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I. I~IOJ 

‘Ihis section of the annual survey of organosilicon chemistry covers 

mterial appearing in volunes 100 and 101 in Umnical Abstracts. It is the 

intention of this author to report on the silicon-carbon bond and 

carbofunctiohal organosilicons. It will be noted that in msny instances 

equations are written in general form with liberal use of R, Ar, and 3X3 for the 

alkyl, aryl, and trimethylsilyl groups, respectively. In an attecpt to convey 

tiore infonmtion in this year’s version, several tables have been reproduced 

directly from the literature with special thanks due to those authors and 

publishers who gave permission for their reproduction. Although effort has been 

rmde to arrange the rmterial into sections, the reader is advised to peruse all 

sections since the multiple nature of such of the chenistry does not permit 

cceplete categorization of all the mterial. 

A total of thirty nine reviews appeared, not all of which are directly 

aligned with this chapter, but which are listed nevertheless. lhe nuaber of 

references to be found in each review is given in parentheses. 

lhe synthesis and reactivity of silicon catpounds were the topics of a 

nuWer of reviews. These dealt with silafunctional catpounds (531 and 506) 

[1,21, organosilicon reaction mechanisas (290) f31, hyperconjugation of 

organosilicons (40) 141. steric effects (200) 151, intramolecular interactions 

(219) I61. organosilicons as alkylating agents (16) 171. ‘Ihe silylation 

.reaction was the topic of two reviews one dealing with hydroxyl-containing 

conpounds (41) [81 and the other with nucleosides and nucleotides (80) I91. ‘Ihe 

hydrosilylation with silicon ion conylexes of platinum was reviewed (10) 1101. 

Dioxosilaheterocycles (101) 1111 and the reactions of organopolysilanes with 

References p. 3x3s 
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organic peroxides (75) 1121 were reviewed. A review on a new phase of 

organosilicon chemistry dealing with new silicon cuqmunds including formal 

polymers appeared (0) 1131. Silicon-containing odorous conpounds were reviewed 

(26) [141. 

Reviews on the uses of organosilicons continue to appear. These include 

the use of organosilicons in synthesis (15) [151. selective syntheses with 

organosilicons (11) [161, organosilicon synthesis of isocyanates (71 and 111) 

[17, 181, new synthetic chemistry of transition mtal trialkylsilane complexes 

(71) 1191, important organosilicon reagents (14) 1201 and applications of 

chlorotrimthylsilane-sodiun iodide to synthesis (16) [211. The synthetic 

applications of fluordesilylation was reviewed (5) [221. 

Reactive silicon species was the topic of several reviews including 

divalent organosilicon species (32) 1231, the fonmtion and reactions of 

silylene (28) 1241, a new look at the chgnistry of difluorosilylene (36) L251. 

gas phase reactions of dichlorosilylene (43) [261, studies of silaethene (40) 

[27], stmll ring doubly bonded organosilicons (2) [281, silyl anions (113) [29) 

and silacyclohexadienyl anions (35) L301. 

In addition to the reviews listed above several useful reviews, which are 

not abstracted, were published by Petrarch Systems, Inc. these deal with 

general organosilicon chemistry (4) 1311, acylsilanes (66) 1321, and 

silylcarbonyl caqmmds (68) [331, silene chemistry (69) 1341, organopolysilanes 

(49) [351, organofluorosilicate chemistry (53) 1361, silane blocking agents (57) 

[37], silane coupling agent chemistry (3) [381, and a compilation of infrared 

data of organosilicons (3) L391. 
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III. DISS~IOEfij 

lkenty dissertations appeared in Dissertation Abstracts during the year. 

These are available frcm University Microfilms, Ann Arbor, Michigan. The topics 

dealt with in these theses are the reaction of a,B-unsaturated ketones 

with iodosilanes 1401, the development of new organosilicon reagents [411, 

reduction and carbometalation of alkynylsilanes [421 , synthesis and reactions of 

a,6-unsaturated silyl ketones [431. polyolefin allylsilane cyclizations [441, the 

use of trimethylsilylketene in the synthesis of counarins and in cyclization 

eliminations [451, silylcyclopropanes as synthetic intermediates [461, 

carbon-carbon bond formation using mtallo derivatives of organosilicons [471, 

branovinylsilanes in synthesis 1481, reactions of rnetal vapors with 

bis(trimethylsilyl)acetylene [491. synthesis and structures of 

dihydrosilaanthracenes and dihydrosilaheteroanthracenes [501, synthesis and 

structural chenistry of organosilicoh canpounds [511, trimsthysilylmthylgalliun 

conpounds [52], cyclic silanes [531, silylenes, disilenes and cyclodisiloxanes 

[541, synthesis ard mechanistic studies of silaoxetanes and silanones [551, 

synthesis and polymerization of trialkylsilylstyrenes [SSI, mechanism and 

kinetics of shock-induced deccoposition of ethylsilane, vinylsilane and 

dimethylsilane [57], some chemistry of dimthylsilylene [581, and evidence for 

a silyleniun ion in solution [59]. 

References p. 383 



146 

IV. Al.JmsILMm 

A. Preparation 

‘Ihe reaction of ally1 sulfonamides with trimethylsilylmsthylmgnesim 

chloride in the presence of cuprous bromide gives hanoallylic si lanes. (Jqns. 

l-3) The reaction occurs in an SN2 and an %2’ manner. 

f 
SONHS02Ph 

/ 

8 

+ TMSCH2MgCl 
CuBr 

Me2S 

[601 

SONHS02Ph 
TMSCH2MgCl 
CuBr 

l 
C603 

TMSCH2MgCl 

CuBr 

> 
C601 

80% 

THS 

30% 

(1) 

(2) 

(3) 

85% 
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ollorocyclopropanes were converted to trimethylsilylcyclopropanes with the 

TMSCl/Li/M reagent. (bqn. 4) 

THSCl 

Cl > 
Li/THF/OO 

[611 

MS (4) 

I-‘lkimthylsilyladamntane 

endo:exo 

n = 3 00% 45:55 

4 85% 40:60 

5 85% 48:62 

can be prepared fran 1,3-dichloroadamntane, 

sodim and certain silanes in hexamethylphosphoric triamide. (FQIL 5) The 

reaction is postulated as passing through the cyclopropane 1. 

Bcl $+ [gq “-“, &k) 
1 
s 

X=H 48% Cl 14% 

T?lS 52% NEt2 95% 

OTMS 50% 

The isoneric bis-trimthylsilyladamantanes were prepared frcm the 

corresponaing dilithiun reagents. (Eqn. 6) 

Br 
1)4 Li/THF 

(6) 
2) 2TMSCl 

C631 

References p. 388 
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The 1-carboranyl-1-silacyclobutanes 2 and 3 were prepared fran the 

corresponding chlorosilacyclobutanes and the lithiated carboranes. (Eqn. 7). 

Rl Rl 
I 

H'Li 

+ > 

C641 

J 
’ \R2 ci (7) 

5 R1 = Me, R2 = I-methyl-m-carboran-7-yl 

2 R1 = R2 = 1-methyl-O-carboran-2-yl 

The reaction of diethyl(trimethylsilyl)phosphite with carbon tetrachloride 

gives several canpounds including chlorotrimethylsilane, 

trichloromethyltrimethylsilane and 1,1,3,3-tetramethyl-1,3_disilacyclobutane. 

(Eqn. 8) ‘Ihe dimethyl and di-n-propyl derivatives react similarly. 

(Et0)2POTMS + Ccl4 -> (Et0)2P(0)Cl + (Et0)2P(0)CC13 + 

C’W 

TMsc1 + TMSCC13 + HCC13 (8) 

B. Reactions 

Tetrasubstituted organosilicons undergo redistribution reactions in the 

presence of trichlorosilane and chloroplatinic acid. The smallest groups tend 

to exchange nest readily. (cqn. 9) lhe results are shovrn in Table I. 

The hydranethylation of olefins can be accarplished by treatment with 

tetramethylsilane and alunim chloride in the presence of hydrochloric acid. 

(Eqns. 10, 11). In other exaqles, Z-nlethyl-‘L-outene gave 2,2_diaMhylbutane in 

92 percent yield and lethylcyclopentene gave l,l-dimethylcyclopentane in 40 

percent yield. 
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R1R2R3R4Si + 

H2PtCl6 

SiHC13 c____I, R2R3R4SiC1 + R1SiHC12 (91 

[661 

TABLE 1 

EXCHANGE REACTIONS BETWEEN ORGANOSILANES AND TRICHLOROSILANE 

Organosilanes 

1. Et ,Si-n-Prz 

2. Et ,Si-i-Prl 
3. Et ,Si-n-Bu2 
4. n-Pr,Si-id%, 

5. n-Pr,Si 
6. (ptolyl),Si 

Reaction conditions 
(“C/h) 

153/R 

161/72 
164/72 
165/72 

166/u 
145/Js 

Products 

ClSiRR; (Yield %)+HSiCl,R 

C&Et-n-PI, (81) HSiCl 2 Et 
ClSiEt *-n-R (9) HSiCl ,-n-Pr 
ClSiEt-i-R, (85) HSiCllEt 
ClSiEt-n-Bu, (83) HSiCl,Et 
mixture 9f HSiCl ,-n-Pr + 
(C,H,),SiCl isomers 
CISi-n-R, (78) HSiCl ,-n-Pr 
ClSi-p-tolyl, (65)’ 

a Bad on CISi-p-tolyl,/( p-to1 1) Si mtio in rodwt mixture. 
Reprinted by permission (1 br9anometaP. Chem. 1984, 264, 239) 
Elsevier Press and the authors. 

R 

R Me4Si 

A1C13/HC1 

CH2C12 

C671 

a3 I 

Me4Si 

> 
AlC13/HCl 

C671 

76-85% 

R = Me, Et, Pr 

a3 
65% 

The chlorination of tetramethylsilane with chlorine in the presence of 

ml percent ioaine provides a quantitative yield of chlorotrimthylsilane. 

(Eqn. 12). The reaction was applied to other tetraalkylsilanes as well. 

References p. 333 
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5 



C12/12(cat) 
Me4Si .-> (12) 

Chlorination of w-phenylalkyltrichlorosilanes in the presence of antimony 

trichloride proceeds at the aromtic ring, Hhereas in the presence of AIW 

Me3SiCl 

30°/CClq 

[681 

chlorination takes place on the chain. In the absence of a catalyst both sites 

are chlorinated. Wqns. 14, 14) 

c'2 

(13) 
SbC13 

\ Cl2 "': 

Cl 

(14) 
AlBN 

CW 

Diphenylphosphoryllithiun opens silacyclobutanes via nucleopnilic attack at 

silicon to produce a Y-silylpropyllithiun reagent, which can itself attack 

another silacylobutane leading eventually to allyldisilapentanes. via loss of 

lithiun hydride, or to polymers. (Eqn. 15) 

Me 
I 
i--R 

cl Ph2PL 

+- 

c701 

RMeSiCH$H2CH2Li 

Ph2P 

R = Me, m-tolyl 
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-LiH 

RMe~i(CH2)3SiRMeCH2Cti=C!2 

Me2P 

R 

RMe~iCH2CH2CH2!iiCH2CH2CH2Li (15) 

Ph3P tfle 

polymer 

The reaction of substituted trimethylsilanes with hydroxide ion in the gas 

phase was used to obtain the relative gas phase acidities of alkaues as obtained 

fran the ratio of Ms2Sid to EWe,Sid produced according to Eqn. 16. 

Me$iR + HO- ,_> 

II711 

k3Si0 + RH (15) 

+ RMe.$iO + CH4 

‘lXmthylsilylmethylcyclopropas, when reacted with the tert-butoxy 

radical, proceeds to give the cyclopropylmthyl radical, which opens to the 

hamallylic radical. (Eqn. 17) In the trimethylsilylcyclopropanes 4 and 5 the 

stereochemistry of the substituents determines the pathway of the ring opening. 

(Eqn. 18) The cyclopropyl group activates the methylene group better than does 

the trimethylsilyl group. (Eqn. 19) The l.l-bistrimethylsilyl[n.2.01- 

cycloalkanes 6 react to give the a-silyl radicals and not the ring expanded 

Psilyl radicals. (Eqn. 20) 

References p. 383 
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Rl R2 Rl R2 

tBuO. 
+ 

TMS 
1723 s 4- 

+ R1R2:CH CH=CHTMS 
TMS 

2 
(17) 

. R1 = R2 = H, Me 

TMS 

& 

tBuO. 
> TMS:HCH2CH=CHTMS from $ 

TMS CT21 
TMS:HCH=CHCH2TMS 

(18) 
from 5 

$ trans isomer 
2, 

2 cis isomer 

A 
tB”O. 

___I, CH2CH2CH=CHCH2TMS 
1721 

TMS 

(19) 

‘lhe thenml isanerization of 3-sila[3.1.Olhexanes was carried out on 

C~~KUKIS 7. 8 and 9 to give silacyclohexenes and silacyclopentenes. (Eqn. 21) 

l’he proposed mschanian is that shcwn in Schgne I. 
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S' 

Rl Q 2 
Compound 

1 Rl = R2 = H 

t R1=H;R2 =Me 

2 R1 = R2 =Me 

R1 

I b 

CH20 R2 

Conditions 

5600/flow system 90% 

4lO"/sealed tube 45% 

330*/scaled tube 40% 

SCHEME I 

'LH 1.2 

> 
R=H 

Rl I R2 
Me 

=Me 

L SH 

192 

Me2 
S' 

P 

. . 

CH3 

5% 5" !0 

45% 10% 

40% Me2 

-v si/ (2o%) 

Me2 
Si 

. 

L_L 

11 
. 

R 
R2 vd 

Me2 
i 

P - - 

CH3 

References p. 383 



is4 

ccnpounds 7, 8, and 9 react with HCl to give ring cleavage products, 

presumably via a 6-silyl CarbOCatiOn. Ccqound 10 reacts similarly. (Eon. 22) 

HCl 

I, g, 2 or g P 

Gl R* R1 HCl R* R1 

[731 
Me2SiCH2tHCH2i=CH2 j Me2C1SiCH2tHCH2kH3 (22 

It has been shown that a variety of alkylmthylsilanes containing fran one 

to three electronegative 1igands.X (where X=H, Cl, F, EtO, NEt2) can be oxidized 

to the corresponding alkanols. (Eqn. 23) The electronegative ligand can be 

disguised as an ally1 or phenyl group if these are first converted to the 

fluoride prior to oxidation. (Eqn. 24) 

30%H202 

RSiMenX3_, > ROH 

KHC03 
68-100% 

n = O-2 
or NaHC03 

c741 

X = H, Cl, F, OEt, NEt2 

R- "C8H17 

R1SiMe2R2 

1) CF3C02H 

> R'OH 

2) KHF*/MeOH 

3) 30%H202 

KHC03 

c741 

R* = ally1 or phenyl 

(23) 

(24) 
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X similar approach to the oxidation of alkylphenyldimethylsilanes. wherein 

the phenyl group acts as a disguised fluoride ligand, is shawn in Eqns. 25 and 

26. The reacti& proceeds with retention of configuration at carbon. 

Ph 

1) HBF4 

> 

--SiAe,f?k 
2\ Kv&. 

Et3N 

c751 

b P -OK 

56% 

(25) 

PhMe2Si OH 

Jv 
co2Me 

Ph 
I c751 

Ph /c 
C02Me 

(26) 

I 

The cleavage of the silicon-carbon bond in tris(trimethylsilyl)methyl- 

6iliGon conpounds was studied. The reaction proceeds with rearrangement and 

anchimeric assistance. O?qns. 27-29) 

(THS)3CSiMePhI 

CF3CO2H 
> 

[761 

A902CCF3 
v 

CF3C02H 

C761 

,SiMe202CCF3 
(TM&C \ 

SiMe2R 
+ 1 ; (27) 0 

R = Me, F 

(m12c<siMe202ccF3 
(28) 

SiMe2Ph 

References p. 388 
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CF3C02H 

( TMS)_$Sifte20Me _ (TMS),C(SiMe202CCF3)2 (29) 
X0/30 min. 

CT61 

The 1-trimethylsilyl[n.1.Ulcycloalkanes (r-1=3, 4) react with I-KY to give 

cleavage of the C-l - C-2 bond, where n=8 the endo isomer isomerizes to the exe 

isomer under these conditions. (Eqn. 30) 

on the value of n. (FQns. 31-33). 

(CH2),, a- TMS 

TMS 

‘lhe reaction with W3’(tKIW2 depends 

HCl 

> 

CC11 

BF3(HOA+ 

> 

cc14 

90% 

C611 

BF3(HOA+ 

TMS > 
C611 

n = 3,4 n=8 

TMS a AC 

90% 

(32) 

TMS 
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c. Spectral and Other Studies 

The 13C- agd 2g ” >l-tQR spectra of a n&r of silylcyclopropanes have been 
I 

reported. The 
i3 C chemical shifts are intennediate 

ethylsilanes. The 29 Si chemical shifts do not show 

bonding between the ring and the silicon atom. [771 

between those of vinyl and 

any evidence for back 

.A nicroccnputer was used to 

calculate the 1H-2g ’ S1 couplirtg constants in silicon- containing molecules. [?81 

Silicon-29 NIR spectroscopy arployihg selective population inversion was used to 

1 29 determine the stereochemistry of silylcyclopropanes via the U- Si coupling 

constants. Sam of the coupling constants are shown in structures 13 and 14. 

[79] The study was extended to exo- and endo-1-trimthylsilyllbicyclo[3.l.0l- 

hexanes, 16 and 16. r8Ol 

H 

13 

Jt = 3;; 3, = 6 

J = 4.6 

H- SW3 a, J 
H 

= 3.2 

Me 

H 

values in Hz 

References p. 388 



158 

'Ihe mss spectra of a series of silacyclobutanes 17 and 18 have been 

reported. [82] The far-IR spectra of L-silacyclopent-3-ene and its l-deutero and 

l.l-dideutero dyivatives have been reported. ‘This provided evidence of not 

only the nom1 ring puckering. but also for a ring twisted excited state. [831 

Fluorine-19 F&JR has been errployed in studying the confomtions of 19. The 

confomtions for R = H are shown in Eqn. 34. [941 The x-ray silicon K spectrum 

of tetramethylsilane has been reported. [851 

’ 2 si ‘R 

cl R1= Me, tBu, Ph, PhCH2, cC6Hl1, pMeC6H4, aC10H7 

R2 = Ph, PhCH2, PMe2NC6H4, aC10H7 

lx 
R 

\ P 

rTX’~ 7 

6 F2 
Si - Si 

F2 \7 

b sii 
F* F2 

R 

Cl 

Br 

Me 

H 

- 
- 

t-841 

- 
- 

AH (kcal) 

7.17 

7.77 

5.22 

X = bond, R = aC10H7 

X = 0 R = Ph, aC10H7 

CL i&i 

F2 F2 

R 
SiF2 

I 
R 

SiF2 

19 

k-4* 
F2 F2 

(34) 

.P F2 

Sl .-Si 

l7 
F2 

AG (kcal) 

12.14 

12.72 

8.40 

6.3 

AS (eu) 

-18.9 

-18.2 

-17.8 
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‘lhe crystal structure of 20 shows it to have flattened chair six-mentiered 

rings and elongated Si-C bonds (192 pn) at the strained spiro center. [SSI The 

crystal structure of 21 shcws it to have a flattened twist-boat conformation 

with a Si-CH2 distance of 187.1 pn. a ring C-Si-C angle of 110.0’ aml a Si-C-Si 

angle of 117.9’. [871 

Ph2 

‘Ihe electronic structures for disilane, ethane, methylsilane, pentasilane, 

tetrasilylmethane and pentane were calculated. It was found that coularbic 

stabilization of the Si-C bond crnpensates for lower overlap so that the 

compounds are stable to disproportionation and that bonding differences can be 

explained on the basis of local interactions indicating that the delocalization 

in silanes is due to second order interactions involving low lying excited 

states. [881 Ab-initio and electron diffraction studies on cyclobutylsilane 

indicate a slight preference for the equatorial silyl group. 1891 

The multiple-I&photon decanpositicm of alkysilanes proceeds via a 

four-center mechanism involving hydrogen atam 6 to silicon. (Eqn. 35) 

MlRPO 
H3SiCH2CH3 _ H4Si + CH2=CH2 

c901 
(35) 

References p. 388 
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v. tuaI.sIuNEs 

A. Preparation 

Arylsilanes were prepared from arylmgnesim halides or aryllithium 

reagents and chorosilanes. Sane examples are presented without further conment, 

except to point out that Eqns 43-45 nicely illustrate the concept of utilizing 

the trimethylsilyl group to block a mOre reactive position. (Eqns. 36-46) 

Br 

+ 2Me2HSiCl 
2Mg 

cg13 

Br Me2SiH 

Br 

2ms 
0 + 2Me2SiC1(OEt) ---+ 0 

cg11 

Br Me2SiOEt 

(36) 

(37) 

+ C13SiCH2C1 > 

MgBr c=1 
(38) 

SiC12CH2C1 



THF-hexane 

-loo0 

2) TMSCl 

c931 

1) BuLi 

> 
CH(OEt) 2 2) TMSCl 

OR 

SR 

WI 

1) BuLi 

> 
2) TMSCl 

WI 

1) BuLi 

___j 

2) TMSCl 

c951 

Li 

3) CH3CHO OH 

H(OEt)2 

,.&LoR 

R = Me 50% 

R = Et 17% 

TM-SO 

L 
km-;HTMS 

14% R = Me,?t 

161 

TMS 

0 I 
\ 

(39) 
/ 

N 

(40) 

(41) 

(42) 

2) Me1 OH 

References p. 333 
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1) BuLi 1) 'BuLi 

(44) 

2tq TMSCl 2) TMSCl 

OH C961 OTMS 3) H3+0 OH 

H02C 
1) 2'BuLi 1) 2hLi 

l 

2) TMSCl 2 E@ 

3) NH&Z1 aq. 86% 
\ 

WI 

CsF 

E*= MeOD, MeI, iPrCH0, (CH3)2C0 

77% 86% 88% 90% 

1) t8uLi 
TMS 

l 

2) RlSCl 

c9a3 ;i(iPr)3 

(45) 

(46) 

87% 

'lhe concept of ortho-lithiation-silylation has been put to good use in 

synthetic strategy. In the exsnple shown in Eqn. 47 the trimethylsilyl group is 

used to block a more reactive site to al low lithiation at C-6. The 

trimethylsilyl group is then remved with fluoride ion to give, in this example. 

the protected precursor to the flavanoid brousonin A. h second example, shown 

in Eqn. 48. employs the trimsthylsilyl group to both protect the mre reactive 

site and provide a regiospecific introduction of branine in a route towards 

naturally-ocurriog anthraquinones. The trimethylsilyl group can be a direct 

precursor to the snion as wall. 



OMOM 

\ 

Q 

1) %uLi 

I > 

’ OMe 2) TMSCl 

163 

OMOM 

1) %uLi 

> (47) 
2) p-0HCCH2CH2C6H40Bn 

3) TBAF 

Me0 

6Me 

1) BuLi I ,NEt2 

2) TMSCl 

> P+ 

3) BuLi pk_TMS 

4) Me1 CsF 
Cl001 

J 

CHO de 

A 

(48) 

1\ 

3) TsOH 

Certain trimthylsilylated phenols can be lithiated. ‘Ihis is followed by a 

rearrangement of the trimethylsilyl group from oxygen to carbon to give 

arylsilanes fEqns. 49-51) Additional results concerning Eqns. 49 and 56 are 

giveu in Tables II, III and IV. In the case of m-triinethylsilyloqbenzamides 

this was turned into a convenient route to products from a benzyne intermediate. 

(Eqn 50) Para-methoxybenzaldehyde wm deprotonated amI silylated ortho to the 

methoxy group. (@Il. 51) 

References p. 338 



164 

NEt2 

1) 'BuLi/TMEDA 

> 
THF/-78' 

TMSO 2) - 2s0 

3) H20 

[loll 

HO 

Table II: Anionic Silicon Rearrangements of Silyloxy Benramides.a 

Benzaml ae Product& yiela,Cz 

4b 

al% = Sit+ej. TES = SiEt3. 'All products showed analytical and spectra1 IIR. NMR, MS) data 

consistent with the assigned structures. @_, &. and u warc chemically corre'atad 
(MeI/K2COj/acetone) with silylated anisamides prepared by directed orthulitnlatlon-slly'a- 

ti0n.l' 'Yields are of purified (chromatoqraphed. distilled) materials. Yields rn brackets 
correspond to those obtained by in situ preparation of ?p;p. and the TMS derivative of ax. 
d2'% of starting $a was recoverer 

Reprinted wit6 permission [Tetrahedron Lett. 25. 2827 (1984)] Copyright 
(1984) Pergamon Press and the authors. 
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NEt 
I2 

NEt 
I* 

dff 

TBAF 

HO 

Tf20/pY 

> 

Nu 

Table III: Reaction of the Benzyne of N,N-Diethylbenzamide with Nucleophiles. 

NU- Product NU Viela. II 

nOMe 

HWh 

L iSph 

TnSNHPhd 

TMSNfMelPhd 

TM80 0 

64 b 

a 

6cc 

6d = 

6e c.e 

6f e 

me 41 

OPh 43 

SPh 62 

NHPh 70 

N(MeC)ph 63 

cH(ccw2)~ 22 

‘See Footnote 4. Tlble 1. All products were 011s with the emzotron of 6d 
(CH2C12-hea4ne). OFound to be identic41 with an duthentic s&mole by d!rec; 

‘-0 9:-96-c 

COmpariSOn of Spectroscopic and hplc orooerties. cComoounds k 4nd 6c *cr.? shown to be 
alfferent by spcctroscooy (IR. NW) 4nd hole behavior with the correroondlng 4uthentlc 
o-Isomers ODtllned by trertment of ortho lithlated N.N-Oiethylbenzwnmlde w!th (phSl2 
moadt, E.G.; Snieckus. V. unpublished results) and LvZu(CNlMeNPh (1~40. H.: Need, J.N.; 
Snleckus. V. J. Am. Chm. Sot. log, 106. 5531). dPreorrc4 ov mdifrc4tTon of 4 
llterrturc methOd:ilton. 0 R.M. J. Chem. Sot. C, 1%6. 1706. e Nerction ~4s 
CIrried out m 4nhydr THF~us~ng 6 l qurv of TBAF 
Reprinted with permlssion 
(1984) Pergamon Press and 

Tetrahedron Lett. 25, 2827 (1984)l Copyright 
he authors. 

References p. 388 
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Table IV. Cycloaddition Reactiozs of the Benzyne of 
N,N-Diethylbenzamide 

Pr0au.x x R1 F? Yield.% v, 'r: 

5a 0 H H 

5b 0 Me He 

SC 0 H Me 

63 

60 

30 

Sd 0 Me H 30 

7 

0= 

56 

47 

Ph 

75-76 

(Et+hexane) 

66 

(Et2O-hexanc) 

oilb 

61-62 
(CH2Cl2-hexane) 

211-212 
(EtOAc-hexane) 

aAlI new compounds show analytical and SpeCtral (IR. NMR, MS) data consistent ulth the 
assigned structures. Preparative tic (Si02/pet ether-EtOAc, 65:35) was used for nest 
purifications. Yields have not been optimized. bUnresolved 1:l mixture of k and Sd 
(NMR (COCl3) 6 1.86. 1.92 for the bridqehead methyl oroups). CProduct of 
decarbonylation of theinitial cycloadduct during ptlc. 

Reprinted with permission [Tetrahedron Lett. 25, 2827 (1984)] 
copyright (1984) Pergamon Press and the authors. 

CHO CHO 

0 I 
\ 
/ 
OMe 

1) LiNs/THF 

> 

2) 

3) 

BuLi 

TMSCl 

Cl031 

bMe 

A similar rearrangsmsnt was observed in an ortho-lithiotrirwthylsilyl- 

aniline. (Eqn. 52) 

(51) 

R= "Bu, Me 
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Tris-(trimethylsilyl)alminm reacts with aryl branides under catalytic 

conditions to give the corresponding arylsi lanes. ‘this has been used to prepare 

mta- and para-bridged aromtics. (Egns. 53. 54) 

“catalyst” 
At-b + (TMS),Al - Ar-TMS 

.l 

r_1051 7 examples 

51-79% 

catalyst = (Ph3P)2NiC12 or (Ph3P)4Pd 

(53) 

cc I 
\ 

(CH2)10 

/ (54) 

para 58% 

meta 23% 

Other routes to arylsilanes were published. For exanple arormtic systems 

were subjected to the TWCL/Li/‘IW reagent and ultrasound to give the 

bis-allylsilane, which YYLS then rearamtized. W~IS. 55, 56) 

The dienynyl triflate 22 cyclized to the arylsilane 23 under basic 

conditions. (Eqn. 57). cl-&thyloxazole can be deprotonated and silylated. The 

reaction proceeds via an a-isocyano enol silyl ether 24 (Eqn. 58) Lithiated 

trirnethylsilyldiazomthane reacts *with a,&unsatured nitriles to give 

Strimethylsilylated pyrazoles. (Eqn. 59) 

ReferencelJ p. 338 



168 

a gd b J+q (55) 
TMS 

[lo61 hS TM.5 TMS H 

55" I 

TUS 

1) TMSCl/Li 
> 

R THF 

0 

L’ \ ’ N 

2) OOQ 

CWI 

EtOH or 

CF3CH20H 
> 

Na2C03 

Cl071 

c>, I 
\ 
N 

0 

R = H 74% 

R = Me 42% 

?CH2R 

a: I 
\ TPs 
/ 

22 
R = CH3 or CF3 

(56) 

(57) 

1) BuLi TMS TMS 

l 
2) TMSCl 

(58) 
C 

[lo81 23 

R1 R2 

TMS$ N2 t 

Li N 

A 

O-20% 
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‘Ihe protiodesilylation of arylsilanes provided a route to chlorosilanes. 

(Eqn. ti0) Arylsilanes are hydrolytically cleaved in the presence 

(II). (Eqn. 61) The kinetics of the reaction has been studied. 

HCl 
R1#ePhSi(CHZ)4SiR2MePh _ R1KeC1Si(CH2)4SiR2MeC1 

A1C13 

[1101 

At--TMS 
Li2PdClq 

> Ar-H + (lx)20 

DMF 

0.7% H20 

of pal ladim 

(66) 

(61) 

[llll 
Ar = C6HS,m-Me-C6H4. p-MeC6H4. pCl-C6H4, pMeOC6H4 

The electrophilic cleavage of the aryl-silicon bond continues to be an 

excellent way to selectively functiohalize an aramtic ring. h mxdoer of 

arylations were reported. (&us. 62-66) Other electrophilic reactions were 

reported, notably condensation with benzaldehyde (Egn. 69) and phenylsulfenatioc 

(Eqn. 70). 

Rimethylsilyl substituted pyrazoles ware subjected to a variety of 

electrophilic cleavage reactions. (Eqns. 71-77). NAeophilic reactions are 

also possible with 3-trimthylsilylpyrazoles. (Eqns. 78-79). 

2-Trimethylsilyl substituted furans were oxidized to butenolides with 

peracetic acid. (Eqns. 80, 81). 

Referencea p. 383 
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TMS 

or CH2=CHCOCl 

AlC13 

C 1061 

m 1 
\ O 
/ / THS 

.AcCl 

AlC13 

11’351 AC 
95% 

'AC 

(62) 

(63) 

RCOCl DR (64’ 

R = lo, Z", 3" 

6 examples 74-92% 

TM RCOCl 

> R 

Cl081 
8-84% 

R = Me, Ph, OEt, C02Me 

TMS 
Cl *co 

> 
Cl131 

(65) 

(66) 

68% 
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0 I 
\ s 

2 

/ N' > 
TM.5 

tB"COC1 
(67) 

II1131 

clcococl 

- ~i&(Q(@ [1133 

78% 

PhCHO 

noal 

OTMS 

h 

L PhSCl 
mai 

SPh 

(69) 

(70) 

References p. 388 
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Br TMS 

I 

Br Br 

TM TMS I 

Cl141 

I 

I I 

I 

82% 

I 

TMS 

12 
> 

150° 

I 46% 

I3141 

ca I 

/ ’ 
N 
I 

TMS 
I2 

A 
60' 

(71) 

(72) 

(74) 

(75) 

(76) 



TMS 
PhCOCl 

> 
AlC13 

80'/15d 

54% 

El141 

MF 

> 
OMF 

R3R4C0 

Cl141 

0 

Ph 

CsF/DMF 

- TM E-F 

I Cl141 0 

E = Ph!, 

OTBS 

OTBS MeC03H 

- - 
TMS NaOAc 

CH2C12 

Cl151 

MeC03H 

Cl151 

173 

(77) 

(781 

(79) 

(80) 

(81) 

References P. 388 
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Ortho-trimthylsilylaryl triflates react with fluoride ion to give benzyne. 

(Eqn. 82). ‘Ihe ortho chloro syste:n also provides benzyne. (Eqn. 83) 

0 

0 \I 

(82) 

Cl161 46-962 

FQ sources Me4NF/HMPA; KF/HMPA; CsF/HMPA; TBAF/HMPA 

KF/lB-crown-6 gave no reaction 

Me4NF 

(83) 

31% 

Cl161 

lhe benzosilacyclobutene 25 reacts photochgnically with aldehydes and 

ketones to give insertion into the aliphatic silicon-carbon bond. (FQn. 84) 

0 
+ R”dR2 

G! 

Rl 

R2 
(84) 

R2 
R = We, Ph 

Rl 
25-82% 

= Me, Et, Pr 

R2 = H, Me, Et, Ph 

R1, R2 = -(CH2)-4 

Photolysis of 9-trimethylsilylanthracene gives the Dewar isomer. (Eqn. 85) 
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(85) 

Ehotolysis of 9,9-dinmthyl-9-sila-l9-diazoanthracene gives the triplet 

carbene via intersystem crossing (Eqn. 86) lhe triplet carbene was observed 

spectroscopically and trapped with oxygen. (Eqn. 871 

Si @JJ I 

\ hv 
3 singlet 

/ El191 

N2 
fr 

2fz 
(86: 

O2 
26 

Cl201 
(87) 

Ortho-silyl phenoxyl radicals dimarize and disproportionate depending on 

the silyl groups. [121] Phenylsilane produces ethylene, acetylene, silane and 

ethylsilane upon nultiple-IR-photon decarposition. [901 

C. Spectroscopic aud Other Studies 

‘Ihe vibrational spectra and IR dichroism of tetraphenylsilane in solution, 

in the melt and in the solid state have been measured. [1221 The photoelection 

spectra of 2-silylfurans 27 and bis-2-furanylsilanes 28 have been recorded and 

the results caqared with (MO/2 calculations. It is argued that the iqortance 

of dt-pvinteraction must be considered. cl231 
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(0 I \ 
0 SiXYZ 

Variable temperature 2g Si-Nk9t spectra were recorded on the ortho-silyl 

bensylamines 29 to determine the mount of pentavalent structure 30 as a 

function of the ligands on silicon. Wqn. 88) No pentavalent structure was 

found for the trimethoxysilyl and trimthylsilyl groups. 

(7 \ / sixyz 
A 

29 
X Y Z 

F F F 

Me F F 

Me H F 

o-C6H4CH2MMe2 F F 

is! 
K 

8.1 

1.6 

2.5 

1.0 

(88) 

‘Ihe mss spectra of a series of 9-substituted-lo-sila-2-azaanthracenes 31 

were recorded. L1251 In an atten@ to measure the dv-pvbonding in 2-silylfurans 

and 2-silylthiophenes, these canpounds were mixed with phenol and the A v of the 

(11 stretch measured. ‘Ihey mre also mixed with ‘NBS and the charge transfer 

band measured. [1261 ‘Ihe inductive, hyperconjugative and d-orbital effects of 

trimsthyl- phenylsilane, phenylsilahe and trifluorophenylsilane were studied by 

conparing UWO15 with KMl and IL&D levels. All three effects have important 

roles with d-orbitals being most important with trifluorophenylsilane and 

hyperconjugation with the other two silanes studied. [1271 Sam 

5-trimsthylsilylfurans containing azansthine and vinyl groups on the ring were 

tested for antitmr and bactericidal activity. [1281 



A. New Developments 

The hydrosilylation of styrene with Rh (I) catalysis depends on the ratio 

of Flh (I) to the silane used. At a ratio 10 -4 addition to the double bond 

occurs whereas at a ratio of 10m3 the 3-silylstyrene is observed. At 

intermediate concentrations both pathways are operative. 11291 Ruthenius (II) 

and rutheniua (III) catalysts wre found to be best for terminal olefins and 

vinylsilanes and not as good for substitued olefins and unsaturated esters. 

11301 Triphenylsilylmnganese pentacarbonyl was foutxI to be a hydrosilylation 

catalyst. ‘lhenml activation proceeds via tiphenylsilyl radical generation and 

initiation whereas photochenical activation proceeds via a coordinative 

mechanism. This is the first example of a mchanistic difference between 

photochemical and them1 activation of a hydrosilylation catalyst. 11311 ‘Ihe 

hydrosilylation of olefins in the presence of metal carbonyl clusters has been 

reported. 11321 The hydrosilylation of terminal acetylenes in the presence of 

boron-containing platinun and palladiua complexes has been carried out. 11331 

The 1.5~cyclooctadiene caqlex of mthyliodoplatimm (II) catalyzes the 

hydrosilylation of triphenylvinylsilane. I1341 The catalytic activity of 

RhC1(PPh3)2L (L=oo, PPh3) is enhanced by the addition of oxidizing agents such 

as hydrogen peroxide, tert-butylhydroperoxide and msta-chloroperbensoic acid. 

Similar results were found with transition metal hexacarbonyl catalysts 

(mtal=Cr. No, W). [1351 

References p. 333 
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Intramolecular hydrosilylation of 4-(dialkylsilylmethyl)-cyclopentenes 

provides 2-sila L2.2.11 heptanes. (Eqn. 89) ‘Ihe hydrosilylation occurs from the 

endo side G.qn. 90) 

iR1R2 - &R’ + &I?’ tEg) 
H2PtC16 

iPrOH 

Cl361 a2 

H2PtC16 

> 
iMe 

h 
./ 

i PrQH 

cl 
r’ 

The hydrosilylation of 1-hexene and triamthylvinylsilane with some cobalt 

and rhodiua carbonyl catalysts was studied by IR. 11371 The hydrosilylation of 

phenylacetylene with H20 Cl6 6H20 ‘IHF was studied spectroscopically. 11381 

B. Hydrosilylation of Alkenes and Alkynes 

As usual a mxnber of hydrosilylation reactions were reported during the 

year. These are given in Table V. These are presented wi thcut further cammnt . 

‘Ihe enantioselective hydrosilylation of prochiral ketones was the topic of 

three reports. Rbodiun and platinua catalysts with the chiral ligands 32. 33 

and 34 among others were used to hydrosilylate acetophenone, phenylacetone and 

pinacolone with diphenylsilane and c-naphthylphenylsilane. (FQn. 91) ‘Ihe 

hydrosilylation of acetophenone with diphenylsilane and rhodiun catalysis in the 

presence of asymmetric iminophosphine ligands gave low (3-17% eel 

enantioselectivity. [155] on the other hand the [RhtCXD)Cll, catalyzed reduction 

of prochiral ketones in the presence of an optically active thiazolidine gave up 

to 96 percent ee. ‘The best thiazolidine ligand was 35. (Eqn. 92) 

(90) 
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Table V: Hydrosilylation of Alkenes and Alkynes 

Entry Silane Alkene(Alkyne) Conditions Product Ref. 

1 Me3 ,ClnSiH PhCH2CH=CH2 

2 RPhSiH2 D4-CH=CH2 then 

(R = Me, Ph) D3-CH=CH2 

3 (n~10~2i)2t4eSiH I-octene 

4 R3SiH RfCH=CH2 

R = alkyl,Cl, OEt Rf=CF3 & C6F5 

5 Hox’3k~ CH2=‘CHCN 

H Ph 

+ Br- 

6 MeC12SiH Ph3PCH2CH=CH2 

7 R3SiH PhCEH 

R = Cl, Et, Et0 

H2PtC16.PPh3 Ph(CH2)3SiF!e3_nC1n 139 

H2PtC16 

nC6H13 
RhCl(PPh3)3 I, 141 

Me -fi(CloH21)2 + 
I Me 

(CloH21)2Si WC5Hll 

RhC1(PPh3)3 

or Ru3(CO)12 

142 

R3 

H-iC4h 143 CN 

li2PtCT 6/A 

CHC13 

Br- 

Ph$ -iFW12 
144 

H20sC16 '2_ 145 

ySiR3 

References p. 333 
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Entry Silane Alkene(Alkyne Conditions Product Ref. 

8 R3SiH R1CZR2 Rh(acac)3/Et3Al 

R'"R' 

JSiR 

146 

R = Et. alkyl 
+ Rt/R 3 

7R3Si 

9 BuMe2SiH RMe2CCZCCH=CH2 H2PtC18 

R = glycidyloxy, 

co*Me 

10 Et3SiH THSCtCOR H2PtC16 

R = H, Me, Ph 

SiMe2Bu 

CH2=CH-C=CHCMe*R 147 

YJsi Et3 
7 

148 

COR 5 pts 

+ TMsPoR l pt 
Et3Si 

R1R2 Si 

11 R1R2 SiH 

R1R2 = ie Et Ph 

TMSOCH2CZCCH20TMS H2PtC16 *L_ 149 

I 1 TMSO AOTMS 

PH OH 

12 R1R2SiH 
2 

RCHCH2CBCH RtHCH CH=CHSiRlR*H 2 
150 

+ (RF:CF CH=CH) '2 2 
SiR1R2 

PH 
13 R1R2SiH 

2 
RMeCCH2CZH H2PtC16 

OH 

RMetCH CH=CHSiRlR*H 
2 

151 
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Entry Silane Alkene(Alkyne) Conditions Product Ref. 

14 R1R2SiH AcOCH2CZH H2PtC16 Aco7- 
2 

152 

TSiR'R'H 
+ 

Aco-L 
3SiR1R2 

R\ R2SiCH=CHCH20(CH2),0H 153 

References p. 388 



R 

.H 

H 
/N 

Y 
' Me 

Ph 

8 
C02Et 

0 

&R* + R3R4SiH 
catalyst 

2- R1!;R2 

[I541 

3.1-63.2 ee 

0 catalyst OH 

Ph:CH3 + Ph2SiH2 -> (R) Ph;H3 
99% 

[1561 
97.6% ee 

‘Ihe silane reduction of aldehydes and ketones WBS accarplished in a 

mcleophilic mnner with fluoride ion. Eqn. 93) This was done in a 

diestereoselective mnner as shown in Eqns 94 and 95. ‘Ihe acid catalyzed 

reduction gives the opposite stereoselectivity. Eqn. 96) 

(911 

(92) 



0 

R$R2 + 
TBAF 

R$iH - 
HMPA 

r1571 

0 PhMe2SiH 

> 
TEAF 

83% 

Cl571 

0 

Ph!CHOBu 

PhMe.$iH 

> 

dH" TBAF 

0SiR3 

R';HR2 

5 examples 

57-100X 

P” 
1 

Ph NMe2 

> 99:l threo 

?H 
OH 

Ph 

CF3C02H 

72% 

[1571 

96:4 threo:erythro 

93:7 erythro:threo 

183 

(93) 

(94) 

(95) 

(96) 

'Ihe reaction of ethers with triethylsilane in the presence of colloidal 

nickel results in reduction. (Eqn. 97) Ketals react with triethylsilane in the 

presence of zinc iodide ami a variety of additives (Iz, Brz. Clq. Hcl, HI) to 

give ethers. (Eqn. 98) The kinetics of the reaction shown was studied. 

loo-120° 

Me2CHOR + Et$iH - CH3CH2CH3 + ROSiEtg 
Nickel 

(colloidal) 

Cl581 

(97) 

References P. 388 
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in1 
MeCH(OPr)2 + Et3SiH -A> 

additive 
MeCH20Pr + PrOSiEt3 (98) 

El591 

Methyl acrylate reacts with silanes with dicobalt octacarbonyl catalysis to 

give 3-silyl acrylates. (Eqn. 99). 

Co2(We 
CH2=CHC02Me + R3SiH > 

/C02Me 

Cl601 

RjSi = Et2MeSi (86%); MesSi (65%); PhMe2Si (69%) 

A. Preparation 

‘lhe reaction of vinyl organanetallics with chlorosilanes produces the 

corresponding vinylsilane as seen in Eqns. 100-108. The reactions shown in 

Eqns. 100-103 shaw interesting chemoselectivity as do Eqns. 107-108. 

1) M 
> 

2) TMSCl 
clVJ(mS 

11’511 

\ WTMSCI , TMsd(TMs 
Cl611 

(99) 

(1001 

(101) 
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1) BuLi/-90" 
(102) 

2) TMSCl 

N 

0 1) RLi > 
0 

2) TMSCI 

Cl621 

R = Eu, 'Bu 

nMe3 1) MeLi/THF/-78' 
3 

2) Rfle2SiCl 

Cl631 

\, 1) meli 
TMS TNS 

2) LTMSCl X / \ 
or Me2$iCH2CH2SiMe2 

Cl Cl 
92% 

#e3S 

R = Me 78% 

R = NH2 78% 

or 

(103) 

(103a) 

(104) 

(105) 

References P. 388 
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1) BuLi 
CF2=CFCl - CF24FTMS 

2) TMSCl 

DC41 

(106) 

R 

-c 
=i+ 

1) BuLi 

> 
/TM 

S 

KOtBu R + 
2) TMSCl + 

Cl651 Ok 
R = Me (97%), Pr (96%). "C5Hll (62%) 

(107) 

2) TMSCl R 

Cl651 OMe 

R = We 97% 

a-Trimthylsilylated vinyl organometallics are excellent sources of 

functionalized vinylsilanea as aaen 

lllethylailylprupene vRs depmtonated 

ketones to give, after elimination, 

Lithiated allyltrimethylsilane 

fran Jiqna. 109-116. (E) - 1,3+istri- 

and the anicm condensed with aldebdes and 

trimsthylsilyl-1.3-dienes. (Eqn. 115) 

reacts with cr-cnco-ketenethioacetals to give 

(108) 

vinylsilanes. (Eqn. 116). 

Br2/CH2C12 
11661 

hv/Py 

THPO< 1) 'BuLi l 

-3lS 
2) R'R2C0 

Cl661 Rl = Et, 2ms 
R = H 75% 

R1 = R2 = Me 75% 

(109) 

(110) 
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0 0 

"C7H16!-X + -JTMS TtiF-HMPA 
\ 

l 
"C7HI 

TMS (111) 

CuMgBr Me2S/-50' 
+t 

Cl671 X = SeMe 96% 
X = Cl 85% 

2) Py+H-OTs/EtOH 

c 1681 

1) MsWEt3N 

- 
2) Si02 

or Et3Al 
R 

R = PhCH2CH2 

1) 01BAL/Et20 

2) MeLi 
R'CECTMS - 

3) CuI*P(OEt)3/THF 

4) R2X 

Cl691 

-Ps 
TLi, ,YLi TMS 

also employed 

RlwTMS 

\R2 
(113) 
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iPr3Si 

L 

--J Bu 
" 3 

CJ 
CHO 

BuLi 
iPr3Si 

> 
\, R 

Cl701 TLi 

(114) 

OH 

a- 

Ni02 

> 

i'Pr3 
Cl701 

0 

c3^1 I 
R 

SiiPr3 

RI 
1) BuLi/TMEDA / 

Et20 

> 

2) R1R2C0 TM 

3) Silica gel 

II1711 

D721 

89% 

other examples 

Trimethylsilylacetylenes wsce converted to vinylsilanes, normally by 

addition reactions (Fqns. 117-120) but also via the propargyllithuim reagent 

(FQn. 121). Clean cis and trans reductions of 1-triiwthylsilylbutyn-3-01 was 

acccnplished. @I. 120) 

(115) 

(116) 
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THPOC%CZCTMS 

RCZCTMS 

1) DlBAL/Et20 

- THpo\TMS 
2) Wt20 

3) 8r2/CH2C12/-78" \ 8r 
Cl661 

1) Et2A1C1/Cp2TiC12 

> 
CH2C12 

2) NXS/CH2C12/-78" 

[I731 

(117) 

R TMS 

(118) 

R X % Z:E 

8u 8r 90 97:3 

8u Cl 85 - 

Bu I 86 99:l 

cC6HII 8r 80 95:5 

1) Et2A1C1/Cp2TiC12 
TMS 

8uCZCTM.S - 
8uw 

E!x 

+ YJTMS (119) 

CH2C12 EtmN 

2) 8rCN/CH2C12 

Cl731 

H 

[HI 
TMS L-3 TMS 

TMSCZC-$HMe - - + 

OH [I741 

Reducing Agent Oti 

LiA1H4/THF 4 94 2 

NaAlH2(020Me)2 0 100 0 

H2/Ni8 98 2 0 

LiA1H4/Et20/ 99 1 0 
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1) tB~Li/THF/OO 
Rl 

TMSCTCCH2Rl 

1) R2R3C0 
TMS 

2) QoHe 
l TMSCX-fHR1 - / (121) 

2) NaOH 

3) 4/3 BF30Et2 "202 

R1 = H, "C3H7 cl753 

Ris(trimethylsilyl)aluminum reacts with vinyl icdides in the presence of a 

catalyst to stereospecifically give the corresponding vinylsilsnes. Gqns. 122, 

123) (Phenyldimethylsilyl~thylnmgnesiun chloride addstoo-tosyl-, mesyl- or 

bramacetylenes in the presence of cuprous iodide to give phenyldimthyl- 

silylmthylideneoycloalkanes. (Eqns. 124-127) A related transannular 

oyclization is shown in Eqn. 127. lhe silylmetalation of allenes has been 

reported. (Eqns. 128-130) Both regioisamrs are obtainable. (Eqns. 128) 

(122) 

I 
83% 

“%“l ” 
I 

catalyst "CA1 TMS 

+ (TMs)~A~ > 

[IO51 
catalyst (Ph3P),NiC12 or Pd(PPh3)4 

GUI 
XCH2(CH2),CH2CZCH + PhMe2SiMgMe + 

THF 

[1763 

(123) 

jHf- 
iCH2Jt_“2AsiPh& (124) 

2 

n X % 

2 OTs 91 

3 Ok 60 

1 OTs 28 



GUI 

PhMe$iMgMe 
THF 

Cl761 l % 
R 

SiPhMe2 

191 

(125) 

R = H, Me, 8u 

OMs 

R 

+ PhMe2SiMgMe 
SiPhMe2 

RsH 45% 41% 

R = Me 30% 10% 

-*- 
D 
OP(OEt)2 

8 

-- 
cl 

36 

SiPhMe2 

PhMe2SiMgMe 

- b ;z m(l271 
GUI 

Cl761 - - 
50% 

Cl771 

> 95 <5 

(128) 

-.- 
cI> 1: “iMm!y (4J:““‘2yJ;l*g) 
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CH2=C=CH2 
1) PhMe,SiMgMe 
L 

GUI 

21 P 

PhMe2Si , 

Y 
E 

(130) 

El771 

Heteroaryl Grignard reagents were reacted witha-bramvinyltrimethylsilane 

and a palladiun (II) catalyst to give 1-heteroarylvinyltrimthylsilane. (Eqn. 

131) The respective roles of the reagents can be reversed. (Eqn. 132) 

Vinylsulfones provide U) or (E) vinylsilanes as illustrated in Eqns. 133-134. 

%b = Ph2P(CH2)4PPh2 

4 

r 

I\ 
+ 

S 7MgBr 

(ZtlCl) 

PdCl2(dwb) 
> 

cl781 

[17Bl 

(132) 

TSO Ph 2 

1) Bu3SnLi 
> 

2) TMSCl 

[I791 

Merck 
R TMS TMS 

Silica Gel 60 
Rw - - (1331 

Bu3Sn 47-100% 

1 Ezred l R+ (134) 

Silica Gel 

230-400 Mesh 
TMS 

CHC13 

or 85'lbenzene 
sealed tube 
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Slm-di-tert-butyldichlorodimethyldisilane reacts with lithium and 

diphenylacetylene to give the disilacyclobutene 37. (Eqn. 135) The 

trimethylsilylfuran 38 is oxidized to 39 i 

Trimethyldiazanethane reacts with sulfony ,l 

n good yield. (Eqn. 136) 

chlorides to give vinylsilanes. (Eqn. 

137) 

PhCECPh + 

RCH2S02C1 

tBuMeSi-SitBuMe 

dl dl THF 

c 1801 

Ph 

Ph 

61% 

THF 
+ TnsctN, -3 RCH=CHTMS 

L 

Et3N 
16-80% 

Cl821 
(mostly E) 

(135) 

(136) 

(137) 

B. Reactions 

Several addition reactions of vinylsilanes were reported. It was found 

that a “nickel-silane” catalyst vmuld hydrogenate the double bond of 

chlorovinylsilanes without reduction of the chlorine-silicon bond. (Eqn. 138) 

Hydrogenation of 2-trimethysilyl-4.5-dihydrofuran in the presence of palladium 

gives 2-trimethylsilyltetrahydrofuran. @XL 139) In the absence of hydrogen 

the reaction gives 2-trimethylsilylfuran. f&n. 140) Similar reactions take 

place with the bis-dihydrofuryl system 4O.Gqns. 141. 142) 

References p. 333 
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.Gethyldichloroazocarb&ylate 41 adds to the double bond of vinyltrimethyisi lww 

(Eqn. 143) Treatment of the product with bisul fi te and base under phase 

transfer conditions leads to the trimethylsilylaziridine. (Eqn. 144) 

Phenylsulfuryl chloride adds to vinyltrimethylsilane. (Eqn. 145) Elimination of 

the MI gives the trans-l-~phenylsulfonyl~-2~trimethylsilyl~ethyle~~e 43. The 

cis is isaner 44 is obtained as shown in Eqn. 146. These are excellent 

ethylene, substitued ethylene and acetylene equivalents in [4 + 21 

cycloadditions. Wqns. 147-151) Phenylselenenyl chloride and bromide add to 

vinyltrimethylsilanes. Treatment of this product in “in situ” with silver 

nitrite gives the 6-nitrosilane 46. Oxidative elimination leads to (El 

6-nitrovinylsilane 47 in the unsubstituted case and to the (Z) product 48 in the 

substituted case. (El-2-nitro-I-(trimethylsilyl)ethylene is an excellent 

dienophile. (F.qns. 153-155) 

H2(1 atm.) 
Me,C13_,SiCH=CH2 _ 

"Ni/SiH" 

Cl831 

Me,Clg_nSiEt (138) 

TMS 

H2/Pd 
> 

L1841 

L 
Cl841 

TMS 

TMS 

(139) 

(140) 
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(x- 
\ 

O 2 SiMe2 
5 (&SiNZ, oSiQ (14') 

[184] 

TMSCH=CH2 + C12NC02Me 
Cu2C12 

> 
ccl4 

TMSffHCH2NC02Me 

s 
Cl kl 

Cl851 ,$$ 80% 

1) NaHS03 
TMS 

42 
VX > 

2) NaOH \/ N 
I 

octy14NBr 

hexane 

[I851 

to2Me 

75% 

CuCl 
TMS 

TMSCH=CH2 + PhS02C1 -4 
h 

Et3N 
> 

Cl861 Cl S02Ph 

(142) 

(143) 

(144) 

TM 
L 

\ (145) 

$41 
S02Ph 

TMSCSTMS 
PhSO2Cl 

> 
A1C13 

TMSCIS02Ph 
H2/Pd 

> 
TMs ~SO2Ph(& 

EtOAc/py 

Cl861 

I 

H2/Pd $3 

EtOAc 

(or D2) 

gorTMSuD 

Dn S02Ph 
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ltw 
43 + a~t~racene .---+ 

to~uane 

7 days 

14 days 

$$ + a~thrace~~ .-. 
flsol 

1) B&i TBAF 

$2 - 
> 

2) RX 



1) PhSeX(Cl,Br) 

47 

47 

?I + 

I\ 

US11 

89-962 PNO 2 

t 

/ t 
0 \ 

Rl 
/ 

x R2 ' 

benzene 
> (153) 

110” 
> 

Cl871 

(154) 

Rl TMS 

I 
(155) 

Cl871 > IT R2 

R1 = R2 87% 
=N02 

= Me 

R1 =Me,R2=H 94% 3 pts R1 = Me R2 = H 

1 pt R1 = H R2 = H 

3-Tritnsthylsilyl-2,S-dihydrofuran reacts with dichlorocarbene, generated by 

various phase transfer routes, to give addition to the double bond or insertion 

into an allylic C-H bond. (Eqn. 156) The reaction of dichlorocarbene with 

2-trimethylsilyl-4,Sdihydrofuran gives ring expansion. c&n. 157) 
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il 
TMS 

- 

0 

TMS 

:cc1z (==J_+J==J’“’ + pjTYL6) 
60-802 

Cl881 

L (-J:t 0)" a:: (157) 
Bu3PhCH2NBr 

1% EtOH TM TMS 

Cl891 when EtOH 

free CHC13 used 

A detailed study of the hydroboration of dimethyldivinylsilane has been 

carried out with a variety of hydroborating agents (Eqn. 158) with. 9-m giving 

exclusively the 1.5-diboryl adduct. (Eqn. 159) ‘Ibis diboryl derivative can be 

exchanged with borane mathylsulfide to give 

l,l-dimethyl-1-sila-4-boracyclohexane 49 Gqn. 160) This rmterial serves as an 

excellent precursor to i,l-dimethyl-1-silacyclohexan-4-one, 50. a ccnpound 

difficult to prepare by other methods. @qn. 161) 

Hydroboration-oxidation of the unsaturated vinylsilane 51 selectively 

reacts at the terminal double bond. aidation to the acid and epoxidation of the 

vinylsilane leads to 6-hydroxysilane 53, which can be eliminated to ylidene 

lactone 54. (Eqn. 162) &oxidation of the alcohol 52 gives the ylidene 

tetrahydrofuran 55 (Eqn. 163) Application of this methodology to a partial 

prostaglandin precursor 56 is shm in Fqn. 164. 

Trans-1-trimethylsilyl-3-propenol undergoes’asyrnastric epoxidgtion to give 
i 

(El-(23, 36)-3-trimethylsilylglycidol, 57 which HWS converted’to (-) propanolol. 

Gqn. 165) W-a- Branovinylsilanes 58 have been shown to be acyl anion or aryl 

cation equivalents in the synthesis of ketones. A key reaction in the sequence 

is the epoxidation-opening of a vinylsilane. (Eqns. 166. 167) 
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Me2Si(CH=CH2)2 
l);;B-H 

> 
2) H202/NaOH 

Cl901 

Me2Si(~H=cH2)2 + 2 9-BBN 

$j + BH3SMe2 

OH 

> 
Cl901 

> 
[ 1901 

OH 

OH 

(1%) 

r/ B 3 
Me2s1 (159) 

5 

2.2 B 
3 

(160) 

MeOH 

s! - 
Me sinB oMe l) hocHc'j 

(161) 
t-1901 2 w - 2) LiOCR3 

3) H202 z.I 

R3 = Me3, Et3, Me2Et, Et2Me 71-783 

TMS “id 
,2AJ 

51 
2) H202/NaOH R2 

Cl911 

r?_/-"" THF-HZ; R2/-j_/co2H 

23 (162) 

1) 9-BBN 
TMS “i/ H2Cr04 'lurns 

- 

MCPBA > 

Rl = "C5Hll; R2 = H 

Rle A;;; , R% 

.&! z 

R1 = H; R2 = "C5Hll 
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52 
m 

R1 

1) MCPBA 

l 
2) KH 

Cl911 

"C5"ll 
\ 

TMS 

/ 

-xc,+ 

QLi 

BEt3 
> 

Pd(PPh&, 

'B+BHLi 

> 
THF 

HO 

THF 

rI1911 

‘L 
nnC H TMS 5 11 

(163) 

(164) 

TM (-) DIPT TMS 
1) MsCl 

- 

> 
Cl921 Et3N 

57 2) a-NpONa 
> 95% ee (165) 

TMS 
TBAF 

> 
+Np iPrNH2 ~ iPrN&Np 

0-Np (-) propanolol 
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TMS 

"b 
1) %"Li 

TMS 

> 
"c/ 

1) MCPBA 0 

'7Br 
2) R21 

-\, 

- R1C"2tRP (166) 
2 2) H2S04 

3 
Cl931 

(acyl anion equivalent) lkoH 

\(PhS)R'CuLi l 'q , R1CHJR2 1) MCPBA 

Cl931 2 2) H2S04 
(167) 

(acyl cation equivalent) MeOH 

In other reactions of the addition type 1,4-bistrimsthylsilyl-1,3- 

tmtadiene cycloadds with 2.3-dimethoxybenzoquinone. (Eqn. 168) ‘lhe unusual 

vinylsilane 59 photolytically cycloadds with trimethylsilyldiazamthane to give 

60, which gave the phosphacyclopropane 61 upon extrusion of nitrogen and 

conrotatory ring closure. Gqn. 169) Silylketenes react with ynamines to give 

cyclobutenones and allenenyl amides, which rearrange to the propargylic amides. 

Cqn. 170) The allenenyl snide could bs “trapped” when a phenyl group was on 

the nitrogen. (Fqn. 171) 

0 
TM Me 

t 
7 

(168) 
ms WI Me 

,TMS 
I 

(T~I~)~N-*~=cHT~~s t ~f4scHti~ hu 

c1951 
59 

(169) 

References p. 388 



(TMS 

> 

+ R2CZCNR3R4 
Cl961 

SiMePhRl 

‘Ihe addition of organamtallic reagents to vinylsilanes provides useful 

synthetic intermediates. The addition of Grignard reagents to 

vinyltrimethylsilane followed by protonation was carried out. (Eqh. 172) 

Organolithiun and Grignard reagents add to vinylrnethyldialkoxy (or diamino) 

si lanes. The resulting products can be oxidized to the corresponding alcohols. 

(l?qn. 173) The ogananstallic can add to the double bond or substitute the 

silicon atan as seen in Eqn. 174 It is further possible to prepare optically 

active alcohols via use of the chiral ligsrtds and silicon as seen in Fqn. 175. 

(171) 
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TMSCH=CH2 + RMgX 
Et20 

> TMS$HCH2R 
H2O > TMSCH2CH2R (172) 

WI MN 

R= Et, iPr, allyl, CH CH-CH=CH2 
3; 

1) R*M 
(R1X)2SiMeCH=CH2 + 

2) R3X 

R*CH CH=SiMe(XR1)2 
2;3 

11981 MCPBA 

KF/DMF (173) 

R2CH CH-OH 
$3 

Me2XSiCH=CH2 + R-M + RCH2fHSiMe2X + CH2=CHSiMe2R (174) 
cm M 

"BuLi gives substitution 

iPrMgC1 gives addition with MeSi(OR)*(R=Me, iPr) 

and Me2Si(%N< ) 

iPrMgC1 gives substitution with MeSi(O'LNo2 

:’ 
CH2=CHSi (N 

PM2 

Me OMe 

1) BuLi/Et*O 
> 

2) M9Br2 

3) QBr/CuI 

4) HCl 

PO01 

H2D2 

KHF2 

DMF 

(175) 

A 
60% ee 
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Vinylsilanes, tiich are also vinylsulfones, undergo addition of 

organolithiua reagents to place the metalc to the sulphone group. These 

reactions are synthetically useful. Eqns. 176-178) 

TMS 

02Ph 

Bu3SnLi 

~2011 

(177) 
VOMe 

PhS02 

1) RLi 
l 

2) KF 

C2021 

RLi="BuLi; Li 

Me 

1) MeLi 
> 

2) PrBr 

c2021 
OMe 

51% 

(178) 

‘Ihe reaction of 6-chlorovinyltrichlorosilane with adamantane and alvninun 

chloride gives 1-(2-trichlorosilylethyl)adaamntane. (Eqn. 179) ‘Ihe 

trimethylsilyl group of fluorinated vinylsilanes can be electrophically replaced 

(Eqn. 180) Examples of the intramolecular electrophilic reaction of 

vinylsilanes appeared. A synthesis of trans-7amethylhydrin-4-ene-1,6-dione 62 

is shown in Eqn. 181. The intram3lecular cyclization of vinylsilanes and 

iminitan ions was accoqlished. (Eqn. 182) The trimethylsilyl group was used to 
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direct the regioselective introduction of the double bond in the !&zarov 

reaction. (Eqns. 183-189) ‘lhe requisite precursors Were prepared according to 

Eqns. 183 and 184. h carparison of the results shown in Eqn. 187 and those in 

188 and 189 d&nstrate a considerable effect of larger ligands on silicon for 

the g-methylated system 63. 

C13SiCH=CHCl + Adamantane 
AlC13 Sic13 

c2031 (179) 

TMS 

L 
74 9Br 

tBuCl 
> 

AlC13 

C2041 

& I 

1) MeLi 

2) BrCH2C02Et 

-I 
3) KOH 

tBu 

R = Bu 80% 

Ph 60% 

TMSCl 

c2051 
TMS 

(180) 

(181) 
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R = Pr, CH20CH2Ph 

TMS 
L 

\ 
Mg8r 

> 

cm71 

> 
camphor 

Sulfonic acid 

C2061 

Table VI: Divinyl Ketones from El?+ls According to Eqn. 183. 

(lr,2) 

0 

Ni02 
.R1 

_j f 

JfiL 

(183) 
Et20 ’ 

R 

&I-k 
TMS 

Reprinted from Helv. Chim. Acta with pen$ssio;lS'Y;f the publishers. 
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1) *BuLi 

TMS 
\ 

\ I 
. , -_0 I' 
-_ 

2) L, 

-3"O 

PO73 

Table VII: @Trimethylsilyl Divinyl Ketones According to Eqn. 184. 

0 

7b 
Q 

_ 6S*. CO% 69 * 

S.MQ 

3c 

lb 

w 0 
In, CD 55* 53 ‘c 56% &J-(,, ,rn-, --- 

n * 

l ) -Yields for conversion ketones 7 to hydrazones 8 IO alcohols 6 IO dienones 3. 
b, An inseparable 2: I mixture of isomers. 

Reprinted from Helv. Chim. Acta with permission of the publishers. 

Referencea*. 
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I 

, 
FeC13 

\ > 
\ 

TMS 
CH2C12 

C2071 

. 
I 

I 

\ 

\ 23 / 
Table VIII: Acycllic Oivinyl Ketones form Ketones According to Eqn. 185 

7n “SC J . CM, 00 x 90 x 04 Y. - - - HpC 

-i\ 
II In 

SiMe, 

7p .‘Qw 4 -- 03% 72% 84% fCbb 

7q d 3 
CY 

69% 70% 17% 

-% 

3 
-- 

II 3q 
&MC, 

Reprinted from Helv. Chim. Acta with permission of the publishers. 

Jh MS 
’ b I 

c2071 

7 examples 

27-95% 

(185) 

(186) 
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R1 

ti 

I 

R2 
i, 

R3 

:i:::,,; R2J$ + R2&p (187) 

Cl701 Rj 

R1 R2 R3 

Me H H 

H tBu H 

H H Me 

72 28 

76 24 

78 22 

FeC13 
3 

iPtg3 
CH2C12 

Cl701 
70% 

FeC13 
> 

Cl701 

H 

N / + 

H 

91% 

H 

(3 / + 

H 

78 % 

H 
: 

@ 

/ 
(188) 

: 
H 

9% 

The telaaerization of vinyltrimethylsilane with methyl propionate has been 

studied. (Eqns. 190) 

TMS--hO Me 

tBuOOtf3u 
TMSCH=CH2 + MeCH2C02Me 3 

1208, 2091 
TMS&co2& (190) 

TMS&02Me 
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Uranples of the fluoride ion-induced protiodesilylation of vinylsilanes are 

given in Eqns. 191-193. Vinylsilanes react with aldehydes under the influence 

of fluoride ion (Eqn. 194). ’ a-TrLmethylsilyl vinyl triflates react with 

fluoride ion to give the alkylidene carbene. (Eqn. 195) 

THPO 

KF 

DC-0 

11661 

b 

F 

FAH 

6 examples 

76-901x 

4 examples 

61-78% 

THPouR2 KF/DMSO ~ 

11661 2 examples 

71 and 78% 

(191) 

(192) 

(193) 

B”w 

F F 

KF/DMSO 
> 

B”w (194) 

tBuCHO 
TMS 

t1643 
r)- 

tBu 

OH 
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211 

(195) 

I ArN=NAr 

- Ar 

Several other reactions, which are difficult to classify, were reported. 

Vinyltrimthylsilane reacts with lithiuz metal in a hydrocarbon mediuz to give a 

mixture of tram-2-trimethylsilylvinyllithiuz and trirwthylsilyl- 

ethynyllithiua. (Eqn. 196) Aryldiazo tetrafluoroborates couple with 

vinylsilanes in the presence of palladiuz (0). (Eqn. 197) ‘Ihe direct oxidation 

of trifluorovinylsilanes has been reported. (Eqns. 198. 199) ‘Ihe trimethylsilyl 

group in vinylsilanes was shown to have an effect on the regiochanistry of the 

ene reaction. (Egns. 200.201) It is argued that in 10 transition state 11 

prevails whereas in 68 transition state 72 competes. Vinylsilanes 73 can be 

cyclized to the dihydrofurans 74. Gqn. 202) The silylated cycloprcpene IS can 

be protiodesilylated in the presence of fluoride ion. (Eqn. 203) The 

vinylsilane 77 oxidizes at both carbon-boron bonds. @qn. 204) The silylation 

of 1-tert-butyl-1-aila-2.4-cyclohexadienss can be achieved at the 2, 4 and 6 

positions. (Fqn. 205) The first reported methylene phosphorane 79 was prepared 

by ozonolysia of 78. 02qn. 206) An x-ray structure of 79 was carried out. 

Methylene phosphine 80 cycloadds to 81 to give 82 in low yield. @II. 207) 

References p. 388 
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Li 
TMSCH=CH2 > TMSL 

hydrocarbon \ + 
TMSECLi 

Ml1 
Li 

H20(D20) H20 
(D2D) 

(196) 

TMS 

L 
-7 TMSECH(D) 

H(D) 

ArN2BF4 + 
Pd(dba)2 

- 
Ph/- (197) 

TMS 
CH3CN/2Y 

Ar ' Ar/ 

cw 3-4 pts 1 Pt 
4 examples 

68-100% 

TMS 
MCPBA 

- 

TMS 

DMF/-50° R 

C2131 

1) CuF2 
> 

2)MCPBA 
SiC13 -50° 

[2131 

4 I 

(198) 

(199) 
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R 

G 
CH2C02Et 

67 R=H 
VI, 

68 R = TMS 
'v\, 

69 
‘v\, 

70 
v-d 

CH2C02Et CH2C02Et 

1 1 

1 1 

R 

d 3oo” 

K-1 

CH2C02Et 

R=H 

R = TMS 

71 

RIR 2Si 

2L_ 

HO/OH 

R1 = R2 
a 

= Me, Et 

3 

100 

72 

R1R2S' 2 
KHso4 - 

> 
Cl491 h 0 

74 

6820% 

(201) 

(202) 

R1 = Ph; R2 = Me 
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iMe Me3N0 

> 

[2161 

1) BuLi 
> 

2) TMSCl 

12171 

R = tB~, X q H, OMe 

EtBNoiSiMe2 

;+Me + '-;3;2 (204) 

Et 

70% 

TMS 

QT”s Or 0 (205) 

R H R' 'OMe 

X =H X = OMe 

l 

1) BULl 1) BuLi 

2) TMSCl 
I 

2) TMSCl 

TMS TMS 

TMS 

TMS 

TMS TMS 
R ' 'OMe 
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p=c ,TMS *3 

'Ph -78" 

12181 

!I 

Ph 

> 
c2191 

80 81 QxJ 

0 0 - \ , “q--s (206) 

79 58% 

Ph 

(207) 

OMe 

82 6% 

C. Spectroscopic and Other Studies 

‘Ihe 13c _ 13 C coupling constants in vinyltrimethylsilane were determined. 

L.2201 The l3 C-F?& spectra of trans-1-(alkylthio)-2-(trimethylsilyl)ethylenes 

were recorded. [2211 It is argued that thepx-dr conjugation is governed by the 

steric effect of the alkylthio group and the resonance effect of the silyl 

The gecaustries of the cis and trans 1.4-disilacyclohexadienes 83 were 

determined by x-ray analysis. [2221 The trans system is nearly planar 85 and 

the cis form a twisted boat with the trimethylsilyl groups slightly pseudoaxial 

84. The El2 equilibriun of 1-trimethylsilylvinyllithiun was studied by lML A 

half-life of between 0.5 ard 15 min at -70’ was calculated from the results with 

aAt+ of activation of 7.4 ( 1.5) kcallmol and a AS of activation of -32 ( 4) 

entropy units. [2231 

&, r---\ ,Me 

Si Si 
TMS/\=/ 'TMS 
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Structures reprinted by permission of Elsevier Press and the authors. 

A. Preparation 

The reaction of ethynyl organaoetallic reagents with chlorosilanes provided 

entries into ethynylsilanes. (Eqns. 208-214) ‘lYimethylsilylethyny1 

organamtallics provided entries into various functionalized ethynylsilanes. 

(Eqns. 213. 218. 219-222). The aldehyde 86 was converted to the 1.3-dioxolane 

81 which was deprotonated and reacted with several electrophiles. (Eqns. 

214-216) Reagent 88 proved an excellent precursor to the propiolate anion 

equivalent. (Eqn. 219) Trimethylsilylethynylzinc chloride adds to the 

stannylated propargyl chloride 90 in an SN2’ fashion to give the allenyltin 

system 91. (Eqn. 222) Ris(trimthylsilylethyny1) aluninun reacts with 

cycloalkylamino carbonates via a rearrangement alkylation sequence to give the 

ethynyl nitrogen heterocycle. (F.qn. 223) 

Other organanetallic derivatives of ethynylsilanes are useful in the 
/ 

preparation of ethynylsilanes. For exmple. l-(triisopropylsilyl)propargyl- 
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nngnesiun branide was reacted with an epoxide and ally1 phosphates to give the 

propargylated product. This ww mnohydroborated and oxidized to the acid, 

which was esterified in a synthesis of perannulenes. (Eqn. 224) 

IMethyl diazoacetate reacts to insert the carbene into the terminal C-H 

bond of terminal ethynylsilanes except when an SiH bond is present when 

insertion takes place at this bond. (Eqns. 226. 227) 

RCX-CELi + TMSCl & RCfC-CZC-TMS 
C2241 

R = Bu, Ph 

RCZCCH=CHCl 
1) NaNH2/NH3( 1) 

2) TMSCl 

c2251 

/CXH 1) EtMgBr/THF 

XH 

2) TMSCl 

[2261 

1) EtMgBr 
HO(CH2)40CH2C%H _____$ 

2) R1R2SiCl 2 

Cl531 

RCX-CZC-TMS 

R= "C6H13 70% 

R = Ph 71% 

/' 
CZCTMS 

(CH2)" 

k- CZCTMS 

n 
2 

: 

; 
14 

% Yield 
99 
98 
98 
97 
96 
94 

(208) 

(209) 

(210) 

(211) 
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1) Mg 
TMSC%Br _ 

2) F3SiCH2C1 
(TMSC;C)2Si,'F 

(R) 
CH2Cl 

65.8': (R) 

[2271 12 examples 

24.5-76.57: 

1) EtMgBr 
PhZCxH __I__, PhZC%iMe2CH2C1 

2) ClMe2SiCH2C1 

[2283 

z = 0, s 

1) EtMgBr 
TMSCZCH > TMSCSCCHO 

2) DMF 

c2291 86 % 

+ 

g + Ii-OH H 

cm1 

(212) 

(213) 

(214) 

TMSCX H (215) 

n . , 
BuLi 

87 9 
or tBuLi 

TUSC=I: 'A Li 5 

L-Q91 88 P 
2r-b 

RX 

n 
TMSCZC 'A, (216) 

0 - 83 7: 

?5%( THF) EW(Et20) 

solvent 
88 + TMSCl - TMSCX "x_orMs + ;x;2(2171 

iI 
THF 60 40 

Et20 35 65 

HMPA 1nr! 0 



TMSCEH 

1) NaOH/EtOH 
89 - 

2) BuLi 

C2301 

1) BuLi 

+ 
2) (EtO)3C BF4- 

12301 

P 
+ EfXC(OEt)3 

11 examples 

52-94% 

P YH 
TMSCrCLi + Me(CH2)15;Hd-C02Et + 

14C02Et 
E2311 

Me(CH2)15~HC@& 

14C02Et - 

OMe OMe 

TMSCXZnCl + OAc pd(pph3lQ 

_j( 
P321 

R2 "-c 

R R & 
/ 

TMS 

R = H (85X), Me (95%) 

219 

(218) 

(219) 

(220) 

(221) 

TMSCXZnCl 
Ph3SnCsCCMe2C1 \ 

90 
Pd(PPh3)4 

I331 

TMSC C 

(222) 

Ph3Sn 
91 

9 )n 

f 
N\ 

0C02Et 

(TMSCS)3Al 
3 

(2341 

L ?MS 
Ph 

(223) 

Ph 

n = 1 (98%); n = 2 (71%) 
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R3SiCXCH2MgBr 

> > 

CuI/THF 

Me2S 

c2351 (224) 

1) kC6H11j2BH 
> 

2) H202/NaOH/MeOH 

3) CH2N2 

TMSECCH2CH2ZnC1 

RMe2SiCXH + 

RMe;iCXH t 

H 

t 
I 

Pd(PPh,J 
> TMSCXCH2CH2Ph (225) 

[2361 
83% 

cu 
N2CHC02Me or RMe2SiECCH2C02Me (226) 

or CuS04 

80-100" 

I2371 

N2CHC02Me + 

t-2371 
RMe:iCXH 

CH2C02Me 
(227) 



B. React ions 

Editions to ethynylsilanes were reported. ‘Ihe mnohydroboration- 

oxidation gives carboxylic acids. (Eqns. 229, ‘229) The addition of the 

boron-boron bond to ethynylsilanes has been reported. (Eqn. 230) An apparent 

rearrangmtwit occurs in the substituted ethynylsilanes. Trimathylsilyl- 

acetylene gives the 1,2-bisboryl adduct. (Eqn. 231) ‘Ihe ethynylimine 92 adds 

thiophenol at both the imine and triple bond. P&n. 232) ‘Ihe enyne 93 suffers 

addition to the double bond in an 1.2 fashion and to the enyne in a 1,4 fashion. 

(E&n. 233) Ihe silylated ethynyl ethers 94 cycloadd to ketenes. (Eqn. 234) 

OH 1) (cC6H11&BH OH 

Me(CH ) CHkHC02Et _ 
* 151 I 2 f H202/NaOH 

Me( CH2) l&H[HCO$t (228) 

14C CZCTMS Et02 
14’ ’ 

Et0 2 3) MeOH/H+ 
C CH2C02Me 

C2311 

11 (~C~H~~)~BH 

> 

2) NaOH/H202 

3) H+ 

C02H (229) 

C2381 

R2/ BRkl 

Rl8-BRl + 

ci kl 

R&MS - 
c2391 TMSABRICI 

(230) 

R1 = %u, Me2N 

R2 = TMS, Ph, tBuCH2, Me 
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tBuB-BtBu + TMSCZH .-> H wTMS 

ci 21 0401 
tBuCl A tBuCl 

TMSCX-CH=NR + PhSH ____, TMSCECHNHR 

2x 
C2401 iPh 

+ 

TMSCZC-CH=CH2 + 

%2 

Ar = Ph, p-C1C6H4 

Ri SiCEOR2 + 

R1 = f, Et 

R2 = Me, Et 

TMS\ 

PhS# 
=CHCH=NR 

ArS02NC1 2 _ 

C2411 

Cl 

TMSC&HCH2~S02Ar 

Cl 

+ 

Cl 

TM&C:CCH2~S02Ar 

Cl 

(231) 

(232) 

(233) 

R\ Si OR2 

R2R3C=C=0 > (234) 

@=I 
2 

;; = R3 =SCF3, Cl 

=H,R =Cl 

‘Ihe addition of organomtallics to ethynylsilanes LVW reported. It was 

reported that 1-trimethylsilylpropyne and trimthylsilylphenylacetylene are 

stable to Grignard reagents as determined by 13C and 2y Si-MR. [2431 However 

Grignard reagents were added to ethynylsilanes in intramolecular reactions in 

two cases one with copper catalysis. (Eqns. 235, 236) ?&re examples are given in 

Qns. 237-240. Allylzinb bromide adds to ethynylsilanes. (Eqn. 241) Additional 

results of this reaction are given in Table IX. 
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Me0 Br 

(235) 

Me0 

mSCfC 

7 Rl Hg 
c2451 

Br 

1) WEt20 
THSCIC(CH2) Br ._B 

2) uBr 

\ 

[2451 

TMS 

G==Q / 97% ‘” 
n=O 9% 

1 97% 
2 99% TM 

I) Mg/THF 
- TKC(CH2)4 CH2CH=CH2 + 
2) WBr 

81% w / 

g% 

n=4 

R1 
TMS 

Brb 

Rl 

2 

3 

TM 

(2361 

R2 

';le 
TMS(XCH(CH2)$r L 92% 

C2451 

several examples 

(238) 

TMSCX(CH2)3fHMe 

Br $,Jyb;& 

C2451 

(239) 

8% (240) 
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RECTMS + //\/ZnBr -> 

[2461 

0 

R'?SEt + 
W4 0 

R'ECTMS -> R&CR2 
CH2C12 

11 examples 

(242) 

25' 55-971x 

C2471 

‘Ihiol esters react with ethynylsilanes in the presence of silver 

tetrafluoroborate to give ethynyl ketones in good yield. (Eqn. 242) 

Ethyhyltrimethylsilane can be cross-coupled with aryl chlorides, branides and 

iodides. (Eqns. 243, 244) 

Deprotonation of the propargylic position of ethynylsilanes has provided 

sane useful chemistry. A key step in the synthesis of a-ethymylhistamine was 

condensation of dianion 95 with epibramhydrin. (Eqn. 245) Trimethylsilylated 

propargyl ally1 ethers were subjected to the L2.31 Wittig rearrangement. (Eqns. 

246-248) In these exaqles the trimsthylsilyl group serves to protect the 

acidic terminal position. 
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a I 
\ )” 

' 02 

I 

/cc 
I 

\ N02 

N' 

00 
TMSCS-CH-NBOC 

TMS 

HCZTMS 

12483 63% 64% 

BrA 

> 
Em 

TMSC%CHNHBOC 

b 70% 

(245) 

BuLi CsF 
l (246) 

THF 

* -85" 

'TMS 
'TMS 

c2503 



94% ee 

\\\ \ 
TMS 

BuLi 
> 

[2511 
+ (237) 

‘Tt!S i!!S 

BuLi 

> “y 

t 
THF/hexane 

c2521 
* 

‘TMS 

93% z 98 

93% E 75 

7 

76% ee 

2 

25 

In other reactions ethynyltrimethylsilane was added to o,6-unsaturated acid 

chlorides under Friedel-Crafts conditions. (Eqns. 249, 250) 1-Trimethylsilyl 

propiolic chloride reacts with methyl diazoacetate at the triple bond. (Eqn. 

251) Triax?thylsilylPropargYT ethers were subjected to cobalt catalyzed 

cyclizations. (Eqns. 252, 253) Trimethylsilylated conjugated diynes can be 

mtalated. (Eqn. 254) Ethynyltrimthylsilane cab be dimerized in the presence 

of titaniun (IV) and a Grignard reagent. (Eqn. 255) Trimethylsilyl alkynone 96 

photoadds to tetramthylethylene (Eqn. 256) lntemediate carbene 97 is 

postulated. ‘lhe tert-butyl analogg7aproceeds via a singlet carbene, which 

cyclizes to a cyclopropene. (Eqn. 257) 

C2531 
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Cl 
RbCTMS 

AlCl 
3 

n-l,2 C2531 

TMSCzCCOCl + N2CHC02Me 

Rl 

H 

TMS 

H 

TMS 

Me 

TMS 

Me 

TMS 

> 

[2541 

TMS 

w RL / I 
R1 

R2 

TMS 

H 

TMS 

H 

TMS 

Me 

TMS 

Me 

!? 

’ *“lR, tMeo2eAC02Me 

TMS 

(250) 

% Yield 

57 

13 

71 

17 

62 

14 

57 

24 

(251) 

TMs-_sJ'L s-C02Et ___, 
cocp(co)2 Et0 c 

CH3CN 
'aMS ~2f$521 

C2551 



TMS 

TMS-s 
CH3CN 

[X51 

TMS 

229 

MCPBA 
> 

(253) 

BuLi CS2 
MeEC-CE-ms d 

KOtBu 
CH2=C=f-CZTMS -1oo"- CH2=Csf-ECTMS 

K CS2K 

L KOtBu (254) 

H-EC-C-CZTMS 

I\ 
KS SK 

CppTiC12 TMS 

TMSC=CH 
iPrMgBr 

> TMSCZC-d=CH2 

c2571 

(255) 
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0 

TMSCZ-?Bu + 

96 
2% benzene 

TM&[2581 

ti 
\$ “H 

0 
triplet 

x 

TMS 

hv 

II2581 

C. Spectroscopic and Other Studies 

Several spectroscopic studies of silyltrifluoroacetylene and its 

trideuterioderivattve were carried out, including X23, IR, hrmn. microwave and 

electron diffraction. [2561 ‘Ihe vibrational relaxation and molecular dynamics 

of liquid ethynyltrimethylsilane and 1-deuterioethynyltrimethylsilane were 

studied. [2601. ‘Ihe 13c-12c coupling constants were determined for 

ethynylsilanes. including triethylsilyllithioacetylene. [2611 

(256) 

(257) 
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A. Preparation 

The l%WX/Li/‘EiF reagent nicely silylates pyridines. Gqn. 258) Ihe 

allylsilane products react with aldehydes ttier the influence of fluoride ion 

to give 3-allcylated pyridines. (Eqn. 258) Allylsilanes are produced from the 

reaction of the lMiCl/Li/‘IklF reagent and indoles and benzothiophene. (Eqns. 259, 

260) Benzofuran gives arylsilanes. (Eqn. 261) The TvSClILi reagent was applied 

to an allylsulfide to provide an allylsilane. (Eqn. 262) 

/ 0 \ I 
N 

TMSCl 
3 

Li/THF 

[2621 

6 s. mR (258 

I THF 

TMS 
12 examples 

13-72% 

TMS 

TMS 
CH(TMS)2 

(260) 

TMS 
O-10" 

C2631 
60% 
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I2631 

PhS 

Q 

TBS& 

TMSCl /Li 

0” 

L-2641 

(262) 

Allylorgancnmtallic reagents were reacted with chlorosilanes to produce 

allylsilanes. ‘Ihe tristyrylmethyllithium reagent was silylated. (Eqn. 263) 

Lithitnn reagents 99 and 99 were quenched with trimsthylchlorosilane to give the 

a-chloroallylsilanes. Wqns. 264. 265) 1-CDiethoxyphosphoxylI-1-dimsthylamino 

allyllithitrn reagents ware prepared and silylated. (Eqns. 266. 267) 

Bisallylation is also possible. N-allylpyrollidine can bs metalated and 

trimsthylsilylated to give esters, the enamine or the a-pyrollidylallylsilane. 

@.qns. 268, 269) ‘Ihese products can in turn be metalated and silylated. (Eqns. 

270. 271) l-Tert-butyl-3-msthoxy-1-alkenes were metalated and silylated to 

provide the a-tert-butylthioallylsilanes. @qt. 272) hydrolysis and 

oxidation-elimination of which provided the 6-trimethylsilyl a, Wnsaturated 

ketones. (Eqn. 273) ‘lhe dianion of the boracyclopentene 100 can be silylated to 

give the allylsilane 101. (Eqn. 274) Ally1 Grignard reagents react with silanes 

under catalysis with nickel ccnplexes. (Eqn. 275) Lithiated allyltrimethyl- 

silane was reacted with benzaldehyde, butyraldehyde, isobutyraldehyde and 

acetophenone in the presence and absence of triethylaluninum. ‘Ihe Lewis acid 

brought about increased reaction at theaposition. Eon. 276) 
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Ph 

L 
TMSCl 

> 

Ph/- 79% 

C2651 

cl+.@ + TMSCl + 
Li C2661 

98 
VIJ 

Meei Q + TMSC~ 

/ 
P(0)UW2 BuLi 

NMe2 

> 
TMSCl 

C2671 

n’s)+ 
Cl 

51% 

(264) 

TMS 
> 

v 
\ + L (265) 

C2661 

60% Cl 
-TMS Cl 

30% 70% 

“WW2 tBuLi 
P(0)KW2 

_-.I > / 
TMSCl n (266) 

CH(TMS)2NMe2 

TMS 79% 

TMS 

P(WOW2 
BuLi 

NMe - 
TMSCl 

2 LX71 
TMS 
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1) BuLi/TMEDA 

> 
2) TMSCl 

TMS- \N 
3 

WI 
t 

2) MgBr2 

3) TMSCl 

C2681 

1) BuLi/TMEDA 
TMS 

* > 
2) TFlSCl 

[2681 

kO$HCHtHSt8u 

R 

1) H3+0 

1) BuLi/TMEDA 
> 

2) TMSCl 

12681 

60% 

TMS,, N /y3 
TMS 

30% 

TMS 
60% 

1) tBuLi 

> Meok-J 
2) TMSCl 

R 
T)- 

StBu 
c2793 

tt 
TM-S 

R = Me (92%) E:Z 27~73 

R = Pr (87%) E:.Z 17:83 

R = "C5Hll(95%) E:Z 20:80 

% - 
2) Chloramine T 

12691 

RLTMs (273) 

R = Pr 46% 

R = nC5Hll 52% 

(268) 

(269) 

(270) 

(271) 

(272) 
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N(iPr)2 
I 
B 

# 

1) 2 tBuLi 
> 

- 
2) 2 TMSCl 

.&-% I2701 

N(iPr)2 
I 

TMS 

(274) 

iR3 3 SiR3 

+ R3SiH(lgxs) [Nil & + - + T(275) 

LMgBr 90% 

C2711 ) 
SiR, 

2 0 

RSi = Ph2MeSi; PhMe2Si 
3 

msa 
Li + 

Rl 

Pr 

Pr 

iPr 

iPr 

Ph 

Ph 

Ph 

Ph 

R1R2C0 
> 

[2721 

R2 

H 

H 

H 

H 

H 

H 

Me 

Me 

98 .J 

[Ni] = NiC12(dppt) and others 

TM.5 TMS 

1(276) 

Et3Al 

Yes 94 

No 10 

Yes 50 

NO 10 

Yes 43 

No 17 

Yes 24 

No 0 

6 

90 

15 

90 

20 

83 

76 

100 

The palladium (0) catalyzed electroreductive silylation of ally1 acetates 

has been achieved. (Eqns. 277-279) 
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Ph 

L 
--LOAc 

OAc 

Phb 

‘“\ Pd(O) 
S 

--F 

> Ph L 
TMS 

/ A 
+ PhA (279) 

OAc 66% 

C2731 
2 1 

1) Pd(O) 
> 

2) +2 e- 

TMSCl 

C2731 

Pd(O) 
I 

12731 

R 

L_. 
ITMS 

(277) 

82% 

Ph 

L 

ITMS 

(278) 

68% 

Disilanes have been coupled to 1,3-dienes to give allylsilanes. (Eqn. 280) 

Hexamethyldisilane can bs coupled with ally1 esters to give allylsilanes 

together with vinylsilanes. (Eqns. 281, 282) The Grignard reagent of 

2-bramthiophene reacts with 2-bram-3-trimsthylsilylpropene to give the 

allylsilane 102. (Eqn. 283) 

R SiXnMe3_, 

Pd catalyst 
Me 3 ,,XnSiSiXnMe3+ + w .-> 

~~ 

f [2741 

3-.“s~~(280, 

n=O R R 

n=l X=Cl,OMe O-87% under a variety 

n=2 X = Cl, OMe 
of conditions 

R = H, Me 
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R1 R* 
Pd(O) 

Me3SiSiMej ,& 
or Rh(1) 

E-1 

Me3SiSiHej 

> 
W'Ph-& 

\ MegSiSiMe3 > 

0 I \ + -fTMS 
S MsBr A- 

R1 R* R1 R* 

--) 
TMS 

cTMS 
100% 

NO) 

Et 
2 

Cl781 

(281) 
TMS 

+ /\\/T”S + TMSOAc 

48% 100% 

(282) 

0% 100% 

The reaction of silylmetallic reagents with suitable ally1 substrates 

produces allylsilanes. Lithitzn bis(phenyldimethylsily1) cuprate reacts with 

ally1 acetates to give allylsilanes with double bond transposition. (Eqns. 

284-286) The reaction is stereospecific. Trimethylsilyllithiurc reacts with 

ally1 chlorides and branides to give allylsilanes. (Eqns. 267, 288) In a like 

mnner phenyldimethylsilyllithim reacts with 3-chlorocyclohexenes. (Egns. 

289-291) The reaction occurs with double bond transposition and 

stereospecifically. (Eqn. 291) The addition of cuprous iodide enhances the 

substitution. ‘Ihe chiral naphthyl-oxazoline 103 reacts with 

trimsthylsilyllithiun to give the chiral l,P-dihydronaphthalene 

bs converted to aldehyde 105. (Eqn. 292) 

104, which cab 

(263) 

References p. 338 
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[276, 2771 

[276, 2771 

Ph 

OAc 

(285) 

(PhMe2Si)2CuLi 

- phJ=fi:hN:;6' 
[276, 2771 

GUI 

lx + TMsLi - HMPA -lTMS 
C2781 

(287) 

R 
conditions 

-7-x + TMSLi - 

+ 'i_ t R~T~2~fj, 

C2781 TMS ITMS 
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Table X: Conversion of Allylic Halides to Ally1 Trimethylsilanes According 
to Eqn. 288. 

3try Compound Reagent Solvent Temp. Product 
3:4:5= 

Yield' 
--- 

1 la (CH,),SiLI + HMPA 7-25O 87:13:0 - 00% 
C"Ia 

2 za (CH,:,SiLI + HMPA 7-25' 60:13:27 00% 
C"Ia 

3 la (CH.).SiLi + HMPA- -60" 98:2:0 87% 
C"Ia ether b 

4 2a (CHI).SILI + HMPA- -60" 77:5:18 79% - 
GUI' etherb 

5 la (CH,),SiLI HMPA- -60' - 5 only 78% 
etherb 

6 za (CH.),SiLi HMPA- -60' &only 76% 
ether b 

7 lb -60' 94:6:0 80% - KH.).SiLt + IIMPA- 

CuIa etherb 

8 2b - (CH,).SiLi + HMPA- -60' 68:32:0 97% 
C"Ia ether b 

9 2b (CH,),SiLi HMPA- -60" 30:68:2 30% - 
ether b 

.I 
Copper (I) iodide was added to the reaction mixture as a solution 
In dimethyl sulfide. 
b 
lhe solution was approximately 25% HMPA In ether. 

'Ratios were determined by gas chromatography using an OV-17 column 
at 110". 
d 
Yields refer to isolated products purified by distillation or 
column chromatography. 

Reprinted from Synth. Comnun. 13, 778 (lg83), Smith, J.G., Quinn, N.R., 
Viswanathan, M. and Marcel Dekker, Inc., N.Y. 

2, R=C6H13, X=Cl; 3, R=C8H13, X=Br; lb, R=Ph, X=Cl; $$, R=Ph, X=Br. 

PhMe2SiLi 

--F- ..,_o (QQ) (28g) 

I2791 
75% 30% 

without CuI 

Referencesp. 388 
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6% ’ Cl 

cis:trans = 81:19 

cis:trans 13:87 

PhMe2SiLi 

CuI/THF 

c2791 ' Y-6 
/ 

PhMe2Si 

cis:trans = 20:80 

cis:trans 85:15 

(290) 

ally1 2H:vinyl 2H = 82:18 
ally1 'H:vinyl 2H = 30:70 

$bMe;IEl_i> & Xfic & 

A%! [2801 w acid JJ!A 
8.5-9.5 pts (292) 

1 Pt 
readily separated 
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.An “in situ” form of the trimethylsilyl anion can be generated frm 

disilanes or trisilanes. ‘Thus hexamethyldisilane reacts rvith 

trifluoranethylethylenes in the presence of fluoride ion to give 

l,l-difluoroallylsilanes. (!&n. 293) Cktamthyltrisilane reacts with 1.3-dienes 

in the presence of fluoride ion to give allylsilanes. (Eqn. 294) 

RL f- 
CF3 

Me2 
TMSSiTMS 

l /\ X TBAF 
> 

A 

TMS 
HMPA 

C2821 bM S 

63-691 

‘Ihe ylid of (2-trimethylsilyl)triphenylphosphonium brcmide (Seyferth’s 

Reagent) was reacted with aramtic aldehydes to give allylsilanes. (Eqn. 295) 

‘Ibis same reagent was reacted with an aliphatic aldehyde in the presence of a 

ketone. (Eqn. 296) 

Ph3P=CHCH2TMS + ArCHO - 
"L 

Cl031 --LMS 

(2%) 

(294) 

(295) 

Ar = pMeOC6H4 

= 2-N02-4-MeOC6H3 

References p. 333 
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9 0 

+ 

@ 

I 
THF 

CHO 
P~~P=CHCH~TMS -3 

-78' 

C2841 
R 

Trimethylsiiylmethylcapper reagents were added to terminal acetylenes to 

give l-metallo allylsilanes, which sre useful reagents for further elaboration. 

CZqn. 297) ‘lhe roles of the reagents and the stereochemistry can bs reversed as 

seen in the reaction of pentylcopper to 3-trimethyisilylpropyne. Gqn. 298) 

~~~ltri~thyis~~ane wss dimsrized according to Eqn. 299. 

TMSCH$u.MX 

MX = LiC1, L 

+ RCSH -----+ TMS-I_fU*MX 
C2853 

.iBr, or MgClBr 
&/Q .~2$+ 

TMS F 

R 

T”MMs “-+ 

60% 60% 4 examples 

R= "w1 R = nC5Hlt 55-80X 

TMSCH2CEH 
&p2Ti C? 2 

3 
iPrlvlg3r 

C2571 

(297) 

(298) 

(299) 
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Qclopentadienyl sodiun reacts with chloramthyltrimthylsilane to give 

allylsilanes 106 and 107 in w-1 8mlunts. (Eqn. 300) these undergo Diels-Alder 

reactions and a them1 rearrangement. (Eqns. 301-303) 

C5H5Na + TMSCH2Cl _L__, 

II2861 

0'" + &MS (3001 

&!k+#x+ > 
C2863 & I 

TMS 

(301) 

85% 

106 + xx (3021 

R2 
R3 

RI t R4 = H; R2 I R3 = CH2TMS 

R1 = R3 = CH2TMS; R2 = R4 = H 

R1 = R3 = H; R2 = R4 = CH2TMS 

Rl = R4 = CH2TMS; R2 = R3 = H 

625" 
I$$'~~ PhTMS 

c2861 30% 

(303) 

References p. 336 
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Trans-1-trimethylsilylpropenol reacts with ketals and enol ethers to 

produce keto allylsilanes. @qns. 304, 305) 

TL > TsOH 
+ 

_) 

(304) 
b 

[2871 (J-r 
\ 

OH TMS 

4 + TMsy ,Ly_+ +// (305) 

C2871 
TMS 

OH 

lhe a-hydroxyselenide 108 was eliminated to give allylsilane 109. (Eqn. 

306) 

Hydrosilylation of cyclopentadiene with an optically active palladiun 

carplex provided 3-silylcyclopentenes in optically active form. (Eqns. 307-309) 

0 \ I 

PdC12[(R)-(S)-PPFAI 
+ HSiMeC12 > 

C2891 

H2°2 
110 

KF/DMF 
OH 

C2891 

(306) 

o- Si"eC'2 (307) 

M 
22-25% ee 

(308) 



1) EtOH 
110 

2) 
m91 

1-Tri&thylsilylcyclopropyl carbaldehyde 

2,6-dimethylcyclohexenone to give allylsilane 

o- TMS 
was reductively coupled with 

111. (Eqn. 310) Elimination of 

246 

(309) 

6-hydroxysilane 112 gives allylsilane 112. C&n. 311) 

CHO 

HO 

8 

TMS MsCl 
> + 

Et3N 

C2881 
112 113 

B. React ions 

TMS R \ (311) 

‘Ehe protiodesilylation of allylsilanes is a camDn reaction. lhis occurs 

with transposition of the double bond. lhe cleavage of allylsilane 114 with k&Z1 

occurs with inversion at silicon. (Bqn. 312) lhe cleavage with mercuric 

chloride proceeds with retention and with trifluoroacetic acid a mixture of 

retention and inversion is found. Proticdesilylation can be brought about by 

boron trifluoride as seen in Eqns. 313. 314. lhe trifluoroacetolysis of 

3methyl-but-2-enyltrimethylsilane indicates that the B-trimethylsilyl 

carbocation is favored over the tertiary carbocation. (Eqn. 315) The 

stereochemistry of the protiodesilylation has been investigated. It is 

predominantly anti. Gqns. 316-318) 

References p. 388 



246 

HCl 

E,Z/Z,E : Z,Z : E,E gives E,Z/Z,E : E,E : Z,Z 

54 15 31 54 16 30 

TMS 

BF30Et2 

+ 
I2911 

(312) 

I x c (313) 
\ 

X = C02Bu, CN 

L_ CF3C02D 

/--\--THS 

3 
[293] 

r + FTMS (3151 

17% 



Ph 

9 e \ \ 
H SiMe2Ph 

[276, 2941 

BF3.2HOAc 

cz76,, ph&=* (317) 

92% 

(318) 

Hydrogenation of allyltrichlorosilane without reduction of the Si-Cl bond 

is possible. Gqn. 319) ESranine adds without cleavage of the allyl-silicon 

bond. (Eqn. 320) olloroamines add to allylsilanes and lead ultimtely to 

aziridines. (Eqn. 321) Diallylsilane adds H2S photolytically. (Eqn. 322) 

Elemental sulfur was added to silacyclopentene 115 to give the products shtnvn. 

W.qn. 323) 

C13SiCH2CH=CH2 

-c)- 
Y 

f / 
109 

H2 
> C13SiCH2CH2CH3 

"Ni/SiH" 

Cl831 

+ 8r2 > 

c2901 -CT Si 

-(1 

\ 

Br 

(319) 

(320) 

Br 

References P. 388 
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C12NC02Me 
TMSCH2CH=CH2 .p> TMSCH CHCH NC02Et + 

21 21 
TMSCH2fHCH2C1 

cu2c1 2 Cl Cl NaOH Et02CNC1 

ccl4 

Cl851 
0 Et 

F2 

H2S 
R2Si(~~2~~=cH2)2.d 

,2;;, 2961 

R = Me, F, DMe 

(321) 

(322) 

Fe3(C0112 
+ sa 

[2971 

Me2Si*S4 + MeSdr'D'a, 

n 

Me2 

115 

n=2,3 

+ 
Me2Si 

‘Ihe stereochemistry of the epoxidation of sonm allylsilanes was studied. 

In the alkylidene cyclohexane series anti attack predaainates (Eqns. 324. 325). 

but can he overridden by the allylsilyl group. (Eqn. 326). Similar results were 

observed in the osmylation reaction. (Eqns. 327, 328) Again the products were 

analyzed by fluoridemediated elimination. ‘Ihe epoxidation of optically active 

allylsilanes has been studied (Eqn. 329-331) Anti attack was also demonstrated 

in the acyclic system. 
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OH 

+ ph4+--Me2ph 
OH 

12761 

References P. 388 
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- 3 ph_d- 116 

3) TBAF 

C2761 

Me 

L_ .ms 1) MCPBA 
Me JPh I 

3 

\ 
2) H+ 

> \ 

Ph 
H 98% K 

+ 

81% ee 
[2981 Ho H 

72% ee 

(328) 

HO - (329) 

TMS 1) MCPBA 

2) H+ 
> 

Ph 
[2981 

24% ee 

Ph 
/ 

Me 

H 
19% ee 

1) MCPBA 

> / 

Me 

HO 
P 2) H+ 

C2981 

72% ee 

(330) 

(331) 

44% ee 
35% ee 
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kwis acid catalyzed electrophilic reactiona of allylsilanes continue to be 

highly useful synthetically. ‘Ihe reaction of allylailanes with a,+unaaturated 

acyl nitrides gives a,B-unsaturated acylnitriles via a Michael addition. GQn. 

332) The acylation of 116 and 117 gave a mixture of products. &qns. 333. 334) 

The allylation of 8 thicphenyl chlorides with allyltrinrJthylsilane takes place 

with stereospecific displacement of the chlorine. (Rqn. 335) Elensylmethyl 

ethers snd benzyl chlorides Ysere allylated with allylsilanes. (@I. 336) 

Olloranethylpropargyl ethers ware allylated. (Rqh. 337) A series of 

+trimethylsilyl-a, B- unsaturated esters were used to prepare Y-substituted a,B 

-unsaturated esters as shcnm in the exaqle in Rqn. 338. The results are given 

in Tables Xl1 and X111. The bis-silylated diene 118 was reacted with 

acetaldehyde. UZqn. 339) The product of this reaction was converted to racenic 

nuscone. Ketones can be converted to ketals with silyl ethers in the presence 

of icdotrimethylsilane. If allyltria3ethylsilane is added to the reaction 

mixture, direct allylation occurs. @qn. 340) The sam transforrmtion is 

possible employing alcohols, allyltrimthylsilane and iodine. @qhs. 341, 342) 

with : 

R1 = CH3, R3 = CH2Si(CH3)3, R* - R4 I R5 =HP 

R1 = R5 = CH3, R* = R3 = R4 = n.. . . . . . . . . . . . .b 

R1 = R* = R5 = CH R3 = R4 = H . . . . . . . . . . . . . C 

R1 = R5 = CH3, R33: CH2Si(CH3j3, R* = R4 = H d 

R1 = R* = R5 = CH3, R3 = CX2Si(CH3) 3, R4 = H e 

R1 I R4 = R5 = CH3, R3 = CH2Si(CH3)3, R* = H f 

R1 = R* = R4 = R5 = CH3, R3 = CH2SI(CH3)3....g 

References p. 388 



AcCl 

I& - 15% 32:: 16": (334) 

CT 
SPh 

TMsm 

> 

Y *‘cl 

ZnBr2 

c3001 

Y = 0, CH2 

Table XI: Allylation According to Eqn. 335. 

nt I-Y Alkenc Adduct 0 yicld’l 

1 

I 

n-0 (61) 

3 1" = 2 (50) 

4 PhS (92) 

5 w PhS+% (40) 

40-91% 

,try Alkene Adducr (yield’) 

7 eh 
Ph& 

(74) 

OEt 

9 fiOEt PhSAO=+ (a31 

%ields refer to isolated products thoughout. "Jviz 11-12 Hz. -Reaction 
conditions: 70°C, 16 h. 
Reprinted with permission from [Tetrahedron L&t. 24, (1983) 59111 
Copyright (1983), Pergamon Press, Int. and the authors. 
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TMS 

Medf + xQm or~~eo~:~ 
$ R2 X R2 

Cl031 1:l mixture of 

H Et Cl 
diastereomers 

H Et OMe 

NO2 
Me OHe 

NO2 
Et 

OMe ,#m 
C1CH20CH2CZH .-> CH2=CHCH20CH2CZCH 

ZnC12 

c3011 

(337) 

-Ime ___, 
E@ 

/- + w 

C02Et 

(338) 

-F 
C02Et Lewis Acid 

c\ Co2Et 
c 

TMS 
Tic14 or TMSOTf E E 

13'321 

MS-L 
---l 

118 

R1R2C0 + 

iMS 

R30SiMe3 

CH3CH0 

> 
Tic14 

CH2C12/-780 

K-1 

L) iMSI 
> 

CH2C12 

5 steps 
b (f) rmscone 

(339) 

;x-@ OR3 

(340) 

2) TM- 

13031 
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9. Me0 f 

0 I2 (cat) 

s 0 (3421 

‘Ihe diastereoselectivity of the allyltrimethyslsilyl allylation of several 

aldehydes has been studied. The allylation of 2-phenylpropanal gives 

predaninsntly Cram attack. (Eqn. 343) The diastereoselectivity of the 

allylation of a mnber of chiral aldehydes uws studied. A representative 

sampling is given in F.qns. 344-347. A chelate effect is argued for the enhanced 

diastereoselectivity in the benzyloxy systems. (Fqn. 345-347) CWral 

~benzyloxy aldehydes were allylated with allyltrimthylsilane. (Eqn. 348) ‘Ihe 

diastereoselectivity in this reaction is opposite to that shown in Eqn. 347. 

The allylation of optically active 1,3-dioxolane-4-ones to give optically active 

hamallylic esters was reported. (Eqn. 349) Optically active allylsilane 119 

reacts with pivaldehyde Eqn. 350) and ethylene oxide (Eqn. 351) to give the 

optically active products indicated. 

PhfHCHO 

CH3 

PhFHCHO 

CH3 

TiC14 
l 

_TMS 

L-3041 

Lewis Acid 
> 

Ph+ 

OH 

Cram 70% 

+ Ph+s3, 1 

dH 

Anti-cram 30% 

LTMS 

c3051 R = ,, 

R = Me 

1.3 - 2.2:1 

1.3 - 7:1 



Lewis Acid 
PhCH20CttCHO - PhCH2+ + phcH2+ (345) 

Hd R R 

LTMS 
c305. 3063 R I H (SnC14) 35:l 

R = Me (SnC14) 45:l 

PhCH20CHtHCHO 

CH3 

PhCH2O;HCH2CHO 

CH3 

R=Me 7:l 

CH3fHCH2CHO 

PhCH20 

k-v& 
OH 

see additional results in Table XIV 
major minor 

Ph 

TM0 
> 

ZnBr2 

[3081 H 

(349) 

72% (S) 

28% (R) 

Referen- p. 333 
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Table XIV: Reaction of ,&$I with Allyltrinethylsilane and Various Lewjs 
Acids Accordltig'to Eqn. 348. 

Lewis Temp. of Twp. of Solvent Time 2 : 3 
acid Lewis acid reaction 

- _ 

addn.(*C) ('Cl (h) 

TiC14 -70 -78 CH2C12 

SflC14 -78 -70 CH2Cl2 

9F3.0Et2 -78 -78 CH2C12 

BF34Et 2 -78 -78 THF 

2 BF3 (g@ -70 -70 CH2C12 

Al~l,~) -78 -78 CH2C12 

Al~l,~' l 22 -78 CH2C12 

Alclgf' -76 -70 CH2C12 

ZnC12d' -10 -70 CH2C12 

Z"Cl*d) +22 +22 CH2C12 

SbC15g) -70 -70 CH2C12 

SbCl5;; -100 -100 CH2C12 

SnC12 l 22 l 22 CH2C12 

2 95 : 5 
2 95: 5 

2 85:15 

2 __b) 

2 91 : 9 

2 __b) 

2 __e) 

2 89:ll 

2 __b) 

2 __b) 

2 __e) 

0.25 --•) 

2 __b) 

Ratio of Lewis acid to 1 was 1:I. 

except as stated; time for complexa- 

tion: %lO min; conversion to 213 -- 

M58, except as stated. 

No reaction. 

EF3 gas was bubbled through solution 

Of 1 at -78 "C for IO min., i.e., 

Probably two BF3 molecules attached 

to 1. 

Much of Lewis acid did not dissolve. 

e) Extensive decomposition of substrate. 

f) Time for complexation : 2 h ; much of 

AlCl3 dissolved. but solution was 

somewhat cloudy. 

g) Time for canplexation: 1 minute. 

h) Time for complexation: 2 h; solution 

was still very milky. 

Reprinted with permigsion from [Tetrahedron Lett. 25, 729 (1984)] Copyright 
(1984), Pergamon Press, Int. and the authors. 

OH 

tBuCHO 
TMS 9 

TiC14 

(S) z 
CH2C12 

W91 

p\ 
I# . TlCl 

4 

Ho-. ’ 0 

(350) 

(351) 

CH2C12 

C2891 



The conjugative allylation of&-unsaturated ketones by allylsilanes has 

been studied. (Eqns. 352-354) When Lewis acid catalyzed the reaction proceeds 

well with ketones but poorly with esters, nitriles and amides. (Eqn. 352) 

reaction is only moderately diastereoselective. (Eqn. 353) ‘Ihe allylation 

cyclohexanone 120 was used in an approach to prostanoid and 

corticosteroid synthons. (Eqn. 354) 

The 

of 

261 

Ph 

Ph 

uTMS 
> 

Tic14 

c3093 

3 
Lewis acid 

c3051 

Ph 

-c” 0 

I 
89% 

(352) 

(353) 

Ph 

(354) 

Reference3 p. 383 
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Several cyclizations eqloying the intramlecular allylation via 

allylsilanes have been reported. (Eqns. 355-257) Thus, treatment of epoxide 121 

with titaniua tetrachloride results in a five-exo-tet cyclization to give the 

cyclopentanes 122 and 123. (Eqn. 355) Cyclohexenone 124 gives the Spiro f4.51 

decanone 125 in a five-endo-trig process. (Egn. 356) lhe stereochemistry of 

cyclization of allylsilane 126 was studied. Wqn. 357) 

OH 
Ph3P=CH 

Et2AlCl 

> 
c2841 

m 
CHO 

CH2C12 

> 

12641 

Catalyst 

SnC14 

Et2A1Cl 

FeC13 

AlC13 

BF30Et2 

TBAF/THF 

TiC14 * 

CH2C12 
' QL 

(355) 

H 
-95O 

55% cis m 4 pts 

tram ,I.$ 1 pt 

(356) 

4x2 
R = H, Me 

4 + H& (357) 

49 51 

66 34 

70 30 

79 21 

80 20 

30 70 
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Under acid conditions the product from a synclinal transition state is 

favored. The fluoride-mdiated reaction gives the anti product as a result of 

an antiperiplanar transition state. The intramlecular cyclization with olefins 

is also possible. (Eqns. 358, 359) 

(358) 
OH 

SnC14 
3 (3591 

c3131 

Allylsilanes react with iminiun salts upon photolysis to give hamallyl 

smines. Gqn. 360) The reactian can also be carried out intramolecularly. 

@ns. 361. 362) 
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a 

cl@@; 
Me 

Rl 

ph+&siR:;F 

= R2 = H, Me for R1 = R2 = H 

Rl = TMS, R2 = H 

Also used were 
/_ 

SiEt3 . AS i'+ 
\ 

(360) 

“SpMs 

0 I 
tBuC02 

n 

1) hu/CH$N 

> 
2) HO- 

c3151 

n=O 87% 

n=l 84% 

(361) 

(362) 

n = 0 91% 

n = 1 98% 

Iha fluoride-induced reaction of allylsilanes with electrophiles 

constitutes an increasingly useful synthetic method for nucleophilic allylation. 

-1es are shown in Qns. 363-374. Rimethyloxonim tetrafluoroborate brings 

about the reaction of allylsilanes with lactones. The reaction can be done in 

an S$’ (Eqn. 363) or S$ (Eqn. 364) fashion. 



L3161 

mS9 > 
He30+BF; 

(364) 

The allylsilane 121 reacts with acetone and phenylisocyanate under the 

inducemant of fluoride ion. @qns. 365, 366) The fluoride-induced reaction of 

1, 3-bistrimethylsilylpropane with aldehydes snd ketones gives tiallylic 

alcohols which are also vinylsilanes. U?qn. 367) The pyrollidinoallylsilane 128 

reacts with ketones or aldehydes in the presence of fluoride ion to give 

ccpyrollidino-tetrahydrofurans. Eqns. 368. 369) 

?& 5 $) 
(365) 

127 

127 
TBAF 

PhOCN/THF/A 

C2881 

(366) 

Refemmcel p. 988 
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TMS 

L 
TBAF 

XTMs + R1R2Co - 

J+ 
R2 

Rl (367) 
THF 

[1711 TM 
Table XV: Reaction of Carbonyl Compounds with m According to Eqn. 367. 

RCOR' Reaction a Productsb 
conditions (8) 

cw,cno 23.c. 3h M%SI~ H 
OH 

CH,CCH,),cnO 2b.C. 3h 

40-C. Sk 

25.C. lbh 

PhCO--Cl+ 25.C.24t-t 

OH 
0 

b 25°C. 16h 

23*C. lbh 

(70) 

(73) 

(90) 

(45) 

(60) 

(65) 

(62) 

a. Together with the normal products were observed products of crotonization, 
produced by the fluoride ion. b. Yield of product purified by thin layer 
chromatography (silica gel eluting with chloroform). 

+ RlR2C0 F + (368) 

C2681 

PhCHO 

TBAF 

C2681 

Ph 
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‘Be fluoride-induced allylation csn also be done in a Xchael fashion. 

(Eqns. 370, 371) and in fact has been done in a Michael fashion 

intr~lecu~arly. EXps. 372, 3731 

Ph 

L 

TBAF 

13091 

\ 

X 
TBAF 

X tm 

X = CO$+e. CN, CONE+ COQ2CH2Ph 

Tic14 catalysis does not work on this reaction. 

H 

R = H 69% 

R = Me 63% 

F 
c2911 4 

X = C02CH2Ph 66% 

X = CN 64% 

(370) 

(3711 

(373) 

Referencea p. 388 
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Potassiun tert-butoxide or tris(triethyla%ino)sulfonim 

difluorotrimsthylsilicate induce the reaction of l,l-difluoroallylsilanes r,qth 

aldehydes and ketones. (Eqn. 374) 

tBuOK 

- 

RIRZC-CF -!H=Cli 
or TASF &I 

2 2 

R1R2C0 

(3741 

C2743 

TASF = (Et3N)3S+Me3SiF2 

Trinmthylsilylallyl anions have been fort@ and reacted with various 

electrophiles. (Eqns. 375-382) Schlosser’s bese gives an anion from 

allyltrimthylsilane that gives mre u-alkylation <Eqn. 375) Deprotonation of 

3-trimathylsilylindenes gives an anion Which reacts sith sulfur dioxide to give 

sulfines. (Eqns. 376-378) The allylsilane 129 was deprotonate;l and alkylated to 

give predaninantly v-alkylation and some a-alkylation. (Eqn, 379) Alkylation 

WBS obsenred at the v-position of the anion of 130. (Eqn. 386) .4 titaniun (III) 

salt of the anion of 1,3-bistri~thylsily~pro~ne reacts with propanal to give 

Y-attack. (Eqn. 381) The products lead to (E,E) or (E,Z) 

I-tri;nethylsilyl-I,%-dienes consistent with the intelmediate B-hydroxysilane 

being three. 

TMS 1) EuLi/KOtOu 
TMS TMS 

- 

\-, + (375) 
2) RX 

c3093 
R 

12 examples 67-90% lo-20% 
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(376) 

(377) 

3) BuLi 

4) SO2 

83% 

d 
R 

z ($$ + @ (378) 

R = Me (58%) 65 R : 35 

R = Bu (35%) 80 20 

HO ,t= l-MS 

ti 

1) BuLi 

/- 2) RI/:78’ 

129 3) H;O R = “C6H13 51% 28% 7% 
QI.4, 

C2871 R = Me *78X c17% 2.5% 

(380) 

R.eferences p. SE8 
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TMS 

1) 'BuLi/HMPA 
I * 

2) Cp2TiC1 
' TMsv+ 

3) propanal TMS 

[3191 

J 
H2S04 KH/THF 

TMS 
THF I 

I, 

TMS 

L 

(381) 

>98% E, E >98% E, Z 

Allyleilanes wxe involved in electrocyclic reactions. The allysilane 131 

undergoes a regioselective cycloaddition with dienophile 133. (Eqn. 382) The 

Diels-Alder reactions of allylsilanes 133, 134 and 135 wre studied. Wqns. 

383-386) Iscmx 133 reacts cleanly with dimethylacetylene dicarboxylate. (Eqn. 

383) but gives three products when isamrized at 140’ prior to addition of the 

dienophile. Iscmr 134 also reacts cleanly. @n. 385) Isomer 135 reacts nuch 

mre slcwly than the 133 and 134. (Eqn. 386) 

Tbls 

LmO,, +d2'&+ 

131 

R R 

(382) 

R = PhCH2 

k% 

hTMS k: 
133 134 

TMS 

135 
'TMS 
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Me02CCECC02Me 

(DMAD) C02Me 

133 - I 

% 

(383) 
WOI co2Me 

&It H 

TMS 

lrl3 

1) 140°/xyl ene 

30 min. 
133 > 
1vvL &?s + 

2) DMAD 

C3201 
51% 

DM4P 

&fa -4.x 
C3201 

77% 

(385) 

135 > 
140° 

E3201 

1-Trimethylsilylcyclopentadiene reacts with X38 in a Paterno-Ebchi 

photoannulation to give lactols 139 and 140, which wzre methylated ami 

protiodesilylated to give 141. (Eqn. 387) 

References p. 338 
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I \ 

P 
TMS 

+ Jco2We 
138 

hv 
60-65% 

[X11 

F2 
OMe 

1,3-Bistritmsthylsilylpropene reacts with dilithiun tetrachloropalladate to 

give the n-ally1 carplex 142. which reacts with malonate type anions to give 

E-vinylsilanes. (Eqns. 388-390) The optically active allysilanes 142 or 144 

reacts with the above palladiun reagent (or its bram counterpart to give the 

optically active n-ally1 palladiun carplex 145 as a result of anti attack of the 

palladia. (Eqn. 391) Allylsilanes react with perfluoroalkyl halides to give the 

corresponding perfluoroalkyl ally1 systems. U&n. 392) 

NaCH(C02R)2 
_J-cH(Co2R)2 

142 - 
iI TM R= Et 50% 

\ NaCH<zi:t, pi;:% 

[3221 TMS 80% 

(387) 

(388) 

(389) 

(390) 
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Me TrtS Li2PdX4 
-> 

c3231 

Me Ph 

PdXI2 

145 
%a 

cat. 
-600> RfCH$H=CP!-i?- 

[3*41 
11 examples 

40-85% 
Cat. = Fe3(COI12 or Ru3(CO)12 

Table XVI: Reaction of Polyfluoroalkyl Halides with Alkylsilanes 
According to Eqn. 392. 

Entry Rf X R' R2 
R3 cat.= Product- 

hlX) (% yield) 

1 
C3F7 

I H 

2 
'gF17 

I H 

3 CF2CF28r I H 

4 CFClCF2Cl I H 

5 CFHCF2Cl IH 

6 CFClCF28r 8r H 

7 CF(CF28r)CF3 nr H 

8 CFClCF2Cl I H 

9 CFClCF2Cl IH 

10 CFClCF2Cl I H 

11 CFClCF,Cl I H 

H Me 

Ii He 

H Be 

H MC 

H Me 

H Me 

H He 

CHtCF3 Me 

k- H 

H nc 

H ne 

Fe3(2.0) 

Ru3(0.3) 

Fe3(l.3) 

Fe3(l.3) 

Fe3(l.3) 

Ru3(0.3) 

Fe3(l.3) 

Fe3(2.0) 

Ru (0.6Y 

lJ 

AIBWi(l2) 

60 12 & (80) 

60 19 g (71) 

(12) 60 3 2 (85) 

(12) 60 4 J& (85) 

(12) 60 3 & (75) 

60 6 u (59) 

(12) 60 20 3 (40) 

(15) 60 2 2 (85) 

60 3 Ji (82) 

0 3 g (65) 

80 8 g (90) 

= Fej-Ye,m 12’ lN,-BuIKo~ 12. 

b 
W=athenol.min. o Detwmined by GLC. 

d 
Irradiated 

externally with 400 U high-pressurn Hg lup. ' AIBlc-~robisi~obutyr~itrilc. 

Reprinted with permission from [Tetrahedron Lett. 25, 307 (1984)] 
Pergamon Press. Copyright (1984) and the authors. 

3 392) 

‘The allylsilane 146 photorearranges to 147. (Eqn. 393) ‘Ihe thecmsl 

vinylcyclopropane to cyclopentene rearrangement was carried out with 

trimsthylsilyl substitution at C-l of the cyclopropyl group. (Eqn. 394. 395) 

FtefemmeBp.368 
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u 

@ 

I 
hv 

100% 

[3251 

TMS 

580’ 
> 

30-40 Torr 

[2881 
n-l 

TMS 

d 
I 

n 

20% 

560" 

[2881 

n=2 

TMS 

\ 
* 

8 

+ 

I *- 

4 

(393) 

55-60% 

TMS 

1 

c. Spectroscopic and Other Studies 

‘Ihe crystal structure of 141) was determined. The 9 ring is in the chair 

conformation Whereas the B and D rings are in half-chair conformations. L3261 

lhe microwave spectrun structures, dipole nrxtmnt and internal rotation of 

allylsilane were determined. [3271 The structures 149-153 were analyzed by Ml0 

calculations. Ike monohapto structure 149 is such nmre stable than the 

heptahapto structure 153. Structures 150, 151 and 153 are lower in energy than 

149. No energy mininn could be found for di-or pentahapto structures. 011~ a 

l1.51 shift could be found. 13281 

(395) 
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TMS 

148 

‘Ihe reaction of propynyllithium reagents with iodomethyltrimthylsilane 

give propargylsilanes. (Eqn. 396) Propargyltrimthylsilane was deprotonated and 

reacted with paraformldehyde. @qn. 397) Ihe propargylsilanes formed in Eqn. 

396 react with aldehydes under electrophilic or nucleophilic conditions (Eqns. 

398-400) 

1) BuLi 
ROCH2C’CH A ROCH2CZCH2TMS 

2) TMSCH21 

[=a R = H, Me, TMS 

1) EtMgBr 
TMSCH2CZH - 

2) (CH20), 

c3291 

Tt4SCH2CXCH20H 

50% 

(396) 

(397) 
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RCHO CH OMe 

TMSCH2CZCCH20Me -> 
I 2 

Tic14 

CH2=C=C-FHR 

OH 
or TBAF R=iPr 66% 

II3291 R=Et (3 46" 

TMSCH2C3CCH20R1 

DMF/HHPA solvent 

also used 

R'CHO 
> 

TiC14 

II3291 

0 
CH2=C= O- R2 

0 

7 examples 

77-92% 

TBAF/THF 
> 

,CH20R1 

R2CH0 
CH2=C=C, 

13291 
C,HR2 

OH 

13 examples 

O-57% 

(39Sj 

(399) 

(400) 

4-(Trimethylsilylbut-2-ynal 154 proved to be an excellent synthon for CE) 

l,a-dienes. (Eqns. 401-402) Propargylsilanes react with diisobutylaluninum 

hydride nonregiospecifically, but the mixture of intermediates can be protonated 

to give CZ) allylsilanes. (Eqns. 403. 404) A similar result is obtained via 

hydroboration-protonation. (Eqn. 405) ‘Trans-4-trimethylsilylbut-2-en-l-01 was 

prepared according to Eqn. 406. This alcohol was used as a new protecting group 

for carboxylic acids, the acid being released upon treatment with palladiun (9). 

f&n. 407) ‘Ihe reaction of propagylsilanes with suitable electrophiles in the 

presence of a Lewis acid gives allenenylation (Eqns. 408, 409) The reaction has 

been carried out in an intramolecular, asycmetric cyclization as illustrated in 

Eqn. 410. Propargyltrimethylsilane was dimerized with a Ti(0) 

isopropylaugnesiun bromide catalyst. (Eqn. 411) 
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RMgX OH 

TMSCH2CZCCHO B TMSCH2CZ HR 1 
1) H2/kindlar 
.-> (401) 

154 13301 2) KH 
CH2=CH=CH=CHR 

or SnC14 trans 

XZnO 

Q ,s p-CH2TMS fJ?z 

n = 1, 2, 7, 8 1) H2/Lindlar 
> 

2) KH 

or SnC14 

OlBAH 
RC3CCH2TMS 

hexane 

R/&Y+ R_TMs 

\ 
AliBu2 iBu2Al /- 7o" 

c3311 

L H+ 

R = Bu(~~%),"CBH~~(~~%),~BU (83%) 

(403) 

1) 01BAH/Et20 
> 

R \ 
2) H+ n (404) 

c3311 TMS TMS 

R = "C5Hll (89X), iC6H11 (82%), Ph (75%) 

References p. 388 
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He 

1) (Me,CH~H),B 

"C5HllfHCXH & 
2) HOAc 

"C5H11- 
TMS 

fHCH=CH2 

TMS 
[3311 

HCkCH2ThlS 

RC02H + 155 

3) LiAlH4 

c3321 
Iz! 

(405) 

(406) 

(407) 

RC02H 

7 examples 
72-983 on 

deprotection step 

n 

fi 

1) BF30Et2 

N Et 2) TMS 

I 

-! &X== 
c3333 I 

H 

n= 1,2 

1) BF30Et2 
> 

2) TMS- 

c3331 

(408) 

(409) 
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III 

0 /Gici Tic14 
> 

CH2C12 

LA 
c3341 

I' 

Cp2TiCl2 
TMSCH2CXH > 

iPrMgBr 

12571 

HO 
VJ 

87 

82% isolated 
TMS 

96% 

(410) 

(411) 

A. Preparation 

The reaction of benzylmagnesiun chlorides with chlorosilanes was used to 

prepare benzylsilanes. Sans examples are shcwn in Eqns. 412. 413. As seen in 

Eqn. 413 this can be done in an “in situ” rmnner. lhe lithiation-silylation of 

the benzylic position is a useful route to benzylsilanes and also allows 

elaboration of benzylsilanes (Eqns. 415-419) ‘Ihe bis-trimthylsilylpicoline 156 

fom a dimeric species with WI) or Li. (Eqn. 415) Metal-branine exchange is 

better than benzylic deprotonation and deprotonation of a benzylsilane better 

than a tolylmethyl group. @qt. 418). Eknzyl deprotonation-silylation is 

possible even in system where ortho mtalation is a viable alternate pathway. 

(E&n. 419). This process has been used to protect the methyl group utilizing 

the fact that the benzylsilyl groups can be protiodesilylated. (Eqn. 419) It 

has also been used to further matalate benzylsilanes. (Eons. 429-423) 

References p. 388 
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Cl Cl 

ti :I; 

Mg/THF 

> 
TMSCl 

C3361 

TMS TMS 

\ 

\ MglTHF l 

Me2SiC12 

[3361 

(412) 

(413) 

(414) 

(415) 
CH(TNS)2 

c3371 
k.!!A 

1) BuLi 

(M = Li) 

c3371 
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TMS 
\ - 0 1) 2BuLi /\ - - - 

\/ - 
d-u 
\I \/ 

(417) 
TMEDA 

2) TMSCl 

[3381 
\ 

TMS 

CH(TMS)2 

157 

1) 8uLi 
> 

2) TMSCl 

13381 

8uLi 
> 

TMEDA 

1) RLi 

21 TM-SC1 
> 

3) RLi 

4) TMSCl 

cw 

(418) 

TMS 

1) '8uLi 

2) 
3) CsF/DMF Me 

4) TsDH/Toluene 
C.,O [33gl 

(419) 

(420) 

ArCHO = 
Q$ , mCHO, “eQcHo 

References p. 388 



282 

TMS 

TMS 

1) BuLi 

I 

2) Ph2SnC12 

c3351 

(421) 

1) BuLi 
TMEDA 

2) Me2SiC12 

13351 

1) BuLi 
TMEDA 

2) TMSCl 

iI3.3353 

(422) 

(423) 

Qclopropabenzene 158 can be deprotonated and silylated to give 158, 

deprotonation and silylation of which gives 180 (Eqn. 424) A similar reaction 

occurs with cyclopropanaphthalene 161 although the mnosilylated nnterial is 

not isolated in this system. (Eqn. 425) Both 160 and 162 are excellent 

precursors to the corresponding alkylidenecyclopropaarenes 163 and 164. 

respectively. (Eqns. 426, 427) 



161 
1/v\, 

160 
V-VII 

162 

1) BuLi 
> 

2) TMSCl 

II3401 

283 

only(40X) 

PhRCO 

KOtBu 

c3401 
E 

(426) 

R= -Ph 41% 

R = He 10% 

PhRCO 
(427) 

E3401 IAft 
R = Ph $lOO% 

R = Me 41% 

Sam 9-anthranylmethyl anions mre generated and silylated. A 

rearrangemnt occurs to give 9-yliden-lO-anthranyl carbanions. UZqns. 428-430) 

References p. 333 
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165 
TMSCl 

> 
[3411 

Me00 

m- 
c3411 

Z 

0 I> I\ 
0 

MS 

Z = OMe 40% 

Z = TMS 55% 

(429) 

(430) 

Diisobutylacenaphthenylalminun 166 reacts with chlorotrimthylsilane to 

give acenaphthenyltrimethylsilane in excellent yield. This reacts with IJCQ to 

give the acenaphthylenylsilane. (Eqn. 431) 
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B. Reactions 

Benzylsilanes are readily deprotonated as seen by sass ezaaples already 

presented and the resulting carbanions are useful for further elaboration. 

Eknzylsilanes of the structures 167 were deprotonated sod the anion reacted 

with prenyl branide. ‘Ihe resulting product was cyclized snd 

protiodesilylated. (Eqn. 432) Eknzylsilane 168 reacts with msthyllithim to 

foxm lithiun reagent 169 via a pentavalent silicate. ‘lhis anion cau react 

with 168 to give furan 170, which can also be fomsd frm 168 and 

1-phenylethyllithium. Eqns. 433- 434) 

c3431 
TMS 

(432) 

f$ +Rq .:s Q3 
R TMS R 

R= H, OMe 
+ -co I 

\ 
/ 

R 

References P. 388 
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MeLi 
> Li+ e 

Ph [3441 
TMS/VYI?33) 

Me3 
Li 

169 
168 

VVb 

Li 

168 + Ph A + TMS WPh (434) 
VW” c3441 

170 

9-Trimethylsilylanthracenes react with butyllithiun to give the products 

of trimethylsilyl migration. (F.qn. 435) 

Benzyltrirn?thylsilane reacts with aldehydes and ketones in the presence 

of fluoride ion. (Fqn. 436) Benzylsilanes react photochemically with iminium 

salts both internmlecularly (F.qn. 437) and intralecularly (Eqn. 438) ‘fie 

benzylsilane is clearly netter than the corresponding toleune for these 

react ions. 

PhCH2TMS 
R'R*CO 

> 
PhCH C-OTMS 

21 
TBAF/THF R* 

(436) 

0-100" 

[3461 
61-92% 
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Table XVII: Reaction of Benzyltrimethylsilane with Carbonyl Compounds in the 
Presence/of Fluoride Ion According to Eqn. 436. 

Carbonyl Reaction 
Derivative Temperature 

The results require e following comments "the benzylsilane reacts like a true organo- 

PhCHO 

I” Cl40 

Ph 
0 

Ph 

Ph 

0 

h 0 

Product obtained after 
hydrolysis (or silica gel 
filtration in last 2 cases) % Yield 

3h 

iddition at o0 
‘01 lowed by warming 

Ph 
Gh 

&$Ph 

to room temp. Ph % OH 

6h 

Gh 

Ph 
a2Ph 

x all 

92 

85 

68 

85 

75 

61 

metallic, but one that is distillable and thus easily purified. "the benzylation whose 
yield has not yet been optimized is done avoliiding the secondary reactions normally 
observed with classical organometallic reagents (formation of bibenzyl). 'The judicial 
choice of benzylsilanes and other carbonyl substrates since it allows subsequent 
cyclizations opens new perspectives in the chemistry of polycyclic derivatives. 

Reprinted with permission (Tetrahedron Lett. 3, 4217 (1983)) 

Copyright (1983) Pergamon Press and the authors 

PhCH2TMS 

hv/MeOH ' 

[3471 

Me pe 

40 26 
H3 2 23 

References p. 383 

t 

Ye 

10 

35 

16 

1 



hv 

hv R = Ph 

c-l8 (4Mj 
4 c3473 18% 

R = Ph 40% 

R = Me 70% R = Fe 
hv 

N 

% 

I ’ 
90% 

a-(Trichlorosilyl)msitylene 171 reacts with C12/FeC13 to give ring 

chlorination and with chlorine in the presence of a radical initiator (AIFiQ 

to give methyl and ethylene chlorination. 13481 Eknzyltrimthylsilane reacts 

with telluriun (IV) chloride to give 172 and 173. (Eqn. 439) 

SiC13 

di I 

\ 

/ 

PhCH2Tf4S 

TeC14 

- Tt'SCH2 toluenelb 

TeC12 (439) 

L3491 20% 

q X-ray ana ysis 
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A. Preparation 

The preparation of cr-functional organosilanes are to be found throughout 

this survey in addition to those that are placed in the section. The 

silylation of a-functional organolithium reagents provides an excellent entry 

into a-functional organosilanes. Several examples follow. (Eqns. 440-445) 

Chlorotrimthylsilane reacts with phosphorus trichloride and oxygen to 

give dimethylchlorophosphonic acid derivatives (Qn. 446) ‘Ihe reaction of 

(chlorasethyl)dimethylchlorosilane with 174 gives the amrpholine derivative 

175 (Eqn. 447) Chloranethylsilanes react with cr-chloro esters in the presence 

of ethanol amines to give silylmethyl esters. Eon. 448) The 1.3-butadiene 

176 can be converted to the lithim reagent. which when reacted with selenim 

gives 177. (Eqn. 449) Chloro(phenylthio)methylsilane reacts with lead (II) 

isocyanate to give 178. (“qn. 450) WWichlorosilanes react with 

dimetl~yl(trimthylsilyl)phosphine to give ylides. which undergo further 

reaction as shown in EQns. 451. 452) 

Me2PCH2Li + Me4_nCl,SiCl Me4_nSi(CH2PMep)n 

n = l-4 

R'R%(SPh) 

1) LDMAN 

2 - R1R2CSPh 
2) TMSCl TMS 

[=!I 
11 examples 

71-95x 

LDMAN = 

1) BuLi 

PhCH2SMe - PhCHSMe 
2) TMSCl :MS 

c3511 

(440) 

(441) 

(442) 

References p. 388 
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PhS 

‘r ! 

PhS TMS 

Y b 

1) BuLi 

2) TMSCl 

13531 

(443) 

R1CH2S03* 
1) (TMS)2NNa 

> 

2) R32SiCl 

R1CHS03Me + 

2' 

R1CHS03Me + 

R32 ii 

Rk-S02Me (444) 

II3541 
R3 Si 

2' 
R3 Si 

R = Me, Et 

R = H, Me, Et, Pr 

TMSCl + PC13 

1) BuLi/OMM 

CH3N=C b 

' 2) TMSCl 
TMSCH2NS 

-95" 
45-50% 

t-3551 

02 > 

C3561 

Me SiCH2P(0)C12 
21 
Cl 

H2° > 

(445) 

Me2TiCH2P(0)C12 

? 
Me2SiCH2P(0)C12 

(446) 

0 

TMSO 
,/,N,co2ms 

Me2Si' 

I 

+ C1CH2Me2SiC1 c357]- 

0 
(447) 

N 
TMS 

174 
< TMS 

m 
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0 

R: SiCH2C1 + C1CH2C02Me + 
2 R2 NCH2CH20H + 

I.3581 
R2NCH2CH20CH2?-0CH2SiR (448) 

Me-p 1) MeLi 

2) 0 

176 Cl631 
ia 

(449) 

PhSCJHTMS + PttW2 - 
cm 

;:,N=C=S (450) 
Cl 

&Y? 

(TMs),~c~~ + TMSPHe2 -j 
L3601 

(TMS)~C=PM~~C~ 

+TMSPMe2 
(451) 

> (TMS)2C-PMe2PMe2 p 
,PMe2 

-TMSCl 
(TMQ2c, 

H 

Me Si%Sikle 

H PMe2 

2 
x 

LJ 

2 1) TtlSPMe2 Me2Si 
> 

SiMe2 

I, 

(452) 
Si 

Me2 

2) TMSPH2 Si 
II3601 Me2 

FMerences p. 338 
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Certain a-fuuct ional 

organosilicons. Examples 

organosilicons were oxidized to other a-functional 

are given in Eqns. 453-455. Other o-functional 

organosilicon were converted to different a-functional organosilicons via a 

substitution pathway. Trimthylsilyl triflate reacts with pyridines to form 

the trimethylsilylmethyl pyridiniun salts. (Eqns. 456) Trimethylsilylmethyl 

azide reacts with phosphines to give 179 “in-situ”. which can be reacted with 

aldehydes to give a-trimethylsilyl imines and with carbon dioxide or carbon 

disulfide to givea-trimethylsilyl isocyanates or thioisocyanates. (Eqns. 459) 

1) Br(CH2)4Br 

> 
2) Base 

lx 
C3611 

TMS 

MCPBA 
PhS02 

> 

C3623 TMS R 

Ar 
MCPBA 

> 
-20° 

LX31 

+ TMSCH20Tf > 
[364, 3651 

TMS Ar 

P Ar 

. 

(453) 

(454) 

(455) 

(456) 



TMSCH2N3 + R3P "TMSCH2N=PR3" 

m 

“179” + 
WV-b PhCHO ,-> 

[3661 
TMSCH2N=CHPh 

293 

(457) 

(458) 

“179” + cx* _7 
VU-b 

[3661 
TMSCH2NCX 

(X = 0, S) 

Acylsilanes ware reacted with vinyl Grignard reagents to give 

(459) 

a-hydrowsilanes. @IL 460) These ssmz system could bs arrived at via the 

reaction of thiophenoxytrimethylsilane with enones follmved by treatment with 

lithiun metal. (Eqn. 461) Studies ware carried cut on the rearrangemnt of 

the lithim alkoxide of the a-hydroxysilanes. (Eqns. 462, 463) 

R1R2CH!TMS + R3Cii=CHMgBr ,-> R1R2CHkH=CHR3 
C3671 +MS 

(460) 

0 
SPh 

RI 
TMSSPh R3 R3 

3 R1rJ (461) 

c ins 2 

References p. 388 
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OH 

RICH&-CH=CH2 

1) "BuLi ?TMS 

2) R21 
> R1CH2C=CHCH2R2 

TMS 63-74% 
13671 

OTMS 

+ RICH &CH=CH~ 
$2 

O-8% 

0 
II ! 

+ R1CH2C;CH2)4CCH2R1 

1928% 

OH "BuLi (cat.) 
OTMS 

R1R2CHkH=CHR3 _____, R1R2CH;CHCH=CHR3 

(462) 

i-MS hexane 

C3671 

Octamthyltrisilane reacts with fluoride ion in the presence of aldehydes 

to give a-silyloxysilanes, which csn be hydrolyzed to whydroxysilanes (Eqn. 

464) Vinyltrimthylsilane reacts with nitrones to give a-alkoxysilanes. which 

are precursors to a,&unsaturated aldehydes. (Eqn. 465) 

(463) 

TBAF 
H3+0 

(TMS)$iMep + RCHO d 
HMPA 

(TMSOCH)2SiMe2 --) (HOfH)2SiMe2 (464) 

: R 
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+ , Me 
RCH=N, _ + TMSCH=CH2 > 

0 13681 

Me- (465) 

5 examples 

CHO 

5 examples 

59-95% 

B. W&tallated Organosilicans 

Several a-mtallated organosilicons were prepared and reacted resulting 

in a variety of highly useful and novel reactions. a-Thicphenoqsi lanes were 

converted to a-lithiosilanes, which were then reacted with aldehydes and 

ketones. Eqns 466, 467) lhe reaction also wrks ~11 with 

1-thiophenoxy-1-trimsthylsilyl allenes. (Eqns. 468, 469) a-Silyllithitan 

reagents were reacted with sulfur dioxide to forts sulfines (Eqn. 470) and with 

sulfines to form olefins (Fqn. 471) Sulfinylanilines were also reacted with 

bisilyllithim reagents. These give thione S-&ides. OZqn. 472) ‘Ihe reaction 

of trimsthylsilylpicolyllithiunwith oxims ethers gives aziridines and 

enamines. (Eqn. 473) 

SPh 

R1R2C' 
'TMS 

1) LiNp 

> 
THF/-78" 

2) R3R4C0 

W91 
27 examples 

O-80% 

(466) 
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Table XVIII: Preparation and Reaction of z-Silylcarbanions with 
Carbonyl Compounds According to Eqn. 466. 

CdC.nyl 

sulfide compd 
R’ R’ R’ R. product yield. W 

:: 
SiMc, (6) (8) 72 (70’) 
SiMc. 16) R PHh (6) 63 (65 ’ 51”) 

(8)O ’ 
(6169 

H 
Me 
Me 
Me 
n-h 
II-BU 
#I-BU 
n-BU 
Ph 
SiMe, 
sink, 
sic, 
Sib, 

:: 

L 
WBU 
n-Bu 
n-Bu 
II-BU 

-VW) - k 
E Ph 

Ftl :: 
Ph Ph 

Siic; i6j 
S!% (9) 

;;c’,. g,’ 
SW: (9) 
Siie, (9) 
SiMs, (9) 
SiMe, (9) 
SiMe, (9) 
SiMe, (10) 
SiMc, (10) 
SiMe, (10) 
S&y<1 if 0) 

@h (11) 
SPh(I1) 
SPh(l1) 
SPh(l1) 

E$::j 
SPhlll) 

(8) 66 
(12) 68 (71’) 
(12) 21 (25”) 

113158 
n-Bu 
g:, 

-(CW,- 

Sii.: 
5: Fh 
H H 

i13j 51 
I;;; :;(76’) 

(15) 80 (64’) 

Reprinted with permission [J. Org. Chem. 49, 168 (1984)] Copyright 
(1984) American Chemical Society. 

1) LOHAN SPh 

RlR*C(SPh) RlR*C' 
1) LDMN 

2 2) 'TKS 

W*] 

OH 

RlR*C-kR3R4 > 

+MS CW] 

13 examples 

R2/-zR4 

11 examples 

(467) 

30-92% 63-100% 



1) 'EuLi 
Li 

2) R1R2C0 
> 

TMS 
13531 

297 

(468) 

CO/ \Et3SiCJRlR2" 

+c 

TMS l?lSCFCMe CR1R2 

TMSCZCCMe2C02H 2 pts 
21 
OH 

+ C02H 

>---( 

SiEt3 

1 Pt 

TMS 

1) tBuLi 
> 

2) 
#= 0 

c3531 

qllJ 27 
THS Li 

180 

X = bond, 0 

180 + R1R2C=S=0 .-> 
'vvlr 

c3701 

(469) 

v (470) s+. 
8 examples 

41-80% 

(471) 

5 examples 

References p. 388 
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1) LOA/THF 

-go0 
> 

2)XArf=N 

R 'OMe 

[37*1 

X 

H 

Cl 

Me 

Me0 

H 

H 

R % 

H 78 22 49 

H 29 71 42 

H 33 67 45 

H 38 62 45 
Me -- _- 

Me -- -- 

lhe reaction of a-silyllithim reagents with carbon monoxide produces the 

lithiun enolate of an acylsilane after intramolecular resrrangenent of the 

initial a-silylsllithiun species. (Eqn. 474). 

RFHLi + CO .-> (474) 

TMS c3731 

Ph R=H 86% 

R = Me 

erythro 93 

threo 7 
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‘~is(tri.~~ti~ylsilyl)~~thyllithiLun has ‘:xxn prepwred by an illproved route 

13741. It has been reacted with trifluorosilanes. (&n. 475) bmdeuterated 

tetramthylsilane was prepared fran trimethylsilyllithim. (Eqn. 476) 

Trimethylsilylmethylpotassium has been employed to deprotonate olefins. (Eqns. 

477-479) 

(TMS)3CLi + F3SiR - 
II3751 

(TMS)3C-SiF2R 

1) 2Li 
TMSCHJl ______, 

L 
2) purity 

3) D20 

C3761 / a THSCH2K 
> 

c3771 

0 I 

HO 

TMSCH2D 

96% 

lMSCH2K 

c3771 

(475) 

(476) 

(477) 

1) 2 TMSCH2K 
> 

2) CO2 

3) CH2N2 

C3781 
H 

(478) 

(479) 

References p. 388 



A nur33er of a-functional-a-silylrnethyllithiun reagents have been 

reported. The a-diphenylphosphinylsilane 181 can be lithiated and silylated 

to give 182 (Eqn. 480). which can be lithiated and reacted with electrophiles 

to give methylene phosphoranes Wqn. 481). Trimthylsilylrmthyllithim 

reagents containing thio. seleno and telluro groups have been prepared and 

reacted with alkyl halides. Treatmnt of the products with chloramine-T gives 

vinylsilanes. (Eqn. 482) Lithiated 2-trimethylsilyl-1.3-dithiane with 183 

gives the dithianylidenephosphine 183a. (Eqn. 483) a-Trimethylsilyl-a-amine 

nitriles were prepared and lithiated and the lithiun reagent condensed with 

benzaldehyde. (Eqn. 484) Bis(triwthylsilyl)chloranethyllithiun was prepared 

and reacted with difluorodialkylsilanes. (Eqn. 485) a-chlorobenzyltrimthyl- 

silane can be deprotonated and alkylated or silylated. @qt. 486) 

(Dichlomthyl)trimthylsilane can be deprotonated and quenched with 

aldehydes to give l.l-dichloroalkenes. (Eqn. 487) The epoxide is famed from 

the reaction of a-iodo-a-(diphenylsilyl)methyllithiun and benzaldehyde. 

Treatment of the epoxide with phenyllithiun provides cis stilbene. (Eqn. 488) 

Deprotonation of 184 gives 185. which serves as an ester hamlogation unit. 

(Eqn. 489) a-Lithiotrimthylsilyl acetonitrile reacts with enones in a Michael 

fashion mch better than lithio acetonitrile itself. (Eqn. 490) 

1) BuLi 
Ph2PCH2TMS ,- 

2) TMSCl 
Ph2PCH(TMS)2 

m I3791 
182 
zvb 

1) BuLi 
182 > 

2) RX 
Ph2P=C(TMS)2 

R 

cm3 

(480) 

(481) 

R = Ph2P; tBu2P; (cCBH~~)~P; Me;Et; 'Pr; iPr; 

"Bu; TMSCH2; PhCO; tBuCO; MesCO 
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TflSCH2YPh 

1) BuLi/THEDA/O" 

or BuLi/LDA/-78" 

2) R1R2CHX 

C3801 

n 
S S 

t (TMS)2NP=NR d 
C3811 

x ZJt 
TMS Li 

R = TMS, tB" 

TMSCHYPh 

~HR'R~ 

1) Chloramine-T 

2) ,! 

Y=S 6 examples 30-928 

Y = Se 5 examples 24-8256 

Y = Te 4 examples 56-64'1 /^ 

1) KH/HMPA 1) KH 

PhR'CH2CN - 
2) TMSCl 

PhR'FHCN - 

TMS 
2) PhCHO 

[3821 

PhR'Nf=CHPh 

CN 

(49) 

(483) 

(484) 

BuLi 
(TMS)*CCl* + 

-100" 
(lW)2CClLi R1R2SiF2, (ms),c;;;FRlR2 (485) 

[3831 /H 
+ (T"S)2C,siFR1R2 

+ (TMS) C(SiFR'R2) 2 2 

+ (TMSj2CC12 

References P. 388 
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F’ 1) LDA F' 
TMSCHPh ,-> TMS-CPh 

2) RX r\ 

[3841 
6590% 

R = TMS, Me, Et, Bu, iPr, ally1 

1) BuLi 
TMSCHC12 

or 
RCH=CC12 

(486) 

(487) 

THF/-100° 

2) RCHO 

[=I 

6 examples 

64-97% 

P Ph 
Ph3Si Ph PhLi 

Ph3SiFHLi + PhCHO 
s 

__, _ (488) 

1 

Ok 

TMSkHSPh 
BuLi Y! R1R2C0 Rl ,OMe 

> TMSfSPh > (489) 

#I [WI Li 
R2=C=C,SPh 

1 

H+/HgC12 

MeOH 

R1R2CHC0 Me 2 
5 examples 

TMSFHCN + 

Li 

CN 81% CN 

17% I,2 
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C. React ions 

tie of the more exe iting and useful developments in the applica .tions of 

organosilicons to synthesis to easrge has been the treatment of a-functional 

organosilicons with fluoride ion to generate, via nucleophilic desilylation, a 

functionalized carbanion. The isothiocyanate 186 reacts with fluoride ion in 

the presence of water to give protio (or deuterio with D,O> desilylation (Eqn. 

491) and in the presence of aryl aldehydes to give oxazolethiols (Equ. 492) 

Trimethylsilylmethylaziridines containing a carbanion stabilizing group 

undergo ring openiug upon treatment with fluoride ion. @qn. 493, 494) The 

reaction is proposed as proceeding via the eholate anion of ah imine. @qt. 

494) Trimethylsilylmethylpyridiniun triflates undergo a 1.3-dipolar addition 

to dimsthylacetylene dicarboxylate in the presence of fluoride ion. @qns. 

496, 497) E’urther exanples of this silicommdiated 1.3 dipolar cycloaddition 

of acylic system3 are shown in Eqns. 498-500. The last exaqle is that of an 

azansthine ylide. 

CsF 
PhS$HNCS .-> 

RIS CH3CN 
PhSfHNCS 

H(D) 
186 *,nA, H2Q 

(D20) 

[=Jl 

186 ,#b 

KF/TEBACl 
> 

ArCHO Ar 

cm 
3 examples 

71-79% 

(491) 

(492) 

References p. 338 
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TMS 

f 
1) CsF/DMF 

> 

2) H20 

[38gl 

f 

TMS 

N 

A N 

0 I= 

R* 
N 

R'CH=t-NMCH3 or (7 (493) 

R1 = R* 
R9vNNR3 

= C02Me 
(RI = H R* = CO Me , 2 

R3 = CH2C02Me) 

CsF/DMF 

ArCHO fl 

[3891 

F@ 

Rl R* - -TMSF 

C38gl 

I 
\L 

trimer 

R1 = anion stabilizing group 

CsF 
> 

Me02CC CC02Me 

I' C3641 

\ TMS 

(494) 

@,N=CH2 

> R1CH2GR2 (495) 

/ N-CH3 
R1CH2C: 2 

YH 

R 
RICH=C-NHCH*CHAr 

'2 
R 

R 

02Me (496) 

C02Me 

5 examples 

83-100% 
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CsF 

MeO2CCZCCO2Me 

C3651 

XR = OEt, SMe 

\ 
CsF 

CsF 

M_ 
2L 

\ 
C02Me 

[390, 3911 

Me02CCfCC02Me 

c3911 

CsF 
PhCH=NCH2TMS > 

H2° 
> 

HMPA 

T 

YY 
- 

c3921 

Ph 

co2Me 

Me 

XR = OEt 48% 

XR = SMe 74% 

N.R. 
B 

45% 

Ph 

(498) 

(499) 

(500) 

also with other unsaturated esters and nitriles 

References p. 388 
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Pyroll idines were prepared 

acetyl chloride and then methyl 

#qn. 501) 

1) AcCl dOzMe 
TMSCH2N=CHPh _____, 

2) CH2=CHC02Me (,A,, 

PhCOCl I 

c3931 Bt 

from a-silylated imines upon treatment with 

acrylate in the presence of benzoyl chloride 

Pyroliniun and quinoliniun salts react with a-alkozq and a-thioethoxy- 

silanes upon photolysis (Eqns. 502) In the quinoliniun case the reaction was 

carried out in an intrmlecular sense. @qns. 503-505) 

Unsaturated brammethylsilanes cyclize upon treatment with tri-n-butyltin 

hydride. This concept was utilized in the preparation of diols as shown in 

Eqns. 506, 507. 

(501) 

RXCH2TMS 
CH3CN 

13941 
o( CH2XR (502) 

N 

I 
Ph 

H 

20-35% 

RX = OEt, OiPr, SEt 

hv (503) 
CH3CN 



O,/TMS 

hw 
> 

CH3CN 

/ 

0u3SnH > n 
95 benzene 0-Si 

iCH20r Me2 

Me2 

0 c8 (505) 

N 
I 
Me 

H202 > 
n (506) 
OH OH 

Q I 1) 6u3SnH 

2) H202 

0 c3953 > Q 
'SiCH2Br OH OH 

Me2 75% 

(507) 

References p. 383 



310 

Chloromthylvinylsilanes rearrange upon treatment with aluninm chloride. 

‘Ihe geometry of the vinyl group is mintained. (Eqn. 508) Again the product 

can be oxidized to the alcohol. @qn. 509)a,a-Dichlorobenzylsilanes react with 

bexamethyldisilane in the presence of palladia (0) to give silylated 

stilbenes. &qn. 510) lbe reaction of dichlorcmthyl- or dibronmrathyl- 

trisftert-butyl)silane with organolithim reagents or LJX gives several 

products. mqn. 511) 

RI 
AlC13 

R3n 

> 

SiCH2Cl 
CH2C12 

Me2 13961 
(see table XXI previous page) 

nn 
;;CH2C1 'gH13 

2 

ArCC12TMS 

1) AlC13/CH2C12 

- 2) MeOH/Et3N HOflnC H 
6 13 

3) H202/KF/DMF 

[3961 
48% 

Pd( PPh314 Arw TMS 

> 
Me3SiSiMe3 

TMSnAr 
c3971 100% 

Ar = Ph, pC1C6H4 

RLi 
tBu3SiCHX2 _ 

or LDA 

(X = Cl, Br) C3981 

tBu3Si 

wx + 

X = H, Cl 

tBu2Si 

l+ 

(509) 

(510) 

(511) 
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Table XX: Synthesis of 1,3 Diols According to Eqn. 5G7.a 

Nil 

(I 
9 

‘i-2 
_A_ 

lb, R = Me 
1c. R = I?? 
ld.R=t-l)u 
1*. R = CH,=cH 
lf.R=Ph 

16. R’ - H; R’ - Pb 
lb, R’ = Pbh; R’ I H 

62 2~ I361 

4 
d b 

sa b 1911 

4a I161 
4b [ISI 
4c 1291 

n 
:: 

SS,R=H[lOO] 
2@. R = Ac(100]4 

k- 04 

4f[661 

4-m 
10 

c I91 

l To a wlutlon of 1 (2 mmol) la 26 mL of &rae - addad drop+ l mirrrun of n-Bu,SaH (1.2-1.6 mmol) and 
AIBN (0.03 mmol) in 4 ml, of bmutm at nflur 0-w l 2-h #riod folkned by hatin for aa ndditionll l-2 h. l%e 
reacti& cut ba &d out in 0.026-0.06 Y nolutioa. A(Ur l rapontion of beruw~e under nduead puun l&r 
l tnonphcric prrun for 2.4.6.10. ad 11). (be midrul ail WY tnawd with 1.2 mL of 30s H 0, (method A) MI 5 mL of 
DMP and KF (10 mmol) at 60 ‘c for 7-6 h (run 1. 2.7.6. utd 9) or (method B) in 3 mL ol MbH and 3 mL of TliF and 
NqTO, (2 mmoi) at nflur for 6 h (WI 2d ud 10-13). AfUr the uul workup. puri~atioa ‘II acki8ved by column 
chromato6mpby (~ilamud SiO .b4wek 7719;etIur-b9xaa0). Structumr~n d~urmmad by ‘H NMR (90 MHz)after 
purlfieatmn of HPLC. S~nocbmniul au@nnent of the 1.3dioL for runt 3-9 wm detartmtmd by ‘H NMR data of the 
diob md thmr ketab; we ~upplwtmtuy material for tltmt ~pc(nl data. For run 12. the CL confi6ursUon -at 
uwmted #ina tba diil WY not identical with tha true poduet fmm the Print nactaon mth eycloh~um; tee nf 6. 
b Isolated ymlds. c After •q~~Mioa of lAdi&. the ratio WY dnurmmd by HPLC of Ihmr btala wtb acetone and 
cyelohcunone (run 3.6 and 9). IH NMR of a tmxtura of 1.3diolt (run 7. asa nf 7). or ‘H WR of the benzoate of I 
mutwe (run 4 and 6). h Acetylataon WY pwfotmed with l atic anhydride in pyndme and KP at 40 ‘C for 2 days. 

Reprinted with permission (J. Orq. Chem., 49, 2298 (1984)) 
Copyright (1984). American Chemical Society. 
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.~i~t~y~si~ylazide reacts with arylmgnesim bronides and aryllithim 

reagents to give anilines. (Eqn. 512, 513) The a,a-dihalosilanes 187 react 

with trimsthylsilyldimethylphosphine to give the ylides 188. (Eqn. 514) ‘Ihis 

class of c-s reacts with phosphorus trichloride to cleave the siliccn 

carbon bond. (Eqns. 515, 516) 

1) TMSCH2N3 
ArMgBr > 

2) H20 
ArNH2 

5 examples 
c3w 69-92% 

ArLi 
1) TMSCH2N3 

> ArNH2 

2) H20 5 examples 

13991 69-923 

-..Y Y 
PMe2Y 

X2Si x six2 

II 

TMSPMe2 X2Si x, ix2 

> 

Si 

x2 

187 
k0P.Z 

c4w LJ i 

x2 

&(!I$ 

X= Cl, F Y = Cl 

X = Me Y = 8r 

(C13Si)2C=PMe2Cl 
2PCl3 

?t 
II4011 

fC12P)2C=PMe2Cl + 2SiC14 

(512) 

(513) 

(514) 

(515) 

188 
2PC13 

> (C13SiCH2j2SiC12 + c, P (516) 

14011 2 

Referencea p. 888 
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Trirnethylsilylisocyanide was reacted with alcohols to give 

protiodesilylation (Eqn. 517) and with priory or secondary amines to give 

fonmmid@es. (Eqn. 518) 

ROH 
TMSCH*NT 

cll + 
> 

II3551 

R1R2NH 
TMSCH$EC 

cut 
> 

[3551 

i?tS-'~RlR2 

R1 = ” Bu R2 = H 78% 

R1 = R2 = -(CH2)5- 91% 

The stable phosphoryl radical 189 was reacted with conjugated dienes to 

CH3NX (517) 

(518) 

give 1,4 addition. (Qns. 519, 520) The a-functional organosilane 190 reacts 

with enol silyl ethers with displacement of the chloride. (Eqn. 521) The 

product of this reaction can be comrerted to B-trimethylsilyl enones. @qn. 

522) 

P(CH(TMS)2)2 

WMS)2CH)2P~ + , \ 

"\x. 

> 

WW,CWP-T\ 

(519) 

[4021 

(520) 

R1xJoms 
F' \R2 

PhS$H -‘, 

TMS ZnBr2 

(521) 

190 c3591 



1) LDA 
191 + 

or NaH 

2) Me1 

315 

(522) 

D. Spectroscopic and Other Studies 

The acetolysis of the chloransthyl group in siloxahes was studied. 14031 

The relative nucleophilicities of 9-trimethylsilyl-9-lithiofluorene with 

respect to other 9-substitued-9-lithiofluorenes was determined. [404] The 

confomtioual isansrism in 192 ms studied in the solid state and in 

solution. (Eqn. 523) The structure of 3.3-dimethyl-3-silathiethane was 

determined by election diffraction. [4061 The silyl esters 193 were subjected 

to dipole wment studies [4071 as well as 13C-N4R studies 14081. The closely 

related system 194 was the subject of a 170-F9B study. [SOS] Halansthyl- 

silanes ccmprised the subject of an Npoz study. 14101 ‘Ihe 

bis(silylmethyl)mercury system 195 wwe studied by ‘H. 2gSi and lggHg IWL 

[4111 The trimsthylsilylmathyltin catpounds 196 were studied by ‘lgSn, 13C. 

snd % MR. 14121 The amss spectra of e-thiosilanes 197. 199 and 199 were 

reported. [4131 ‘Ihe crystal structures of 200 [4141 and 201 14151 have been 

determined. &qound 200 is mmauaric aud 201 is dimsric. 

D 

F3SiCH2S!!R 
10 \ I 

\ 
C4D53 

F3S;1/5 

I?% 

(523) 

R = Ph, Me 

References P. 388 



(Me 3_nXnSiCH2)2Hg (TMSCH2)nMe3_nSn 

n = O-3 n = l-3 

G?t m 

TM 

197 

R1 @-0CHpSiF3 

I.% 

Li[C(SiMe2Ph)31THF 

m 

CLi(thf)41CLiC(TMS)312 

i% 

A. Reparation 

TMS 

)7 
sx SY 

)-/ TMS 
199 

X=Z,Y=l 

X=Z,Y=Z 

Several organosilanes containing the B-carbonyl group were reported. ‘Ihe 

trimethylsilylcyclopropane carboxylic acid 202 was prepared and resolved. 

(J?qn. 524) This served as a percursor to the aldehyde (Qn. 525) and the 
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phenyl ketone (Eon. 526). It was used to study the stereointegrity of the 

a-silyl radical (Eqn. 527) and a-silyl anion (Fiqn. 528). It was found that 

silyl ketene acetals rearrange to a-silyl esters at high pressure. The 

reaction is intemldcular. (Eqns. 529, 530) Hexafluoroactone reacts with 

trimsthylsilylketene to give a-trimethylsilyl-B-lactones via reaction with the 

mmaner and the dimer. (Eqn. 531) ‘Ihe rhcdiun catalyzed rearrangemnt of 

2-trimethylsilyl ally1 alcohols gives 8-ketosilanes, which are rearranged to 

their enol silyl ethers. (Eqn. 532) In a like mnner 4-trimethylsilyl ally1 

alcohols are rearranged to &ketosilanes. (Eqn. 533) The reaction of 

a-(diphenylmthylsilyl) esters with Grigmard reagents gives B-ketosilanes. 

(Eqn. 534) The reaction proceeds via the enolate of the B-ketosilane. Eon. 

538) Vinylmagnesiun branide adds twice, the second addition on a Michael 

fachion. (Eqn. 536) Treatment of 2-alkoxy-l-bran, trimathylsilylcyclopropanes 

with base and subsequent hydrolysis of the acetal or ketal gives 

a-trimethylsilyl a,B-unsaturated aldehydes of ketones (Eqns. 537, 538) 

Ph 
A 

1) ELDA/THF 
\ /CO2" ,_> 

Ph 
\ /O2M 

Ph' 

202 

233 
WbX 

2) TMSCl 

3) 1-cinchonidine 
(resolution) 

4) 3+0 

E4161 

1) CH2N2 
> 

2) LiA1H4 

14161 

Ph- TMS 

(-) R m 

1) PhLi 

2) Mn02 

[4163 

(524) 

t-1 R $J,$ 

(526) 

References p. 338 
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Table XXII: Formation of +Ketosilanes According to Eqn. 532. 

Entry Ally1 alcohol (&, Reaction Conversion 
time (h) (%.) 

Yield of qb) 
(%) 

1 

2 

3 

4 

5 

6 

7 

a 

9 

10 

11 

16 

1 

0.5 

1.5 

20 

0.25 

20 

0.5 

20 

0.08 
20 

1 

0.25 

1.25 

0.5 

45 

1 

100 60 

100 90 

0 Oc) 

100 0 (82) 

100 96 

100 0 (80) 

100 94 

100 0 (61) 

100 56 (17) 

100 0 (83) 

100 a2 

100 al 

100 60 (34) 

100 a7d ) 

100 0 (66) 

100 a2e) 

a) Reactions were carried out in 0.5 mm01 scale at 105OC. 
b) Isolated yields. Values in parentheses show the yield of trimethylsllyl 

enol ether 2. 
c) Reaction was carried out at 75°C. 

d, ~e,~,~ld~,~f,~~::~~“3)4 was used and filtered from the reaction mixture 

e) About 7% of 2-trimethylsilyl-1-octan-3-one was included. 

Reprinted with permission [Tetrahedron Lett. 24, 3855 (198311 Copyright 
(1983) Pergamon Press and the authors. 



1) Ag20 Ph 

ZJ!X 
2) Br2/C14 > +c 

Br 

C4161 

Ph TMS 
(*) 

Ph 0 

* 

Ph 

Ph 
TMS 

OEt 

OTMS 

TMSCH=C=O + CF3COCF3 

NaNH2 Ph 

benzene/A > fi 
C4161 

Ph TMS 
(-) R 

10 kbar 
> RfHC02Et 

25"/1 day TMS 

c4171 

0 
10 kbar >v 25'/1 day 

c4171 TMS 
80% 

TMS 

& CF 
[41Bl 

v 
0 

CF3 

0 
R'CH,CH?R2 

TMS 

OH 9 examples 

319 

(527) 

(528) 

(529) 

(530) 

TM 

t 

Y FF3 
(531) 

0 
HO-CCH 

__, R1CH2CH=C 

,OTMS 

\R* 
(532) 

56-96% 

References p. 388 
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R2 

wR3 

TKS R* 

HRh(PPh3)3 
R3 

/-- 

> Rl 
TMS 

R'tHCH 
dioxane 'dv 

AH 
[4*01 

8 examples 

60-942 

1) R*MgX(xs) 

THF 0 

R1FHC02Et - RkH:-R* 

Ph2MeSi 2) moist Ph2Me;i 

ether 

"C8H17fHC02Et 

Ph2MeSi 

Me2;C02Et 

Ph2MeSi 

OEt 
I 

II4211 

1) "C3H7MgBr(xs) 

THF 
> 

2) MeI/HMPA 

c4211 

1) CH*=CHMgBr(xs) 

> 
THF 

2) moist 

ether 

C4*11 

Me2f-CCH2CH2CH=CH2 

Ph2MeSi 

(533) 

0 

nC8H17$H:yHCH2CH3 

Ph2MeSi CH3 

(535) 

(536) 

(534) 
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The%epo&silane 204 was reacted with methacrylic acid to give the 

B-hydroxysilane 305. (Eqn. 539) Several B-functional organosilanes were 

prepared from 1-trimethylsilylvinylmgnesim bromide as seen below. (Eqn. 

540-545) 

R2Si 

3 

204 

206 

/Me 
t CH2=C, d 

C02H [423] 
(639) 

Et2Zn 

3 

CH212 
C4241 

PBr 

CH20(g) 
> 

E4241 

THS 4 OH 

TMS 

/ 

--L-OH 
(540) 

(541) 

(542) 

References p. 308 
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PhS02Na 

208 > 
DMF 

C4241 

PhSeSePh 

208 > 
Na8H4 

C4241 

PhSH 
$$ - 

NaH 

C4241 

4 TMS 

\Se?h 

(543) 

(544) 

B. React ions 

X carbonyl 1.2 dipole synthon was fashioned fro-a the 6-alkoqsilane 208e, 

prepared as shum in EIqn. 546. lhe carbanion nature of the synthon is seen 

fran the alkylations (Eqn. 547) and Michael additions (Eqn. 549). The 

acyloniun nature proceeds via a reactive acylating species which reacts with 

oxygen or nitrogen 

nucleophi les (Eqh. 

the bissulfane a&I 

nucleophiles (Eqn. 550) or intmmleculary with carbon 

551). Alkylation of 209 followxl by reductive removal of 

0 the trimethylsilylethyl units ekes this a HXli2 synthon as 

well. (Eqn. 552) An indirect approach to hmisuccinates was reported as shm 

in Eqn. 553. 

(545) 

+ TMSCH2CH20H + CS2 ~ 
'OTMS 

(546) 
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Mo05'HMPA 

HO 
O_TMS 

2 

209 RX 
QAA cs2c03 

DMF/50* 

C4251 

PhhOAC 
209 2 

WPPh3)4 
Bu4NOH 

CH2C12/H20/rt 

[4251 

ax I 
\ O R 

’ so2 Of TMS 

(546) 

(547) 

C4251 EWG = AC 64% 

CN 46% 

p\h 
S02Ph 74% 

1) BCl#-78" 

I? PhAXR (5501 
2) RXH 

C4251 

RXH = MeOH, PhNH2, 
0 

v 
, LOH 

References p, 383 
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Tic14 

(551) 
C’4251 

2) NdHg) 

a% - PhL-$+po~Ms 
Na2HP04 

MeOH 

C4251 

1) ROH 
H02C(CH2)2C02CH2CH2TMS - R02C(CH2)2C02H 

2) Bu4NF 

C4261 
6 examples 

(553) 

83-92% 

A new anionic rearrangwnt of silicon from silicon to oxygen was 

reported. (Eqn. 554) A similar rearranganent was observed for the carbon 

system. ‘Ihe proton that replaces the migrating silicon group originates from 

the C&i group. (Eqn. 555) Treatment of B-hydroxysilane 210 with phosphorus 

tribranide gives the rearranged ally1 branide 211. (Eqn. 556) 

Na/K 
> (TMS)~S~CH~CH~OTMS 

THF H 

c4271 

Na/K 
9 

THF 
(T~Is)~~CH~CH~~TMS 

H(D) 

(554) 

(555) 

C4271 
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Tt6 

L 

Ph 

-c 
OH 

210 

PBr3 

> 
C4281 

TMS 

/- CHPh (556) 

The solvolysis of a series of trimsthylsilyl substituted cyclopropyl 

carbinyl trifluoroacatates was studied, Ik?se systims 212~214 solvolyze sum? 

25-45 times faster than the parent systems. I4291 

Methyl ~~thi~tr~~thyis~lyiacetate was addsd to enones. The reagent 

gives 1.4 additicm to cyclopantenone. @qn. 5571 ‘Ihe reaction with 

cyclohexenone and tram-4-phenyl-3-buten-t-one gives only 1.2 addition. I4301 

This reaction was utilized in tm approaches to methyl jasmmate. 03qns. 558, 

5591 Batter results were obtained with the diphenyimsthylsilyl ester 2150, 

hmwer. (Eqn. 559) 

lMS~HC02Me + > 

E 4301 ii 

215 
8dMs 

0 I 1) 

2) 

~/Bu3SnCl/HHPA,THF _Et 1) TBA; methyl 
> (558) 

BrCH2CzCEt 21H2 jasmdnate 

E43OI 
TK 

References p. 388 
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0 

6 I 
1) Ph2MeSifHCO2R 

m Li 

0 

-\ 

% 

J 
C02R 

SiPh2Me 

R = Me 56% 

KF methyl 
> (559) 

MeOH jasmonate 

R = Me 90% 

R = Et 62% 
215a 

cr-Trimethylsilylcyclopropyl esters, nitriles, and ketones are useful 

sources of the corresponding enolate ion via reaction with fluoride ion. 

(Eqns. 560-562) Vinylogous systeme also react in a similar rmnner. (Eqns. 

563. 564) 

TMS 

C02Me 

4 TMS 

CN 

TBAF 

R1R2C0 I 

C4321 

TBAF (or CSF) 
> 

R1R2C0 

[4321 

R1 R2 4 H 

C02Me 

5 examples 

45-90% 

CN 

43-83% 

(560) 

(561) 

58-63% OH 
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q-y? ? Q+ (563) 

R= Ph 73% 

iPr 27% 

H 70% 

0 OH 

TBAF 

> m 

Ph 

(564) 
PhCHO 

C4321 45% 

Trimsthylsilylacetone was used to prepare optically active B-alkoql 

ketones via condensation with the cyclic acetals of CR, R) -2,4-pentanediol. 

@qn. 565) ‘Ihe &action proceeds as well with the B-ketosilane as it does 

with the isaneric enol silyl ether. 

0 0 
TMs TiC14 

Jd 

+ > 

'. 
CH2C12 

[4331 

Rl-qy + 

R2 

(R2 = ‘t-0 ) 

HO 

9 

R1 I “CSH17 92% 97 3 

R1 3* 

R1 

= CH2=CHCH2CH2 93% 97 

= cC6H11 93% 98 2 

*CH2= C 
,oTMs 

gives 89% 97:3 ratio 
'CH3 

References P. 388 
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1-Tri.netl~ylsilylcyclo~ro~ylcarSalde~~y~~e can ;)e couple;i with ri(lJJ. (Eqn. 

566) Tbis same allylsilane can be prepared via a Ramberg-Backland 

elimination. (Eqn. 567) Treatment of the epoxide of the allylsilane gives 

dicyclopropylidenethanes. (Eqn. 568) 

TMS 
TiCl3/Li 

> 
DME/A 

HO IL4341 
M TMS 

38% 

(566) 

1) Na2S 

EtOH 

2) MCPBA 

c4341 

KOH/CC14ftBuOH 

53% 

(567) 

+ 
TMS 

1) MCPBA 

216 - 
2) TBAF/THF/A 

c4341 +=u QlOO% 

a-‘Pimethylsilyl enones 217 reacts with the divinylcuprate 218 in a 1.4 

manner with loss of the silyl group. (Eqn. 569) An enantioselective double 

.Michael addition was acccnplished between copper enolate219aand 

a-trimethylsilyl enone 219. (Eqn. 570) ‘Ibe dimethylacetal of 

1-trimethylsilylcylopropylcarbaldehyde was shave to undergo sane interesting 

reactions. (Eqns. 571-573) 

(568) 
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! 
"C8H17-C TMS nc6H13 

v 

CuLi 

+ ___, n~8H~7~6H13 (569) 

&4J 
-2 
z-4/! 

Cl671 
98% 

PBu3 m a angular Me 1 Pt 

B angular Me 10 pts 

TMs - 
TMSOTf 

tH(ofdej, C4241 
220 

OEt 

220 

TiC14 
> 

CH2C12 

[4241 

1) 

‘2) 
3) 

NaOAc/HOAc 

MeLi 

H3+0 

(572) 

PhXH 
> TMS 

ZnC12/Et20 

C4247 
4 

CH(XPh)2 

X = S, Se 

(573) 

References p. 333 



330 

C. Olefins from @unctional Organosilanes 

The reaction of ca-trimsthylsilyl carbanions with aldehydes and ketones 

gives B-hydroxysilanes which are readily dehydroqsilylated (Peterson 

olefination ) to give olefins although exaqles of this reaction are to bs 

found elsewhere in this survey, this section is devoted to the olefination 

procedure. Exarrples of the use of trimsthylsilylamthylmagnesiun chloride in 

the methylenation of ketones and aldehydes are shcrmn in lZqns. 574-577. A 

preparation of the amethylenated aryl anion equivalent 221 was reported. 

(E&I. 574) A sequential approach passing through a B-ketosilane was aaployed 

to prepare 222, which was subjected to an intramolecular Diels-Alder reaction. 

@II. 575) ‘Ihe pentacyclic dione 223 was sequentially treated to Peterson 

reaction conditions. The first olefination proceeded without problems. but 

the second required conversion to the 6-chlorosilane. U@IL 576) The 

interesting allylsilane 224 was prepared by bis addition of 

trimsthylsilylmsthylmagnesiun chloride to ethyl trifluoroacetate and acid 

catalyzed elimination. (Eqn. 577) This allylsilane serves as an excellent 

source of the 2-trifluoramethylallyl anion. (Pqn. 578) Treatment of 

hydroxysilane 225 with tutyllithius and phenylsulfurylation leads to 

rearrangement to sulfoxide 226. Qridation of 226 gives primarily (70 sulfone 

227, which can be alkylated in the o-position. Fluoride-induced elimination 

occurs in a vinylogous fashion leading to tenainal 1.3-dienes.(Eqns. 579, 580) 

a, SPh 
1) TMSCH2HgCl 

R 

> 

2) NaH/HMPA 

OMe 14361 

SPh 
R 

(574) 

6Me 

221 

4 examples 

Q90% 
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1 ” 
OTBS 

(575) 

1) TMSCH2Cl 
> 

2) AcCl 

C4381 

1) TMSCH2MgCl 
> 

2) SoC12 

1) 2TMSCH2MgC1 
CF3C02Et .-> 

2) H2SO4 

II4393 

CF3C02H 
> 

or BF30Et2 

(576) 

60% 

JCF3 

ITMS 
224 

(577) 

References P. 333 
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224 
'VVL 

CH2=CHCHO 

F- OH fF3 

R1R2C0 
> R1R2kH CH=CH 2 2 

c4401 with CsF 10 examples 31-99% 

with TBAF 7 examples 48-89% 

TMSCH2MgC1 
OH 

3 
II4401 

TMSCH2CHCH=CH2 

225 

TMS- 
MCPBA 

> 
k 
227 

S02Ph 

Z:E = 119 

1) BuLi 
T"SI 

227 d 
2) RX S02Ph 

c4401 
-?- 

R 
R = "C5Hll 96% 

= "C8H17 90% 

= PhCH2 91% 

(578) 

1) BuLi 

0 TMSCH2CH=CHCH2!Ph 

2) PhSCl 226 
(579) 

TBAF 
- - (580) 

83% 

87% 

95% 

‘Ihe effect of reaction conditions and steric crovding on the Peterson 

olefinatim HWS studied as shm in Eqns. 581. 582). ?he reaction mediun has 

nc real effect on the reaction whereas the bulk of the silyl group leads to 

mre (Z) product. 
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Ph 
1) ROM 

PhCH(TMS)2 ,p> L 

2) PhCHO 7 
+ phuph 

Ph 
14411 

R M Z:E % 

tB" Li 1:1.43 100 

Me Na 1:1.32 99 

tBu K 1:1.30 100 

TMS Na/M912 1:1.81 50 

0 PhCHO 
R3SiCHPh _ 

c4411 

R3Si Z:E 

Me3Si 1:1.30 

Et3Si 1:1.24 

Me(cC6Hll)2Si 1:1.14 

MeZtBuSi 1:1.04 

Ph2tBuSi 1:0.65 

Ph3Si 1:0.52 

(581) 

,,w 

Ph 

+ - 

(582) 

'Ihe reduction of a-silyl esters gives 5hydroxysilanes which upon 

elimination were used to prepare deuterated terminal olefins. @IL 533) In a 

similar vane a-silyl esters wre sequentially reacted with organamgnesiun and 

organolithium reagents to give, after elimination, tri-and tetrasubstituted 

olefins. (Eqn. 584) 

References p. 388 
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Table XXIII: Preparation of Terminal Olefins from Esters According to 
Eqn. 583. 

R x Y Product % Yielda 

nc13”1 7 

CH2=CH(CH2),- 

CH2=CH(CH2)2- 

"C*V 

"C8H17- 

"C&7' 

"Cl3"17- 

D 

H H 

H H 

H 

H 0 

D 

D 0 

D H 

cl - 

I-decene 85 

I.lO-undecadiene a5 

2-methyl-l,lO-undecadiene a0 

nc*“17 -CH=CD2 

C"3 
CH2'CH(CH2),CH=CiY2 

nC8", ,CD=CD2 

Ph2C=CD2 

57 

a3 

54 

67 

67 

a. Isolated by preparative GLC. 

Reprinted with permission from [Synth. Comnun. 13, 1163 (1983)] Copyright 
(1983) Marcel Dekker, Inc. and the authors. 
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1) LDA 
RCX2C02Et ,y> 

2) Ph2MeSiC1 

RfXC02Et 

Ph2MeSi 

[4421 
(see Table XXIII) 

X=Y=H 

X=Y=D 

X=D,Y=H 

X =H,Y=D 

R3 

R1R2CC0 Et 
1) R3MgX 

R1w 
I 2 > 

Ph2MeSi 2) R4M(MzMgX, Li) 

3) KOtBu 
R2-R4 

(see Table XXIV) 
E4431 

18 examples 

8-85% 

6-w 

Further infonmtion on the achanism of the base catalyzed elimination 

of f3-hydroxysilanes HWS deduced fran the pctassiun hydride catalyzed 

elimination of the B-hydroxy- B-msthoxysilanes 228, 229 and 230. prepared 

according to Eqns. 585-587. It was found that both a syn loss of silanol ard 

an anti elimination of methoxide were possible. (Eqn. 588) An initial attack 

at silicon by the alkoxide to form a pentacoordinate silicate was postulated. 

1) tBuOOH 

1) iBuMgBr TMS OH ?Me 

RCZCTMS -- 
VO(acac)2 

Cp2TiC12 

> 

-R 
CH2C1 2 + 

R (585) 

OH 
2) RCHO 

R 2) KH/MeI 
TMS 

c4441 228 
3) A1H3(2 eq)/THF 
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1) DlBAL 
RECTMS ,- 

2) I2 

3) t8uLi 

4) RCHO 

[4441 

1) t8uOOH 

VO(acac)2 
> 

2) KH/MeI 

3) A1H3(2 eq)/THF 

OH OMe 
I I d 

R/\~R 

TMS 
229 

(586) 

f-WV% 

OH OMe 

R R 
(587) 

2) KH/MeI 

3) A1H3(2 eq)/THF TMS 

230 

Ok 

KHITHF R 
228-230 _t 
~'VVL 

.-> 
14441 

/- 
R E 

212 1 

G 1 

214 5.8 

214 7 

(with Pz,Si group 

instead of Me3Si group) 

OTMS 

R 

+ (588) 

Carbanions containing an a-silyl and an a-functional group were employed 

in the Peterson olefination. This approach was used to prepare a.6 

-unsaturated sulfones. (Eqns. 589, 590) In the bicyclic system 233 

vinylallenes wre ultimately prepared. The Ftegioselectivity of deprotonation 

of 223 is interesting. Deprotonation of a-substituted a-silyl esters followed 

by condensation with aldehydes and ketones gives a-substituted a.B-unsaturated 

esters. (Eqn. 591) The enolate anion of a-trimsthylsilyl-B-lactm 234 was 

reacted with propynal to give 235. (Eqn. 592) 

References p. 333 
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TMSCH2S02Ph 
1) BuLi/DME/-78" 

> 
2) R1R2C0 

c.4451 

1) BuLi 

2) R*CHO 
> 

THF-HMPA 

650' 

R1$HC02Et 
1) LDA/THF 

> 
Ph2MeSi 2) R2R3C0 

II4471 

8 examples 

(589) 

v R2 

I 
sO2 

(590) 

Rl 

R2L -i 
7 

RI 

Me TMS 
1) LDA/THF H 

2) HC3CCHO 

234 C4481 235 

(591) 

(592) 

D. Spectroscopic and Other Studies 

‘Ihe unstable trimethylsilylacetaldehyde was detected spectroscopically. 

14491 The degree of intramolecular coordination of 236 was studied. [4501 It 

was found that there was mre coordination in nonpolar solvents and at lower 

temperatures. Tne mass spectra of the B-thiosilanes 231 and 236 were 

recorded [4131 
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Table XXV: a-substituted a,;-Unsaturated Esters According to 
Eqn. 591. 

entry ester 
carbonyl 
compd product 

% yitldb 
GE 

ratio) 

1 

2 

Cw,cMcopE’ 

I 
acrolein 

sAhkph~* 

acetone 

3 benz- 
aldehyde 

4 l-butand 

5 ‘L-methyl- 
propanal 

6 I-heptanal 

7 C$?ClO- 

hexnnone 

8 CH3C.H2CdZ02Ef hnz- 
I 
s-m2 

aldehyde 

9 

10 

11 

O-methyl- 
propanal 

1-heptanal 

“C,H,,WCO~E~ I-htptanal 
I 
slwn; 

.SiMtPhS = diphtnylmethylsilyl. bIsolat.ed yields, Z:E ratioa 
determined by ‘H NMR.” 
Reprinted with permission [J. Org. Chem. 49, 3385 (1984)] 
Copyright (1984) American Chemical Society. 

‘PI 
\ 

CC2El 

n 
,c =5<cn, 

Y&, 
\ 

C=!- 

,C02Et 

“/ ‘1 
CH3 

C’ 

C? 

‘CO@ 

Ph 

'C 
,tc2tc 

n/ =k w2cnJ 
‘PI 

\ 
i=c 

/CO@ 

H’ ‘cn2cn, 

“c2h3 CQEl 
‘c=c< 

H’ cn2cn3 

PC6h, CO2E1 

‘c=c< 
u’ ‘C&, 

65 (77:23) 

54 

65 (78:22) 

57 (75:25) 

60 (9O:lO) 

69 (75:25) 

77 

73 (8Oz20) 

55 (82:18) 

67 (78~22) 

62 (71:29) 

References p. 383 



X = F, Cl, OMe, (W3N 

The B-chlorocyclopropylmethylsilanes 239 produce dienes with inversion at 

the carbon nearing the chlorine upon treatment with fluoride ion. (Eqn. 593) 

‘Ihiasilacycloalkanes were prepared from unsaturated y-chlorosilanes. (Eqn. 

594) The cyclization did not take place for the long chain system 240 (E&n. 

595) Elimination of v-silyl sulfoxides and v-silyl sulfilimines produces Y ,6 

-unsaturated silanes. (Eqns. 596, 597) 

:R2 

Rl 

R1 
/ 

& 

F 

T%AF/A 
R2 

F R3 R3 

\ c4511 
I \ ' * \ 

Cl’ 239 
'TMS 

Rl r R* = H, R3 = Me 

Rl 5 H, R* I R3 = Me 

RI = H R* = Me R3 = Et , I 

,(CH&,,Cl KSH 
Me2Si 

' (cH~)~CH=C~~~ 
> 

t4S21 

(593) 

(594) 

m-n=1 60% 

m=3,n=O 35% 



. , ( CH2 1 18CH=CH2 KSH 

V’, > 
. ,(CH2)18CH=CH2 

(CH2)3Cl c4521 
Me2Sl, 

(CH2)SH 

240 

341 

(595) 

TMSCH2CH2FHCH2R 

Et3N 
> 

toluene 
TMSCH2CH2CH=CHR 

PhS=O 
c4531 

6 examples 

50-84% 

Table XXVI: Synthesis of 3-Alkenylsilanes According to Eqn. 596. 

(596) 

Entry RX Reaction Sulfcxide (4) 3-Alkenylsilane Q)C' 
time/ha) (% yieldjb) (% yield,b) E/Zd') 

n-cgnlpr 7 Me3Si(CH2)2~H-n-C8H1, (4-b) (55) 
: 

Me3Si(CH212CH=CH-n-C,H15 
PhS=O (74, 1.3/l) 

n-C8H1,B' 5 4b (60Je) 

n-C8H171 23 ib (61) 
n-C4H9Br 7 Me3Si(CH2)2TH-n-C4H9 ($c!c, (84) Me3Si(CH2)2CH=CH-n-C3H, 

PhS=O (50. l/l) 
n-C4HqBr 5 c (51)=' . _ 
Me2CHCH2Br 12f) Me3Si(CH2)2~HCH2CHMe2 

PhS=O 
CH2=CMeCH2C1 9 Me3Si(CH2)2~HCH2CMe=CH2 

PhS=O 
PhCH2C1 8 Me3Si(CH2)2THCH2Ph 

Phi=0 

50) Me3Si(CH2) 2CH=CHCHMe2 

(22, Z/l) 

44) Me3Si(CH2J2CH=CHCMe=CH2 
(34, S/l) 

57) Me3Si(CH2)2CH=CHPh 
(78, l/O) 

p-CH3$CH2C1 14 Me3Si(CH2)2~HCH20CH3-p (64) Me3Si(CH2)2CH=CH$CH3-p 
PhS=O (62, l/O) 

a) Metalation of the sulfoxide %a was conducted with n-BuLi-TMEDA in THF 7) at -70-O OC for 1 h. 

Then alkyl halide was added at -78 OC and the reaction mixture was stirred for a given time at 0 

OC. b) Yield after isolation by TLC. c) Pyrolysis was conducted in toluene in the Presence of 

EtSN at reflux for 4-6 h. After that, the mixture was stirred in MeOH including CFSSOSH as a 

catalyst at 70 "C for 2 h. d) Determined by NMR. e) Metalation4) of the sulfide !a with t-BuLi- 

HMPA was conducted in THF at -78 'C for 2 h. After alkyl halide was added, the mixture was stirred 

at -20 "C and worked up as usual. The alkylated sulfide S was isolated by TLC and oxidized with 

MCPBA in CHBCl_,. Overall yield is shown. f) s-BuLi-TMEOA was used as a metalating reagent. 

Reprinted with permission [Chem. Lett. 1763 (1983)] Copyright (1983) The Chemical 
Society of Japan. 

Referencesp. 388 
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TMSCH2CH2tHCH2R 
Et3N 

> TMSCH2CH2CH=CHR 

c 
Ph+NTS 

c4531 
3 examples 

(597) 

62-87% 

3-Acetoxvinylsilanes were coupled with enol stannyl trifluoroacetates to 

give ketovinylsilanes. (Eqns. 598, 599) y-Bramvinylsilanes react with organ0 

cqwates to give S$? substitution (Eqn. 600). but with the mnoalkylated 

copper (I) to give both 3$ and s2 attack. (Eqn. 601) 

?2ccF3 

OSnBu3 

I, 

OinBu3 

‘L 

0 

70% 

TMS 

2;: @92nBu(-J$j) 

L4541 nsl 37% 82 : 18 

n=O 55% 67 : 33 
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Table XXVII: . Palladium Catalyzed Alkylation of Trimethyl Tin Enolates According 
to Eqn. 599. 

entry 

iso\ated 

ketone product ywld. % 

0 0 cozc.n, 

Sam, 

8 9 

1 n-1 62 18 55 
2 n=2 67 33 37 

3 0 

3 

?-Y+ co&.% 49 

SIY, 

4 PhCOCH, .AL,,. 52 

12 

26 6 0 

d / 
6 0 61 

til 

a All reactiona were performed using 1-7 mol % of (Ph,P),Pd + dppe in THF at room temperature. 

Reprinted with permission [J. Org. Chem. 49, 468 (1984)] Copyright (1984) American 
Chemical Society. 

R1_Br Ri CuLi , R&R* 

/- 14551 /- 
TMS TMS 

(600) 

“6” 
RCu vBr _> 

f- II4551 

nBu\__/_R + TM;? 

f- 
TMS TMS R 

(601) 

References p. 388 
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Acylsilanes were prepared according to Eqns. 602-604. The protected 

ethynyl acylsilane was mixed with its allenyl isaner. (Eqn. 602) Treatment of 

a-silyloxynitriles with lithiun and trimethylchloroilms leads to the enamine of 

acylsilanes .@qn. 604) 

BuLi 

solvent 

TM.%1 

OQn,S 

TMSCZC-C 

+ I;$<] 16021 

c2291 2% s% 

solvent 

THF 

Et20 

HMPA 

60 40 

35 65 

100 0 

H30+ 0 

241 ----+ TMSCE-&MS 
c2291 

(603) 

R1R2C NoT”s Li/THF 
> 

R1R2C.JTMS + R1R2C 
,oTMs 

(604) 
'CN TMSCl 'N(TMS)2 'TMS 

[4561 

‘Ihe reaction of acylsilanes with ethynylmgnesiun branides gives 

a-trimethylsilyl propargyl alcohols. (Eqn. 605) These. upon treatmsnt with 

butyllithiua, produce the a-silyloxy propargyllithiua reagent in hexane and 

the allenyllithim reagent in ‘IHF. (Eqns. 606, 607) Acylsilanes were 

photolytically reacted with disulfides to give a-silyloxy-amsrcapto radicals. 



0 OH 

RVGS + R'CXMgBr - RI-A-C CR* 

L4571 +MS 

243 

4 examples 

94-99% 

BuLi 

/xz+ 

OTHS 

R’ - iC=CR’ 

I 
Li 

341 

(605) 

(606) 

(607) 

6 examples 
82 - 94% 

0 

RI&MS + 

TMSm + 

(6’38) 

@oxysilanes. readily available from unsaturated organosilanes, were the 

subject of several studies. ‘Zhe stereochenistry of the boron trifluoride 

catalyzed rearrangement of a,&epoqwilanes to enol silyl ethers was studied. 

The results are consistent with rotation of the molecule so as to place the 

silyl group in a position to stabilize the carbocation famed. Thus epoxide 

244 gives (Z) enol silyl ether 246 and epoxide 245 gives 247. (Eqns. 610. 611) 
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The epoxides were prepared according to Eqn. 609. ‘Ihe boron fluoride 

catalyzed opening of B-hydroq+epoxysilanes gives a,B-unsaturated ketones or 

aldehydes. lhe ring opening appears to proceed to place the positive charge 

to the trimethylsilyl group. (Eqn. 612) The epoxide ring-opening of 

1-trimethylsilylcyclohexene oxide was canpared to the electrophilic additions 

to 1-trimethylsilylcyclohexene. In the epoxide the attack is at the a-carbon. 

(@IL 613) Oqwrcuration of 1-trimethylsilylcyclohexenes gives the 

anti-Markovnikov product exclusively, whereas I-KC1 or NBS/H20 give mixtures. 

(Eqns. 614-616) ‘lhe reaction of a, 6-epoxysilanes with benzaldehyde in the 

presence of dimDlybdemsn tetraacetate gives the enone. @II. 617) 

N-Trimethylsilyl amides react with epoxysilanes to give B-carboxamide 

silyloxides. @qns. 618. 619) 

0 

R&H 
1) (PhMe2Si)2CuLi R2 

2) R21 
> 

* 

SiMe2Ph 

3) MCPBA R1 H 

[4591 R1=Me,R2=Et E 

R1 = Et, R2 = Me 245 

BF30Et2 
244 .-> 

CH2C12 

-KY/5 min 

c4591 

245 
BF30Et2 

> 
II4591 

wosiMeZPh 
AH 

g$ 

Z:E = 96:4 

OSiWe2Ph 

247 H Q%% 
Z:E = 5:95 

(609) 

(610) 

(611) 
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R3 

OH 

BF30Et2 R2 

. . 
CH;C12 

> +/or RLR2 (612) 

C4601 + 
R3 

H 
58-90% 

HX 

H+ 
> 

L4611 

TMS cc *. X + 

OH 

X = Cl 89-98% 

X also = OH, OMe, OEt, Br 

C4611 

TMS 
HClO 

> 
[4611 

TMS TMS 

HdW2 
> (614) 

MeOH 

only 30% 

56% 44% 
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TMS 

NBS/MeOH 67 33 

Br2/CaC03/MeOH 81 19 

PhCHO > 

Mo2(0W4 

DMF 

PhCH-C )OcR3 
'R1(or R*) 

R1 +/or R* = H 

TMS 

MeN-COR3 

> 

TMSONa 

C4631 

(617) 

(618) 

(619) 

R = H, Ph 
NMeCHO 

R = Ph no reaction 
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Several y-carbnyl organosilanes were reported. Fkimsthylsilyl 

propionic acid was converted to a-chloro acid chloride 248 which was converted 

to ketene 249. Ketene 249 undergoes 2 + 2 cycloadditions leading, by virtue 

of the 6-chlorosilane produced, to enones. (Eqns. 620-624) ‘Ihe 

2-trimethylsilycyclopropane carboxylic acid 250 was prepared and resolved. 

This was used to show that B-silylcyclopropyl anions are stable. (Eqn. 625) A 

series of v-silyl propionic acids was protiodesilylated Wqn. 626) The 

Y-trimethylsilyl adamantanones 251 and 252 were prepared. @qn. 627) Lithiun 

reduction of 253 in the presence of trimethylchlorosilane gives Y-silyl ketone 

254 upon hydrolysis. (Eqn. 628) Lithiun bis(dimethylphenylsilyl)cuprate adds 

to a, B-unsaturated esters and ketones to give enolates which methylate with 

high diastereoselectivity. (Eqn. 629, 630) ‘Ihe structure assigrrnents were 

confirmed by silicon-directed Baeyer-Villiger oxidation of the v-silyl ketones 

and stereospecific elimination of the B-acetoxysilanes. (Eqns. 631-633) 

Fluoride derived trimethylsilyl anion was added to fused cyclopentenone 254a 

to give y-trimethylsilyl ketone 255. ‘Ihis was reduced and eliminated with 

rearranganent to 258. (Eqn. 634) Cyclic (El-B-trimethylsilylketoximine 

acetates are cleaved to unsaturated nitriles with trimethylsilyl triflate. 

(Eqn. 635) A vinylogous system was also studied to give the diene nitriles. 

(Eqn. 636) 

THSCH2CH2C02H 
SOClz 

3 TMSCH2fHCOC1 

or (COC1)2 Cl 

L4641 248 

Et3N Cl 

d= 
c=O (620) 

TM 
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249 + 

0 
I \ 

jl’ (f&o (622) 
2) TBAF 

OTMS 
+ ~ [4641> &f-' -f!+ & (623) 

\lJ cH2N2 , (y-J_ (624) 

2) TBAF 

Ph Ph 

v 

C02H 

H02C 

1) 1-cinchonidine 

- Ph 2) H3+0 
H H 

PC 

Ph 

TMs- 
C4161 TMS 

I PhLi 

;MS iMS 

(-) R 

+ (625) 

TMS 

1) SOC12 

2) (-) menthol 

Ph CO-0(-)menthol 

TMS 

X-ray structure 
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95 /;‘r,so4 
4e2XSiCH2CH2C02H d 

L4663 
CH4 + RH 

R = Me, Et, Pr, Elu, CSHI1, C6H13 

(6261 

(627) 

253 14661 

Rt 
3-6 R2 

1) (Phtle2Si 12CuFi 
PhMe2Si o PhMe2Si 

- &+~2 + $+,-$jzg) 
2) Me1 

1 

92:8 4 99:l 

57-88% 

45:55 (630) 

equilibrium 

mixture 

98:2 
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254 
MCPBA 

Ph 

> OAc 
1) LAH 

> L 

[468] 2) KH 7 
(631) 

MCPBA 

> OAc 

C4681 

1) LAH C6H11 

> I_- 

\ 
(632) 

2) KH 

\ TBAF 'sHl 
\ > (633) 

C02Et 

MejSiSiMe3 

> 
TBAF 
HMPA 

TMS 
wo2ti 

I 

o- I Ll 
254a 
?A& C4693 255 

1) L selectride 

(634) 

(635) 
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TMS 

TMSOTf 

Table XXX: Beckman Fragmentation According to Eqn. 636. 

E-Trimerhylsilylkeroxllne 
Acetate 

Product Yield (X) 

5 

= To P mlution of cha oxtoe l cet.~. (ea. 0.5-1.0 mmol) in anhydrous CH$l2 
(Z-1 mL) was add-d dropwise IMSOIf (10 mol%) at 0-C. The q lxrure was 
stirred for 1-k hr (oonitorcd by TLC). “es treated with rriechylamlnr (0.1 
q L) and aqucoursodlw blcarbonarc. and was quickly extracted with ether 
(10 q L) . ti extract van coneantrorcd, and the residuilloil was purified bv 
silica gel colun chromarogrrphy to Stvc the corresponding nirrile. 
Satisfactory ‘Ii and 13C MR. IR. and mass IDCCL~~ were obcoincd far the 

Reprinter%i*permission [Tetrahedron Lett. 24, 4021 (1983)l Copyright 
(1983) Pergamon Press and the authors. 

(636) 

References p. 388 



356 

The preparation and sass reactions of unsaturated organosilanes are shown 

in Eqns. 637-640. The cyclopentenes 257. precursors to 1-silabicycloheptanes 

(see Eqn. 991, were prepared according to Eqn. 637. Unsaturated silanes were 

reacted photochemically with hydrogen sulfide to give the corresponding 

thioethers. (Eqn. 638) 4-Trimethylsilyl-1-butene reacts with the acid 

chloride of cyclopropane carboxylic acid to give cyclopropyl- 

(cyclopropylmthyl)ketone. (Eqn. 639) ‘I’risallylborane adds to 

4-trimethylsilyl-1-butyne to give 258, which themally rearranges to 259. 

GZqn. 640) 

MgCl + 
R1R2R3SiC1 .-> 

v+ 
I SiR1R2R3 (637) 

C 1361 
2.x 

4 examples 

62-98% 

R3Si(CH2),CH=CH2 
H2S/hv 

> 
c4711 

(R3Si(CH2),CH2CH2)2S 

17-30.5% 
R= Et, EtO, Me0 

(638) 

C47*1 



TMSCH2CH2CtH + B(CH2CH=CH2)3 

i 
Tiyp 
14731 

0 
B 

p 

258 b 
TMS 

259 

L = THF, pyridine 

tirbcxylic acid chlorides ccntainitq a Y-trimthylsilyl group have been 

shown to give cyclopentanones upon treatment with aluninun chloride. (Eqn. 

641, 642) 
COCl 

L 

A1C13 

9 6 
TMS c4741 

7 examples 

60-8715 
Table XxX1: Intramolecular Acylation According to Eqn. 641. 

(640) 

(641) 

57trzP 

05 

54 

55 

5001 

575 

70 

l Rrcriomm urrhdoutin O.a-o.a-mmolrJ~ With 
Reprinted with permission 

tbe-tnrio w2oa~,ma, - i:~:i. LM [J. Org. Chem. 49, 1140 

yield km 1. hoducts am h&ted by chromatagqnphy. (196411 Copyrjght (19841 
=Rm~nint.b-mmdrrlc~ndtheproductrr~tcd 
by Ku@rolw dilution. ’ Reactant nrio: I/COCl),/ 

American Chemical Society 

ua, - 1:1.s:o.71. l ltahcively lar yield ma, nfloct 
the volAtuty of the produa. 
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cb (642) 

l’he protonation energies of 260 and 261 were discussed. (4751 The 

phamwcological properties of 262 were tested. [4761 The structure of 263 was 

determined. [477] ‘Ihe crystal is built of infinite chains of hydrogen bonds 

between the CH and the nitrogen. 

H3MW2)nOH 

x@i! 
M = Si. C 

n=l,2 

H3WH2),,NH2 

261 
VA 

M= Si, C 

n =l, 2 

Rl 

262 

R1 = alkyl, 2-fury1 

R2 = alkyl 

R3 = piperazinyl. morpholina, pyrrolidinyl, among other 

n . 
0uN(CH2)3S1Ph20H 

2% 
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A. Radicals 

A theoretical study of the trimathylsilyl radical shcsvs it to have a 

pyramidal’structure with a barrier to inversion of 13.3 kcal/mle via the 

planar structure. This carpares to a barrier of 1.23 kcallmle for the 

tert-butyl radical. Substitution of methyl or fluorine ligands for H in SiH3 

increases the inversion barrier. [4781 An electron spin resonance study of 

the triphenylsilyl radical showed hyperfine splitting constants of 2.62, 2.18 

and 0.87 Gauss. [4791 

Hexamesityldisilane was shown to be in equilibriun with the 

trimesitylsilyl radical at low teqerature. The dissociation enthalpy was 

measured to be 19.0 (fz) kcal/mle. [4801 The radicals will react 

irreversibly to abstract protons or attack an aramtic ring. 

Silyl radicals have been proposed in the mechanism for the extrusion of 

dimethylsilylene from 264. @qt. 243) Silyl radicals add to allylsilanes to 

give 6, 6-bissilyl radicals. (Eqn. 644) ‘Ihe silicon groups eclipse the p 

orbital of the radicals, but lie anti to one another. (Eqn. 646) Based on the 

cyclic products of several sibyl radicals containing unsaturated ligands it 

was concluded that the Baldwin-Be&with rules do not apply to silicon 

radicals. Same examples are shmn in Eqns. 645-647. 

l SiMe2 

q-p 2 @3 - we (E43) 

Me2 Me2 
Sic 2 l 2 

Me2 

3.t 

-Me2Si: 
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R3Sio 
> 

SiR3 C4B21 
R3Si SiR3 

(R = H, Me, OTMS) 

Me2fiCH2CH2CH=CH2 

H 

tBuOOtBu 

145O - 

C4831 

0 Si 
Me2 

(644) 

(645) 

major volatile product 

tBuOOtBu 
t4e2$iSiCH2CH=CH2 _ 

H &2 C4831 c\ 
Sit-k2 (646) 

Si' 

Me2 
13% 

only volatile product 

tBuOOtBu 

Me2fiCH2CH2CH2CH=CH2 iMe 

H 14831 
(647) 

19% 

A variety of traps were used to study silyl radicals in the gas phase. 

These included tert-nitrosobutane, 2,6-di-tert-butylquinone and PMI=NCO)%~L 

14841 These traps are batter for carbon radicals than for silyl radicals. 

The kinetics of the reaction of triethylsilyl radical with 

tert-nitrosobutane [4851 and with 2.4,6-tri-tert-butylnitroso benzene [4861 

7MLs measured. The addition of triethylsilyl radical to aramtic aldoximes was 

studied. (Eqn. 648) 



SiEt3 

Et.$i* + ArCH=NOH ----+ Ar-l!H-NHOe 

[WI 

361 

(648) 

Triphenyldeuteriosilane was used as a donor to determine the rate of 

hydrogen donation to benzyl radicals. [4881 Tetramethylsilane was used to 

probe the sensitivity of C213. and CI.l3. 14891 

B. Si lylenes 

Dimesitylsilylene has been 

reacts with thioketones to give 

structure of 266 was determined 

267 generates dimsitylsilylene 

generated by photolysis of 265. @II. 649) It_ 

thiasilacyclopropsnes. (Eqns. 650, 651) The 

by x-ray diffraction. The oxasilacyclopropane 

upon photolysis. In the absence of a trap 

insertion into an ortho Ethyl is seen. 0Zqn. 652) The ‘I-silanorbomadiene 

268 was shown to be a source of dimethylsilylene. 02qn. 653) The 

ditmthylsilylene thus generated was trapped with the usual reagents. 

Silylenes are produced by photolysis or thenmlysis of 1, 2, 

3-trisilacyclopentenes 269. Thenmlly anly the central silicon is extruded 

hut photochemically either the central or terminal silicons are extruded 

depending on the 

The pyrolysis of 

shcsvn to proceed 

656, 657) 

substituents on the central siliccn atan. <Eqns. 654. 655) 

l,l-dichloro and l,l-difluoro-1-sila-3-cyclopentenes has been 

via a retro-Diels-Alder extrusion of the silylene. Gqhs. 

The hexasilacyclcdcdecatriyne 270 was prepared 0lqn. 658) and thenaolyzed 

to extrude dimethylsilylene. (Eqn. 659) Themolysis in the presence of 

pyridine gave adduct 271. Gqn. 660) 
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(TMSj2SiMes2 hv Me 2Si: 

265 
ra4901 

(649) 

Me 2Si: 

iMes2 (650) 

z@ 82% 

iHes2 (651) 

Me 2Si: + 

can be trapped 

with MeOH, Et3SiH 

adamentanone 

hv 

Me2Si: (653) 



Me2 Ph 
Ph 

1 

Si 

\ ./ R1 ' 
SiMe2 

I Si;l‘R2 
> 

L 

1 1 
iMe 

+ R1R2SiSiEt2Me 

Ph 
MeEt2SiH A 

2 [4931 

mMeL 

Ph 

R1 = R2 = Me 

hu 
R1 = Et, R2 = Me 

MeEt SiSiHR1R2 
MeEt2SiH 

MeEt2SiSiHMe2 + 2 

c4931 
R1 = Me, R2 = Et 

X2 
i 

680" 

' c 

‘1 
[WI Six2 

BrMgC33lgBr 

270 
- 

Me2 
Me2SiSiCZCH 

III 

I 
Me2SiSiCNH 

Me2 

44% 

x = Cl 45% 

X = F 40% 

550° - 

c4941 > U Si 

x2 
X = Cl 50% 

X=F 50% 

(654) 

(655) 

(656) 

(657) 

I 
MSi -s\ii- 

/ \ 
1) 2EtMgBr /// * 

\ (658) 
2) i' 

\ 

270 

540" 

> 
-Me2Si: 

c4951 

3i' 
I I 

,Si_Si, ‘si' 

I/: ;N + c '* 

I \ / (659) 

\Si-E-_Si/ 'Si 
\ 

-s-Si/ 

I I I I 

27% 11% 
onlv m-oduct 
at '69b" 
in 68% yield 
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240" ~ G'sip 
(660) 

c4953 'Si 
I I 

- 

cs \ / 

55% g& 

X-ray structure 

The copyrolysis of 2.2-dimethoqhexsmthyltrisilane in the presence of 

1.3~butadienes gives 5-silaspiro[4.4lnona-2,?-dienes via sequential fommtion 

reaction of silylenes. (Eqn. 661) A silylene-silylene exchange reaction was 

reported. (Eqn. 662) 

R 

(TMS)2Si(OMe)2 + --k (661) 

C4961 
R = H, Me 

$j+& 
Me ' 'Ph 

A 

c4971 

+ PhMeSi: (662) 

Tbe optical absorption spectrwn of dimthylsilylene was recorded. A 

transient absorption at 350 m due to N2Si was observed. [4981 ‘Ibe rates of 

reaction of dimthylsilylene with triethylsilane (lr2.0 x 106M-1g-1 at 298°h) 

were obtained. [4991 

The themlysis of silacyclobutane proceeds via a silylene intenmdiate 

arrived at by a 1.2 hydrogen shift fran silicon to carbon and not as a 

hamlysis of the Si-C bend. (Eqn. 663) 
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H2 
1,2H shift H-G 

(663) 

L.5001 
L/ 

+ H2Si: + A 

‘lhe mechanism of the shock-tube decarposition of vinylsilane was studied. 

In the absence of silylene traps sari?? induced decaqosition occurs due to a 

silylene chain sequence. In the presence of silylene traps (butadiene. 

acetylene) three primary processes were observed, 1.1% elimination (Eqn. 

664). 1,2 H2 elimination @IL 665) and ethylene elimination (666). 

C1Me2SiSiMe2C1 

H3SiCH=CH2 

+ HCZCMgBr _ 

cm 

10B5-1275°K 

l H&H=CH2 
~3100 Torr 

C1Me2SiSiMe2CXH 

54% 

HjSiCH=CH2 .-> H3SiCEH + H2 

c5011 

H3SiCH=CH2 > 
c5011 

H2Si: t H2C=CH2 

(664) 

(665) 

(666) 
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The photolysis of dcdecamthylcyclohexasilane was shown by spectrascopic 

and trapping experiments to produce both dimethylsilylene and lmethylsilene. 

(Rqn. 667) Photochenically generated dimethylsilylene in an Argon mtrix WBS 

itself photolyzed at 450 nn to give lmethylsilene. Detailed assigmmts of 

-1 the IR spectra of both systems ‘wRre rmde. The Si=C stretch falls at 988 cm , 

15031 The rates of several reactions of dimethylsilylene were estismted and 

several published reactions as well as such published data on the reactions of 

this system was brought together in an effort to reconcile sam apparent 

cmflicts in the literature and draw attention to mechanistic features 

heretofore unnoticed. f5041 

‘Ihe reaction of dimethylsilylene 

1.2 addition followed by nonconcerted 

668) 

with butadienes appears to proceed via a 

rearrangements via diradicals. (Rqn. 

254 nm 
(Me2Si)6 d Me,Si: + MeSiH=CH2 

[5021 - EtOD 

if 1 EtOD 
Me2SiDOEt 

93 pts 

MeHSi-CH2D 

Ed 

7 pts 

Me2Si: + ) [5051 *h _ &2"* 

I 
\’ 

\ 

-_ 

Me2Si 1 

3 

3-6% 

Me2Si 

(667) 

1 
r? 

Me2Si Et 

L 

6-20% 

(668) 
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Treatment of di-tert-butyldiiodosilane with lithiun naphthalenide gives 

hexa-tert-butylcyclopropasilane, 272, whose structure was detencined by 

x-ray. Photolysis of 272 gives di-tert-butylsilylene. &IL 669) 

tBu2Si12 
LiCIOH8 

-t 
[5061 

hv 
(669) 

+ tBu y$ tBu2Si<H FSi-fitBu2 
Oble OMd 

272 

‘Iher-bond energy of disilene was calculated to be 93.8 KJlmole and a 

lower limit of 69.11 kJ/mle was found experimentally. (507) 

An ab initio calculation of the insertion of silylene into ethylene has 

been rmde. [5081 As similar study on the insertion of methylene and silylene 

into methane, silane and hydrogen has been made. 15091 Theoretical studies on 

the ralative stabilities of silylsilylenes and disilenes indicates that the 

disilenes are olDre stable except for IE12Si-SiCl. which is 1.6 kJ/mDle more 

stable than C12Si=SiEl. (5101 A similar conclusion was reached by other 

investigators. [5111 

C. Silenes 

Dechlorination of (chlorarethyl)dimethylchlorosilane with metal vapors in 

the presence and absence of 1.3~butadiene gives products indicative of the 

intermediacy of l,l-dimethylsilene. f5121 ccnpound 273 produced silene 274 at 

roan tglperature. @IL 670) lhe silene 274 was reacted with a variety of 

reagents (Eqns. 671-675) and decaqosed at 100’. 

The reaction of dimethylfluorovinylsilanes with butyllithiuc reagents was 

studied. In addition to displacecwtt of fluoride and of the vinyl group fran 

silicon, addition to the double bond followed by loss of lithiun fluoride to 

give the silene was observed. @qn. 676) tire attack at silicon was observed 

with n-butyl and s-butyllithi*;m than with t-butyllithiun. ‘Ihe best generation 

of silene, as seen by dimer (275) formation, was with t-butyllithiun in 

hexane . 
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m 

!iMe2tBu 

250 Me2Si=C 
,SiMe2tBu 

Me2Si-t-TMS 
'TMS 

F Li 

273 274 

Br2 
> 

> 

> 

c5131 

> 

0 

> 

Me Si -CR1R2 
21 
Br lr 

Me Si-CR1R2 
21 
OH I!! 

Me Si-CR1R2 
21 
F ;F2 

Me Si-CHR1R2 0. (675) 

R1 = tBuMe2Si; R2 = TMS 

tBu 
Me2FSiCH=CH2 ? tBuLi - + 

[5141 

Conditions 

1:l ratio /THF/-78O 44 1 16 

2:l ratio /THF/-7B0 a 1 56 

1:2 ratio /hexane/-78' 57 trace trace 

1:l ratio /hexane/25" 50 trace trace 

(670) 

(671) 

(672) 

(6731 

(674) 



Photolysis of 

silaoxetane 299 at 

gave the acetylene 

temperature gave 281. Gqn- 619) 

keto-a-diazodisilane 278 was p_Sed to proctuca 

hw temperature fEqn. 671) Warning to roas ten&mature 

280 and D4. (Eqn. $78) The addition of ethanol at lm 

369 

N2* 
~~ss~~e~f-&Ad 

hu 

> 

278 
benzene 

CS163 

279 25D TMSCZCAd 
c5153 

4%! 

MeoH 0 
11 

279 _L_3 
c5151 

TMs$H-%-Ad 

Me2si,0Me 

884 

> 

+ (Me2SiO)4 (678) . 

(679) 

Attempts to generate 283 fras 282 in an &alogam fashion to the ketones 

failed (Eqn. 6801 producing only deoarbonylation instead. (Eqn. 6811 

Arylpentamthyldisilanes were shown to rearrange upon photolysis to the 

silenes 284. (Eqn. 682) Sam ring opening occurs. (Eqn. 883) Ihe 

debenzosilole 285 gave the intermdiate silene 286, vrfttich polymerized. 0Qn 

684) 
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R = H. Me 
O2 

tBuO 

;iMe2 

TMS 

\ 
hv 

Me2;i 

OtBu 

Q--&j $+ Q-Q - p”‘ymer(6B4) 
R iH TMS 

GE 
R=tk,Ph 

2e.t i 
& Me2C=X R X % 

Me 0 28 



Flash pyrolysis of acetoxy- or allylsilacyclohexadienes 287 give 

silabenzene. which was isolated in an argon mtrix. (Fqn. 685) Photolysis of 

silabenzene placed it in equilibriun with Dewar silabenzene. &TI. 686) 

Flash 

H' 'R 
287 

Pyrolysis 

c5191 

R = AcO. ally1 

g$j hu 
\ 

c5191 I 
H 

lhemlly generated dimethylsilylene is in equilibriun with 

l-methylsilene in the absence of traps. The reaction kinetics have been 

discussed. [5201 

Flash vacuvll pyrolysis of bicyclosilacyclooctadienes 289 was used to 

produce silenes in argon matrices. (Eqn. 687) These matrices were eqloyed in 

a study of the silene-silylene interconversion. ‘lhemully 1-chlorosilenes 

(685) 

(686) 

prefer the silylene structure, (Eqn. 688) whereas l-rmthylsilenes prefer the 

silene structure. (Eqn. 689). Trapping studies with butadiene and 

trimthylsilane provided more evidence for the silene-silylene interconversion 

of mthylsilene. (Eqns. 690-692) 
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FVP 

Argon 

matrix 

isolation 

[5211 

H 
'Si=CH2 

Cl' 

H, 
Si=CH2 

Me' 

A 
n 

[5211 

F 

ml 

i-Me CI 600' 

> 
-CH2=CH2 

290 
WWJ C5221 

600' 
290 + 

a 

c5221 
30% 

XizSi=CH2 

x1 x 
H H 

D D 

Cl Cl 

H Cl 

H D 

H Me 

Cl-&H3 

Me2Si: (689) 

H 
'Si=CH2 \ 

\ Me2Si: (690) 
Me' 

254 nm 
\ 

\ X-ikH,X (687) 

320 nm 

(688) 

9% 16% 
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TMS-H ,Si 
290 -> TNS-SiMe2H +H + (692) 

600' 
14% 

lz 

k0S.i 

SFe 0 SYH 

L5221 I I 
Me Me 

25% 36% 

The pyrolysis of allyltrimthylsilane WIS shown to go through two 

processes, a retroene route giving l,l-dimsthylsilene and a hamlysis route to 

give trimethylsilyl and ally1 radicals. @qns. 693. 694) 

Pyrolysis of 3,3-dimethyl-3-thietane produces l,l-dimsthylsilene and 

thiofonmldehyde, which dine to give 2,2-dimthyl-2-silathietane. This 

then loses ethylene to,give thiasilanone. which dimerizes in the expected 

nnnner. OZqn. 695) 

TMSCH2CH=CH2 - 
[5231 

Me2Si=S 

15231 

Me2Si=CH2 + CH3CH=CH2 

E = 55 12 kcal/mole 

kl = 1.84 1O-2 5-l 

TMS + CH2-CH-CH2 

E = 73 + 2 kcalhole 

k2 = 7.5 x 1o-3 5-l 

(693) 

(694) 

Me,Si-S 

Me2Si=CH2 + CH2=S .-> - > 

15241 I.-l -C2H4 

(695) 

2x 
Me2SL S 

I I 
S -SiMe2 
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A direct spectroscopic study of l,l-dimathylsilenes 291 and 292 was 

perfomled. It was concluded that the Si=C stretch corresponds to two bands at 

895.1 and 1117.5 QU-’ for 292. [5251 The IR, and W spectra of a variety of 

silenes 293 were recorded. [5261 ‘lhe photoelectron spectrun of silabenzene 

was recorded to obtain all valence ionizations up to 21 eV. I5271 The radical 

cation states were assigned by ab initio calculations and carpared to those of 

benzene. The structure of 294 was detennined by x-ray diffraction. [528] 

Ab initio calculations showed that silene and methylsilylene are 

the-nuclear with a high (can. 40 kcal/mle) barrier. [5291 Calculations 

indicate that the relative stabilities of the isaneric silenes 295 and 296 

depends on the bond energies. ‘Ihe reverse polarity of the Si=C bond (i.e. 

C=Si) is the single most iqmrtant electronic factor in the stability of the 

bond. [530] Ab initio calculations indicate that germane is nuch acre stable 

than mathylgermylene. but resembles silene in stability. [5311 

(CD,),Si=CO, 

XXlSi=&H2 XX1 = H, H; D, D; Cl, Cl; H, Cl; H, 0; H, Me 

293 

i 
. 747A0 

THF 

(planar) 

124.1' AL 

H2C=SiHR 

z% 

RCH=SiH3 

m- 
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D. Disilenes 

Dineopentyldichlorosilane was reacted with lithim in ‘IHF to give 

hexaneopentylcyclotrisilane 297, which upon photolysis produces disilene 299. 

(Eqn. 696) Treatment of 299 with lithiun naphthalenide produced 

cyclopropasilene 300, which photochemically produced the corresponding 

disilene. Eqn. 697) Synmetrical tetra-tert-butyldihalodisilanes were 

precursors to tetra-tert-butyldisilene. (Eqns. 698) Photolysis of 301 gave 

tetraisopropyldisilene. which undewent the expected reaction. (Eqn. 699) The 

cisltrans isomrization of disilenes 302 and 303 was studied under 

photochenical and thenml conditions. (Eqn. 700) 

R 

R2SiC12 J-9 
THF A 253.7 nm 

> 
R2Sl iR2 

C5321 297 0 
14% 

R2SiC12 
LiC10H8 

> 

299 
15331 

Reprinted with permission 
[Organometallics, 3, 333 
(1984)] Copyright T1984) 
American Chemical Society. 

R2Si=SiR2 + R2Si: (696) 

298 

yeKw 
EtOH 

R2Si-SiR2 + R2SiHOEt 

OEt H 

hv 
loo0 

R2Si=SiR2 

50% 

(697) 
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316 
M 

R2:i-;iR2 \ R2Si=SiR2 + other products 

x x or MC10H8 

[5343 

R= bu, M = Li, Na or K 

R- iPr 

R, ,Mes 
Si=Si 

Mes' 'R 

R= %U $g 

R = (lW)2N J@ 

hV 

c 
r.5351 

\ 
\ 

[5361 

(698) 

R2Si=SiR2 

J 

MeOH 

R2Ti-;iR2 

H OMe 

2x 

R, 3 
Mes' 

Si-Si 
'Mes 

R2Si-SiR2 

1 1 (699) 
R2Si -SiR2 

(700) 

R= %" c/t = 37:63 at 350 nm 

R = bu c/t = 2:08 at 25" 

Tetremmityldisilene reacts with oxygen to give the disiladioxepane 304. 

@qn. 701) ‘lhe x-ray structure shma it to have a rather short (231 pn) 

Si-Si distance and a rather long (247 pn) O-O distance. 153’71 ‘Ihe material 

reacts with water and lithiuu aluninun hydride. @qns. 702, 703) 

O2 
Me 2Si=Sik 2 > Me Sf"SiMe 

c5371 2\O/ 2 
(701) 

304 



H2° 
?H ?H 

, > Mes2Si-SiMes2 

Disilene 305 reacted with diazamthane to give 

(eqn. 704) (Jnqmmd 306 thenmlly rearranges Cm. 

extrudes the silylene (Eqn. 706). 

disilacyclopropane 306. 

705) and photochemically 

R2Si=SiR2 + CH2N2 
> 

C5381 

a% 
.?Jx 

R= 
4 

- I \ / 

255' 
306 - 

80 h 

C5381 

X /\ 
gj- 

hv 

C5381 

(702) 

(703) 

(704) 

(705) 

(706) 

References p. 333 



378 

lhe x-ray crystal structures of tetramesityldisilene and 

trans-di-tert-butyl dimesityldisilene were determined. They are shown in the 

figures below. [539] ‘Ihe x-ray crystal structure of 307 was determined. 

[533] Molecular orbital calculations on H3N-LSi=SikFS3 indicates it to be a 

linear 6 election 4-center system. t5401 

Reprinted with permission (Organometal'lics, 3_, 793 (1934)) 
Copyright (1934) American Chemical Society. 

E. Other Double Bonded Silicon Species 

Dimethylsilanone is a product of the thentmlysis of 6-oxa-3-silabicyclo- 

[I.l.Olhexanes. (Eqn. 707) The spiro system 309a is a source of O=Si=O. @qn. 

708) Se photolysis of azido silacycloalkanes provided silaimines which were 
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trapped. (Eqns. 709, 710) Uimethylsilanethione was generated by very low 

pressure pyrolysis of 312. (l?.qn. 711) Pyrolysis of dirnethylsilacyclobutane in 

the presence of 312 also gave dimthylsilanethione. (Eqn. 712) 

ey Si 

& + [Me2Si=0 ] +Me2s1~iMe2 (707) 

hi 

Me2 Me2 

15411 

0s 
o-sf-0 02x-O 

5 2p( + >i( si 

[5411 

o*o;: 

)i((T08) 

o--To 

3?% 

I 
displacement 

CH2)" +/or 

. . zkx!f? ?m 
A-X = tBuOH, MeSi(OMe)3 

04i0'bi( VLPP 

I I > 

s\ 1s 
A 

iI 

4-S 
1 1 + Me2Si=S 

S-SF 

(711) 
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-> Me2Si=S 
MezSi=CHs (712) 

[5441 

""'i-i, 

2 

A theoretical study of dimthylsilanone and five of its isomers showed 

the silanone structure to bs the mst stable. The relative energies 

(kcal /mole) are: Ma2Si=O CO), MeSiW (7.41, H3SiCXBX19.0). H(HD)SiM2(21.2), 

“1 H2sl (25.3). H2 Si=ClUI(56.3). [5441 These results led to the conclusion 

that the metathesis reaction of silanone and ethylene would grve formaldehyde 

and silene. (F.qu. 713) Molecular orbital calculations indicate that Me2Si=S 

is mre reactive than Ms2Si=(12 in 2+2 cycloadditions. 15461 

CH2=CH2 + H2Si=0 .-> 

II5451 

H2Si=CH2 + H2C=0 (713) 

F. Silacyclopropanes 

Hexamethylsiliranes react with activated ketones and aldehydes at roan 

temperature (Eqn. 714). with aliphatic system upon photolysis Gqn. 715). 

with imines @IL 716) and diazenes @qn. 717) This ssms species reacts with 

organolithiua reagents to cleave the silicon bond. The resulting tertiary 

carbanioh rearranges to the arxe stable silylmthyl carbanicn. 0Zqns. 718, 

719) The silacyclopropene 314 was reacted with a series of multiple bonded 

species. (Eqns. 720-725) 
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. 
R' 

R1R2C=0 
THF R2 

c5471 

‘sf 

Fr t 
‘32 

Q 
313 - 
?A/L hu 

c5471 

PhCH=NMe 
313 .-> 
VIA 

c5471 

42% 

Ph 
'N=N,ph 

313 --> 
c5471 

28% 

1) RLi 

313 > 
2) H20 

RMe2SiCMe2CMe2H 

15481 

(R = Me, Bu, tB~) 

(714) 

(715) 

(716) 

(717) 

(718) 

1) tBuLi 
313 ____, 
- 

2) 020 

or Me2SiHCl 

C5481 

fH3 
tBuSiCMe2CMe2H 

CH2SiHMe2 

(719) 
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TMS 

Yf 

MS 

R1R2C=0 
A or hv 

+ > 

/N c5491 

314 
Q/V-b 

Ph 

314 + 
L 

Rf- 

R = Me, H 

> 
c5501 

PhCEH 
314 > 

c5501 

L 
/ 
\c=-H 

- 

15501 

TMS 
TMS 

Ph 

+ 

+ 

37% 

(720) 

12 examples 

14-100% 

TMS 

Y 
TMS 

Si (721) 

TMS L-F 
.!- 

"& -Ph 

(722) 

70% 

66% 

TMS TMS 

SIY (723) 

(724) 
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R R 

314 + 
-AA, X / \ > 

[5501 

R=H 

R = Me 

:rq/TMs 
RJR 
--k 

Ii 

20% 

13% 

+ 

G. Cations and Anions 

A theoretical study of the effect of electron withdrawing substituents of 

siliceniun ions and silyl anions has been carried cut. The silyl anions are 

pyramidal at silicon. The CXI and Ol groups destabilize the cations and 

stabilize the anions whereas the ethynyl group stabilizes both by 

approximtely 11 kcal/mole. [Xi11 

lhe electron-induced decaqosition of trimethylsilylmsthylchlorosilanes 

produces siliceniun ions. Wqn. 726) Photoelectron spectroscopy was used to 

imrestigate the unimlecular decaqmsition of Me6Si2+ . in order to obtain the 

heats of fomtion of various silicon species. 15531 The results obtained are 

AHf Ms3Si (-49 kJ/rmle). Ma4Si (-226.2 W/mole), Ma3Si+ (629.7 kJ/mle), 

~$$t (423 kJ/mole). 

+ 
(TMSCH2)2SiC12' 

other examples as well 

-TMSCl 
t > Me2Si 

. 
i=CH2 

'i J 

(725) 

(7261 

A 
CH2S! t Si=CH2 

‘2 J 
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‘lhe photolysis of 315 gives the cation radical 316 which is proposed to 

produce the silyl cation radical 317. In the presence of carbon tetrachloride 

this gives the chlorosilene 318. (Eqn. 72’7) ‘fhe appearance potentials of 

1-silaphenalenes were obtained and it was concluded that no delocalization of 

the positve charge ocurred. [5551 Similar results were obtained for the 

corresponding silyl anions. [5551 Ab initio studies indicate that vinyl 

substituents will stabilize H3Si+ mire than CH3+. [5561 The flowing afterglow 

technique was used to study the chemistry of several anionic species. [5571 

lhe cation radicals of some silylbenzenes were prepared by treatment with 6oGJ 

x-rays. 9(M3 calculations indicate the maximm spin density to be on the ipso 

carbon. [5581 

G. Miscellaneous Reactive Species 

+ TCNE 

cc14 

> 

+ _E+ $g’ > 

c5541 

318 

(727) 

Siloles mre generated according to JGqns. 728 and 729. Soms reactions of 

the siloles 319 and 330 were reported. (Eqns. 730-733) The enolate of 

dimsthylsilanone was generated by collision-induced dissociation fran ‘IMS0 . 

[5621 



335 

58% 42% 

R4HPh h ~ 
cc1 4 

C5601 

Ph Ph 

Ph 

or Th02 

A 

[5591 

80% 

hv 

> 

II5611 

A'203 

35 65 *'2'3 

25 75 Th02 

Fe2(C01g 

> Fe(C0)3 (729) 

Wb with JJQ P Ph 

320 d 
Vvb 

C5611 

H /\ 

320 - 
V-.A 
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Ph 

+ 
(728) 

(730) 

Ph 

\ Ph 

Ph 

(732) 

R = tBu 

(733) 



Triphenylsilyllithiun was reacted with brmboranes to give trigonal 

boron with triphenylsilyl ligands. These showed interesting photochanistry. 

(Eqns. 734-738) 

Trimethylsilyldiazansthane ws prepared from trimsthylsilyltriflate. 

Gqn. 739) 

THF 
RBBr2 + ZPh3SiLi __I_, RB(SiPh3)2 

heptane 
321 

-loo 

c5631 R = Me, mesityl 

BBr3 + 3Ph3SiLi - 
C5631 

B(SiPh313 

322 

321 hv 
-196" 

[Ph3Si-B:] + RSiPh3 

[5631 & Et2CHMe 

Ye 
Et2C-;-SiPh3 

H 

(734) 

(735) 

(736) 



Si Ph3 

I 

300 + TMSCZCTMS hv 
-196’ 4 25” 

15631 
TMS TMS 

300 + 

0 

hv 

0 15631 

I 
SiPh3 

TMSOTf + CH2N2 

iPr2NEt 
> 

E 5641 
TMSCHN2 

m 1 wish to thank Me. Sara Nieves and Ms. Myrna Ramn for 

their help in the typing ami logistics of putting this chapter together. 

I also wish to thank Dr. John A. Soderquist and Ms. Luz E. Torres for 

proofreading of the final version and for their suggestions. 
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