. (Eqn. 232) 

TMSCZCR + 
-Gj+ 

(232) 

$$j C02Me 
8 examples 

2-B% 

The cobalt catalyzed cyclization of acetylenic nftriles with ethynylsilanes 

leads to Z-silylated pyridines. (Eqn. 233) A replete product analysis of the 

reaction of 1,6-bistrimethylsilyl-1 

[2251 
,%hexadiyne with CpCo(CO)2 has been done. 
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f 

CZCH 

(CH ) 
Wo(CO)* 

\* n 

+ RCXTMS 
A lhv 

major product 

R % Yield 

TMS 77 

Me 70 

TMS 77 

Me 70 

"Bu 56 

H 29 

TMS 25 

Me 66 

(233) 

4. Reactions of Functional Ethynylsilanes 

Trialkylsilylpropynals were reacted with several reagents. These reactions 

are shown below. (Eqns. 234-238) 

Et3SiCXCH0 + N2CHC02Me d 
II**61 

TMS 

PH 
Et3SiCXfH 

CN 
12 
C02Me 

CHO 

TMSCXCHO + N2CHC02He .m 
C02Me + 

50% 

TMSCZCHO + HNR2 
(TMS)*NH 

> 
20 d 

TMSCXCH(NR2)2 

(234) 

(235) 

(236) 

rt 

C**81 

50% 60% 
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OH 

TMSCXCHO + EtSH d 
II2291 

TMSCZCCHO + 2 EtSH & 
12291 

(237) TMSCXCHSEt 

94.5% 

TlWzCCH(SEt)2 (23%) 

The silylated propargylic hydroperoxides can be alkylated and acylated. 

(Eqns. 239-240) 

Rc(oH)rle2 
> 

[2301 
TMSCZCC1~e200CMe2R 

R= Ph, PhCX 

(239) 

0 

TFiSCXCMe200H 
RCOCl > 

[230] 

TllSC%CMe200!R (240) 

0. Spectroscopic and Theoretical Studies 

The gas-phase molecular structure of silylmethylacetylene has been deter- 

mined by electron diffraction. [231] l3 C-NM8 and CND0/2 MO calculations have 

been done on silylated enynes and the data compared to the analogous carbon 

systems. [232] The structure and donor activity of ethynylsilanes has been 

investigated via dipole moment, IR and NEIL! measurements together with quantum 

mechanical calculations. [233] The photoelectron spectral bands were discussed 

for Me3MCZCH and Fle311C+C-CH=CH2 (ll= C, Si, Ge). [234] The photoionization of 

silylacetylenes and related acetylenes were measured. [235] 

VIII. ALLYLSILANES 

A. Preparation from Allylmetallics 

The reductive silylation of ,$Q gives the silanes ,$J, and $,$, presumably 

via the corresponding allylsodium species. (Eqn. 241) Treatment of dimethyl- 

dichlorosilane and 1,3-butadiene with fused K-Na at 280-300" gave l,l-dimethyl- 

1-silacyclopent-3-enc. (Eqn. 242) Reductive silylation of conjugated trienes 

gives allylsilanes. (Eqn. 243) The resulting silylated dienes were used in 

Diels-Alder reactions. (Eqn. 244-245) 
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Me2SiC12 + 
K-Na, 

280-300" 
Me2Si 

3 
I 

f2371 

I TMSCl > 
Mg/THF 

R 
CuCl (cat) 

‘; 
MS / \ 
TMS 

C-2381 

74% 

Et20/THF 

52381 

(242) 

B 
T~~SCH2CH=CC~CH=CH2 8% (243) 

I 
TMS 

4 

1 TNSCH2CH= CH=CHCH2T~~S 92% 

TMS 

TMS 
I 

TMS 
gave no reaction 

(244) 

(245) 

Reductive silylation of 2-methyl-1,3-butadiene leads to the silaspiro- 

octene, $J. Some reactions of $J are shown. (Eqns. 246-250) 
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(246) 

(247) 

(248) 

(250) 

Crotylmagnesium chloride was reacted with trimethylchlorosilane in order to 

find best conditions for the preparation of 3-trimethylsilylbutene over the iso- 

merit 1-trimethylsilyl-2-butene. The best conditions are shown below. (Eqn. 

251) 

CH3CH=CHCH2MgC1 

II 

TMSCl 
> 

Me< + _J- 
TMS 

TtW/CuI 
50% 

ITMS- 

CH2=CH;HMgCl c2401 3 pts 97 pts 

CH3 

(251) 
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Double deprotonation of cyclohexanol a followed by silylation and selec- 

tive hydrolysis gives the functional alkylsilane, ,@,. This compound is a use- 

ful synthon as shown. (Eqns. 252-254) The other isomer of $Q gives the other 

bicycloundecyl system. (Eqn. 254) 

l)"BuLi.TMEDA/rt 

2) TMSCl 

- 
3) 1% H2S04 

I 75% 
a OH [2411 

1)"BuLi 

2)CS2 

o- I 
TMS 

?A 

3) Me1 

4) A 
> 

5)LiA1H4 
GMS 2;$$ & (253) 

(252) 

~)KH/DW 

2)MeI 

EtA1C12 
(254) 

72% 
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Metalation-silylation of tertiary unsaturated amides leads to functiona- 

lized allylsilanes. (Eqn. 255) 

0 
TMS 0 

l)sBuLi.TMED\ 
N(iPr)2 THF/-96" 

>r 

N(iPr)2 

2)TMsCl 
[2421 58% 

Metalation-silylation of zaandx, which can be metalated and reacted 

to give several interesting systems. (Eqns. 256-259) 

(255) 

l)"BuLi/THF 

- 
(256) 

Ph 2)TWl 
C2431 

P Ph 

CF3C02D 
> 

z C2431 
> 

Ph 

D TMS 

Ph S Ph 

80% 

Ph 

6 examples 

O-78.5% 

(257) 

(258) 

(259) 

The metalation-silylation of 1,3-bis(phenylseleno)propene gives the allyl- 

silane R, which is the precursor to aldehydes and acylsilanes. (Eqns. 260- 

262) 



PhSe vSePh ~&DA 

2)TMSCl ' 
C2441 

PhSe 

ySePh 
TMS 

99 

"202 

2)RX 

TNS 

L_ 

--La 

PhSe SePh 

n 
THS 

lfMeC03H 

2jFQii? 

99 

(260) 

(261) 

R 

L 

--F 

(262) 

0 

TMS 

RX= iPrBr (75%); 'BuBr (68%); iBuBr (65%) 

The asymmetric cyclopentadienylsilanes M were prepared from potassium 

cyclopentadienide. (Eqn. 263). 

H 
**. SiH(R)Cl 

Kf 
+ RHSiC12 

[2453 > 6 \I (263) 

B. Preparation from Silyl Anions 

The reaction of trimethylsilyllithium and allylic halides gives allyl- 

silanes. (Eqns. 264-265) 

\ A- + TFlSti + (264) 

I-- 
Cl C2461 

100 

R= Me, nBu, TMSCH2 

82% 

The Benkeser generation of trich~orosilyl anion carried out in the presence 

of allylbromides gave the corresponding allylsilanes. (Eqns. 266-267) Trimethyl- 

silylcyanocuprate reacts with 2,3_dibromopropene to give the allylsilane. (Eqn. 

268) 



100 

BrI 

HSiCl3 _#Br 3 MeMgBr> JBr (266) 
> 

Et3N/CuCl C, Et20 
TMSJ- 

Et20 3 
si 

82% 
69% 

c2471 

B \I,, HSiC13 
> 

Et3N/CuCl 

C24Bl 

_JBr 
ISiCl 

3 

not isolated 

MeMgBr lBr (267) 

ITMS 

63% 

_JBr / 

Br 

\-Br + TMSCuCNLi ';;:;;'"> --/_,*,S (268) 

C. Preparation from Silylated Organometallics 

Allylsilanes were deprotonated, converted to the aluminum complex and car- 

boxylated to give mixtures of the vinylsilane and the allylsilane with the al- 

lylsilane predominating. (Eqn. 269) These new allylsilanes were useful synthetic 

units. (Eqn. 270) 

P 
1 

\SiR3 

u’ 
-_I 

-7- SiR3 
H03C 

l)tBuLi.TMEDA 
2)Et3Al 

> 
3)CO* 

4)H30+ 

El441 

R' 

gSiR3 + (269) 

SiR3 

C02H 

HO Cl 
2 

R3Si % % 

Ph3Si 30 70 

Me3Si 35 75 

PhMe2Si 0 100 

TolMe2Si 0 100 

tBuMe2Si 0 100 

-I 
u’ 

CH2N2 Ef 
C02Me 

Cl441 

--F 

Lewis > 
SiR3 Acid (270) 

E 
Me02C 

E+= aldehydes, ketones, ketals, PhSCH(Cl)Me, RCOCl. 
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Trimethylsi1ylmethylmagnesium chloride couples with vinyl iodides to give 

allylsilanes. (Eqn. 271) A similar coupling is seen in Eqn. 272 except that 

this is carried out in the presence of a chiral phosphine palladium complex and 

gives an optically active allylsilane. 

R1w R3 
R2AI 

R1 

L 

ROBr 

R3 

+ TMSCH2MgC1 
M(PPh3)4 

> 
R1w 

M= Ni, Pd 

C2461 
R2- TMS 

+ 
rh 

TMSCHMgBr 

4 examples 
70-85% 

0.5 mol % 
O.l5"C/2-5 d 

(271) 

(272) 

RT R2 % e,e % Yield 

H H 95 42 

Me H 85 77 

H Me 24 38 

Ph H 95 93 

H Ph 13 95 

Enol phosphates couple with a-silyl Grignard reagents to give allylsilanes 

in good yield. (Eqn. 273) 

9 
R4 

R1woP(oEt)2 

R4 

TMS;HMgCl 
R1 TMS 

R2nR3 

catalyst 
> 

\ 

c2511 RZnR3 

(273) 

catalyst= Ni(acac)2; NiBr2; Pd(PPh3)4 
10 examples (47-92%) 

Ethyl lithio(trimethylsilyl)acetate was coupled with 2-bromopropene to give 

the cl-silylated-B,y-unsaturated ester, which was used to direct electrophiles to 

the y position. (Eqns. 274-275) 

l-MS C02Et 

Li 

References p. 191 

(274) 
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_-_I 

--F C02Et 
+ 

E 
Lewis Acid 

c2521 

TMS 

E+= aldehydes, ketones, acetals, acid 
chlorides, PhSCH2Cl 

,-T 02Et 

10 examples 

(71-100%) 

Lewis Acids= TiC14, TMSOlf 

(275) 

3-Trimethylsilyl-1-propenylmagnesium bromide reacts with epoxides in the 

presence of Cu(1) to give the corresponding allylsilanes. The alcohol is best 

isolated as the acetate. (Eqn. 276) The related reagent 3-trimethylsilyl 

MgBr 

/ 

TMS-f- 

0 

c3 
---GE? 

C2471 
Q 

OAc 
(276) 

6 examples 
(57-97%) 

2-propenylmagnesium bromide $lJ proved to be a highly useful precursor to a 

variety of allylsilanes. (Eqns. 277-279) 

101 

n EWG 

3 C02Et 

3 S02Ph 

4 S02Ph 

U&+ 

OH 

5 examples 
(82-95%) 

(278) 
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$g + 
GUI (5 mol%) 

Et20 ' &TM? 'b 

0 

6 I 88% 

0 

?I 94% 

In a related reaction the diene x was prepared. (Eqn. 280) 

Br 

/ 
tBuLi 

> 
TMS 

GUI 
TMS 

then CuCl2 
C2541 70-88% 

!iJ!X 

(279) 

84% 

(280) 

B-(Trimethylsilylethyl)phenylsulfone ,I,@ can be deprotonated, reacted 

with a ketene and the B-hydroxy sulfone converted to a double bond giving 

the allylsilane. (Eqn. 281) 

"BuLi 
TMSCH2CH2S02Ph 

Et 
TMSCH2E;S02Ph 

JIG! 
2 - o 
[2551 I 

1 R1COR2 (281) 

OH 

TM- R' R’ 

I 

1 mJc12 

2)Na/Hg TMS 
+ 

I? 

I? 

8 examples (85-95%) 
S02Ph 

D. Miscellaneous Preparations 

Evidence for the silicon enhanced solvolysis of the tosylate ,$.$j$ has been 

presented. The intermediate B-silyl carbenium ion does not desilylate, but 

loses a proton to give predominantly J& instead. (Eqn. 282) The base cata- 

lyzed solvolysis results in the abstraction of a proton from the less hin- 

dered methyl group to give the terminal olefin ,.l&. (Eqn. 283) An additional 

example is given in Eqn. 284. 
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w Ts 

nC5H11CH2 
TFlS 

JJlj 

104 

OTs 

MS 

tBuOH 

[2561 

tBuOK 

57% > 

[2561 

tBuOH 

)8, + nc H$s (282) 
11 511 2 "C5H 

105 1.6 pts 106 1 

A malonic ester approach was used to prepare the 

shown in Eqn. 285. 

l)Na/EtOH 
CH2(C02Et)2 - TMSCH2CH(C02Et)2 

~)TMSCH~C~* 

[2571 81% 

KOH 
THSCH2f(C02Et)2 - TMSCH2CC02H + 

II 
CH2Br CH2 

84% m 82% 

u% 

Pt (283) 

allylsilanes m as 

l)NaW/benzene 
T 

2)CH2Br2 

THSCH2CC02Et 
II 
CH2 

Treatment of the sulfone, J,@ with a Lewis Acid gives the allylsilahe 

m. (Eqn. 286) 

(284) 

(285) 

TMS EtA1C12 
> 

[2581 
TMSCH2CH=CHCH2S03Na (286) 

*(The abstract indicated that TFlSCl was used. This must be an error. Since 
this is in the patent literature it could not be checked). 
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The cyclopropylsilane m was reduced to the mixture of epimeric alcohols 

,$Q and JJJ,, which can be ring expanded to give allylsilanes. The mixture 

of B-silyl acetates is due to epimerization of the cyclopropylsilane. (Eqns. 

287-288) 

0 
HO 

NaBH4 

MeOH 

t 

TMS c2591 

UJQ 
9:l exo:endo 

u_a 
8pts 

HOAc 

I 

HC02H (5%) 

120"/1 h 

MeLi 

\ 
Q TMS 

OAc 

HP 
I 

ch MS 
&R 

3 ots 

(287) 

cis:trans= 3:2 

-40" 
15 min 

C2531 

\ 6 (288) 

TMS 

\ 
\ 
bAc 

The cyclization of the allylsilane J,J,J under metathesis conditions gives 

ethylene and the cyclic ally1 disilane x. (Eqn. 289) 

(289) 
Me2Sie 

I 

Be207/A1203 Me2Si 

Bu4Sn 
> I 

Me2S’ m 

Me2Si 
3 

I 

C2601 

u.x a.fR 

The silylated butadiene,_J,J& prepared according to Eqn. 290, gives allyl- 

silanes upon Diels-Alder cyclization as shown in Eqns. 291-292. 
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l)SBuLi.TMEDA 
TMSCH2CH=CH2 

2)DMF 

3)Ac20 

12611 

OAc 

"S~o;cTM&J (290) 

114a 
nfln. 1 Pt ___ 
4 pts (inert to Diels-Alder 

reaction) 

C02Me 

/ - 

xylene ' 
reflux 

40 h 

8 examples in all (5-95%). 72% 

OAc 

TMS 

C02Me 

Q 

I + 

OAc 

(291) 

MS 

3 , 'C02Me I (292) 

8% 

y-Hydroxyvinylsilanes J& and the B-hydroxysilanes ,j,@ were converted to 

allylsilanes accordin to Eqns. 293-294. 

l)MeLi 

2)CuI 

3)R'Li 
> 

4)Bu3PfNMePhI- 

U/z C2621 

same as above 

[=‘I 

(293) 
TMS 

R1 

5 examples 
(49-77%) 

R2? 

(294) 
TMS 

1 

3 examples 
(53-75%) 
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E. Reactions 

1. Addition Reactions 

In this section arefound additions to the C=C of allylsilanes with no 

loss of the silicon group. 

The aminomercuration-demercuration of allylsilanes leads to B-aminosi- 

lanes in moderate to good yield. (Eqn. 295) It is possible to prepare the 

heterocycles with primary amines and bisallylsilanes. (Eqn. 296) 

ArNHR 
TMSCH,CH=CH, > 

l)Hg(OA+/THF 
TMSCH CHCH3 

21 
NRAr 

L L 

2)NaBH4/NaOH 

Cl 591 

ArNH2 
> 

l)Hg(OAc)2 

2)NaBH4/NaOH 

Cl591 

Me2Si 
r( 

NAr 

(295) 

(296) 

The allylsilane J,lJ, prepared according to Eqn. 273 was reacted with 0s04 

to give the diol ,J,$J in excellent yield. Dehydroxysilylation with acid gave 

the allylic alcohol m, which was converted to Shikimic Acid. (Eqn. 297) 

OAc OAc 

Q 

C02Me 0s04/morpholine 
HO 

I 
oxide .*. 

t- 
Bu;Hpcetone/ 

[;61] 
HO 

/' 

P 

C02Me 

TsOH 

benzene 

TMS 

m AC 

HO \ 

6 

C02Me . 

TMS 

J,J,Q 96% 

HO 
'. 

\ 

Q 

C02H 

\ 

HEi-' 
J./G! 

OH 

Shikimic Acid 

(297) 

1-Sila-3-cyclopentene reacts with N204 to give predominantly the bis 

nitro or the hydroxy nitro compound and the vinylsilane as shown in Eqn. 

298. 
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R3 

- 

M 

R4 

R&R2 

+ R38N02 + $02 +R33N02 (298) 

Rl/skR2 R 

2. Electrophilic Desilylations 

The most important reactions of allylsilanes in terms of synthetic uti- 

lity are the electrophilic cleavage of allylsilanes with double bond trans- 

position. Several examples of this general reaction appeared. 

Acetals react with allylsilanes in the presence of Lewis Acids. Examples 

of this now familiar reaction are given below. (Eqns. 299-301) The reaction 

is regioselective as seen in Eqns. 300-301 where the methoxy group is lost 

preferentially. 

TMSOTf 
PhCH(OCle)2 + TMSCH2CH=CH2 - 

CH2C12 

-78"/6h 
[2641 

RO-CH20Me + TMSCH2CH=CH- 
TiC14 

3 
L 

[265] - 

TiC14 
> 

II2651 

Olle 

PhAHCH2CH=CH2 (299) 

ROCH2CH=CH2 + MeOH (300) 

6 examples 
86-96% 

H co 
t 

0 

H 

other examples given 

flonothioacetals react in a similar manner to lose the thiol or the alcohol 

of the molecule depending on the structure of the monothioacetals. (Eqn. 302) 

Cyclization in this type of reaction is also possible. (Eqn. 303) 
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(302) 

H 

--TMS 

cc 

H 

SnCl4 

rt/l h 

t 78% ' ti I 0 

H 
CH2SMe 

C2661 ;I 

(303) 

OBz 
I 

BzO 
0 

5 

t TMSCH2CH=CH2 
ZnBr2 

(304) 

BzO 110"/3 h 
C2671 I 

I 
OBz 100% 820 (1 :l mixture of 

isomers) 

+ TMSCH2CH=CH2 
TiC14 

12681 
AcO R ‘-R 

(305) 

R= CH20Bz (99%), Ph (60%), CH2SPh (95%), nC3H7 (82%) 

References p. 191 



110 

Et 

+ TMSCH2CH=CH2 

R1R2C(OR3) 2 
+ TMS-, 

R3= Me, Et 

R- H 69% 
Bz 66% 

CH2W2Br 75% 

(307) 

TX14 
> 

CH2C12 /TRi2 
(308) 

[2701 OR3 

4 examples 
(40-79%) 

The Lewis Acid catalyzed reaction of allylsilanes with aldehydes and ke- 

tones remains popular. 2,4_Dienylsilanes were employed in the dienemethyla- 

tion of aldehydes and ketones. (Eqns. 309-311) The reaction of these allyl- 

silanes with cl,B-unsaturated aldehydes and ketones gives cyclic products. 

(Eqns. 312-313) This implies that the carbenium ion can be trapped internally 

before undergoing desilylation. 

OH 

C2701 
8 examples 
(51-80%) 

TM_ + RlCOR2 TiC';$H2Yz &; 

r270i 

(309) 

(310) 

(311) 

TMS E only 
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+ RCHO ;:;a4 3 + 
(312) 

R 
MS 

r2701 

R erythro threo 

Me 66 34 

.Et 74 26 
'Pr 84 16 

TM!--++ + + 
CHO 

TiCl4 
(312) 

C2701 
CHO 

TMS_ + 

TiCI 
(313) 

L2701 
AC 

The potential of this allylation reaction in the preparation of optically 

active ally1 derivatives has been investigated in some very elegant chemistry. 

Starting with the optically active allylsilane ,JJ,@ prepared according to Eqn. 

272 allylations were carried out on aldehydes. (Eqns. 314-315) The Z isomers 

$?J were not so selective. (Eqn. 315) Other electrophilic reactions also give 

high stereoselectivity. (Eqns. 316-317) 

OH 

Rl 
R2CH0 

I 

> 
(314) 

T~C~4/CH~C12 

” E2711 
: 
RT 

” 
Major diastereomer 

m 
R' >R2 3 
k 'Bu, 'Pr, Me 
Ph t&l 
85% e,e in all cases 
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H Ph 

JJ?JJ 
R'= Me Ph. R2= tBu > 3 

R 

TMS 
/ 

/ 

/ 

Ph 
H 

H 

R= Me, 85% e,e 

R= Ph, 95% e,e 

R= Me, 85% e,e 

R= Me, 85% e,e 

RLCHO 
> 

TiC14/CH2C12 

i-2711 

t 

E 
Lewis Acid 
r2501 

e,e 14-28% e,e 22-29% 

R 
Ph 

E= tBu 87% e,e 

E= tBu 93% e,e 

E= AC 53% e,e 

E= CH OH 86% e e 
2 , 

(3’6) 

R= Me 24% e,e 

R= Ph 13% e,e 

E= tBu 27% e,e 

E= AC 19% e,e 

E= tBu 15% e,e 

One example of an intramolecular allylation of a ketone was reported. 

(Eqn. 318) 

HO 

EtAlC12 

toluene ' 

TMS c2531 

(3’8) 

The allylation of the naphthoquinone, $!J, takes an unusual course where 

the carbenium ion is trapped before desilylation as shown. (Eqn. 319) 



OH 

+ Ph3SiCH2CH=CH2 (319) 

0 

SiPh3 

Allylation of the a,D-unsaturated acyl nitrile j2$ takes a similar course. 

(Eqn. 320) 

CN AlC13/rt 

f- 

+ TMSCH2CH=CH2 
[2731 ' 

(320) 
TM 

123 
CN 

QVIJ 
40% 

The enaminyl allylsilanes ,$2J reacts with electrophiles to give the unexpec- 

ted y regioisomers m. (Eqn. 321) This is explained by 

to give the silyl ketene acetal &Q which is in fact the 

was shown by the Diels-Alder reaction given in Eqn. 323. 

NR1R2 

a 1,5-silyl migration 

reactive species. This 

NR1R2 

TM Et/Tic14 
> 

C2741 
E C02he 

7 examples 
(44-83%) 

(321) 

t 

E $J (322) 

JJG C02Me 125 

jr 

OMe Me 

J26 

Me02CCXC02Me 

Me02C 02Me 

C02Me 

57% 

(323) 

y-Allylation of esters from ethyl 
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TMS 

TiC‘i4 

d 

--L 

c2751 

(324) 

Selenium compounds represented the electrophile in three studies. These 

are given below. (Eqns. 325-328) The regioselectivity of the reaction is not 

high. (Eqn, 326) The selenyl oxide rearranges to give the ally1 alcohol with 

no net double bond transf~~ation. (Eqn. 328) 

R2 

R' R4 

R2 

1)PhSeC1/CH2C12/-78" PhS R3 
> (325) 

2)SnC~4/O" 

C2761 

9 examples (65-97%) 

0 

TMS 

+ 

D 

D 

TMS 

TMS 

‘\ 
OAc 

l)PhSeCl 

2)Fluorisil 

> phse+D ;V~D2sepI‘-61 

C2761 

PhSeCl 

Et3N 

[2481 OH 6H 
'OH 

0 

(Ph~~)20 

> 
II2591 

Ph 
'Se=0 

o- 

\ 

(32E 

OH 

‘\ 
, 
OAc 

OAc 

Other allylation reactions involving allylsilanes include the allylation 

of pyrollinium ions, (Eqn. 32g), B-chloro-B-lactams (Eqn. 330), the cobalt 

complexes Jj!J (Eqns. 331-332), benzhydrol and related alcohols (Eqn. 333) and 

aromatics (Eqns. 334-336). 
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Me 

hv 
3 (329) 

TMSCH2CH=CH2 

[2771 

(2 other examples 47 & 85%) 

H 

fTMS Agf3F4 

lC02Me CH2'2 
[2781 

H H 

C02Me 

(330) 

C02Me C02Me 

R 

Z OH 

-r 
" 

cqco4j 

m 

> 
8F30Et2/CH2C12 

-78" 
C2i19] 

TMS 
I 

R= H 81% 
R= Me 76% 

(33 1) 

(332) 
M c2791 

co2(c”)6 R= H 80% 

OH 

A 

\ 

+ TMSCH2CH=CH2 
BF30Et2 

Ph Ph 
CH2C12/0' /c 

Ph Ph 

100% 

8 other examples 

cyclohexanol and t-butanol gave N.R. (22-100%) 

(333) 

Ar-H + TMSCH2CH=CH2 
Ti(02CCF3) 

> 
Ar& 

(334) 
CH2C12 

II2801 6 examples 

19-89% 
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OMe 

For example 
I (83%) @ = i 1 (83%) 

OMe 

Protodesilylation of allylsilanes results in double bond transposition. 

Some examples are given in Eqns. 335-339. 

nC5H1 L-- 
---L 

BF3*HOAc 

CH2C12/-78"' 

30 min. 

C2811 

same 

c2811 
TMS 

same 

[2811 ' 

100% 

nC5Hlv 

- 

only Z isomer 85% 

+ 

76% 

I--- 

24% 

0 
TsOH 

Cl671 ' 

I 
0 

TMS 

TMS HCl/MeOH 

II2821 
2 

Z= C02Me, C02Et, CHO, COMe, etc. 

(335) 

(336) 

(337) 

(338) 

(339) 

Epoxidation-protonation results in the overall electrophilic hydroxylation 

with double bond transposition. (Eqns. 340-341) The allylsilane ,$?J (as the 

methyl ester) also underwent phenylsulfenylation. (Eqn. 342) 



R3 

R' 

+ 

MCPBA 

R2 
TMS 

[2481 ' 

OH 

0 
,.X02H HO _c C02H 

I 

CH3C03H 

*- co2H -- C02H 

I 

(341) 

(342) 

Peracid oxidation of m followed by acid treatment results in formation 

of the cyclohexadiene m. (Eqn. 343) 

(343) 

_5FlS 
8 

0 I 
-2 l)MCPBA 

/ 

-JO 
2)TsOH 

[1671 ' a 

0 

\ 

I 
;MS z 

130 
VVII 

3. Other Reactions 

The reaction of fluoride ion with allylsilanes in the presence of electro- 

philes gives allylation of the electrophile.Three examples are given one of 

which involves a cyclization. (Eqns. 344-346) 

phL 
\-TMS 

Ph 
KF /18-C-6 

or Si02 supported 
> 

Bu.NF Ph 

(344) 

12831 
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same except Ph 
PhCH2Br . 

XTMS 
12831 

(345) 

40% 

<Me SMe 
an 

see also ref. 278 

Metalation of the unsaturated, silylated amides J,3J_ gave a series of func- 

tional vinylsilanes M. (Eqn. 347) 

TM l)sBuLi/TMEDA 
TMS 

0 

JHF’-7a > 
(347) 

2)E+ 

Et= EtI, PhCH2C1, Me2C0, Ph2C0, PhCONMe2, PhCHO 

60-90% yield 

132 
?JVU 

Allylsilane JJJ proved to be an excellent precursor to trimethylenemethane 

palladium complexes, which are useful in cycloadditions. (Eqns. 348-349) The 

reaction is also possible in an intramolecular sense. (Eqn. 350) 

TMS 

7)= 

1 )Pd(PPh3)4 (348) 

AcO 

133 

, &LGyz1r 4 

WG 

- 

lEWG 
EWG= electron withdrawing group 
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TMS 

J? 

P(PPh3)4 
(350) 

"kEWG 
dppeDME 

OAc 

n= 3 EWG= C02Et 30% m= 1 EWG= C02Et, S02Ph 

n= 3,4,5 EWG= S02ph 70% m= 2 EWG= S02Ph 

2-Trimethylsilylmethyl-1,3-butadiene undergoes catalyzed Diels-Alder reac- 

tions to give the cyclic allylsilanes. (Eqn. 351) 

C2821 

(see also Eqn. 339) 

(351) 

Photooxygenation of allylsilanes gives ene reactions without loss of the 

silyl group. (Eqn. 352-353) 

TMS 
TMS 
I I I I 

0 

I 
/\O (352) 

-1 
[I671 -J 

;MS 

1 )02/hv 

2)NaBH4 

C2871 

TMS 

The stereochemically nonrigid silylcyclopentadienes ,$,$_ and m, were 

found to undergo 1,2 migrations as the lowest energy pathway. [245] 
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'. 
SiMe'PrH 

. 

6 \I 

JJ% 

F. Spectroscopic and Theoretical Studies 

The photoelectron spectra of the silacyclopentenes ,@,$ show an increase in 

the ionization potential in the order of electron acceptor ability of the silyl 

group. [135] 

= Et, Me, TMSO, EtO, MeO, Cl 

1.88 eV 9.67 eV 

The high field NMR spectra 

merit forms of #,i$ and m have 

[2891 

of m have been studied. [288] The three iso- 

been studied by HNDO approximation calculations. 

(H2C=CHCH21le2Si)2Hg 

JiX 

IX. PROPARGYLSILANES 

R= H, Me 

k?/! 

The 1,4-bistrimethylsilyl-2-butyne was prepared according to Eqn. 354. It 

proved to be useful in the preparation of the allenes and 1,3-dienes as shown. 

(Eqn. 355) A 3:Z:l ratio of acetal:#,Q:TiC14 gives mostly ,$4J whereas a ratio 

of 5:2:2 gives mostly m. 

l)"BuLi 
TMSCH2C%H > Tf1SCH2CXCH2TMS (354) 

2)TF1SCH21 

20 h/50" J&!/Q 

c2901 
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RlEZ 

2 
OR2 

LHR' 

$+cJ + R'CH(OR2), 
Tic14 

CH2C12 
> CH2=C=CCH2TMS + I X /\ t- 2901 R1CHOR2 

(355) 

7 examples 

MA 2% 
25-778 49-95% 

Deprotonation of the propargylsilane ,#,,$ followed by quenching of the anion 

with aldehydes or ketones gives mixtures of allenyl and propargyl products. 

These can be hydrolyzed to the functionalized vinylsilanes. (Eqn. 356) 

1)"BuLi 
TMSCH2CXNEt2 - 

2)R'COR2 

U? c2911 

VJ,CNE': 'MT _ 5" 

HO R2 

I 
H20 

I 
H20 (356) 

TM CHO TMS 

R' 
U L OH 

GX X- 
R2 OH 

-W- 
R' 

0 
R2 

R' R2 %$lJ %,J$$ % Yield 145 

Ph H 74 26 77 

Ph Me 76 24 85 

Ph Et 75 25 81 

Me Me 72 28 75 

X. BENZYLSILANES 

Benzylsilanes were prepared by the Mg/THF/TMSCl method. (Eqn. 357) These 

were reduced with Li/NH3(1) and the resulting allylsilanes protodesilylated. 
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Mg/THF 

TMSCl 

c2921 

TMS 

4 I 

\ 

/ 

Me OMe 

< HCl ] 

H20/THF 

Benzyl chlorides were coupled with disilanes to give benzylsilanes. (Eqn. 

358). 

Me2 Me2 

t ClSi- Sic1 
Pd (PPh,& 

mesitylene 
1300/3 h 
[2931 

98% 

(358) 

Isothiochromanyl lithium was silylated to give the benzylsilane ,J,$$,. (Eqn. 

359) Trimethylchlorosilane trapping of the initial product of benzylmagnesium 

1)nBuLi 

2)TMSCl ' 
(359) 

[2941 
TMS 

$!A 

chloride with monomeric formaldehyde to give the benzylsilanes shown. (Eqn. 360) 

( 
TMS 

MgCl l)CH20/4 h 

2)TMSCl 
24 h 

> o"-: &OH 

[2951 46 pts 7 pts 

t other nonsilylated products 
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Arylphosphates can be coupled to trimethylsilylm ethylmagnesium chloride 

to give benzylsilanes. (Eqn. 361) 

0 

ArOg(OEt)2 

TMSCH2MgCl 

Ni(acac), 
> ArCH2TMS (361) 

[296] L 
5 examples 

(52-77%) 

Benzylsilanes can be reacted with fluoride ion in the presence of electro- 

philes to give the products of reaction of benzyl anion with the electrophile. 

(Eqn. 362) 

MS + PhCHO F- > 
[2831 

Also used benzyl bromide and propylene oxide 

and 6 and "qTMs 

Cl 

as electrophiles 

(362) 

as benzylsilanes 

The charge-transfer frequencies of some TCNE-benzylsilane complexes were 

measured. The photoelectron spectra and 
13 

C-NMR spectra of the benzylsilanes 

were also recorded. [297] 

XI. o-FUNCTIONAL ORGANOSILANES 

A. Preparation 

Direct bromination of a-silylmethylenes leads to a,a-dibromosilanes as 

shown in the examples below. 

reacts preferentially at the 

(Eqns. 363-364) As expected the second bromine 

already brominated carbon. 

He2 

TIASCH2SiCH2TMS 

Me2 
Si 

f1 
Me2Si - SiMe2 

Br2/hv Me SyXBiiMe 
> 

2 2 

(2981 

Also reacted (BrMe2Si)2CH2 and (Me2SiCH2)4 

References p. 191 

Br2 > 
Me2 

TMSCH2SiCBr2TMS (363) 

$8, 

(364) 
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Silylation of trimethylsilylchloromethyllithium gives the bissilylated 

chloromethane. (Eqn. 365) A more practical route to this same compound be- 

gins with dichloromethane. (Eqn. 366) 

TMSCH2Cl 
l)R2NLi 

> TPlS$HCl (365) 

2)TFISCl TMS 

[299] 

(Yields increased in the order R= Et<iPr<C6H11) 

THF/Et*O/pentane l)"BuLi/-100" 

CH2C12 + 2 TMSCl + 2 "BuLi B (TMS)2CC12 2)EtOH 
-100" rt 

c3001 

-7 

(366) 

a-Bromocyclopropylsilanes are best prepared from the corresponding di- 

bromocyclopropanes. (Eqns. 367-370). Related reactions are given in Eqns. 

371-372. 

Br 

Br 

Br m Br 
R 

1)"BuLi 

2)TMSCl > 
c3011 

1)"BuLi 

2)TMSCl 
> 

[3011 

1)"BuLi 

2)TMSCl 
> 

[3011 

4 Br 

TMS 

(367) 

(368) 

TMS (369) 

R= Ph 95-97% cis TMS 
R= PhCH,OCH, 50% cis TMS 



Br 

Br Br 

Me2 

R&CBr3 

l)"BuLi/-100" 

> 
2)TMSCl 

[30*1 

l)"BuLi/-100" 
> 

2)PhMe2SiCl 

c3031 

l)"BuLi/-115' 
> 

2)TMSCl 
II3041 

R' R* 

Br 

125 

(370) 

(371) 

R' R* 

(372) 

,lA CBr 
2 
TMS 

& R*= H 69% 

R'= Me, R*= H 76% 

R'= H, R*= Me 50% 

The coupling of disilanes with carbon tetrachloride gives the trichloro- 

methylsilane in good yield. (Eqn. 373) 

(MeCl*Si)* + Ccl4 
Ph3P 

CBll 
> C13CSiC12Me (373) 

62% 

The chloromethylsilane J,!lJ was prepared via direct allylation. It was 

then converted to the phosphinyl derivative cyclization of which gave the phos- 

phasilabicyclo[3.3.l]nonane ,J,@,. (Eqn. 374) 

2 \w"gC1 

MeC12SiCH2Cl _ 
c3051 

(374) 
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Iodotrimethylsilyl iodide opening of the silylcyclopropane ,J,$,!$ gives the 

a-iodosilane J,@. (Eqn. 375) The a-iodosilane can be reduced or substituted. 

0 0 

TMS-I 

CH3CN/-20, (">, 
TMS 

[2591 

(375) 

TMS TMS 

X= Cl, 

Chloromethylmethyl ether readily forms methoxymethyllithium, which is 

silylated to give the methoxymethylsilane. (Eqn. 376) The methoxymethyl- 

silane is an excellent precursor to the iodo, bromo and triflate derivatives. 

(Eqns. 377-379) 

TMSCl 
MeOCH2C1 L1 

DMM 
MeOCH2Li P MeOCH2TMS 

13061 150a 
?n/L 

G!lQ 

NaI 

C3061 

CH3CN 

TClSCH$ 

87% 

TMSCH20Tf 

93% 

THSCH2Br 

73% 

(376) 

(377) 

(378) 

(379) 
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a-Thiophenylcyclopropyltrimethylsilane is prepared from the corresponding 

lithium reagent prepared as shown in Eqns. 380 and 381. The interesting si- 

lylated dithiane m was prepared according to Eqn. 382. A similar reaction 

is shown in Eqn. 383. 

1)"BuLi 
Ph > 

2)TMSCl 
85% 

c3071 

phs- SPh 

1)"BuLi 

2)TMSCl 
C3081 

H 

1)"BuLi 
> 

2)TMSCl 
[3Nl 

TMS (380) 

SPh 

(381) 

(382) 
H 

(383) 

Metal-metal exchange of your diselenocyclopropanes followed by silylation 

gives the a-selenephenylsilane. (Eqn. 384) 

4 (384) 

a-Phosphorylsilanes were prepared. (Eqn. 385) They are entries into a- 

hydroxy-c(-phosphorylsilanes and acylsilanes. (Eqn. 386) 

References p. 191 



128 

tl 
R 1)LDA 

TMSO 

Y 
WW2 

TMSOCH2P(OEt )2 
2)TMSCl ' 

[ml 152 TMS 

(385) 

1)LDA 

1 2)RX 
0 

R= PhCH2 55% TMSO 

x 

:(OEt)2 

R= PhCH2CH2 67% R TMS 

153 

HO 

TsOH > X 
(W2 Bu3SnOMe 

J.# 
15 min. 

- phdMs (386) 
toluene/A 

c3091 R TMS + 

Direct metalation of a methylphosphine ligand bond to nickel is possible. 

Silylation gives the silylmethylphosphine, which remains bound to the nickel. 

(Eqn. 387) The ligand can be removed by treatment with CO and FleI. 

R'R*PCH TMS 

1)2 "BuLi 

2)TMSCl ' 
c3101 

+\i-ZQ 

R'R*PCH TMSoMe 
2 

R’= R*= Me 45-55% 
R1R2!>CH1TMS 

co 

R'= Me, R*= Ph 70-80% 
Me1 

2 

(387) 

Trimethylsilylation of Wittig reagents gives the silylated Wittig reagent 

,V&. (Eqn. 388) These can be alkylated and then treated with fluoride to ge- 

nerate the disubstituted ylid, which reacts with aldehydes. (Eqn. 389) 



2 Ph3P=CHR1 

JJ,$ + R2X 

TMSCl 
> Ph3P'FR' + 

+ cl- 

c3171 
Ph3PCH2R1 

TM S 

m 

(388) 

x- 

Ph 'p CR1R2 
CsF 

- 3- I 
W Ph3P=CR'R2 (389) 

129 

9 examples 

(1583%) 

The cl-cyanosilanes $$j were prepared in an interesting condensation reac- 

tion. These lead thermally to o-cyanovinylsilanes and via protodesilylation 

TMS 

TMS 

As 
R3CH0 

to Z-vinylnitriles. (Eqn. 390) 

BF30Et2 
> 

benzene/rt 
[3121 

NaOMe 

' MeOH 
Et20/00 

TMSS) ‘TMS 

RCH--F-CN 

TMS 

J.22 

1 

A/benzene 

\ CN 

P/J 

--A 
TMS 

(390) 

B. Reactions 

1. Reactions of a-Silyl Organometallic Reagents 

Bis(trimethylsilyl)chloromethyllithium reacts with chlorophosphines to 

give methylidene phosphoranes. (Eqns. 391-393) 
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TMS 

> 
9- TMS 

(TMS),$ClLi + RPC12 
r3131 R-P'. TMS 

(391) 

I/?/Q 
Y 
TMS 

R= C6HT1, Ph, Me2N (65-70%) 

MS 

(Me2H)2PC1 + $& 
[3131/ 

TMS 

(392) 

PC13 + $j!j 
[3141 

TMS 

(393) 

(+Chloroethyl)trimethylsilane can be deprotonated to give the lithium re- 

agent j,_& reaction of which with aldehydes or ketones leads to o,B-epoxysilanes 

rather than a Peterson reaction to give vinyl chlorides. (Eqn. 375) 

Li 

TMSCHCH3 + 'BuLi 
THF 

I -7aG55" 
> TM&H3 

Cl 
Al 

&X2 

R1COR2 
(53-96%) 

A similar deprotonation of methoxymethyltrimethylsilane gives lithium re- 

agent ,$@, which reacts with aldehydes and ketones to give a-methoxy-B-hydroxy 

silanes. These are converted to aldehydes, B-methoxy alcohols and enol ethers. 

(Eqns. 395-396). 
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TMS 

0 

'BuLi/THF 
Li 

TMSCH20Me 
X-z-+ 

TMSkHOMe 
o”, OMe 

[3161 JJR 

4 examples of ketones 
(65-89%) 

80% 
3 examples 

I 
(55-85%) 

HO 

The u,-bromo-a-silyllithium reagent @,Q gave the reactions shown below. 

(Eqn. 397) The corresponding dichloromethylsilane &@, gave metal-hydrogen 

exchange. (Eqn. 398) 

t 
Bu3SiCHBr2 

MeL i 

c3171 
tBu3SiCHBrLi 

2x > tBu3SiCH=CHSitBu3 

159 

tBu3SiFHCHSitBu3 

k 

tBu3SiCH2Br 

Br r 

(397) 

tBu3SiCHC12 MeLi > tBu3SiCC12Li & tBu3SiCC1=CC1SitBu3 (398) 

c3171 

@a 
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The a,a-dibromosilane ,J,Q,? prepared according to Ean. 372 reacts with methyl 

lithium to give the bicyclobutane ,Jj,$. (Eqn. 399) Some reactions of jj,$ and 

related systems are given. (Eqns. 400-403) 

CH2=CHCH2CBr2TMS 
MeLi 

Et,0 

iMS 

163 

+ 

(399) 

47% 

Me (400) 

TMS 1 pt 

(401) 

R2 

R J+ 
c3041 

TMS 

TMS 

R'= Me; R2= 
> 
H 

The a-thio trimethylsilylmethyllithium reagents ,@j react with amides to 

(402) 

(403) 

give functionalized enamines. (Eqn. 404) The reaction of the sulfones follows 

a similar path. (Eqn. 405) The reaction products with esters, urea and ethyl- 

carbonate were hydrolyzed to the a-thio carbonyl systems. (Eqns. 406-408) 

0 

TMS!HSR' + 
R2 

R'SwR2 
NR; (404) 

Li 
H 

I%! 
L 

6 examples 

R'= Ph, Me (40-95%) 
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R'S02 

TMSCHS02R' + R2!NR3 
/JR2 

I 
2 

Li 
\ 

NR; 

R= Ph, Me 
4 examples 

(24-81%) 

(405) 

~)O~/THF 
M+ PhC02Et Z)H PhSCH2COPh, + PhSCH2TMS (406) 

2 
60% 38% 

C3181 

0 
?I 

AJH Me2N NMe2 
----+a PhSCH2C-Nfle2 (407) 
C3181 

0 

Et0 
A. 

OEt [3181 ’ 
PhSiHC02Et (408) 

THS 

165 

The a-silyl ester &$$ can be further deprotonated and reacted with benzal- 

dehyde to give the unsaturated ester. (Eqn. 409) 

\’ 

MA LDA > PhSFC02Et 
PhCHO > PhSwPh 

Et0 CA 

(409) 

C3181 TMS 
2 

H 

59% 

Metal-bromine exchange of ,#,Q gives the lithium reagent which could be alky- 

lated as shown. (Eqn. 410) 

Me s;xs;y;;2 
R SiPhMe2 

2 2 1)"BuLi 
Me2Si & 

2)RBr 
[3031 <I 

iMe 

R= 

Si R= 

Me2 

(410) 
Me 90% 

"Bu 60% 

a-Trimethylsilylcyclopropyllithium reagents received some attention. Exam- 

ples of their synthesis and reactions are given below. (Eqns. 411-415) 
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SPh Np'Li+ ~ bLi R'COR' ~ *;H (411) 

THF/-7a0 

\ 
TMS 

[3071 
YMS TMS 

TMS 

@ 

r 

97% endo 

R 

4 

Br 

i-MS 

TMS 

Br 

1)"BuLi 

2)HOAc 

1)"BuLi 

2)HOAc 

c3011 

1)"BuLi 

2)"C6H13CH0 
> 

3)KH 

c3011 

TMS 

(412) 

endo:exo= 73:27 

R 

TMS 

R= Ph (78%); c/t 83:17 

(413) 

\hCHO gave 55% 

\CHO gave 45% (1,2 addn) 

R1COR2 
R' (415) 

R2 

;MS 'TMS 

(Cyanomethyl)trimethylsilyllithium was converted to 

which was reacted with aldehydes to give n,D-unsaturated 

stereoselectivity. (Eqn. 416) 

B(OiPr)3 RCHO 
TMSFHCN > TMSfHCF! b 

Li [301-j 
L; -B(OiPr)3 

-73" 

i-MS 

11 examples 

(lo-85%) 

the borate complex l& 

nitriles with high 

CN Rw - (4’6) 

(Ph3Si and tBuMe2Si systems also looked at) 
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Trimethylsilylmethyllithium was reacted with AlEr3 to give the tris(trimethyl- 

silylmethyl)alane in excellent yield. (Eqn. 417) This reacts with KH to form the 

hydride in good yield. 

3 TMSCH2Li + A1Br3 hexane 
> (TNSCH~)~A~ 

KH 

reflux/li! h 
> K+HAl(CH2TIlS)3 (417) 

c3191 
B5% 

Tris(trimethylsilyl)methyltrimethyllead, J,Q,Q, undergoes electrophilic clea- 

vage of the methyllead bond rather than the silylmethylllead bond. (Eqns. 413- 

419) 

(TMS)3CPbMe3 x2 > (TMS)3CPbMe2X 
x2 > 

J.Jv? X=Cl,Br 

C3201 

(TMS)3CPbMeX2 (4lB) 

1 X= Br 

(TMS)3CBr + MeBr 

+ Pb 

JJ?lQ 

X3CC02H X= Cl,Br 

[320-j ' 
(TMS)3CPbMe202CCX3 _ (TMS)3CPbMe2X (419) 

A 

X= Cl, Br, H 
+ co2 + :cx2 

2. Reactions with Nucleophiles and Electrophiles 

The trimethylsilyldithiane ,J,Q$J was used as a way to generate the dithianyl 

anion "in situ" in the presence of a variety of electrophiles. The reactions 

proceed only moderately well. (Eqn. 420) Good yields of cyclic materialsare. 

however, possible. (Eqn. 421) 

EC= RX (5-30%); PhCHO (40-70%) 
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S 
OH 

CX 
TMS 

Bu4MF 

(CH2)nCHO 
THF 

S [3211 

(421) 

n % Yield 

; 56-65 5 

z 60-76 57-61 
7 10-20 

Attempts to utilize dihalomethylsilanes as entries into monohalocarbenes 

under phase transfer conditions resulted in protodesilylation only. (Eqn. 422) 

Me3SiCX2R NaOtl (50%) 
(Me Si) 0 

0+x- 
32 + 

X2CHR (422) 

C3221 

I+ H, alkyl 

The solvolysis of trimethylsilylnethyl tosylate and triflate is faster than 

the corresponding neopentyl systems in ethanol but slower in trifluoroethanol. 

A direct SN2 displacement is argued. [323] A kinetic study of the alcoholysis 

of various R3Si(CH2),,NMe2 systems was carried out as a function of n. [324] 

Trimethylsilylmethyl iodide or triflate are Toad reagents for the trimethylsilyl- 

methylation of alcohols. (Eqns. 423-424) 



+ -0Tf 

TMSCH20Tf + HHPA (Me2N)SPOCH2TMS 

137 

(424) 

ONa 

O\/TMS 

Under specific conditions the Brook rearrangement can be made to go with 

retention of configuration at carbon as shown in the isomeric silylcyclohexa- 

nols below. (Eqns. 425-426) 

) a OH tBuOK (425) 
DMSD:H20 

19:l 

II3251 

#OH 

tBuOK (426) 
DMSO:H20 

19:l 
II3251 

cu-Hydroxysilanes which contain groups capable of stabilizing a carbenium 

ion undergo loss of water in the presence of acid followed by methyl migration 

from silicon to carbon upon warming. (Eqns. 427-428) 

PH 
TMSCPh2 

FS03H 
FS03- 

warm 
> Me3Si-iPh2 ___$ 

Me2 tH3 

FS03Si-CPh2 (427) 
S02C1F to 0" 

-78" 
C3261 

OH FS03H 

TMShRMe _L___, 
t 

t (428) 
SbF5 

R-CMe2 Me2SiF2 

-78" 

C3261 
R= Ph, Me 
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Trichloromethyltrimethylsilane was reacted with ferrotetraphenylporphyrins 

(FeTI(P)) under reducing conditions to give silacarbene complexes which lose 

trimethylchlorosilane to give the complexes ,$,J,Q or in the presence of dithionate 

JJJ,. (Eqn. 429) 

Fe(P) + TIISCC13 
2e- > 

Fe(P)-C 
/Cl 

-2 cl- 'THS 

II3271 / \ 

(429) 

(P)Fe(CS) (P)Fe=C=Fe(P) 

I&L k7R 

Treatment of nethylthiomethyltrimethylsilane with arylsulfenyl chlorides 

gives thiomethylation of the aryl ring via a novel [2,3] sigmatropic rearrange- 

ment of a thiosulfonium ylid intermediate. (Eqn. 430) 

CH2C12 

SC1 + TMSCH2SMe 
’ ’ -30" 25" 

[3281 
'-":::,,, 

(430) 

-TMSCl 0 +/CH3 

x \ / S-SNCH2- A 



The o-silyl imine, a, is a 

which can lead to pyrrolidines as 

precursor for a highly useful 1,3-dipole m 

illustrated in Eqns. 431-432. 
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iMS 6Tf TMS 
I 

TM N= CHPh TMS\/+F1\\CHPh =-+ CH;k 
(431) 

JG 

CHPh 

AZ? 

XCH=CHY 
> 

c3291 

R= H, TMS 
R 9 examples 

high yields 

X Y 

XECY 
- 

r3291 > a r Ph 

R 

X= Y= C02Me 92% 

The configurations of o (or p) tolylbenzylmethylsilylmethylamine 

by conversion to known systems via standard reactions. [330] 

C. Spectroscopic Studies 

(432) 

(433) 

were determined 

The X-ray crystal structure of (2-chlorobenzyloxymethyl)trifluorosilane J&ja 

showed it to have a trigonal bipyramidal silicon atom. [331] 

m 3 

The infrared spectra of chloromethyl and bromomethylsilanes jJ,$ and JJJ, 
._ 

respectively, revealed that the SiH bonds are gauche and trans to the halogen 

and that this confonnational effect accounts for the doublet seen in earlier 

work. [332] 
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HSiD2CH2C1 HSiD2CH2Br 

XIII. B-FUNCTIONAL ORGANOSILANES 

A. B-Hydroxy and Related Organosilanes 

The preferred method of preparing B-hydroxyorganosilanes is via the reac- 

tion of a silylmethyllithium or magnesium reagent with an aldehyde or ketone. 

The resulting B-hydroxysilane is often converted to an olefin. Examples of 

this process are given in Eqns. 434-438. 

Reactions of the trimethylsilylmethyltitanium reagent m and the chromium 

reagent $'J with aldehydes, but not ketones, were reported. The intermediate 

B-oxidosilane undergoes spontaneous elimination as the titanium salt (Eqn. 441) 

but not as the chromium salt. (Eqn. 442) 

TMSCH*MgCl 

m 
61% 

OH 

TMSCH2;HCOCH3 

Me 47% 

(434) 

(435) 

(436) 

Cl991 > (437) 

OH 
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” 75% 
TMS 

‘2_ \ + TMSC”2%Cl c334, > 

TMS 

/ 
d 

--x? 
HO 

MS (439) 

25" HO 
R' 

JMS 

Y 
HO 

(440) 

CHO 
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TMSCH2~jC13 + RCHO + 

UJI 
J 8 examples 

(59-65%) 
3 ketones (O-8%) 

TM OH 

TMSCH2CrC12 + RCHO b 

Y? 

"301 "L (442) 

2 examples 

fILQ 45 + 47% 

The fi-hydroxysilane G was converted to the propionate ester, which under- 

goes a silicon-mediated homo-Claisen rearrangement to give an allylsilane, m, 

J82, which can be further reacted to give protodesilylation. (Eqns. 443-447). 

The protodesilylation must occur intramolecularly via &?,$ to account for the 

stereochemistry observed. 

t TMSCH$lgCl /_./ TMS 

TCHO 

F3361 ' 

--Y 

(443) 

HO' n 

R' R2 

“22 

(EtCO)20 
' 

TMS 

IX? DMAP/Et3N ' 

LDA > 
-780 rt 

Me 

181 

R'= Me, R2= H 
R'= H, I$= Me 

a08 
95% 

R'= Me 61% 9;;,t;ans_erythro 
R2= Me 53% "0 

TMS 

(445) 

(446) 
100% 

C3361 



IL!? 

BF3.HOAc 
> 

85% 

C3361 

Me 

Me A 

The oxy-Cope rearrangement of ,$@ was also carried out to give allylsilanes. 

The allylsilane m undergoes an intramolecular cyclization to give ,$I&. (Eqns. 

448-449) 

OH 

R' 

CHO 

"BuOCH=CH2 

> 
Hg(OAc12 

C3361 

R'= Me, R*= H 

R'= H, R2= Me 

‘MS 

U 
MgBr 

c 

/ 

CHO 

TMS 

U 

G \ 
0 

185 

R' R* 

TMS 'lo" > 

85% 

92% 

TMS 

OH 

(448) 

PCC 
> 

(449) 

BF30Et2 

136 73% 
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Conditions were found wherein it is possible to protodesilylate B-hydroxy- 

silanes, in what is in effect, a home-Brook rearrangement. The reaction occurs 

with retention of configuration at carbon. (Eqns. 450-454) Some B-elimination 

does occur in these reactions. 

HO TMS 

nc6H1 OH 

TMS 

TMS 

-_/ 

Pr Pr 

prdMS 
-3 r 

OMe 

KOtBu 
> 

DMSO:H20 

C3251 

same 
> 

c3251 

(450) 

nC6H,3CH2CH20H (451) 

TMS 

~)MCPBA 
HO / Pr 

2)NaOMe 

I 

X 

[3251 
Pr OMe 

OH 

89% 

KOtBu 
HO 

> g 

r 

(452) 
DMSO:H20 

Pr OMe 

Pr 

I)MCPBA 
HO / TMS 

2)NaOMe 9Y 

KOtBu 
(453) 

[325] Pr 
OMe 

DMSO:H20 

KOtBu 

DMSO : 2 
[3251 

,,OMe a OH 
75% 

(454) 

The solvolysis rates of ,@J, J#$ and J,,@ in trifluoroethanol were carried 

out and the values obtained are given below. It is argued that in the cis iso- 

mer ,JJ$ a through bond effect of the silyl group enhances the rate whereas in 

the trans isomer ,Jfi both a through bond effect and neighboring group partici- 

pation are rate enhancing. [337] 
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rel. 
M 
rates 1.0 

JB? 
2.47 x lo6 

B-(Trimethylsilylethyl) esters, useful protecting groups for carboxylic 

acids, were employed in the protection of amines as shown,in Eqns. 455-456. 

ClC02CH2CH2TMS + Hg(CH2C02Fle)2 MeOAOAO/QMS (455) 

&Q 
65% 

J$J + R'R2NH + 
8 

R1R2N-C-OCH CH mS 
2 2 

+ CH3C02CH3 (456) 

7 examples 60-87% 

R'= H, R2= CH2C02H 99% 

2-Trimethylsilylethanol found use as a reagent for the protection of the 

anomeric center in pyranosides as shown in Eqn. 457. 

TMS 

The a-silylated ketals ,j,!$J, react with TMSBr to give cyclobutenes J,$$. (Eqn. 

458) 

OR 

OR 
TMSBr 

> 

c3401 
TMS 

X= CO, R= Et 77% 

A/?I 
X= S02, R= Me 53% 

(458) 
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2-Trimethylsilylethanol can be converted to the B-bromo or B-iodosilanes 

m. The B-iodoethylsilane reacts with allenyllithium reagents to aive B-silyl- 

allenes. (Eqns. 459-460) 

TF1SCH2CH20H 
Ph3PX2 

> TMSCH2CH2X 

c3411 
I22 

(459) 

X= Br 452 

x= I 42% 

R1 R3 

+ TMSCH2CH21 -3 

(460) R Li 

5 examples 

(O-70%) 

The trianions ,_l$J can be quenched with RISC1 to give the B-aminosilanes. 

(Eqn. 461) The reaction of n-propylamine with trimethylvinylsilane in the 

presence of "BuLi gives the B-aminosilane. (Eqn. 462) 

B-Silylenamines were prepared as shown in Eqn. 463. 

NHPh 

(BrHgCH2)2CH-NHPh II > (MCH2)2CHNMPh 
l)TMSCl > TMS&MS (461) 

13421 
2)H o 

2 
Fl= Li, Na, K 

m 

TIlSCH=CH2 + "PrNH2 
"BuLi > TMSCH2CH2NHPr 

60-65"/THF 
10 h 

c3431 

R' NR3R4 

R'CBr=C' 
NR3R4 

'R2 

1)"BuLi 

2)R3SiCl ' 

[3441 nR2 R3Si 

(462) 

(463) 

10 examples 
(27-89X Z:E mixtures) 
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Organosilanes containing the 6-sulfoxy group can undergo loss of the silicon 

or a B-hydrogen. In theprsence of a B-silyl group loss of silicon is seen and 

in fact is faster than the corresponding loss of H. On the other hand when both 

6-silyl and 6-H are present,loss of H is observed. (Eqns. 464-469) 

0 

0 

O'isPh 

R &TMS 

'<SPh 

TMS 

+ 0 

0 

TM f 
f-l SPh 

0 

!SPh . 

t1/2 
= 4.6 h 

> 
L 

CC14/90" 
0 

[3451 

0 

CC14/reflux 

> 
100% R= Ph 
C3461 

CC14/70" 

> 
3 min 

$2 
= 3 min 

II3471 

120" 

fast 
[345, 3473 

(464) 

(465) 

R~..+JMs t R-TMS 
12 pts 

1 

83 pts E 5 pts Z 
HI 

(466) 

R-+N 

R= Ph 

(other 

TMS 

MeC~CCOMe 

220-230" 

slow 
MeC%COMe 

0 [345, 3471 

References p. 191 

79% 

examples) 

L- (467) 

> 

0 

trace 

(468) 

(469) 
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B. B-Carbonyl and Related Organosilanes 

B-Ketosilanes, more commonly and hereafter referred to as u-silyl ketones, 

were prepared by a variety of methods. Examples of both the synthetic approaches 

and the subsequent reactions of the a-silyl ketones where applicable are given 

below. Cyclic a-trimethylsilyl ketones were prepared in three steps from cyclo- 

alkenylsilanes. (Eqn. 470) 

TMS 

MCPBA 
> (CH3Gs ?&..CH~~ 

n= l-8 Q70% 

l-Trimethylsilyl-l-formyl or acylcyclopropanes were prepared as shown in 

(470) 

Eqns. 471-472. Ilittig reaction on this aldehyde gives the corresponding allyl- 

silane. (Eqn. 471) 

Br 

TMS 

(see Eqn. 351) 

R R 

1)"Bu2CuLi 0 

Br 

> 4 

(472) 
2)AcCl 

[3011 
R= Ph (52%) 

TMS TMS 
R= BzOCH2 (66%) 

is in the form of its silyl enol ether. (Eqn. 473) 

R ,ORlS 
TNso@=c 

\ 

CHZ 
OMe 

J.X 

?T"S 
TMSCH2C=;-CG211e (4 

R 

R= H 50% 

R= Me 38% 

The diene ,jJ,$, thermally rearranged to the a-silyl ketone where the ketone 

73) 



149 

Trimethylsilylcyclopropanores undergo reactions with nucleophiles to give 

cleavage of the Cl-C2 bond. (Eqn. 474) and with TNSBr or TMSI to give cleavage 

of the C2-C3 bond. (Eqn. 475) 

0 
0 

(474) 

TNS 

0 

TMS 

a-Silyl esters were prepared by a ~~ormatsky procedure. (Eqn. 476) Ethyl 

a-silylacetates were reacted with Grignard reagents and the resulting &hydroxy- 

silanes eliminated to give 1,1-disubstituted olefins in good yield. (Eqn. 477) 

R'CHC02R' 
Zn/TMSCl 

benzene/THF/Et20 * R'CHC02R' 
R'= Me, Et, Pr 

Br 
R2= Et, 'C5Hll 

(476) 

60-100" 
+ MS 

c3511 

1)2 R2MgX 
RlMeSiCH2C02Et - 

2)H2S04/THF 

or BF30Et2/CH2C12 

R1= Me, Ph C3521 

CH2=CR; 

O-98% 

(477) 

In a related reaction ~-(diphenylmethylsi?yl)-y-butyrolacton~ was reacted 

with Grignard reagents to give 4,5-dihydrofurans ;141e, which were converted di- 

rectly to 4-oxocarboxylic acids. (Eqn. 478) The cx-silyl ester m, prepared 

from trimethylsilylketene, undergoes an intramolecular condensation upon treat- 

ment with fluoride ion. (Eqn. 479) 

0 R 

SiPh2Me 
RMgX Jones (478) 
c3531 



(479) 

Deprotonation of a-silyl esters followed by condensation with aldehydes 

leads to ti,B-unsaturated esters or 8-hydroxysilanes, which can be converted 

to o,B-unsaturated esters. The stereochemistry of the process depends on the 

reaction conditions. (Eqns. 480-481) It is argued that the base catalyzed 

elimination i s stepwise allowing for loss of stereoselectivity. 

TMSCH2CD2R1 l)LDA/-65" 
> TMSCHC02R1 

(TMS)2NNa 

I 
> 

" L 

2)MgBr2 
R2CHOH 

\ (480) 

R= Me, Et, iPr 3)R2CH0 
C02R1 

single diastero- E:Z= 70:30 

i 

BF30Et2 

R2 

I-- 3 examples 

\ 
75-73% 

co R1 98:2 E:Z 
2 

TMSCH2C02R1 l)LDA 

2)MgBr 

3)R*CHO 

4)HMPA/O" 

R2 C02R1 

three examples 

E:Z= 15-29:85-71 

(481) 
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A trimethylsilyl route to labelled diethylmalonate is shown in Eqn. 482. 

l)13C0 
TMSCH2MgCl 2 

2)HCl 
> TMSCH213C02H 

pH 4.5 84% 

1)LDA 

2)13C0 

H C(13C0 
2 

2 2 
Et) 

2 
3)HCl 
4)EtOH/TsOH 

74% 

(482) 

The cl-silylated imines or the N-silylated isomers are photooxidized to the 

a-silylperoxy imines. (Eqn. 483) 

/H 
MeC-C 

21 
OOTMS 

+N-R 
(483) 

Deprotonation-silylation of 1,2-diaza-3-sila-5-cyclopentenes gives the 4- 

alkylated derivatives. (Eqn. 484) Other reactions are shown in Eqns. 485-487. 

R1 RLN 
\li \ 

/ 3- 

R2 

l)tBuLi 

2)PhSiF3 

II3581 
PhSiF2 SiPhF2 

(484) 

(485) 

(485) 

References p. 191 
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198 
NBS S-N 

> [X581 
(487) 

Br 
20% 

Silylation of the anions of ketone N,N-dimethylhydrazones gives the a-silyl 

hydrazone (-78") or the cx,a-bis(sily1) hydrazone (OO). (Eqn. 488) 

N,NMe2 l)Et2NLi 
N/NMe2 

> / 

R 2)TMSCl/ R 
> 

[X591 
at -780 at 0" 

t MS 

_ TMS + 
MS (488) R 

C. Y-Functional Organosilanes 

Trimethylsilylbutyn-3-one ,J,$$ and trimethylsilylbuten-3-one ,&Q$ were pre- 

pared as shown in Eqns. 489 and 490, respectively. Some reactions are given. 

(Eqns. 491-494) 

0 

TMSCXTHS 
AcCl T#SC&H3 (489) 
A1C13 

C3601 M 
92% 

OH 

&?I? 

LiA1H4 0 

c3601 

PDC > -J= (490) 

f- 
TMS &Q 

200 
VVL 

J&x? 

LDA 

C3601 ' 

TMS" 

R2CuLi 

C3601 ’ 

(491 

(492 



TMS 

J.22 

R,$uLi 
>+ 

R= Me 99% 

[3601 /- 
R= Bu 68% 

R 

153 

(492) 

TMS OTMS 
l)Me$uLi 

0 

22.2 2)TMSCl 
(493) 

E3601 
95% 

Other syntheses of @-silyl ketones are given in Eqns. 495-500. As can be 

noted th& conjugate addition of a silylmetallic reagent is an excellent route 

to these systems. 

Me3SiLi + 
h * .,hTMl ~~~5) 

92 pts 8 pts 

axial attack equatorial attack 

l)Li/THF 

-;MSCl ' bTMS bn4, (4g6) 

[561] 

0 

0 I 
References p. IQ1 

SiPhMeZ 

L 

64% 66% 
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R 

& 

I 

l)(PhMe2Si)2CuLi 

2)CrO3 
> 

Cl [3601 
R 

0 

R a 1 (499) 

R 
SiPhMe2 

SPh n 

This methodology was applied to a synthesis of dihydrojasmone. (Eqn. 501) 

BF3.HOAc (501) 

42% gg% SiPhMe2 

The reduction of 3-trimethylsilylcyclohexanones with LiA1H4 was found to 

be only moderately stereoselective. (Eqns. 502-503) 

fiTMS ::I:1 ’ 6. + tJ_ 
87% 13% 

(502) 



0 

H 
TM5 92% 

0 

ti 
TM5 81% 
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mixture of isomers 

The f3-silylketones w and $Q$ aromatize upon oxidation in methanol to give 

the estradiol methyl ethers. (Eqn. 504) 

H 

TMS 
I 
I 

& 

OH 

/ 
MeOH 

2Q 
(504) 

H 
"202 

TMS 
, 

or 

0 & 

H2S04 
C3631 >& Me0 

:I 

I 

The titanium reagent 2X_ (Eqn. 505) can be carboxylated to give the e-silyl 

carboxylic acid or treated with acetaldehyde or acetone to give the Y-hydroxy- 

silanes. (Eqns. 506-507) Protonation gives the olefin. (Eqn. 508) 

Cp2TiSiMe2Ph + 

(see Eqn. 82a) 

CO* 
203 

References p. 191 

[146] ’ 

(5051 

iPhMe2 

iPhMe2 
(506) 
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203 

1; 2 
R C-R 

[1461 i PhMe2 
(507) 

EtOH 
203 

or (5o5) 

[1:6] 

91 x 

3-(Trimethylsilyl)propionic acid reacts with mercuric acetate to give the 

mercury salt, which can be decarboxylated to give a B-silylethylmercury salt. 

(Eqn. 509) 

TMSCH2CH2C02H 
HdW2 

(TF!scH~cH~c~~)~H~ (509) 
[3641 

_1 

h or EzOOBz 

cl- 

TMSCH2CH2HgCl 

The crystal structure of the unusual y-silyl ester m and the amide ,Q$j 

were determined. [365] 

204 

The v-iodosilane &Q,Q was prepared from the corresponding mesylate. (Eqn. 

510) It serves as an alkylating agent. (Eqn. 511) Its reactivity is much 

lower than that of the nonsilylated derivative m, (Eqn. 512) but better than 

the tert-butyl analog &QQ. [366] 



MS n MS 

NaI 
> 

acetone n 

12841 I TMS 

2% 
TMS 

0 0 

6 

X 

2)&% 
) & 

l)KH/DME 
1 _ 

-L 
X 

C3661 
X= PhS, MeS, PhS02 (see also ref. 284) 

fi + )j + sso2Ph ~ 

TMS I I 

lzp(i zJ?z 

157 

(5'0) 

HO 

dz 

(512) 

X 

R 

R= H 10 pts 
R= TMS 1 pt 

The y-functional silanes &!$ [367], m [368-j, and m [369] and related 

systems were reported. Compounds of the type m and ,QJ are ultraviolet 

absorbers. 

Rj$X-X-02CNH(CH2)3;i3 

OR' 

x = co, c=c' 

/ 

b 

'C02R 

\ 
I 

0(CH2)3SiR2n(OR3j3_n 

210 

R' 

CH2=rk02(CH2)3SiR~(OR3)3_n 

References p. 191 
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XIV. MISCELLANEOUS FUNCTIONAL ORGANOSILANES 

Cyclohexenone reacts with trimethylsilylmethylmagnesium chloride in a 

Michael fashion (Eqn. 513) whereas the reaction with crotonaldehyde or cin- 

nanaldehyde proceeds in a 1,2 fashion (Eqn. 514). 

0 0 

TMSCH2MgCl 

c3341 TMS 

-7 
CHO 

97% with CuBr 
70% without CuBr 
3 examples (72-97%) 

TMSCH2MgCl 

i-3641 
> 

(513) 

(514) 

R= Me, Ph 

(Trimethylsilylmethyl)cyclopropyl ester ,$J was converted to y,&-unsaturated 

ketones according to Eqn. 515. 

92% 3 other examples 

xv . a,@EPOXYSILANES 

Excellent yields of a,B-epoxysilanes were obtained from the a-chloro-n- 

silyllithium reagent ,&j_ and aldehydes and ketones. (Eqn. 516) This approach 
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Li 

TM&H3 
R'COR' 

:1 
c3151 > 

(516) 
TMS 

(see Eqn. 375) R' and R2 # H 11 examples (35-96%) 

R' or R2= H 7 examples (53-96%) 

was used to prepare R(+) Frontalin, the aggregation pheromone of the southern 

pine beetle, ,I$$ (Dendroctonus frontalis). (Eqn. 517) 

(517) 

HO 
)2 BF30Et2 

MeOH 

Silylated styrene oxides were prepared from aryl aldehydes and trimethyl- 

silyldiazomethane. (Eqn. 518) 

CHO 

+ TMSCHN2 > 
I3711 

(518) 

NO2 

The optically active vinylsilanex gave the corresponding epoxysilanes, 

but with very poor asymmetric induction. (Eqn. 519) 

Si*NpPhMe 

MCPBA 

97% 
IT271 

43 pts 57 pts 

Acetylenic vinyl ethers were prepared from acetylenic alcohols and epoxy- 

silanes as shown in Eqn. 520. Acetylenic vinyl esters were also prepared. 

(Eqn. 521) 

References p. 191 
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HCX(CH2)nOH + 
BF30Et2 

l'!S 

> HCX(CH2)nOCHCH20H (520) 
CH2C12 

[3721 
3 examples 

n= 1 68%; n= 2 74%; 

n= 3 73% 

HCZC(CH2),0CH=CH2 
< KH / 

Et20 

n= 1 50%; n= 2 55%; n= 3 73% 

BF 0Et2 
0 

HCZ(CH2),C02H > HC%(CH2$-0CHCH20H (521) 

cH2c'2 :r:s 
[372]- 

n= 0 94% 
n= 1 30% 
n= 2 5G% 
n= 3 51% 

L DCC/Ac20 

1 Bu4NF 

1 
HC=7:(CH2),COCH=CH2 

n= 0 45% 
n= 1 N.R. 
n= 2 91% 
n= 3 76% 

XVI. ACYLSILANES 

A. Preparation 

The most direct approach to acylsilanes to appear is the direct generation of 

an alkyllithium reagent in the presence of trimethylchlorosilane. (Eqn. 522) 
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THF:Et*O:pentane 
0 

TFlSCl 
RLi + CO > [RCOLi] -> 

-110" 
R TMS (522) 

C373l 

R % Yield (GLC) % Yield (distilled) 

"E" 

nC5"l 1 

"C6H13 

iBu 

(CH,),CHCH~CH~ 

iPr 

tBu 

sBu 

77 45 

71 45 

80 71 

75 50 

87 65 

28 

50 

30 

Tris(trimethylsilyl)silyllithium was reacted with pivaloyl chloride to give 

the corresponding acylsilane in high yield. (Eqn. 523) 

0 

(TMS)3SiLi + tBuCOCl + 
c3741 

tBu-!-Si (TMS)3 

92-93% 

(523) 

The coupling of disilanes with acyl chlorides gives acylsilanes. (Eqn. 524) 

This methodology was applied to the preparation of benzoylsilanes in particular. 

(Eqn. 525) 

R'COCl + RgSiSiRE 
[n3C3H5PdC1212 ,,I SiR2 

- 3 (524) 

P(OEt)3/l10" 

r3751 
R' = Ph, alkyl, fury1 

R'= Ph, 97.5% yield 

same as above 
COCl + Me3SiSiMe3 

W 
R 
-o- 

' ' COTMS (525) 
- 

R= Cl, Er, N02, C02Me R= Cl 71% 

Fteferences p. 191 
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The metalation-silylation of vinyl ethers gives the acylsilane in the pro- 

tected state. Hydrolysis of the a-silylvinyl ether gives the acylsilane. Exam- 

ples of this useful approach are given below. (Eqns. 526-532) 

OPle T)tBuLi/THF 
OMe 

> 
/ (526) 

2)TMSCl \ 
TMS 

-78+0" 
TMS 

c3771 100% 78% 

OMe 

phw 

TMS 

1)"BuLi 
> 

phw 

2)TMSCl 
nMe 

3 II3771 
\OMe 
76% 

-- 

--i-p 

l)"BuLi/-85" 

SiRMe 

l 
/ 

2)RMe2SiC1 -\ 

[3781 
OEE 

R= Me (86%), R= tBu (78%) 

(527) 

bsiRMe2 <= 1 H2so$20'THF (528) 

R= Me 65% 

R= tBu 84% 

0 
X 

S2CT2 
> 

TMS 

or PhSeCl 

m Or m 
MCPBA 

II3781 
> 

X = Cl 65% 

X = PhSe 73% 

0 

+ 

SiRMe 

0 

(529) 

(530) 
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l)"BuLi/THF 
RMe2S' 

zk? Or Uk 
2)R'X 

[X81 

R' 
T 

OEE 
H3+0 

0 

> 

I 
7 

SiRMe 

(531) 

f 
R' 

Br2 
R'= TMS 64% 

R'= PhSe 79% 

Br 
SiRMe 

R= Me 70% R= tBu 76% 

tBuMe2S' 

T 

OEE 

1)"BuLi 

2)Se 

3)MeI 

C3781 

~)MCPBA 

-78" 
2)0"/40 min 

8 
HCECSitBuMe2 

In a related reaction the product distribution was solvent dependent. 

R' 

R 25 

t8uLi 
'BuLi 

CE-CH20TFiS > 

Me0 c3791 

RIL _/,’ - 
R2re-70TMS - 

RIL _JTMS 
R2/-"=-\0Li 

(532) 

(533) 

favored in THF/pentane 

Acylsilane derivatives of carbapenenes were obtained via deprotection of 

the a-silyl-1,3-dithianes. (Eqn. 534) 
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R2 MO 

HgC12 

MeOH/H20 

C3BOI 

(534) 

6. Reactions 

Acylsilanes react with nucleophiles at the carbonyl carbon to give a- 

oxidosilanes, which can undergo a Brook rearrangement to give the silyloxy- 

methyllithium derivative. Some examples are given below. (Eqn. 535) The re- 

action of an acylsilane with an alkynyllithium reagent gives a Brook rearrange- 

ment to give the propargyllithium reagent, which is in equilibrium with the 

allenyllithium reagent. (Eqn. 535) Protonation gives the silylated propargyl 

alcohol ,QJ,. Alkylation leads to the ajlenyloxysilane ,Q&. 

OLi 

R'COTIIS + R*CXLi w R%ECR' 

13811 hs 

OTPIS 

R';HC=CR* < 

11 
OTMS 

R'+R2 

OTMS R3 

Rl&C=C 

'R2 

2G! 

(535) 

The reaction of 3-methylpentadienyllithium with acylsilanes was used to 

prepare a precursor for intramolecular Diels-Alder reaction. (Eqn. 536-537) 

Note that the Brook rearrangement in Eqn. 537occurs with retention at carbon. 
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TMS 13821 

R= H, ally1 

180" 

20 h ' 
[=‘I 

HO TMS 

$TMs ++ + (536) 

HO H 

Some interesting and useful dienes were generated from 

in Eqns. 538-539. 

acylsilanes as shown 

TMSO 
0 

,c 

5-i 

R2C-S02Ph 
SO Ph 

TMS R2 

c3803 
(538) 

R= H 69% 

4= Me 71% 

-kJ - 
. 

50" 

(5391 

Benzoyltrimethylsilanes were reacted with H2S in the presence of acid to 

give the thioacylsilanes, which were too unstable to isolate. (Eqn. 540) The 

triphenylsilyl system gave a product, which was also unstable. (Eqn. 541) 
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ArCOTMS 
1)HCl 

2)H2S 

Et2@/-20" 

[383! 

PhCOSiPh3 
1)HCl > 

2)H2S 

Et20/-20" 

[3831 

S 

TMSk!Ar 

Ar= Ph, p-l!eC6H4 

ISI 
PhCSiPh3 

(540) 

(541) 

The benzoylsilane ,$Q was vacuum pyrolyzed to give the benzylsilane $$j. 

A carbene intermediate is proposed. (Eqn. 542) Photolysis of a gives proto- 

desilylation. (Eqn. 543) 

(542) 

OTMS 

q;- aOTM"A 

219 
hv 

t3841 

(543) 

Protonation of acylsilanes gave carbenium ions that show significant de- 

shielding of the carbonyl carbon in QJ, in the NNR compared to the carbon analog. 

(Eqn. 544) 
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RCOTMS 
FS03H 

+ O.H 

> R-:-TMS (544) 
S02ClF 

C3191 221 R= Me, Ph 

C. Spectroscopic Studies 

A complete NMR (13C, 2g Si) of a series of acylsilanes has been reported. 

The systems studied are listed below. [385] 

0 

(TMS)3SiE-R R= tBu, tt3C, , l-Ad, Ph, pMeOC6H4, 

oMeOC6H4, CF3, C6F5, OH, DSiPh3 

ii 
R3SiCMe 

0 
R3Si!Ph 

R= Me, Ph 

R= Me, Et, Ph 

XVII. REACTIVE INTERMEDIATES 

A. Silicon Radicals 

The Arrhenius parameters for the abstraction of He from trimethylsilane 

with tBu. have been determined and the results with those for the abstraction 

from P-methylpropane. The parameters could be expressed by the following rules 

log A= 8.4tO.5 L/mol-5 per H and Ea (kcal/mol)= 0.42 AH + 8.7 (tO.7). [386] 

A low pressure technique was used to measure the rate constants of the equili- 

brium shown in Eqn. 545 between trimethylsilane and bromine radical. 

Br. + He3SiH k1 > Me3Si' + HBr 

k-l 

C3871 

Triphenylsilylanion reacts with p-terphenyl when photolyzed to produce the 

p-terphenyl anion radical and triphenylsilyl radical, which dimerizes to give 

hexaphenyldisilane. [388] 

Thermolysis of the 7-silanorbornadiene m was shown to proceed via silyl 

radicals and not via silepin or silanorcaradiene as previously proposed. (Eqn. 

546) Compound $,2J reacts analogously. (Eqn. 547) 
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02Me 

Ph 'CO Me ,I 

Me2 

Ph 

2Q 

Ph 

C3891 

Ph 

(546) 

(547) 

The reaction of triethylsilyl radicals with alkyl halides using laser flash 

photolysis. Some of the rate constants at 300°K are given below. Arrhenius 

parameters were determined for a few cases. The data obtained were combined 

with literature data to calculate a rate of inversion of silyl radicals of 

6.B x 10-9 s-' at 80", t,,2 104 ps or a 5.6 kcal/mol barrier. [390] 

Et1 PhBr tBuCl PhCH2F 

4.3 x 109 1.1 x lo8 1.7 x 106 < 105 M-1,-' 

Triethylsilyl radicals were employed in the dehydrobromination 

endo-2-bromonorbornenes. [391] 

The addition of triethylsilyl radicals to carbonyls is subject 

effects and, therefore, show a wide range of reactivities. Some of 

obtained is shown below. 

carbonyl k&l-'s-l) at 300 K 

duroquinone 2.5 x 10' 

benzil 3.3 x 1oB 

Propionic anhydride 1.6 x lo6 

3-pentanone 2.8 x lo5 

ethylformate 3.5 x 104 

of exo and 

to polar 

the data 
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The relative rates of addition of C13Si. to alkenes were determined. All 

monosubstituted olefins react at nearly the same rate whereas isobutene is some- 

what faster, especially at lower temperatures. [393] The kinetics of the gas- 

phase addition of C13Si. to cis and trans-Z-butene imply a fairly loose transi- 

tion state. The C13Si* is electrophilic and subject to steric factors. [394] 

In another study of the reaction of cis and trans-2-butene with C13Si* the rate 

of the cis-trans iscmerization was also measured. [395] 

An ab initio optimized geometry of the intermediate 6-silylcyclohexadienyl 

radical aa,obtained from radical addition to benzene, shows it to have 4.3" 

out-of-plane angle. [396] 

6. Silylenes 

Cimethylsilylene generated photochemically from z, was inserted into OH, 

OSi and SiH bonds. The relative reactivities are OH> SiH%SiO. [397] 

Me2 

a!? 

Treatment of &$!$ with Na/K in THF is a source of dimethylsilylene as seen 

from Eqn. 548. 
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Na/K 
224 W 224' 3 Me2Si : 

Et3SiH 

[398] - 
> Et3SiSiHMe2 (548) 

present 

R' R2 

X /\ 
present 

Me2S R'= R*= H, Me 

R'= H, R2= Me 

The pyrolysis of trisilane J,@ leads to disilacylobutane Q,Q via the sily- 

lene as shown. (Eqn. 549) The reaction of recoilinq silicon atoms with trimethyl- 

silane gives $$ among other products. 

750" 
!le3SiSiH2SiMe3 

VFP ' 

.,CH2-H 

F'e2S'\.. - 
A 

Me Si 
r3991 SiH 2- 

SiH2 

J2? 

MeHS SiH 
,CH2SiH 

2 v MeHSi 
'CH2-H 

(549) 

Photolysis of tris(trimethylsilyl)methoxysilane gives two trimethylsilyl- 

silylenes $Q and m. In the presence of 1,3-butadiene the corresponding sila- 

cyclopentenes are obtained. 

(TFlS)3SiOMe 
254 nm 

> TIlS:?OMe + TMS-OS:-TIlS (550) 

C4001 
GX 228 

2 pts l?. 

I \ \ \ 

49% 23% 



171 

Pyrolysis of methoxycyclopropylsilane m produces trimethylsilylcyclo- 

propylsilylene, &?&, which gives several products. It will add to dienes as 

such or rearrange to silane a and then to a new silylene @before addition 

to the diene. (Eqn. 552) The pyrolysis of bis(trimethylsilyl)allylylmethoxy- 

silane leads to similar results. [401] 

5go"> Re3SiH f He3SiOMe + Me3SiVi + TNSCZCEle (551) 

II4011 

TMS 

242 TMSSi 
--u 

"> 

230 

C/ 

FA 
present 

\si 

izI 

&z 

P 

(552) 

13% 

In a related system the silylene to silene rearrangement (,QJ+&$$) occurs; 

the sila ne does not undergo migration to a new silylene but opens to another 

silene m. (Eqn. 553) 

680° , Yi 

4~10~~ torr Me' 

14021 
233 

I 

i 
1:l cis:trans 

Thermolysis of hex~ethylsiiirane gives dimethylsilylene. This generation 

of dimethylsilylene was carried out in the presence of a variety of reagents. 

(Eqns. 554-557) 

(553) 
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Et3SiH 
> Et3SiSiMe2H 

RTRzSi(OKe), P'R'Si-Sille OMe \ 

&e 
2 

39-70% 

0 

Me2Si 
/ 'SiMe 

(Me2Si OJ3 
> 1 ' 2 40% 

Me2sio_st 

iMe Me2 

> 
Me2Si/'\SiMe2 

I 
Me2Si 

d 

56% 

(554) 

(555) 

(556) 

(557) 

Thermolysis of a series of benzo-7-silanorbornadienes m (Eqn. 558) gives 

silylenes. (Eqn. 559) In particular compound m provides evidence for a wily- 

lene to disilene rearrangement. (Eqn. 560) 

Ph 

(558) 

m 
4 & % Yield 

Me 
Me ZS ;83 
Me 30 
TMS 

PhMe2Si 
TMS 39 

Me TMSSiMe2 79 



X /\ 
220°/2h 
sealed tube 
II4041 

TMSSi, ,#e 

THS 
I 

> Me2Si-SiMe 
c4041 

( Ptnthracene Me , ,TMS 

Me 
,Si=Si 

'Me 

f '!Si 1 
+I 

3 

(559) 

R” 

R’ 
Me 
Me 
Me 

TMS 

R2 % Yield 

Me 
TMS 

PhMe2Si 

TMS 

40 

:40 

50 
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Me 
\ 
,Si 

TMSSi 

Me2 

I x TMS 

\ 

The pyrolysis of the trisilacyclopentane, $JQ leads to the trisilacyclohexane 

$i,9, at high pressures in a radical reaction and to mostly disilacyclobutane ,@$ at 

lower pressures. Trapping (HCl) experiments indicate that the disilacyclobutane 

does not arise solely from silene formation, but rather at least in part from the 

free radicals &$J, which lose dimethylsilylene. (Eqns. 561-563) 

(560) 

Me 

Si' 

0 
773 K 

> 
Me2Si- SiMe2 1 atm 

t4051 

Me2 
i 

0 
Me2SivSiMeH 

Me2Si 

11 

2?A 

SiMe2 

(561) 

(562) 
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TMSCl 

f? i 4 Me2Si 4 

V 

iMe 2 + Fle2Si: (563) 

Me2Si" "SiMe 

24/I 2 

<a [Me Si=CH 
2 2 

] 

The single-pulse shock tube technique has been applied to the decomposition 

of disilane. Two primary processes are observed. (Eqns. 564-565) The silylene 

produced in Eqn. 564 is efficiently trapped by butadiene. 

Si2H6 > H2Si=SiH2 + Hz (565) 

Calculations indicate that the insertion of silylene into dihydrogen requires 

36 kJ/mol compared to the insertion of carbene, which has noactivation barrier. 

r-4071 

Two studies of difluorosilylene were reported. The reaction with isonitriles 

polymerization was induced via radicals generated in the attack of the isonitrile 

or the difluorosilylene. [408] In the second study difluorosilylene was allowed 

to react with cyclopentene and 1,3-cyclohexadiene to give the products shown below. 

(Eqns. 566-567) A radical mechanism is argued. 

SiF2 + 0 I c4091 ’ 

F, F, 
L 

. . 

dSQ iSi 

F2 F2 
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\ 
SiF2 + 0 [4091 

> 
/ 

$3 tF&& + 

- 

HF2Si 

u- 

SiF3 + 

(567) 

C. Silenes 

The generation of silenes from silacyclobutanes or disilacyclobutanes re- 

mained popular. These are presented first. Dimethylsilene was shown to add 

regiospecifically to trimethylmethoxysilane. (Eqn. 568) The kinetics of this 

reaction have been studied. [411] 

TMSOMe 

A 

c4101 

TMSCH2SiMe20Me (568) 

Halogenated silenes were generated from the appropriately halogenated sila- 

cyclobutanes and disilacyclobutanes. (Eqns. 569-570) The results are compared 

with those obtained from mass spectral studies. The thermal degradation of l,l- 

dichloro-1-silacyclobutane was studied by impulse pyrolytic chromatography- 

mass spectroscopy. [413] 

I 
Y 

/l 

iI x\ 
,Si=CH2 t CH2=CH2 (569) 

C41*1 Y 

X= Y= F, Cl 
X= F, Y= Me 
X= Cl, Y= Me 

X2Si 
ix2 X2Si=CH2 

X= F, Cl 

(570) 
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Thermolysis of l,l-difluoro-l-silacyclobutane and l-methyl-l-fluoro-l-sila- 

cyclobutane gives the head to tail dimers of the resulting silene. (Eqns. 571- 

572. 

F2Si 

lzl 

850" A 

c4141 
F2S' 

u 

iF2 

FIeFSi 

Cl 

60-65% 

780" MeG.A.re 

[4141 
FPV'\F 

75% 

(571) 

(572) 

The generation of prochiral silenes and their insertion into optically active 

alcohols. In most cases there was no asymmetric induction. (Eqn. 573) 

NP 

did not react 

Ph 

I 

with isoborneol gave 65:35 mixture of diastereomers 

The vinylsilacyclobutane z is pyrolyzed to give vinylsilanes, 243. The 

pyrolysis in the presence of phenol gives both phenoxy and diphenoxysilanes. 

An allylic silicenium ion is argued. (Eqn. 574) The photolysis proceeds nor- 

mally. (Eqn. 554) 
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4 
I 
Si 

Kl 

Rl 
PhOH \SJkle 

F? 
C4163 

242 

I 

(574) 

H+,, ";t,,, 

-.I 

"; i;H3 

phows< 
OPh 

< 

PhO 

1 
d Me 

'S/ 
/I 

PhO OPh 

d 
1 ./ CH3 

+I? %F __A (575) 

14161 OR3 

A l-sila-1,3-butadiene ,$lJ is the proposed intermediate from the photolysis 

of #J. (Eqn. 576) Pyrolysis in the presence of acetone gave the results in Eqn. 

577. 
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Ph 
2 

245 

+ 

X 
(D) 

Ph SiMe20Fle 

z_AA M$+ phg +ph& + xph + F Ph 

2 
20% 

38% 18% 2% 

In order to further test the silene to silylene rearrangement of trimethyl- 

silylsilenes, these species were generated from silacyclobutane ma. This gave 

disilacyclobutane $+,@ in 98% yield. (Eqn. 557) The allylsilene ,$jJ, however, 

did not undergo the silene to silylene rearrangement. (Eqn. 579) 

I 
TMS 

TMS 

840" 
iZXH2 

Me 

CF3 

'CF3 

520" 

[4181c 

246 

(577: 

Thermally generated 

tion with their isomeric 

H, 

> i- 
hv , 

d- 

- 
R-OS;-CH3 (580) 

silenes were found to undergo reversible photoisomeriza- 

silylenes. (Eqn. 580) 

R 

(578) 

(579) 

matrix isolation 
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An intramolecular silene ene reaction has been reported via the silene Q@,. 

(Eqn. 581) Thus, the formation of equal amounts of isobutene and dimethylvinyl- 

silane are used as an indication of the silene ene reaction. 

-L 
-7 i 

(581) 

SiHMe2 

The pyrolysis of silaindene &@ generates silaindene m, which undergoes a 

1,54ydr~~gen shift to give the benzosilole m. This can be trapped. (Eqn. 583) 

The mer&ury sensitized photolysis of tetramethylsi~ane gives trimethyl- 

silylmethyl radical, which loses a methyl radical to form dimethylsilene. (Eqn. 

584) The activation energy of the reaction and the heat of formation of dime- 

thylsifene were determined. The TT bond energy was established to be 189 kJ/mol. 

Fle4Si + Hs(3P1 f *e Hg(TSo) + ti. + Me3SiCHZ* (594) 

Me$i =CH2 
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The reaction of tert-butyllithium with phenylmethylvinylchlorosilane in 

hexane gives six products. (Eqn. 564) The products arise from addition of the 

lithium reagent to the double bond followed by elimination of LiCl to give the 

silene, which then gives the disilacyclobutanes. The acyclic compound arises 

from straightforward substitution chemistry. 

/c 
1 

t 
PhMeSi 

BuLi/hexane + t 

-7aa+rt 
BuPhMeSiCHCHptBu 

t-4231 MeiiPh 
Vi 

!_ 
A 

Cl 

PhMeSi' 
-LiCl 

p 

PhMeSi=CHtBu 

Li 

1)PhMeViSiCl 

2)tBuLi 

(585) 

In a similar approach the silaethylene JJ$, was prepared via loss of LiX as 

shown. Silene m was trapped by a variety of compounds. (Eqns. 586-592) In a 

study of Eqn. 586 it was found that the elimination occurred in the order X= 

TsO>Cl> Br> I> Ph2P04> SPh F> Ph2P02. [425] 

Me,Si-;(TF;S), 
-LiX 

Me2Si=C(TMS)2 (586) 

X Li [4241 
2% 

X= Ph2P04 



TMS-Y 

’ Y= Cl, OMe, NMe2 
> 

(N.R.) 

> 

R' R* 

X /\ > 
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He2Si-C(TMS)3 insertion (587) 

Y 

ene reaction (588) 

R' , R*= H, Me 

SiMe2 

SiMe2 

2+4 cycloadd ition 

Me si C(TMSI2 
2 

TMSN 
N2 + (TMS)*C=N=N 

95% 

5% 
+ polymer 

2+3 cycloaddition 

(589) 

(590) 

Me2Si 

I1 

(TMS)* 

2+2 cycloaddition (591) 

Y- PPh2 

Y= 0, NTMS 

2+2 cycloaddition (592) 

Stable, solid silaethylenes &$ were further studied. They were prepared 

photochemically from the bulky acylsilanes a. (Eqn. 593) The crystal struc- 

ture of $5J (R= l-Ad) shows a Si=C bond of 1.764 A and a 14.6" angle between 

the planes. Furthermore at +60" three 29 Si resonances are still evident indi- 

cating considerable double bond character. 9TMS 

(TMS)3SiCOR 
hv , 

Gz 
m 

&?I? 

R= tB~, Et3C, l-Ad 

Attempts to prepare stable silaethylenes by placing aryl substituents on 

central carbon failed to give stable systems indicating that steric bulk is 

more important than electronic factors in the stability of silaethylenes. The 

synthesis of these species is given in Eqn. 594. 
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s 

TMS OTMS TMS 

(TFlS)3SiCR hV > 
\ 
Si 

X 
/ 

\., 
[WI 

(594) 

TMS R 

J R- Ph; pMeOC6H4; o-MeOC6H; C6F5; CF3; 

p-tBuC6H4; 3,5-Me2C6H3 

PR’ OTMS 
(TMS)2Si-t!R 

H 

A silaethylene intermediate is involved in a Claisen rearrangement of allyl- 

phenoxysilanes. (Eqn. 595) Wh en the ortho positions are substituted a radical 

process takes over. (Eqns. 596-597). 

230" 

72 h 
C4281 

350" 

16 h 
[4281 

(596) 

300" 

72 h ' 
[4281 

30% 

(597) 

Direct spectroscopic evidence of dimethylsilene was made as well as that 

of the trideutero derivative. The band at 1016.5 cm 
-1 

was assigned to the 

Si=C stretch and that at 817.5 cm-' to the CH2 out of plane vibration. [429] 

Ab initio calculations on Si-C multiple bonds indicates that FSi:CH is the 

most stable structure of HCSiF, F2Si=CH2 is much more stable than FSiCH2F, that 

CH3SiF is 14.4 kcal,'mol more stable than H2C=SiHF but FH2C-SiH 49.4 kcaljmol 
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less stable than tl2C=SiHF. In addition the calculations showed that H2C=SiF2 

more stable than H2FCSiF by 38 kcal/mole and HF2C-CH more stable than CHF=SiHF. 

[4301 

The barrier between silaethylene and methylsilylene, which involves a 1,2- 

hydrogen shift, has been calculated to be greater than 25 kcal/mol, whereas 

experimental evidence indicates this to be about 5 kcal/mol. The authors suggest 

that other interpretations of the experimental data be considered, although 

they themselves offer no alternative explanation. This appears to further murky 

the waters of the silaethylene-silylene rearrangement question. [431] 

The heat of formation of 1,1-dimethylsilaethylene was determined by pulsed 

in cyclotron double resonance spectroscopy. A value of the TI energy of 38 kcal/ 

mole was estimated. [432] 

D. Disilenes 

A novel and convenient synthesis of the stable disilene JJ,$ from dimesityl- 

dichlorosilane is shown in Eqn. 598. 

to be -2.8 V vs. Ag/Agf. 

The half-wave potential of J,@, was found 

Li/THF 
Fles, ,Mes 

(Mes)2SiC12 > Si=Si 
ultrasound 

20 min 
Fles ' 'Mes 

&? 
90% 

J 1 

MeOH 
81 

PhC- Ph L: 

(Mes)2;i-;i(Mes)2 

Me0 H 

72% 

(598) 

Irradiation of bis(mesityl)bis(trimethylsilyl)silane~ gives QJ. (Eqn. 599) 

Additions to the Si=Si bond are possible. 
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254 nm 
(Mes)2Si(TMS)2 - a 

02 
> 

(Eles)2Si-S,i(Mes)2 

o--o 

(599) 

(I;les)2~i-;i(Mes)2 (Mes)2Si-Si(Fles)2 
1 I 

Cl H Et0 H 

E. Silabenzenes 

Thermal dehydrogenation of 1-sila-2,5-cyclohexadiene gives silabenzene. (Eqn. 

600) This material was matrix isolated. Under identical conditions l-sila-2,3- 

cyclohexadiene gave only traces of silabenzene. 

Si 

750" 

FVP 

r4351 

750" 

FVP > 
14351 

(60’3) 

0 + 0 + HCXH (601) 

I trace 
H 

Pyrolysis of the 1-sila-2,3-cyclohexadienes m leads to substituted sila- 

benzenes ,Q,Q. (Eqn. 602) The photoelectron spectra were recorded for both these 

and the germanium analogs. 

A 

0.05 torr 
> 

[4361 

_ 

R1= Me R2= tBu 

R'= Me R2= Me (602) 

R1= H R2= tBu 

A rearrangement-elimination sequence was used to generate 1-silatoluene from 

,$$J. (Eqn. 603) Silatoluene Q?$ was trapped with methanol and acetylene. (Eqns. 

604-605) Evidence for the rearrangement is seen from Eqns. 606-607. 
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TMS 

b 2x;;zB;t:r ? 

/'A 
z 

Me ZklQ 

MeOH 

TMS 

\ HCSH > 

450"/N, 
L 

or 200" C6iJ soln. 

c4371 

(603) 

0 I 
\ 

Me As< OMe 

50.4% 

h /,i I 

Me' 
28.5% 

TMS 

(604) 

(605) 

(606) 

TMS 

Me /'i,Me 

150" 

PhOPh 
c4371 

(607) 

Treatment of ,L$J_ with dilithioanthracene gives ,$@,, which thermally leads to 

anthracene and 1,4_disilabenzene $,$,$, which can be trapped with methanol, acetyl- 

ene or hexafluoro-2-butyne. (Eqns. 608-611) 
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'MeOH 

262 hv 

or 600" 

II4381 

HCXH 

low yield 

\ CF3CZCCF3 ~ j$"i 

88% 
cF3 

(609) 

(610) 

(611) 

F. Silacyclopropanes 

A clever synthesis of siliranes was achieved starting with hexamethylsilirane 

as a source of dimethylsilylene, which added to olefins present in the reaction 

mixture. Only internal olefins reacted. As the products are not stable they were 

isolated as their methanol addition product. (Eqns. 612-613) The reaction is 

stereospecific as seen from Eqn. 613. 

c 

Me2 
Si 

SiMe2 + RCH-CHR N 70" > 

II4031 
R R 

(612) 

"Pr 

L- 

7nPr 25% 

- 
0 
35% 68% 48% 

SiMe20Me 



Bis(2,6-dimethylphenyl)dichlorosilane reacts withlithium naphthalenide in MvlE 

to give the trisi~a~yc~opropane Q&j (Eqn, 614). An X-ray structure of &Q$ was de- 

teemined. It is stable to 02' heat and water, but it reacts with halogens. Photo- 

fysis of m gives the disilene @J$. (Eqn. 615) 

Ar2 
Si 

ApC12 -ffL 
LiNp 

&r2SiH-SiHAr2 + 
I‘\ 

-78'drt 29% 
Ar2Si -_SiAr2 

@I? 

(6141 

Silacyclopropenes react with acetylenes or dimerize when treated with palla- 

dium (1:) catalyst. (Eqns. 616-6'18) 

Me2 
TMS TMS 

+ MeCECTMS + TMSCZCTMS (616) 

Ph 

Mez 

SiFtMe 
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Ph TMS 
PhCzCTMS 

PdCl2(PPh3)2 
TMS 

> 
c4401 

Ph 

(618) 

F. Miscellaneous Reactive Intermediates 

The 2g Si NMR of TMS-X (X= Cl, Er, I) with Lewis acids BX3 and A1X3 were 

measured and the chemical shift difference taken as a measure of positive charge 

on silicon. No full silicenium ion was seen, but with TMSI (BI3) and TMSBr (BBr3, 

AfBr3) considerable positive charge on silicon was seen. A predicted value of 

225-275 ppm for the silicenium ion was given. [441] 

Chloride and hydride exchange reactions of the trimethylsilicenium ion were 

measured in the gas-phase with pulsed ion cyclotron resonance mass spectrometry. 

The heat of fo~ation of trimethyls~licenium ion is estimated to be 154+4 kcalimol, 

which is lo-20 kcal/mol more stable than tert-butylcarbenium ion. [442] 

Ion cyclotron resonance spectroscopy was used to study the protonation of 

2-trimethylsilicenium acetone adduct is found to have 42 kcal/mol stabilization. 

The silicon carries a large percentage of the positive charge. (Eqn. 619) 

OTMS 
OTMS 

H+ 

c4431 > 
A 

+ 

(619) 

Vinyl ethers and alkoxy ketones were allowed to react with trimethylsilicenium 

ion. The reaction is at saturated oxygen. [444] 

The esr spectrum of tetramethylsilyl cation radical shows it to C2v symnetry 

rather than D2d or T as allowed by John-Teller distortions. [445] ~NDl~-~lO catcu- d 

lations were carried out on various silicon cation radicals, SiH3Yt. Substantial 

distortions are predicted. [446] 

Trimethylsilyldiazomethane and related compounds provided some interesting 

and useful chemistry. The Arndt-Eistert synthesis was carried out with TMSCHN2 

rather than the more dangerous diazomethane. Examples are given below. (Eqns. 620- 

622). 
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TMSCHN, + RCOCl Et3N 
1 

R-C-,4-TM" 
‘ 

[447 4481 
N2 

z@ 

RCH2-C02CH2Ph (621) 

R= Ph, 62.8% [442-J 

265 f PhCH20H - 

[447,448] 

180-85" 

z/C& + Ph~~H2 - 

L4493 

(620) 

RCH~CONHPh (622) 

Trimethylsilyldiazomethane reacts readily with ketones in the presence of 

BF30Et2 to give homologated ketones. (Eqn. 623). 

(623) Q TMSCHN2 

BF30Et2 > e> + (---j 

CH2Cl2 

[450,451] 57% 5% 

Photooxygenation of silyl diazo compound ,2,@ gives benzoyltrimethylsilane 

and trimethylsilyl benzoate. The proposed mechanism is shown below. (Eqn. 624) 

TMS 

t 
- N2 

Ph 

D 
TMSCPh 

60% 

TMS 

L 0+-o- 

Ph 

0 

TMSO?Ph 

(624) 
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Thermolysis of silyl diazo compound m in the presence of 7-norbornanone 

gives the 1,2-silaoxetane x. The reaction proceeds through the a-silyl carbene 

and the silaethylene. (Eqn. 625-626) Benzophenone and adamantanone gave no sila- 

oxetane and enolizable ketones gave enol ethers. 
. . 

YezF2 185" r-l-7 + 
TMSSi-CC02Et + 

14'. -JJJ 

Xl6JI 
GA '""4 

(625) 

( 

F CO,Et 
Me2 " 

-+W 
:21 

269 

;MS 

t Me2Si-C=C=O 

bEt 56% 

pe o 

TMS-Fi-?-C02Et 

Me 
0, 

Me , TIM S 

/ 
si=c( 

Me C02Et 

(626) 

The synthesis of some cyclic silyl diazo compounds was achieved. (Eqns. 627- 

629) 

(627) 



Ph 

& I 
\ 
/ 

Si 

Me2 

Earlier reports on the thermolysis of hydridosilyl peroxides to give sila- 

nones has been shown to be better interpreted as intramolecular rearrangement 

Ph 

1)"BuLi 

2)TsN3 

c4541 

191 

(628) 

N2 

1)TsNHNH2 o$o I 

\ 
(629) 

BF30Et2 / 

2)NaOMe 

c4541 Me2 

of the intermediate peroxy intermediates instead. [455] 
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